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Abstract

Background: Early adversity, broadly defined as a set of negative exposures during childhood, is extremely common and
increasesrisk for psychopathology acrossthe life span. Previous research suggests that separate dimensions of adversity increase
risk through developmental plasticity mechanisms shaping unique neurobiol ogical pathways. Specifically, research suggests that
deprivation is associated with deficits in higher order cognition, while threat is associated with atypicality in fear learning and
emotion dysregulation. However, most of this research has been conducted in adolescent and adult samples, long after exposure
to adversity occurs and far from periods of peak developmental plasticity.

Objective: The WellnessHealth and Life Experiences (WHALE) study examines the neurobiol ogical and behavioral mechanisms
by which deprivation, threat, and unpredictability increase risk for psychopathology in early childhood (age 4-7 years) directly
following periods of peak developmental plasticity. The objective of this study is to describe the study rationale and aims, the
research design and procedures, and the analytical plan to test the study hypotheses.

Methods: Thisis aretrospective cohort study that examines associations between exposure to deprivation and threat and their
hypothesized neurobiological mechanisms, how these neurobiological mechanisms link early adversity and psychopathol ogy,
and associations between unpredictability, reward learning, and psychopathology. The sample was a convenience sample of
children (aged 4-7 years) and their families, identified through flyers, email blasts to listserves, school-based advertising, and
involvement in community events. Datawere collected during ahome visit, a subsequent laboratory visit, and afinal neuroimaging
visit. Planned analyses include linear regression, path analyses, and functional magnetic resonance imaging analyses to explore
therole of neural function in the association between early adversity and psychopathol ogy.

Results: Participants (N=301) have been recruited into the study, and data collection has commenced. The expected results will
be available in 2024.

Conclusions: Thefindings of this study will help elucidate the neurobiol ogical mechanisms by which early adversity increases
risk for psychopathology in early childhood. This study representsthe earliest test of an influential theory of biological embedding
of early adversity.
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Introduction

Background

Exposure to early adversity (EA) is extremely common in the
population, with one-half of children in the United States
experiencing someform of EA [1-3]. Moreover, EA profoundly
increasesrisk for novel onset of internalizing and externalizing
psychopathology [1,2], making it acentral public health concern.
Childhood psychopathology is associated with increased risk
for psychopathology later in life [4], and these disorders cause
economic burden to public health systems (eg, estimated annual
costs of US $43.2 hillion) [5]. However, current effortsin this
direction are stymied by alack of understanding of the pathways
through which EA increases risk for psychopathology [6].

Progress in identifying these pathways has been limited by
several critical barriers, including a lack of focus on
neurodevelopmental mechanisms linking EA exposure to
psychopathol ogy. Understanding neurodevel opmental
mechanisms is of import because psychopathology is an
equifina outcome for numerous forms of adversity, whereas
neurobiology is likely to be more specificaly impacted by
different forms of EA. Second, to date, most work examining
the impact of adversity on neurobiology has been conducted in
adolescent or adult samples, long after EA exposure and often
after the onset of psychopathology. This focus on adol escents
and adults limits how research findings can be used for early
preventive interventions and confounds psychopathology with
adversity exposure in identifying neurobiological pathways. In
the study presented here, we focus on neural mechanismslinking
EA to symptoms of psychopathology in early childhood.

Aimsand Hypotheses of the Wellness Health and Life
Experiences Study

The primary aim of thisstudy isto differentiate pathwayslinking
distinct dimensions of EA to psychopathol ogy by testing anovel
conceptual framework: the dimensional model of adversity and
psychopathology (DMAP) [2]. The DMAP draws on basic
neuroscience principles from animal models, existing
developmenta data, and preliminary findings from our own
laboratory [2-5,7,8]. This framework differentiates between
deprivation (absence of expected cognitive learning experiences)
and threat (presence of atypical traumatic learning experiences)
asdistinct dimensions of EA and makes predictions about their
distinct effects on structural and functional brain development.
The DMAP proposes that experiences of deprivation primarily
influence the development of cognitive control systems,
including the structure and function of the frontoparietal
network, while experiences of threat primarily influence the
development of negative valence systems, including the structure
and function of the amygdala and media prefrontal cortex. In
this study, we additionally propose testing the impact of
unpredictability (inconsistent caregiver response) on
neurodevelopment and psychopathology. We expect
unpredictability to have distinct and specific effects on positive
valence systems, including ventral striatal function and reward
learning. This study stands to contribute meaningfully to our
understanding of how specific dimensions of environmental
experience influence neural development to increase risk for
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psychopathol ogy, addressing objectives 1 and 2 of the National
Ingtitute of Mental Health Strategic Plan.

