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Abstract

Systemic environmental disadvantage relates to a host of health and functional
outcomes. Specific structural factors have seldom been linked to neural struc-
ture, however, clouding understanding of putative mechanisms. Examining rela-
tions during childhood/preadolescence, a dynamic period of neurodevelopment,
could aid bridge this gap. A total of 10,213 youth were recruited from the
Adolescent Brain and Cognitive Development study. Self-report and objective
measures (Census and Federal bureau of investigation metrics extracted using
geocoding) of environmental exposures were used, including stimulation
indexing lack of safety and high attentional demands, discrepancy indexing
social exclusion/lack of belonging, and deprivation indexing lack of environmen-
tal enrichment. Environmental measures were related to cortical thickness, sur-
face area, and subcortical volume regions, controlling for other environmental
exposures and accounting for other brain regions. Self-report (|p| = .04-.09)
and objective (|p] = .02-.06) environmental domains related to area/thickness
in overlapping (e.g., insula, caudal anterior cingulate), and unique regions
(e.g., for discrepancy, rostral anterior and isthmus cingulate, implicated in socio-
emotional functions; for stimulation, precuneus, critical for cue reactivity and
integration of environmental cues; and for deprivation, superior frontal, integral
to executive functioning). For stimulation and discrepancy exposures, self-report
and objective measures showed similarities in correlate regions, while depriva-
tion exposures evidenced distinct correlates for self-report and objective mea-
sures. Results represent a necessary step toward broader work aimed at
establishing mechanisms and correlates of structural disadvantage, highlighting
the relevance of going beyond aggregate models by considering types of envi-
ronmental factors, and the need to incorporate both subjective and objective

measurements in these efforts.
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1 | INTRODUCTION

Beyond the individual, the larger environmental and social context
(i.e., systemic- and structural-level environmental factors, including
local, neighborhood, regional, or even country-level characteristics)
has been shown to impact physical and mental health, among other
critical lifestyle outcomes (Arcaya et al., 2016; Laraia et al.,, 2012;
Ludwig et al., 2012). Yet, most investigations have focused on adult
populations (Arcaya et al., 2016). Much less is known about the effect
of exposures during the dynamic developmental period of late child-
hood and preadolescence (Leventhal & Dupéré, 2019). Further, rela-
tive to individual-level exposures (such as childhood trauma, life
events, and bullying exposure), structural or systems level environ-
mental factors have received relatively less attention in the
literature—this is especially the case with regards to identifying puta-
tive biological or developmental mechanisms related to these factors.
The existing literature suggests different dimensions of environmental
exposures could relate to both convergent and distinct neural struc-
tures across neurodevelopment (McLaughlin, Sheridan, Humphreys,
Belsky, & Ellis, 2021; Vargas, Conley, & Mittal, 2020). Neural corre-
lates, while theorized, have yet to be tested and thus remain poorly
understood. Further, understanding neural correlates of different
structural exposures is ultimately crucial from an epidemiological and
etiological standpoint (Minh, Muhajarine, Janus, Brownell, &
Guhn, 2017). Improving existing conceptualizations of systemic bar-
riers to healthy development stands to inform health policy, as well as
prevention and intervention efforts at the societal level.

Chronic stress has long been identified as a central vulnerability
factor toward a host of mental, physical health, and life outcomes
(Bauer, 2008; Juster, McEwen, & Lupien, 2010; Lupien, Juster,
Raymond, & Marin, 2018; McEwen, 2017). Classically, individual-level
stressors including childhood trauma, bullying, and parental conflict
have been extensively studied with regards to underlying neural and
biological mechanisms (Ellis, Boyce, Belsky, Bakermans-Kranenburg, &
Van lJzendoorn, 2011; McLaughlin, Sheridan, & Lambert, 2014). The
literature on individual stressors and neural correlates has allowed for
a more nuanced understanding of mechanisms of influence, along
with pinpointing possible intervention and prevention targets. In con-
trast to the established research on individual stressors, the broader
environmental and social context (i.e., systemic or structural level fac-
tors) has been relatively understudied with regards to neural corre-
lates (Bronfenbrenner & Morris, 1998; Glass & McAtee, 2006).

Characteristics of the broader environment, particularly factors
such as neighborhood poverty, exposure to crime, population density,
and crime exposure, could be disadvantageous at a systemic level and
have downstream impacts on the individual. Indeed, neighborhood
and structural characteristics have been reliably associated with
adverse health outcomes and alterations in physical development
(Arcaya et al., 2016; Leventhal & Dupéré, 2019; Ludwig et al., 2012).
Identifying systems level characteristics could aid efforts to under-
stand systemic inequities and disadvantage faced by marginalized
groups in the United States. However, efforts to identify neural and

biological factors that relate to these systemic exposures have been

sparse. Enriching the existing literature with a neural account of dif-
ferent systemic environmental exposures would result in a more inte-
grative perspective on environmental factors. In fact, a neural model
of systemic exposures may aid in identifying putative mechanisms
underlying the impact of different exposures.

Exposure to individual or systemic environmental factors can
have an independent impact through both stress exposure and alter-
ations in neural development and as a result do not require conscious
awareness of exposure having occurred to be impactful (McLaughlin
et al., 2021). As a result, studying neural correlates of systemic envi-
ronmental factors during critical developmental periods provides a
crucial perspective. Childhood and preadolescence constitute a
dynamic period for neural development, particularly for gray matter
structure (Jeon, Mishra, Ouyang, Chen, & Huang, 2015; Lyall
et al., 2015; Tamnes et al., 2017; Wierenga, Langen, Oranje, &
Durston, 2014). During late childhood, gray matter features are
undergoing foundational developmental processes (Jeon et al., 2015;
Wierenga et al., 2014). Widespread gray matter volume decreases are
taking place; in addition, the developmental timing of volume, thick-
ness, and surface area varies by cortical region, and cortical thickness
and surface area develop independently of one another (Wierenga
et al., 2014). Along with total gray matter volume decreases, cortical
thinning and pruning processes are particularly active during adoles-
cence (Norbom et al., 2021).