Before this application, earlier work focused on linking single
types of adversity, such as poverty, abuse, and neglect, to
specific mechanistic pathways. These models of individual
adversities ignore clustering of risk exposure. Associations of
oneform of adversity with an outcome without measuring other
formsof adversity may lead to misidentification of risk pathways
[9-11]. Other prior approaches used acumulative risk approach
where associations between the number of adversities of any
kind with developmental outcomeswere measured [1-3]. Inthis
model al forms of adversity are grouped together and considered
to have similar, equal, and additive effects on devel opment. The
most commonly proposed neurobiological mechanism for the
cumulative risk model is allostatic load and disruptions in
physiological stress response systems [12]. Proposing asingle
stress pathway is problematic as it ignores numerous other
developmental mechanisms through which early experience
shapes brain development. For example, poverty is associated
with a broad range of child development outcomes, not only
because of alterations to stress physiology but also because of
differences in access to forma and informal learning
opportunities (eg, access to educational resources and variety
of experiences) [13]. The proposed research moves beyond the
approach of collapsing across diverse experiences of adversity
to one that aims to distill these complex exposures into their
core underlying dimensions of experience [6]. Exposure to
deprivation and threat often co-occur; however, we have
accumulating evidence from our laboratories and independent
replication by others[14], indicating that it is possible to observe
independent effects of deprivation and threat. |mportantly, we
do not expect these to be the only 2 dimensions of adversity. In
this proposal we include athird dimension: unpredictability.

The Wellness Health and Life Experiences (WHALE) study
addresses 3 gspecific aims. Aim 1 addresses the selective
associations between deprivation, threat, cognitive control, and
fear learning. Two sets of hypotheses are proposed for aim 1.
The first is that experiences of deprivation (lack of cognitive
enrichment and decreased complexity of linguistic input) will
be negatively associated with cognitive control, reduced cortical
thicknessin lateral prefrontal cortex, and reduced activation in
lateral prefrontal cortex during executive function. Second,
threat (experiences of interpersonal violence) will be associated
with altered fear acquisition and extinction learning, reduced
medial prefrontal cortex thickness, and heightened amygdala
activation during emotion regulation. Aim 2 examines the
distinct neurobiological pathways through which deprivation
and threat predict psychopathology. A total of 2 sets of
hypotheses are proposed for am 2. We hypothesize that
alterations to cognitive control and frontoparietal network
structure and function will mediate the association of early
childhood deprivation and psychopathol ogy acrossinternalizing
and externalizing dimensions. In addition, we predict that altered
fear learning and altered structure and function of the amygdala
and medial prefrontal cortex will mediate the association of
threat with psychopathol ogy. Finally, aim 3, an exploratory aim,
assesses the association of unpredictability with altered
associative learning of reward and psychopathology. We
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hypothesize that decreased predictability of the family
environment (inconsistent and low contingency of caregiver
responses, instability of the family and physical environment,
and family chaos) will predict blunted reward learning and
ventral striatal activation. Finally, we predict that disrupted
reward learning and underlying neural circuitry will mediate
the association of unpredictability with psychopathol ogy.

Methods

Sample

Power Analyses

We used functional magnetic resonanceimaging (fM RI)—based
power analysisimplemented in thefM RIpower software package
2007 version [15] in MATLAB [16]. Power calculations were
for activation in the medial prefrontal cortex (equivalent to a
region of interest analysis with P<.05) extracted from a study
conducted in our laboratory of a cognitive control task that
included children asyoung as 5 yearsto estimate the size of our
effect. This analysis indicated that a sample of n=45 would
achieve 80% power to detect an expected medium effect size
of 0.45 in the medial prefrontal cortex. Our total projected
sample was >200 participants, which achieves power of >85%
to detect a medium effect.

Power for the mediation analyses was examined using Monte
Carlo simulationsin MPlus 6.1 [17-19]. Data were simulated
for a population based on estimated parameters, and a model
was estimated for multiple sampl es drawn from that popul ation.
Power was derived based on the proportion of replications in
which the null hypothesis (ie, that a given parameter is 0) is
correctly rejected when it isfalse. We estimated power in 1000
replicationsto detect effects based on our estimated sample size
of 200 using minimum detectabl e effect sizes. For path models
predicting indirect effects of threat and deprivation on
psychopathology via neural function (aim 2), we will have
power (with a sample of 200) to detect indirect effects as small
as axb=0.067.

Recruitment Strategy

The sample was a convenience sampleidentified through flyers,
email blasts to listserves, school-based advertising, and
involvement in community events. The first 20 participating
families were recruited into the study without regards to
subsequent selection criteria and were only required to live
within 1 hour of Chapel Hill, North Carolina, and to have a
child aged between 4 and 7 years. Following these early
participants, interested families who provided their contact
information were called and a phone screen was conducted.
This phone screen identified participants likely to experience
EA based on identity variables related to structural inequality,
self-disclosed family violence, or self-disclosed previous
involvement with child protective services. Extensive prior
research suggests that structural inequality related to race and
class increases risk of experiencing childhood adversities,
including deprivation and threat [20,21]. The screening
guestionnaire first asked if either caregiver had less than a
high-school education or had a minoritized ethnic or racial
identity. If caregivers answered positively, they were recruited