The marked neural reorganization occurring at this age vyields
greater plasticity, or sensitivity to environmental influences (Nelson
Il & Gabard-Durnam, 2020; Pechtel & Pizzagalli, 2011). As such, these
gray matter metrics could provide unique insights into developmental
processes and underlying biological mechanisms that are influenced
by environmental factors. Cortical thickness may index synaptic prun-
ing, cell shrinkage, apoptosis, and dendritic arborization (Jeon
et al., 2015; Tamnes et al., 2017). Surface area could reflect processes
related to cortical folding and gyrification (Garcia, Kroenke, &
Bayly, 2018). Collectively these metrics could provide unique insights
for emerging types of environmental vulnerability in the years prior to
adolescence and young adulthood, when other contextual, interper-
sonal, and neurodevelopmental vulnerabilities could compound pre-
existing risk factors. Different types of exposures could require differ-
ent considerations with regards to prevention and intervention efforts
for mental and physical health vulnerability. As such, understanding
neural correlates of types of environmental exposures is a crucial
first step.

As the largest study to date on adolescent development, the ado-
lescent brain and cognitive development (ABCD) study® provides an
excellent opportunity to further understand these questions (Casey
et al., 2018). Indeed, existing literature has already yielded insights
into the subject, relating environmental factors to neural structure
and function. Existing studies have found relations between broader
neighborhood disadvantage, resting state and structural features
(Hackman et al, 2021; Rakesh, Seguin, Zalesky, Cropley, &
Whittle, 2021). Other work harnessing ABCD has focused on neural
correlates of single features, that is, neighborhood deprivation

(Mullins, Campbell, & Hogeveen, 2020; Taylor, Cooper, Jackson, &
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Barch, 2020; Vargas, Damme, & Mittal, 2020). Studies distinguishing
types of systemic environmental exposures are sparser. To our knowl-
edge, one study explored distinct types of environmental exposures
(using neighborhood features acquired through geocoding participant
addresses), along with relations to brain structure (Karcher,
Schiffman, & Barch, 2021). However, this study examined aggregate
brain metrics of cortical thickness, volume and surface area, curtailing
the ability to make inferences with regards to specific neural corre-
lates and mechanisms underlying each environmental exposure. Inves-
tigations seeking to establish specificity of systemic environmental
exposure on neurodevelopment are thus needed to enrich current
conceptualizations of environmental vulnerability and putative neural
correlates, as a first step toward understanding possible mechanisms.

To this end, a recent review delineated three systemic environ-
mental exposure dimensions based on available evidence from epidemi-
ological and neuroscience literature (Vargas, Conley, & Mittal, 2020).
The resulting stimulation, deprivation, and discrepancy (SDD) model
posed three environmental exposure dimensions that are theorized to
confer both converging and distinguishable effects on neural structure
(figure 1 in the study by Vargas et al., 2020; Vargas, Damme, Osborne, &
Mittal, 2021). The environmental dimensions include stimulation expo-
sures, with intermediary mechanisms of high sensory demands and lack
of safety (e.g., high neighborhood crime and population density), dis-
crepancy exposures, with intermediary mechanisms of social exclusion,
low social capital and lack of belonging (e.g., high neighborhood income
inequality), and deprivation exposures with intermediary mechanisms of
lack of environmental enrichment (e.g., neighborhood median family
income). In an earlier study, the specificity of the environmental
domains in the SDD theory was tested through exploratory and confir-
matory factor analyses. Environmental dimensions were distinguishable
and related to vulnerability to psychopathology (Vargas et al.,, 2021). As
such, some support has been found in the ABCD data for the distinct-
ness of the domains.

Although the review outlined theorized neural regions that could
be specific to each domain, these hypotheses have yet to be directly
tested. As mentioned earlier, childhood and preadolescence are prime
periods of marked environmental sensitivity, characterized by wide-
spread neural plasticity and gray matter development. As such, efforts
to understand these environmental factors and neural correlates dur-
ing the childhood and preadolescence developmental period could
contribute to crucial intervention and prevention efforts. These sys-
temic exposures could only confer a generalized effect on neural
structure, as found in the study by Karcher et al. (2021). Or, the envi-
ronmental dimensions could relate specifically to certain regions,
while also exhibiting broader effects at the whole brain level
(as hypothesized by the SDD theory). Limited research testing these
guestions with different environmental exposures in the same sample
hinder ability to further clarify these matters. As such, the current
study marks the first explicit test of neural correlates of these three
domains together, accounting for unique influences over and above
other domains.

The present study sought to explore gray matter neural correlates

for environmental dimensions of stimulation, discrepancy, and

deprivation. First, self-report and subjective measures were identified,
consistent with the SDD model. Then, subsamples were created based
on the top 25 percentile of exposure to the environmental factors.
Finally, to establish specificity over and above general neighborhood
disadvantage, cortical thickness and surface area, and subcortical vol-
umes were used to predict exposure to the self-report and objective
environmental dimensions, while accounting for other cortical and
subcortical regions, and for exposure to other domains. Controlling
for all cortical/subcortical regions within each analysis allowed for
exploring SDD theory specificity predictions of certain regions over
and above other regions (see supplementary material). Taken
together, the current analyses allow for an opportunity to understand

theorized environmental dimensions and neural correlates.

2 | MATERIALS AND METHODS

21 | Self-report questionnaires

Self-report scales relevant to the three domains were chosen across
administered scales (Vargas et al., 2020). Self-report measures were
developed by the ABCD team to index environmental and cultural
factors that could be relevant to development (Alegria et al., 2004;
Zucker et al., 2018). As such, these measures index structural factors/
exposures that occur at the systems level (Table 1) (Vargas
et al,, 2020).

2.2 | Objective neighborhood features

Residential history was collected through addresses where partici-
pants had lived across their lifetime. Addresses were used to deter-

mine census tracts corresponding to each location. Each tract

TABLE 1 Self-report scales used for subjective measures of
environmental exposures, along with domains each measure
represents

Scale name Citation Domain

ABCD Parent Multi-
Group Ethnic
Identity-Revised
Survey (MEIM)

ABCD Parent
Vancouver Index of
Acculturation (VIA)—
Short Survey

Phinney and Ong (2007) Discrepancy

Ryder, Alden, and
Paulhus (2000)

Discrepancy

ABCD Parent Echeverria, Diez-Roux, Stimulation
neighborhood safety/ and Link (2004) and
crime survey Mujahid, Diez Roux,
modified from PhenX Morenoff, and
(NSC) Raghunathan (2007)
ABCD Parents Garavan et al. (2018) Deprivation

Demographics survey
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represents census-delineated neighborhoods. Census and Federal
Bureau of Investigation (FBI) data were used to calculate neighbor-
hood population density, total crimes occurring in certain neighbor-
hood,
neighborhood income inequality meaning that higher income individ-

average neighborhood income inequality (i.e., higher
uals receive much larger percentages of the total income in a given
neighborhood), and median family income. Since these metrics are
compiled based on government data, they will be referred to as
“objective neighborhood features,” drawing a contrast from neighbor-
hood features of interest that are also assessed through self-report,
such as the ABCD Parent neighborhood safety/crime survey (NSC).
See Table 2 for further description of values for objective and subjec-

tive measures.

23 |
domains

Theorized systemic environmental exposure

Chosen variables indexed exposures to environmental factors occur-
ring at the systems level. For the stimulation domain, high crime
regions, along with urban/areas with high population density, have
been theorized to comprise high attentional demands, engaging threat
neural correlates and conferring higher arousal of stress systems
(Freeman et al., 2015; Gong, Palmer, Gallacher, Marsden, &
Fone, 2016; Newbury et al., 2017). As such, the NSC survey was cho-
sen, which assesses neighborhood safety. For objective measures,
neighborhood total crimes and population density were chosen as
part of the stimulation domain. For discrepancy, the ABCD Parent
Multi-Group Ethnic Identity-Revised Survey (MEIM) and ABCD Parent
Vancouver Index of Acculturation (VIA) scales were used, consistent
with evidence that a lack of sense of belonging within one's culture,
along with lack of participation and engagement with the majority cul-
ture and with one's culture, are cultural/systems level factors that can
confer a lack of social capital and social exclusion (Emerson, Minh, &
Guhn, 2018; Veling et al., 2008; Yang, Lei, & Kurtulus, 2018). For
objective measures within the discrepancy domain, neighborhood
income inequality was chosen, given evidence of high income inequal-
ity being linked to lack of belonging and feeling of social exclusion,
consistent with the discrepancy domain (Vargas et al., 2021; Vargas
et al., 2020). For the deprivation domain, the ABCD parent's demo-
graphic survey was used to index lack of access to environmental
enrichment (with questions probing for access to resources such as
access to doctors if needed, food, and utilities; Table S1). For objec-
tive measures, neighborhood median family income was used as a

measure of neighborhood deprivation.

24 | Structural MRI

Participants completed a high-resolution T1-weighted structural MRI
scan (1-mm isotropic voxels) using scanners from GE Healthcare
(Waukesha, Wisconsin), Philips Healthcare (Andover, Massachusetts),

or Siemens Healthcare (Erlangen, Germany) (Casey et al., 2018).

Structural MRI data were processed using FreeSurfer version 5.3.0
(Fischl, Tootell, &
Dale, 1999) according to the standard processing pipelines (Casey

(http://surfer.nmr.mgh.harvard.edu/) Sereno,
et al., 2018). Processing included removal of nonbrain tissue, segmen-
tation of gray and white matter structures (Fischl et al., 2002), and
cortical parcellation. All scan sessions underwent radiological review
whereby scans with incidental findings were identified and excluded.
Quality control for the structural images comprised visual inspection
of T1 images and Free-Surfer outputs for quality (Hagler et al., 2019).
Subjects whose scans failed inspection (due to severe artifacts or
irregularities) were excluded (Figure S1). The Desikan-Killiany Atlas
was used for cortical parcellation (Hagler et al., 2019). For subcortical
parcellation, the Aseg atlas was used (Fischl et al., 2002).

2.5 | Sample selection

The ABCD study was designed to recruit a nationally representative
sample of youth. See Garavan et al. (2018) for more information on
demographics and Karcher and Barch (2021) for information on psy-
chopathology measures. For subjective environmental factors, the
sample from our group's earlier work delineating factors within the
SDD theory was used, including 7,443 participants with available sub-
jective environmental domain data (Vargas et al., 2021). The initial
sample for objective environmental factors included 10,213 partici-
pants who had available structural imaging and geocoded data. To rule
out participants with a complete lack of exposure to environmental
risk factors (e.g., participants that endorsed zero exposure to depriva-
tion), subsamples were created for each domain for participants with
scores in the top 25 percentile for environmental risk (associated with
symptoms in earlier work, i.e., high deprivation, high crime and popu-
lation density, low sense of neighborhood safety, low sense of belong-
ing, and low American/majority culture participation; Figure S2). The
25th percentile was used given the SDD theory's emphasis on under-
standing systemic vulnerability factors. As most of the sample did not
endorse significant exposure to these environmental dimensions, the
study focused on those individuals that did, in order to assess rela-
tions between gray matter morphology and substantial exposure to
systemic vulnerability factors. The literature on neighborhood factors
has frequently adopted this approach in order to understand the
impact of greater levels of exposure, which would likely be the targets
of systems level intervention and prevention efforts (Crump, Sun-
dquist, Sundquist, & W.inkleby, 2011; Cummins, McKay, &
Maclntyre, 2005; Lang et al., 2009; Major et al., 2010; Pearce, Witten,
Hiscock, & Blakely, 2007; Vos, Posthumus, Bonsel, Steegers, &
Denktas, 2014). As such, the study remained consistent to this litera-
ture by focusing on folks with greater levels of exposure. The 25th
percentile cutoffs for self-report factors were as follows: 10 for stimu-
lation/neighborhood safety (n = 2,105), 18 for discrepancy/sense of
belonging (n = 2,275), 48 for discrepancy/American culture participa-
tion (n = 1,856), and 1 for deprivation/deprivation (n = 1,493). The
25th percentile cutoffs for objective factors were as follows: 53,400
for stimulation/neighborhood crimes (n = 2,249), 2,814.3 for
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stimulation/population density (n = 2,553), 2.95 for discrepancy/
income inequality (n = 2,566), and 50,357 for deprivation/median
family income (n = 2,554; Table 2, Tables $2-510). Analyses on self-
report features from our prior work accounted for exposures to other
self-report domains. Similarly, analyses on objective features
accounted for exposures to other objective domains. Analyses were
run on the entire sample as well, and while not the focus of the study,

these are presented in the supplementary material (Tables S11-519).