https://www.researchprotocol s.org/2024/1/e59636

Murgueitio et a

into the study, if not, they answered a short series of questions
about family violence or child protective servicesinvolvement.
If they reported either involvement in child protective services
or family violence exposure, they were recruited into the study.
If they did not endorse low caregiver education, minoritized
identity, family violence, or child protective services
involvement, they were not recruited into the study. Prospective
participants who did not meet inclusion criteria completed
screening questionnaires only. Due to the “funnel” nature of
the screen, not all participants were asked all screen questions
(ie, once the family “screened in,” the questionnaire was
terminated). Consequently, al information about family violence
inthe study isfrom subsequent study visits and not the screener
form. Our recruitment strategy resulted in adiverse samplewith
respect to race, ethnicity, and caregiver education, and is
enriched for exposure to EA, including interpersonal violence
and neglect. Before participation in any study visit, some
participants were screened out if the primary caregiver and child
did not endorse speaking and reading English well enough to
provideinformed consent. Additional exclusion criteriaincluded
major medical conditions which would compromise study
involvement, neurological illness, pervasive developmental
disorders, or substantial prenatal substance exposure. Child
participants were not included in the magnetic resonance
imaging (MRI) visit if their caregiver reported the presence of
MRI contraindications or history of concussion. Given the
extensive nature of these criteria, some were ascertained after
inclusion in initial study visits. Our final cohort (N=301)
includes every caregiver participant who consented to study
participation following initial phone screen regardless of if they
met subsequent exclusion criteria or refused to participate
following consent.

Design and Procedures

Study Overview

The study consisted of 3 visits. A total of 275 (91.4%) of 301
participants participated in at least 1 study visit, 234 (77.7%)
of 301 participated in 2 study visits, and 217 (72.1%) of 301
participated in 3 study visits. The same primary caregiver
participated in all 3 visits, except in cases where legal custody
changed between visits. Between visit 1 and 2, there was on
average 3.63 (SD 4.66) months; between visit 2 and visit 3,
there was on average 4.41 (SD 4.87) months. At each visit, 1
research assistant (RA) worked with the primary caregiver
(caregiver RA) and another with the child (child RA). See
Multimedia Appendix 1 for an overview of every measure and
task included in the study.

Visit 1

Visit 1 took place in the participant’s home or current place of
residence and lasted approximately 2.5 hours. We began with
atour of the family’s home with careful attention to the home
and neighborhood environment. The child RA obtained verbal
assent from the child, after which the research staff conducted
interviews and tasks with the family. The caregiver RA
completed interviews assessing the childs MRI
contraindications and exposure to enriched learning experiences
with the child’s primary caregiver. Next, caregivers completed
web-based questionnaires using Qualtrics, which assessed
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developmental milestones, prenatal exposure to substances,
deep hygiene, life events, and collateral contactsfor longitudinal
follow-up. Finaly, the caregiver RA took 2 photos each of the
primary caregiver and a secondary caregiver for task stimuli at
visits 2 and 3. These photos were headshots taken against a
neutral background in which caregivers were asked to make
neutral and smiling faces. The caregiver RA compensated the
family and scheduled the second study visit. The child RA began
by giving the child a prize bag and building rapport. The child
RA administered a series of behavioral tasks assessing executive
function and reward learning to the child. For every game the
child played, they received a prize, and all children were given
their prizes regardless of their performance. In most cases, the
caregiversand children completed their tasksin separate spaces
from each other. When not possible to administer study tasks
in separate spaces for caregivers and children, caregivers were
instructed to not interfere with their children’stask performance.
Visit 2

Visit 2 was conducted in laboratory facilities on the University
of North Carolina campus and was 6 hours long, including a
half hour lunch break. Upon the family’s arrival, the child RA
completed verba assent with the child in their caregiver's
presence. The caregiver RA began the day with a general
overview and reminders about confidentiality, and then
completed interviews and surveyswith caregivers. During visit
2, caregivers completed questionnaires about child behavior,
symptoms of psychopathology, family functioning, and
discipline practices in the home. Meanwhile, the child RA
started the day with an introduction to prizes and built rapport
with the child. Children completed tasksthat assessed executive
function, fear learning, and reward learning. They additionally
completed an electroencephalogram (EEG) recording. EEG
recording was accomplished using a 128-channel Sensor Net
system. The net is composed of an elastic tension structure
forming a geodesic tessellation of the head surface containing
carbon fiber electrodes embedded in pedestal sponges. At each
vertex, there is a sensor pedesta housing a silver/silver
chloride—coated, carbon-filled plastic electrode and sponge
containing saline electrolyte. Beforefitting the Sensor Net over
the scalp, the sponges are soaked in electrolyte solution (6 mL
KCL per liter of distilled water) to facilitate electrical contact
between the scalp and the relevant electrode. The data were
amplified, filtered (bandpass 0.1-100.0 Hz), and sampled at an
effective rate of 250 Hz. Before recording, measurements of
channel gains and zeros were taken to provide an accurate
scaling factor for display of waveform dataand so that baseline
correction can be performed. The participant’'s head was
measured and marked to ensure accurate placement, and the net
isthen placed over the scalp. All RAscollecting EEG datawere
trained by the study’s principal investigator (MS), an expert on
EEG data collection and analysis. In the middle of thevisit, the
caregiver and child were reunited to complete video-recorded
parent-child interaction (PCl) tasks[22]. The PCI tasksincluded
3 interactive tasks, lasting 10 minutes each, during which the
caregiver and child played with toys, completed puzzles, and
read a book. The child RA provided verbal instructions before
each task. Families were permitted to speak in the primary
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language spoken at home across each task. After this, families
were typically given their lunch break for 30 minutes.