2.6 | Cortical area/thickness and subcortical
volumes as predictors of self-report and objective
environmental domain exposures

Mixed effect models were run using the nlme version 3.1.148 (Pinheiro
et al.,, 2021) package in r version 4.0.2. Desikan-Killiani Atlas bilateral
(averaged across hemispheres to avoid collinearity concerns due to high
correlations among left and right sides of the same region) cortical
regions (34 total) were used as predictors in a single varying-intercepts
mixed effect model accounting for age, sex and other self-report/
objective domains as fixed effects, and family and scanner as random
effects, with self-report and objective environmental exposures as out-
come variables. Environmental domains were treated as independent,
and all regions and components were in the same model. Analyses were
run for cortical thickness and surface area separately, given their earlier
mentioned distinct developmental trajectories and underlying neural
structural indicators. Analyses were run such that one model included
all 34 of the Desikan-Killiany-delineated bilateral regions as predictors.
As such, results presented accounted for and corrected for all other
brain regions within the same model. Prior to analyses, variables were
converted to standardized units (z scores). Standardized brain metrics/
predictors did not correlate highly with each other (rs were below .5, in
a vast majority of cases under .1); as such, collinearity due to brain met-
ric predictors was not a concern in models that were run. The car pack-
age, version 3.0.11 was used to calculate variance inflation factor to
further assess for multicollinearity; values were below 5, meeting con-
ventional thresholds (Fox, 2015).

2.7 | Subcortical volumes as predictors of self-
report and objective environmental domain exposures

As described above, aseg Atlas subcortical regions (seven total) were used
as predictors in a single varying-intercepts mixed effect model accounting
for age, sex and other self-report/objective domains as fixed effects, and
family and site as random effects, with stimulation/discrepancy/depriva-

tion subjective and objective measures as outcome variables.

2.8 | Data analytic strategy

Prior to analyses, variables were converted to standardized units

(z scores). Results were visualized using r packages ggseg version

1.6.3, and ggseg3d version 1.6.3 (Mowinckel & Vidal-Pifeiro, 2020).
See supplementary material for coefficient values, standard errors,
and p values for model predictors. A series of distinct theories/models
were tested in the present study to determine whether self-report
and objective systemic/environmental dimensions (stimulation, dis-
crepancy, and deprivation), would relate to gray matter morphology
(Armstrong, 2014; Cabin & Mitchell, 2000; Fiedler, Kutzner, &
Krueger, 2012): there were three distinct theoretically grounded tests
(for stimulation, discrepancy, and deprivation), which were separately
predicted for self-report and objective measures. The measures used
were grounded in previous research that identified domains using fac-
tor analyses and related them to vulnerability for psychopathology
(Vargas et al., 2021). In addition to correcting for all cortical and sub-
cortical regions within the same model, further correction for compar-
isons was conducted for each gray matter metric tested (cortical
thickness, surface area, and subcortical volume) using Bonferroni
thresholds for three tests of one similar hypothesis, resulting in a
threshold of 0.016 (see Table 3) (Bonferroni, 1936; Shaffer, 1995).

3 | RESULTS
3.1 | Stimulation self-report factors and objective
measures

Lower caudal anterior cingulate (§ = —.058,t = —2.38, p = .019, 95% ClI
—0.106 to —0.010; Figure 1) and temporal pole ( = —.067,t = —2.62,
p =.010, 95% Cl —0.117 to —0.016) thickness related to greater neigh-
borhood safety. Greater caudal middle frontal thickness (B = —.058,
t = 2.04, p = .044, 95% ClI 0.002-0.147), on the other hand, related to
greater neighborhood safety. For area, lower transverse temporal
(B =-.086t =-2772, p =.007, 95% Cl —0.148 to —0.025) area
related to increased neighborhood safety. Subcortically, higher neighbor-
hood safety related to lower accumbens volume (B = —.065,
t = —-2.351, p =.020, 95% Cl —0.120 to —0.10).

The stimulation/neighborhood total crimes objective measure did
not relate to specific cortical or subcortical regions over and above other
cortical/subcortical regions. Within frontal lobe, greater caudal anterior
cingulate (B = .021, t = 2.421, p = .016, 95% CI 0.004-0.039), lateral
orbitofrontal (unique to stimulation domain; p = .024, t = 3.125,
p = .020, 95% Cl 0.003-0.045), and par striangularis (also unique to stim-
ulation; p = .029, t = 2.384, p = .018, 95% Cl 0.005-0.053) thickness
predicted greater population density. Lower precentral thickness
(B = —.055, t = —3.850, p =.0002, 95% Cl —0.083 to —0.027) also
predicted greater population density. With regards to area, lower para-
central (= —.031,t = —2.614,p = .010, 95% CI —0.055 to —0.008) and
rostral middle frontal (f = —.034, t = —2.229, p = .027, 95% Cl —0.063
to —0.004) area related to greater population density.