After lunch, the caregiver RA and the child RA instructed the
child to refrain from drinking or eating to prepare for saliva
collection. The child participant completed a resting-state and
task-based EEG recordings. Next, the child RA completed a
3-part saliva collection; 1 sample was taken immediately after
EEG. Next, children participated in afinger prick task where a
singlefinger prick was performed to obtain up to 5 blood spots.
Children participated with their caregiver and an RA they had
not previoudly interacted with, as these semistructured tasks
were developed to measure how parents support children’s
emotion regulation (see below), and wewanted to avoid children
using the child RA as support. Salivawas collected before the
finger prick task, 20 minutes after finger prick, and 40 minutes
afterward. Finally, a mock scan was completed to prepare the
child for visit 3.

Visit 3

Visit 3 of the WHALE study was conducted at the University
of North Carolina Biomedica Research Imaging Center in
Chapel Hill, United States. This visit included an MRI
comprising structural (ie, magnetization-prepared rapid gradient
echo [MPRAGE]), diffusion tensor imaging, and functional
sequences on a 3T Siemens Prisma scanner. Upon arrival, the
child RA obtained verbal assent from the child in their
caregiver’'s presence. Children underwent training for 3 tasks
that they would later complete in the scanner, including an
executive function task, a reward anticipation and receipt task,
and an emotion regulation task. Familieswere reminded of MRI
procedures. At the visit, caregivers completed a series of
guestionnaires assessing their own and their child’'s emotion
regulation, executive function, and the caregivers' history of
exposure to adversity. While being trained, the child selected
prizes that they would win for completing these tasks during
the MRI scan to serve as motivation. After task training, both
RAs accompanied the caregiver and child to the MRI suite.

At the MRI suite, the caregiver helped the child change into
MRI-safe scrubs, after which the MRI technician reviewed the
completed MRI safety screening form with the caregiver. The
child and caregiver were separately asked about potential
MRI-unsafe materialsinside the child’'s body. During MRI scan,
children were given earplugs and noise-canceling headphones,
cushions around their head, a sheet, and a weighted blanket to
ensure comfort during the scan and limit movement. The child
RA stayed with the child in the scan room throughout the scan
to communicate with them and respond to any child concerns.
After completing MPRAGE and 1 task, each child came out of
the scanner for abreak and a snack. We used AA Scout for slice
positioning to ensure that children can get in and out of the
scanner multiple times, alowing better data collection. After
returning to the scanner, they completed the remaining 2 tasks
and diffusion tensor imaging sequence. Before and after every
acquisition, the caregiver RA communicated with the child
through an intercom system embedded in the child's
noise-canceling headphones, to remind the child to stay still
and assess their ability to continue through the study. The child
was told that if they remained till enough during the entirety
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of the scan session, they would receive a big prize which they
had selected before entering the scanner. After each scan, the
caregiver RA communicated progress toward this goal.

The emotion-regulation task included images of children
expressing emotional distress or in potentially dangerous
situations (eg, being physically threatened by an adult).
Following completion of this task, the child RA completed a
debrief with the child to assure them that all people in the
pictureswere“playing-pretend” for the pictures. Next, the child
RA completed 2 interviews with the child to assess their
experiences of neglect and interpersonal violence in a separate
space from the caregiver. If abuse or neglect were suspected
based on the child’'s endorsements, the RAs consulted with a
staff clinical psychologist or the study principal investigator to
evaluateif mandatory reporting thresholds were met and gather
relevant information for appropriate child protection agencies.
All participating caregivers were offered a consultation with a
clinical psychologist following their child's visit to understand
how they had performed on standardized tests and interviews.

Neuroimaging Protocol With Young Children

At the end of visit 2, the child completed amock MRI scan to
prepare them for their fina study visit. The child RA first
introduced the child to the mock scan using a picture book that
described the MRI machine, its function, and the importance
of staying still. The child RA played scanner sounds for the
child and showed the child the earplugs and headphones. This
was a way to help the child acclimate to the sounds making
them as normal as everyday items, such as a telephoneringing
or a truck’s horn. The child then sat on the bed of the mock
MRI machine and looked inside of the mock scan to see the
screen they would watch their movie on. The child RA helped
the child insert the earplugs into their ears, placed the
headphones over their ears, and the child was asked to lie down
and remain as still as possible while they watched a video for
about 5 minutes. If the child expressed discomfort or asked to
stop anytime during the process, the child RA would respond
accordingly. For children who were fearful of the scan, extra
steps were taken to assess whether the child was willing and
able to try again. For children who were willing to try again,
they completed the mock scan loading procedure again.

During visit 3, the child was asked to pick out prizesthey would
want to win after playing games. The child completed apractice
round and then completed the test of the inhibitory control task.
Once the game was completed, the child received their prize
and were told that they would play asimilar game. They were
also informed that they would only be practicing this version
of the game because the real game (test) would be played later
in the scanner. The child then chose the prize they would like
to win after completing the task in the MRI. Behaviora notes
were recorded by the RA on the child’'s hand use, performance,
and prize sdlection. If the child exhibited alack of understanding
of the game rules, the RA would correct them and allow them
to practice again. The next task, a reward sensitivity task, was
introduced to the child. The child chose another small prize they
would want to win for thisgame. Thefinal task training was an
emotion regulation task. Before completion of this training,
caregivers were shown pictures of the training and test stimuli
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that the child would see so they could specifically consent to
their child being shown this mildly negative content. If a
caregiver preferred for their child to not see select images, those
images were removed from training and test (caregivers could
also opt out of this game). Once the child completed emotion
regulation task training, they chose a medium-sized prize to
win for once they completed the game in the scanner and began
to practice the task.

After completion of all task training, the child was told about
the special game buttons they would use in the scan to play their
games. Then, the child was given a sheet with Disney movies
and asked to pick amovie that they would like to watch during
the MPRAGE scan. They also picked out asnack for their snack
break and a small prize for watching their movie. Finaly, the
child was reminded about the importance of staying still in the
scanner and introduced to “staying still points.” The child was
informed that throughout the scan they could win points for
staying still to win alarge prize. If they won enough points by
staying still throughout the scan, they could go home with the
large prize they selected. In addition, the child was reminded
that the child RA would be standing next to them during the
duration of the scan while another team member (caregiver RA)
would be talking to them through their headphones. The child
RA aso informed the child that to help them win their “ staying
still points,” they would put their hand on the child's leg to
remind themto stay still if they were moving. The children were
given all the prizes they selected during this training phase,
regardless of task performance or actual movement in the
scanner.

Onceall prizeswere selected and instructionswere given to the
child, the child met their caregiver at the MRI suite. Theresearch
staff provided the caregiver with scrubs to help their child
change, and their pediatric MRI screening form was overviewed
again with the caregiver by the MRI technician. The child's
height and weight were measured by staff and reported to the
technician. The child then entered the scan room with the child
RA. The child RA and MRI tech walked the child through all
the materials mimicking their mock scan for a sense of
familiarity. In addition, the child RA showed the child their
scan buttons and instructed them on how to use them. The
headphone volume was tested before putting them over the
child's ears, and the child was introduced to the voice of
caregiver RA at the scan console and asked to respond verbally
to them.

M easures

Early Adversity

Caregivers and children reported on adverse experiences
involving deprivation, threat, and unpredictability using
self-report measures and interviews. Continuous composite
scores representing the severity of deprivation, threat, and
unpredictability will be caculated by summing
sample-standardized scores from the sdf-report and
observational measures and by creating count scores reflecting
the number of different exposures to deprivation, threat, and
unpredictability. Deprivation will be operationalized as exposure
to neglect and low social and cognitive stimulation. Exposure
to neglect is reported by caregivers on the neglect subscale of
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the Conflict Tactics Scale (CTS) parent-child version [23],
Juvenile Victimization Questionnaire [24], and exposure to
physical, supervisory, and cognitive neglect reported by children
on the Multidimensiona Neglectful Behavior Scale [25].
Exposure to low cognitive stimulation was observed in the
Home Observation Measurement of the Environment [26],
reported by caregivers on the StimQ [27], and reported by
children on the Multidimensional Neglectful Behavior Scale.
In addition, indexes of caregiver use of complex language will
be measured during the book reading PCI and included in some
measures of deprivation pending factor analytic and other
clustering approaches to dimension devel opment.

Threat will be operationalized as exposure to physical abuse,
sexual abuse, domestic violence, community violence, and other
interpersonal violence. These exposures were reported by
caregivers on the CTS parent-child version, CTS 2nd edition
[28], Juvenile Victimization Questionnaire, University of
Cdifornia a Los Angeles Posttraumatic  Stress
Disorder Reaction Index [29], the Life Events Scalefor Children
[30], and the School Safety Questionnaire[31], and by children
on the Violence Exposure Scale for Children-Revised [32].
Corpora punishment and endorsements of harsh punishment
were additionally observed or reported by caregivers on the
Home Observation M easurement of the Environment instrument.

Unpredictability will be operationalized as exposure to lack of
consistent responding, instability of the family and physical
environment, and disorgani zation reported by caregiversonthe
Family Life Project Chaos Scale [33], the Confusion, Hubub,
and Order Scale [34], the US Department of Agriculture Food
Insecurity Scale [35], the Family Routines Inventory [36], and
the Questionnaire of Unpredictability in Childhood [37]. In
addition, observations of entropy in caregiver behavior from
the PCl tasks will be incorporated [38] into indexes of
unpredictability pending factor analysis and other clustering
approaches to dimension development.