Within parietal lobe, lower inferior parietal (B = -.036,
t = —2.150, p = .033, 95% Cl —0.070to 0.003) and greater precuneus
(B = —.040, t = 3.022, p =.003, 95% Cl 0.01-0.066) thickness

predicted greater population density. For temporal regions, greater
fusiform (B = .031, t = 2.333, p =.021, 95% Cl 0.005-0.057) and
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TABLE 3 Summary of associations that passed Bonferroni correction

Stimulation domain

Region

Caudal anterior cingulate

Temporal pole
Caudal middle frontal
Transverse temporal

Accumbens

Caudal anterior cingulate

Lateral orbitofrontal
Par striangularis
Precentral
Paracentral

Rostral middle frontal
Inferior parietal
Precuneus

Fusiform

Middle temporal
Lateral occipital
Pericalcarine

Insula

Discrepancy domain
Insula

Cuneus

Insula

Inferior parietal
Precentral

Isthmus cingulate
Paracentral

Middle temporal
Inferior temporal

Lateral occipital

Caudal anterior cingulate

Medial orbitofrontal

Rostral anterior cingulate

Caudate
Hippocampus

Deprivation domain

Caudal anterior cingulate

Medial orbitofrontal
Superior frontal

Insula

Metric
Thickness
Thickness
Thickness
Area
Volume
Thickness
Thickness
Thickness
Thickness
Area

Area
Thickness
Thickness
Thickness
Thickness
Thickness
Thickness

Thickness

Thickness
Area
Thickness
Area
Thickness
Area
Thickness
Area
Thickness
Thickness
Area

Area

Area
Volume

Volume

Area
Thickness
Thickness

Area

Measure

Neighborhood safety
Neighborhood safety
Neighborhood safety
Neighborhood safety
Neighborhood safety
Neighborhood population density
Neighborhood population density
Neighborhood population density
Neighborhood population density
Neighborhood population density
Neighborhood population density
Neighborhood population density
Neighborhood population density
Neighborhood population density
Neighborhood population density
Neighborhood population density
Neighborhood population density
Neighborhood population density

Sense of belonging

Sense of belonging

American culture participation
American culture participation
American culture participation
American culture participation
American culture participation
Neighborhood income inequality
Neighborhood income inequality
Neighborhood income inequality
Neighborhood income inequality
Neighborhood income inequality
Neighborhood income inequality
Neighborhood income inequality

Neighborhood income inequality

Deprivation

Neighborhood median family income
Neighborhood median family income

Neighborhood median family income

2Threshold set at 0.0167, v indicates the association passed Bonferroni correction.

middle temporal (B = .033, t = 2.148, p = .033, 95% CI 0.003-0.064)
thickness predicted greater population density. For occipital lobe,
greater lateral occipital ( = .051, t = 3.125, p = .002, 95% CIl 0.019-

0.083) and lower pericalcarine (B = —.025,t = —2.321, p = .021, 95% lation density.

p value
019
.010
.044
.007
.020
016
.020
.018
.0002
.010
.027
.033
.003
.021
.033
.002
.021
.013

.002
.036
.032
015
.002
.003
.010
.043
.043
.040
.025
.002
.008
.037
027

015
.038
.005
.045

Bonferroni correction®

N N NN

Cl —0.046 to —0.004) thickness predicted higher population density.
Finally, within limbic regions, lower insula (3 = —.025, t = —2.502,
p =.013, 95% Cl —0.045 to —0.005) thickness predicted higher popu-
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Stimulation/neighborhood safety self-report thickness

1Bl
0.075
0.070
0.065
0.060

Stimulation/neighborhood safety self-report area

Stimulation/neighborhood population density objective thickness

Stimulation/neighborhood population density objective area

1Bl
I 0.09
Bl
0.05
0.04
0.03

1Bl
0.034
0.033
0.032
0.031

FIGURE 1

Relations between self-report and objective measures for the stimulation domain, area, and thickness regions that are significant

(p < .05) while controlling for other regions, accounting for other domains, age, sex, family, and scanner

3.2 | Discrepancy self-report factors and objective
measures

Greater insula thickness (B = —.071, t = —3.143, p =.002, 95% Cl
—0.116 to —0.027; Figure 2) and lower cuneus area (B = .062,
t = 2.108, p = .036) related to a lower sense of belonging with ethnic
group. Lower insula (§ = .044, t = 2.158, p = .032, 95% Cl 0.004-0.085)
and inferior parietal (3 =.088, t = 2.470, p = .015, 95% Cl 0.018-0.159)
thickness related to lower American culture participation. Greater
precentral area (B = .079, t = 3.132, p =.002, 95% Cl 0.029-0.129)
related to greater American culture participation. Conversely, lower isth-
mus cingulate (B = —.073, t = —2.991, p =.003, 95% Cl —0.122 to
—0.025) and paracentral (3 = —.057, t = —2.595, p =.010, 95% ClI
—0.100 to —0.014) area related to greater American culture
participation.

Higher middle temporal thickness related to greater income
inequality (p = .045,t = 2.036, p = .043, 95% Cl 0.001-0.090). Con-
versely, lower inferior temporal (3 = —.037,t = —2.03, p = .043, 95%
Cl —0.073 to 0.001) and lateral occipital (3 = —.044, t = —2.070,
p =.040, 95% Cl —0.085 to —0.002) thickness related to greater
income inequality. For surface area, lower caudal anterior cingulate

area related to increased income inequality (B = —.036, t = —2.254,

p =.025, 95% Cl —0.067 to 0.004). Greater medial orbitofrontal
(B =.055,t=3.103, p = .002, 95% CI 0.020-0.090) and rostral ante-
rior cingulate (B = .044, t = 2.66, p = .008, 95% Cl 0.011-0.076) area
related to increased income inequality. Subcortically, lower caudate
(p=—.030,t =—-2.098, p =.037, 95% Cl —0.059 to —0.002) and hip-
pocampal (B = —.039, t =—-2.230, p =.027, 95% Cl —0.074 to
—0.005) volume related to increased income inequality.