Childhood Psychopathol ogy

Child  psychopathology was assessed using the
Mini-International Neuropsychiatric Interview for Children and
Adolescents and caregiver report on the Child Behavior
Checklist [39-42].

Study questionnaires and interviews were administered to
caregivers using Qualtrics [43] across the multiple study visits
and took around 10 hoursto completein total. Moreover, all of
these questionnaires and surveys have been validated and used
in multiple studies exploring theimpact of childhood adversity
on child devel opment, including various studies from our group
[44-47]. For information about each individua measure’'s
validity and reliability please review its citation.

Fear Learning Task

Thetask involves 3 phases: habituation, learning, and extinction,
and it isbased on previouswork studying fear learning in young
children and work in adults examining fear learning to images
of close friends [44,48-51]. On a computer screen, 4 different
images, 2 of caregivers and 2 of strangers, were shown one at
a time, 4 times each to the child (preacquisition). Then, the
images were shown again and 2 of the pictures (caregiver and
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stranger) were paired with an aversive 95 dB noise, which was
counterbalanced across participants (conditioning). The
conditioning phase involves 6 to 10 trias of each face. The
alarm noise rings for 2 stimuli (caregiver and stranger) but not
for the other 2 stimuli (secondary caregiver and stranger).
Finally, the pictures (caregiver or stranger) were shown one at
atime again with no noises for 6 to 10 trials each (extinction).
Children rated how much they fear or like each picture at the
end of each phase. Children were informed that they can
discontinue the task at any time. Skin conductance and heart
rate were collected continuously throughout the task using
MindWare Technologies. To measure skin conductance, 2
electrodes were attached to the index and middle finger of the
child’s nondominant hand after the fingers were cleaned with
rubbing alcohol. To measure continuous echocardiogram, we
used MindWare Technologies BioLab acquisition software at
500 Hz. Two electrodes were attached to the participant’s collar
bone and rib cage. Electrode attachment was always done in
the presence of 2 RAs using electrodes designed for use with
small children.

Parent-Child Observed Emotion Regulation

Theresearcher collected blood spot samples from the child, and
then later from the caregiver, by pricking a finger with a
pressure-activated lancet. For this procedure, the researcher set
up the materials (eg, lancet, blood spot collection paper, a cohol
wipe, gauze, and Band-Aids) and then verbally described the
finger prick to the caregiver and child. Each child was first
instructed to shake their hand toward the floor. The researcher
then gently massaged the finger, cleaned the puncture site with
an alcohol wipe, pricked the finger with the pressure-activated
lancet, and held the child’s finger to place 2 to 5 drops of blood
on the collection paper. After obtaining the samples, the
researcher cleaned up the materials and | eft the space, whilethe
caregiver was asked to place a Band-Aid around the child's
finger. Throughout the finger prick procedure, caregivers were
welcome to speak and interact with their child and reposition
themselves or their child (eg, taking child in lap) however they
wished. No instructions were provided to caregivers on how to
respond to their child.

The finger prick also served as the context for the coding of
caregiver- and child-directed behaviors using a novel coding
scheme based on existing schemes [22,52,53]. The full finger
prick blood collection procedure was video recorded, with
cameras placed in alocation that captured both caregiver and
child. Children’s emotion regulation, caregivers sensitivity,
caregivers' hostility, and the dyad’s level of engagement were
coded from the video-recordings on scales of 1 to 5. Child
distress was rated on a scale of 1 to 5 every 30 seconds of the
video. Furthermore, the presence or absence of children’s
engagement in specific behaviors (eg, positive expressions,
distraction, and avoidance), caregivers initiation of strategies
to regulate the child (eg, distraction, calming techniques, and
emotion word use), and dyadic behavioral mimicry were also
coded every 30 seconds. The full finger-prick procedure from
the start to end times of coding ranged from 2 minutes and 30
seconds to >5 minutes, depending on both the speed of the
researcher and child's level of discomfort. Videos where
caregivers and children had instances of speaking in languages
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other than English (eg, Spanish, Mandarin, and Russian) were
trandated by multilingual RAs on the study team before coding.
Each video was coded by at least 2 individuals on the team to
maintain reliability and increase coding accuracy.

Structural MRI and fMRI

Imaging acquisition was performed on a Siemens 3T Prisma
scanner with a 32-channel head coil. T1-weighted MPRAGE
were acquired for anatomical coregistration with fMRI and for
analysis of cortical thickness, surface area, subcortical volume,
and T1/T2*-wei ghted mapping (repetition time=2500 ms, echo

time=2.88 ms, flip angle=8°, field of view=256 mm?, 176 slices,

in-plane voxel size=1 mm®). For task blood-oxygenationevel
dependent signal isacquired using agradient-echo T2*-weighted
echo-planar imaging (EPI) sequence. Seventy-two 2 mm slices
are acquired positioned paralledl to the anterior
commissure-posterior commissure line. Imaging parametersare
repetition time=0.8 seconds, echo time=37 ms, flip angle=52°,
bandwidth=2300, echo spacing=0.58 ms, filed of
view=104x104, and interleaved dlice acquisition, multiband
acceleration factor is set to 8. We used FIRMM software to
monitor movement in a moment-to-moment fashion, allowing
usto givereal time feedback to participants and adjust scanning
appropriately. We use AAScout to position slices on the long
axis of the brain. AA Scout was run before acquiring data at the
beginning of the scan, following the break for a snack, and
anytime a substantial movement occurred. All slice acquisition
for EPI scans came from the AAScout. Using this autoalign
procedure limited our ability to place slices on the AC-PC line
but it allowed usto acquire EPI scans across runs and after the
child exited and entered the scanner using identical slice
placement on the child’s brain.