3.3 | Deprivation self-report factor and objective
measures

Lower caudal anterior cingulate area related to higher levels of self-
reported deprivation (B = —.076, t = —-2.457, p =.015, 95% Cl
—0.137 to —0.015; Figure 3). With regards to objective deprivation
measures, higher medial orbitofrontal thickness (f = -—.026,
t =-2.091, p =.038, 95% Cl —0.051 to —0.002) and insula area
(B=—-.029,t=-2.014, 95% Cl —0.058 to —0.001, p = .045) related
to lower neighborhood median family income. Unique to analyses in
the deprivation domain, greater superior frontal (8 = -.055,
t = —2.822, p =.005, 95% Cl —0.094 to —0.017) thickness related to

lower neighborhood median family income.
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Discrepancy/belonging self-report thickness

e

Discrepancy/belonging self-report area

&

Discrepancy/American culture participation self-report thickness

L

Discrepancy/American culture participation self-report area

&

Discrepancy/neighborhood income inequality objective thickness

e

Discrepancy/neighborhood income inequality objective area
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FIGURE 2 Relations between self-report and objective measures for the discrepancy domain, area, and thickness regions that are significant
(p < .05) while controlling for other regions, accounting for other domains, age, sex, family, and scanner

4 | DISCUSSION

The current study explored dimensions of environmental exposures
with relation to neural structure. Self-report and objective measures
were harnessed to test whether different environmental dimensions
would relate to unique and converging gray matter features. Stimula-
tion exposures related to prefrontal, temporal and parietal regions,
which are implicated in threat processing, social cognitive processes,
and sensory integration. Discrepancy exposures, on the other hand,
related to cingulate, medial orbitofrontal and temporal regions,

regions implicated in socioemotional processes related to social

exclusion. Lastly, deprivation exposures related to thickness frontal
regions, consistent with pruning hypotheses of deprivation, postulat-
ing that lack of exposure to rich environments could result in over-
pruning, thus having aggregating effects on neurodevelopment over
time (Laraia et al., 2012; McLaughlin et al., 2014). Results were consis-
tent across measures for the stimulation and discrepancy domains; cau-
dal anterior cingulate thickness related to self-report neighborhood
safety and objective neighborhood population density, while insula
thickness related to self-report sense of belonging and self-report
American culture participation, and cingulate regions related to self-

report American culture participation and neighborhood income
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Deprivation/deprivation self-report thickness
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Deprivation/neighborhood median family income objective area
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FIGURE 3 Relations between self-report and objective measures for the deprivation domain, area, and thickness regions that are significant
(p < .05) while controlling for other regions, accounting for other domains, age, sex, family, and scanner

FIGURE 4 Summary of regions
for cortical thickness and surface area
that related to environmental
dimensions individually, and regions
that related to more than one domain
independently. Highlighted regions
were significant (p < .05) after
controlling for other regions, age, sex,
family, scanner, and exposure to
other environmental domains

inequality. Notably, caudal anterior cingulate and insular regions
uniquely predicted exposures across all three domains while account-
ing for other exposures, and for other brain regions. Taken together,
results offer support for the notion that different types of systemic
environmental factors and stressors may confer overlapping but also
unique patterns of vulnerability on the developing brain (Figure 4).

Environmental dimension
(self-report or objective)

. Stimulation

. Discrepancy

. Deprivation

. Discrepancy and Stimulation

. Discrepancy and Deprivation

All (Stimulation, Discrepancy and Deprivation)

41 |

Stimulation exposures

Stimulation exposures related to regions implicated in hypothesized
intermediary mechanisms of lack of safety and high attentional
demands. Precuneus thickness, critical for cue reactivity and integra-
tion of environmental cues, related to population density (Hebscher,
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Levine, & Gilboa, 2018). Within the dorsolateral prefrontal cortex
(engaged during processing of threat related stimuli, shown to be
impacted by threat exposure, and related to urban upbringing in adult
samples), rostral middle frontal area predicted objective population
density (Balderston, Hsiung, Ernst, & Grillon, 2017; Bishop, Duncan,
Brett, & Lawrence, 2004; Haddad et al., 2015). Subcortically,
accumbens volume, with relations to differentiating safety from threat
cues, related to self-report neighborhood safety, though rostral middle
frontal and accumbens regions did not pass Bonferroni correction
(Ray, Russ, Walker, & McDannald, 2020).

In addition to originally hypothesized regions, stimulation and dis-
crepancy exposures were predicted by regions implicated in sensory
processing, including auditory/language processing regions (trans-
verse temporal), primary visual processing regions (lateral occipital),
visual and semantic attention/integration (temporal pole), as well as
some primary motor regions (precentral and paracentral). Consistent
with stimulation, it is possible that high environmental attentional
demands result in greater activity in regions involved in sensory
processing and cue reactivity, altering neural structure during devel-
opmental sensitive periods (Ellis et al., 2011; Petanjek et al., 2011).
Given that the current study is cross sectional, future investigations
are needed to further test the impact of environmental complexity on
sensory processing. It could be that some discrepancy exposures par-
tially engage some intermediary mechanisms from stimulation expo-
sures. For example, exposures related to low social capital, low sense
of belonging, and social exclusion could engage threat circuitry and
cue reactivity (Vargas et al, 2020). As such, results highlight the
importance of conceptualizing environmental domains dimensionally,
as well as of measuring kinds of exposures in the same sample. Future
studies are needed to improve understanding of possible overlap of
underlying neural mechanisms between domains. Investigations will
also benefit from more targeted, granular measures for each

exposure.

4.2 | Discrepancy exposures

In tandem, Discrepancy exposures related to regions implicated in the-
orized intermediary mechanisms of social exclusion, lack of belonging
and low social capital. Notably, isthmus cingulate, rostral and caudal
anterior cingulate area related to self-report American culture partici-
pation and objective neighborhood income inequality (with rostral
anterior cingulate not surviving Bonferroni correction). Cingulate
regions have been related to processing of social threat, rejection, and
lack of belonging, along with pain related processing (Adolphs, 2009;
Eisenberger & Cole, 2012; Eisenberger, Lieberman, & Williams, 2003).
In addition, caudate regions, linked to social cognition and emotion
processing, also related to neighborhood income inequality, though
not surviving correction (Coan, Schaefer, & Davidson, 2006; Kemp
et al, 2013; Weidt et al., 2016). Within the medial temporal lobe,
medial prefrontal area, a region long implicated in affect regulation
and social functions including understanding others' emotions,
predicted objective 2009;

neighborhood inequality (Adolphs,

Hillis, 2014; Jankowski & Takahashi, 2014). These regions could be of
key interest as they have been related to mental iliness vulnerability
and attentional control Fairchild, &

Stringaris, 2016).