T1-weighted scans will be used to calculate cortical thickness
and gray matter volumes using FreeSurfer. Automatic image
segmentation is used to identify subcortical gray matter
structures. Next, gray and white matter, and gray matter and
cerebrospinal fluid boundaries are constructed, and the cortex
isparcellated based on the structure of gyri and sulci. Theresults
will be manually inspected and edited. These procedures have
demonstrated good test-retest reliability across scanner
manufacturers and field strengths, and cortical thickness
measures have been validated against manua measurement
[54]. Preprocessing and statistical analysis will be performed
using fMRI data preprocessing pipeline [55] and Functional
Magnetic Resonance Imaging of the Brain Software Library
(FSL) [56] to capitalize on the relative strengths of different
statistical packages. Preprocessing will include spatial
realignment, dice-time correction (4D reconstruction), and
spatial smoothing. Outliers (frame wise displacement <0.9 mm
for task, <0.2 mm for rest), motion regressors and their
derivatives (6 rigid body parameters), cerebrospinal fluid, and
white matter signal will be included in person-level models.
After estimating the person-level models, contrast images will
be normalized into standard anatomical space using an
appropriate atlas. FSL will be used to construct generalized
linear models at the level of the run, which will be combined
using FLAME to the level of the person and group.
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Executive Function fMRI Task

We assessed executive function using the conditioned appetitive
response inhibition task. A total of 1 version of this task is
commonly used in early childhood [57] and ancther in middle
childhood, adolescence, and adulthood [58-61]. Performance
and neura recruitment in this task has been linked with
transdiagnostic risk for psychopathology [61]. In the training
period of the conditioned appetitive response inhibition task
(outside the scanner), participants are rewarded for pressing a
button when they see a specific stimulus. In the scanner
participants perform a go-no go task where 30% of the stimuli
are “no go” and 70% are “go” stimuli. Within the “no go”
stimuli, half are the stimulus which was rewarded during training
and half are a previously seen but not rewarded stimulus. This
task was administered in 2 runs lasting about 5 minutes each.

Reward fMRI Task

For the reward task, participants see a question mark and are
asked to guess what is “behind” the question mark by pressing
abutton. After responding, participants receive feedback: either
gold coins for guessing correctly or gold coins with an “X”
through them for guessing incorrectly. The feedback is
predetermined and randomly assigned such that half of responses
will be“correct,” and thus, the child will receive areward, and
the other half will be “incorrect,” and the child will garner a
loss. Children were shown before each tria if it wasahigh value
(win US $1.00, lose US $0.50) or alow value (win US $0.20,
lose US $0.10) tria [62]. Although wins and losses were
reported as monetary amounts on each trial, the child was told
that they would not receive money but instead earned a prize.

Emotion Regulation fMRI Task

We assessed emotion reactivity and regulation using a novel
task devel oped for this study, which isavariant of acommonly
used older-child and adult cognitive-reappraisal task [63,64].
Thisnovel task is optimized for usein early childhood. In older
child and adult cognitive-reappraisal tasks, participantsaretold
to use reappraisal strategies, or stories, to distance themselves
from negative stimuli. In the novel early childhood version,
participants are told reappraisal stories by an adult instead of
coming up with these stories on their own, which mimics
strategiesregularly used by caregiversto help children regulate
their emotions. Versions of thistask have been used previously
in EEG studies[63,65].

Analytic Plan

Associations between EA and task performancewill be assessed
using linear regression. All analyses will include controls for
age, sex, cognitive ability, and aspects of family environment
not directly related to deprivation and threat, such as caregiver
education. Differences in cortical thickness as a function of
deprivation, threat, and unpredictability will be examined using
surface-based analysis tools in Free Surfer, correcting for
multiple comparisons using false discovery rate. To examine
theinfluence of deprivation, we will estimate regressionsto test
for linear associations between deprivation exposure and cortical
thickness.

fMRI data analysis will be conducted in FSL. Stimulus onset
regressors will be convolved with a canonical hemodynamic
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response function in all tasks. The general linear model will be
estimated in individual space, and nuisance regressors will be
included for motion parameters and outliers. Individual-level
regression coefficientswill be submitted to group-level random
effects models, and linear regression parameters will be
estimated to examine activation as a function of deprivation
and threat. Cluster-wise false positive rates of P<.05 corrected
for multiple comparisons will be applied. Finally, to determine
whether theimpact of deprivation threat, or unpredictability on
neural structure and function are pathways linking EA to
psychopathol ogy, we will test a multiple mediation model.