(Sonuga-Barke, Cortese,

4.3 | Deprivation exposures

Deprivation exposures related to thickness in regions implicated in
theorized lack of access to environmental enrichment. Associations
specific to thickness support theorized mechanisms of environmen-
tally dependent pruning following synaptic proliferation during late
childhood and preadolescence (Changeux & Danchin, 1976;
Huttenlocher, de Courten, Garey, & Van der Loos, 1982; Petanjek
et al., 2011). Superior frontal thickness predicted objective neighbor-
hood median family income, consistent with the interpretation that
exposure to deprivation could accelerate normative developmental
synaptic pruning processes (Huttenlocher et al., 1982). Associations
with prefrontal thickness are largely consistent with theories of
individual-level deprivation (such as neglect) particularly impacting
regions with protracted developmental trajectories (i.e., prefrontal
cortex) (McLaughlin et al., 2014; Pechtel & Pizzagalli, 2011; Petanjek
et al., 2011). Associations with prefrontal regions are notable given
the regions' critical role in neurocognition and executive function
(Ronan, Alexander-Bloch, & Fletcher, 2020; Smolker, Friedman,
Hewitt, & Banich, 2018). Current results expand the scope of the the-
ory to systems level deprivation. Notably, deprivation exposures iden-
tified less related brain regions compared to other domains. Perhaps
deprivation exposures share more common features with stimulation
and discrepancy exposures, which was partialled out when controlling
for exposure to other domains. Future studies operationalizing depri-
vation more richly and aiming to replicate current results will help in
clarifying possible reasons for the observation.

In addition, as noted earlier, findings highlight the utility of having
both self-report and objective measures across environmental dimen-
sions (as self-report and objective deprivation related to distinct pre-
frontal regions). Perhaps self-report deprivation picks up on a specific
sub-facet of deprivation that neighborhood median family income
does not. Future studies are needed to explore this possibility. Even
for discrepancy and stimulation domains, where there was some con-
sistency in associated regions across self-report and objective mea-
sures, there were still regions that uniquely related to self-report or
objective facets of the environmental domain. As such, the notion of

subfacets within dimensions warrants further attention and study.

44 | Converging regions across exposures

Taken together, results suggest the three dimensions of systemic
environmental exposures relate to specific neural structures, when
controlling for other environmental exposures, and for other brain
regions. Evidence was also found for common regions predicting mul-

tiple types of exposures—this was the case for insula and caudal
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anterior cingulate area/thickness, which predicted all three domain
exposures (though insula did not pass correction for deprivation, and
caudal anterior cingulate did not pass correction for discrepancy).
These regions could be implicated through more a general effect of
chronic stress exposure (Bauer, 2008; Juster et al, 2010;
McEwen, 2017; Vargas et al., 2020). As the insula and caudal anterior
cingulate are both implicated in a host of cognitive, affective, and reg-
ulatory processes, perhaps exposure during pre-adolescence marks a
sensitive period of neurodevelopment during which development of
these regions is particularly malleable (Caruana, Jezzini, Sbriscia-
Fioretti, Rizzolatti, & Gallese, 2011; Eisenberger & Cole, 2012; Uddin,
Nomi, Hébert-Seropian, Ghaziri, & Boucher, 2017). Results support
potential regional convergence in neural correlates and exposures.
Future investigations are needed to further test converging mecha-
nisms underlying broad, or more general, systemic disadvantage ver-
sus specific dimensions and types of exposures.

Further, overall, the magnitude of effects (B) is small according to
conventional thresholds. Effect sizes are largely in line with studies of
distal neighborhood level characteristics and MRI pooled samples
research (Laraia et al., 2012; Lopez, 2007; Sacher et al., 2012). There
is reason to believe addressing small individual effects through public
health or policy initiatives could have meaningful impacts at the popu-
lation level (Funder & Ozer, 2019). Once neural correlates of different
exposures are better understood, this knowledge could inform the
design and content of population-level targeted prevention or inter-
vention efforts for specific exposures. Future studies could further
clarify the effect's significance and relevance to public health initia-
tives through establishing practical consequences and possible cumu-
lative influences aggregated across development, which would aid in
interpreting the effects' ultimate, or practical magnitude. Determining
to what extent environmental exposures can impact brain structure,
and how pervasive effects may be, is a critical future direction for
which longitudinal research is needed. In tandem, developing more
granular objective measures of neighborhood and systemic environ-
mental characteristics will be a necessary future step in ascertaining

systems level effects.

4.5 | Broader sample exploratory analyses

The current study was mainly concerned with the top 25th percentile
of exposure across domains, and the broader sample had a large pro-
portion of individuals that did not endorse exposure to the environ-
mental domains. Though other environmental exposures were
accounted for, the same individuals were not included in all analyses
for the high exposure groups, which impairs ability to compare across
analyses. For exploratory purposes, analyses with the entire sample
are presented in the supplemental material. Of note, while results con-
verged across the entire sample and the high exposure sample, there
were also some results that were unique to analyses in the broader
sample. Results unique to the broader sample were largely within self-
report measures. Amygdala volume related to both stimulation neigh-

borhood safety and deprivation neighborhood median family income.

Rostral anterior cingulate thickness, which has been found to modu-
late amygdala-dependent fear learning, also related to self-report dep-
rivation (Bissiére et al., 2008). While the amygdala was a theorized
region for the stimulation domain, it was not for deprivation, highlight-
ing the need for future inquiry and studies examining different devel-
opmental periods of exposure.