Ethical Consider ations

This study has ingtitutional review board approval from The
University of North Carolina at Chapel Hill (study 16-1278).
Informed consent was obtained from all individual participants
included in the study. Participants received US $280 in total
across the 3 study visits for their time and effort. Participating
children earned prizes by completing study tasks. In addition,
families were reimbursed for transportation costs associated
with attending study visits.

Results

Overview

The WHALE study isfunded by the National Institute of Mental
Health (RO1IMH115004; see grant review provided in
Multimedia Appendix 2). The study began data collection in
November 2018 and continued through May 2024. Recruitment
for this study has concluded, and data collection is ongoing.
Study results will be available in 2024.

Sample

Participants (N=301; 49% male) were enrolled in the study
when they were aged between 4 years O months and 7 years 3
months. Average age at first visit was 5.69 (SD 0.83) years.
Our sample is racialy and ethnically diverse with 36.8%
(111/301) self-identified as Black or African American, 15.2%
(46/301) as other or mixed race, 6.9% (21/301) Asian, 0.9%
(3/301) American Indian or Pacific Islander, 11.9% (36/301)
Hispanic or Latino, and 36.8% (111/301) non-Hispanic White.
Of the total participants who enrolled in the study, 26 (8.6%)
did not participate in any study visits. Data collection occurred
between November 2018 and May 2024; study attrition was
primarily due to disruption in the operation of the laboratory
during the COVID-19 pandemic.

Early Adversity

The sample has substantial strengths. First, we have
multi-informant assessment of exposure to adversity, and
multimodal assessments of executive function and emotion
dysregulation, including caregiver report, child task
performance, and neural function. Second, we recruited
participants based primarily on indexes of structural inequality.
Consistent with evidence supporting a strong association
between structural inequality and adverse childhood experiences,
participating families reported arange of deprivation and threat
experiences (Multimedia Appendix 3).
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In addition, this sampling strategy more accurately reflects the
range of profilesthat emerge from exposure to adversity, which
can be obscured when sampling is predicated on the outcome
(eg, psychopathology) [66]. Finally, this sample was recruited
during the peak agefor likely exposure to adversity inthe home.
Evidencefrom epidemiological literatureindicatesthat the early
childhood period carries the greatest risk for exposure to
maltreatment [67,68] and corporal punishment [69], and itisa
period of maximal brain, cognitive, and emotional devel opment
[70]. Assessing neural function in this age range is rare. Here
we have excellent measurement of cognitive, emotional, and
neural functioning during this early period, and thus, the
opportunity to observe the impact of adversity on child
development.

Discussion

Principal Findings

The WHALE study is one of the first studies to explore the
differential impact of deprivation, threat, and unpredictability
on neural function and risk for psychopathology. Recruitment
iscompletewith asample of 301 participants, and our sampling
strategy was successful in recruiting an ethnic and racially
diverse sample. Moreover, in a subsample of participants
(n=270), we observe a wide range of deprivation and threat
experiences. These distributions are similar to prior research
aiming to differentiate the effects of dimensions of adversity
on neurodevelopment in prior samples [42,69], and will allow
us to capture the unique effects of experience on devel opment.
As thisis an ongoing study, no formal testing of the project’s
hypotheses has been conducted yet.

Previous research documents the differential effects of
deprivation and threat on psychopathology through distinct
neurobiological mechanismsin adolescence[71-73]. However,
no study has evaluated these associations in early childhood,
despite consistent evidence that early exposure to adversity is
associated with differences in neurodevelopment during this
period [44,47]. To the best of our knowledge, the WHAL E study
isone of thefirst cohort studies exploring the differential effects
of deprivation, threat, and unpredictability on neurobiological
mechanisms that increase risk for psychopathology. The 3
primary aims of the study were to examine (1) the associations
between deprivation, threat, cognitive control, and fear learning,
(2) the association between deprivation and threat with
psychopathol ogy through its hypothesized neural mechanisms,
and (3) the associations between unpredictability, reward
learning, and psychopathology. The results of this study will
provide unique insights into the neurobiological mechanisms
by which EA increase risk for psychopathology.

Limitations and Future Directions

One of the key limitations in this study is its cross-sectional
design, thus future research should aim to explore the role of
EA on neurodevelopmental outcomes longitudinally. These
designs are important as they allow to establish directionality
in observed effects. Another limitation includes the exclusion
of other dimensionsof EA that could have similar or differential
effects on child development, such as parental loss [74]. Thus,
future studies should aim to have a holistic assessment of
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children’s environments that can capture other dimensions of  We were successful at enrolling 301 children and their families
adversity. Our results will elucidate the effects separate into the study, and obtaining measurement on children’'s
dimensions of EA on child neurodevel opment. exposure to EA, neural function, and psychopathology. The
results from this study could inform future intervention and

Conclusions prevention strategies to aid children exposed to EA.

This protocol describes a study aiming to explore the roles of
deprivation, threat, and unpredictability on neurodevel opment.
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