For stimulation domain, neighborhood safety in the broader sam-
ple related to lingual thickness and pars orbitalis area, like other visuo-
spatial and semantic processing regions found in the high exposure
sample. The lateral orbitofrontal cortex, receiving inputs from visual
processing regions, also related to neighborhood safety in the broader
sample (Rolls, 2004). Subcortically, the thalamus, critical for perceptual
processing, also related to neighborhood safety (Sherman &
Guillery, 2006). Finally, while objective neighborhood crimes did not
relate to brain morphometry in the high exposure sample, in the
broader sample isthmus cingulate thickness, which has been related
to stressful life event exposure, related to neighborhood total crimes
(Calati et al., 2018).

For discrepancy exposures, results largely converged in the
broader sample, though there was an association between pars oper-
cularis thickness and discrepancy American culture participation, with
relations to phonological processing, which had not been theorized.
Notably, deprivation exposures in the whole sample related to a wider
range of regions, including several regions implicated in visual and
sensorimotor processing (lateral occipital, precentral, superior parietal,
inferior temporal); these results are consistent with theories of depri-
vation accelerating normative developmental synaptic pruning pro-
cesses in the human visual cortex (Huttenlocher et al., 1982). Lastly,
subcortically, hippocampal and caudate volume related to self-report
deprivation, in line with experience-dependent plasticity conceptuali-
zations (Kleber, Veit, Birbaumer, Gruzelier, & Lotze, 2010; Wenger &
Lovdén, 2016).

4.6 | SDD theory, limitations, and future directions
The current investigation allowed for an initial test of an emergent
conceptual framework, the SDD theory, finding evidence of distinct
neural coordinates that remained even after accounting for exposure
to other dimensions. The SDD theory proposes that exposure to types
of systemic environmental factors can meaningfully aggregate over
time and impact neural development across critical sensitive periods
(Vargas et al., 2021; Vargas et al., 2020). Further, it poses the notion
that teasing apart types, or dimensions, of environmental factors can
yield insight to both converging and distinct underlying mechanisms.
In a recent study, our group found support for the theory with regards
to separating hypothesized stimulation, discrepancy and deprivation
domains, and relating them to mental illness vulnerability (Vargas
et al., 2021). The current study tested the neural structures hypothe-
sized to relate to each domain, finding partial support for the theory.
While we expected specific neural regions to relate to all three
domains, substantial convergence was found for only two out of three

domains (for stimulation and discrepancy). Deprivation exposures could
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engage systems less related to conscious experiences of chronic stress
present in discrepancy and stimulation exposures (Figure S3)
(McLaughlin et al., 2021; Nelson Il & Gabard-Durnam, 2020;
Takesian & Hensch, 2013). Further study will be needed to modify the
conceptual framework.

In addition, while environmental domains related to neural
regions that were originally hypothesized by the SDD theory
(i.e., cingulate and insular regions for discrepancy, prefrontal regions
for deprivation), there were also a substantial portion of unpredicted
findings (see figure 1 in the study by Vargas et al., 2020 for a summary
of originally predicted results). For example, stimulation and discrep-
ancy exposures related to a host of sensory processing regions; this
could be due to a neural adaptation geared toward increased atten-
tion to environmental cues in the face of increased attentional
demands during sensitive developmental periods. Future work is
needed to test these interpretations. Contrary to SDD predictions,
relations with specific subcortical regions were only observed in the
cases of caudate (stimulation neighborhood safety), accumbens and
hippocampal volume (discrepancy neighborhood income inequality).
Perhaps subcortical regions such as the hippocampus and amygdala
relate to chronic stress more broadly (Bauer, 2008; Juster et al., 2010;
McEwen, 2017; Vargas et al., 2020), rather than specifically by one
type of exposure over and above the others. In addition, Stimulation
exposures related to prefrontal regions beyond what was originally
theorized, including precentral and paracentral regions. Observed
results could also be due to developmental timing; perhaps exposure
relates more to prefrontal morphology and subcortical structures ear-
lier or later in development. Future studies are needed to clarify. In
addition, self-report and objective measures of deprivation did not
share overlapping neural regions. Future study is needed to further
understand relations between self-report and objective measures, as
well as underlying mechanisms for each domain.

With regards to the expected co-occurrence of multiple environ-
mental exposures within individuals, co-occurrence of exposures was
not a major concern, as strong associations did not emerge between
environmental dimensions in most cases, except for analyses on the
high population density subsample. Given the high association
between neighborhood crime and population density in that set of
analyses, results ought to be taken as preliminary and interpreted with
caution—future investigations will be needed to determine whether
observed relations are generalizable to geographic locations beyond
the current sample. More broadly, it will be crucial for future investi-
gations to identify and account for confounding factors, including
manners unrelated to the questions of interest in which high exposure
environments could be systematically different from low-exposure
environments. The current study is informative in bringing attention
to how systemic, contextual environmental factors could relate to
gray matter morphometry. The work adds to existing insights from
ABCD data, which have often explored single features of systemic
environmental factors (Mullins et al., 2020; Taylor et al., 2020; Vargas
et al., 2020).

The current work highlights the promise of incorporating multiple

types of exposures within the same sample for understanding

candidate mechanisms. However, future studies teasing apart mecha-
nisms through which systemic environmental exposures could be
impactful will be crucial. Previous ABCD studies have established the
general effects of environmental disadvantage on overall gray matter
morphometry (Karcher et al., 2021). Future studies could build on risk
conceptualizations by assessing relations to stress, as well as separat-
ing effects due to stress from effects due to experience dependent
plasticity, or due to altered neurodevelopment more broadly
(McLaughlin et al., 2021). In addition, systemic factors have received
limited attention in the literature and work exploring these factors is
necessary to build a robust foundation of knowledge. The current
study sought to contribute to these efforts. Future investigations will
benefit from measuring both systemic environmental factors as well
as more proximal individual-level exposures and examining interac-
tions and dynamic processes between the two. Indeed, early founda-
tional work in this area has already begun to show that accounting for
both individual and systemic factors is necessary (Tomasi &
Volkow, 2021).

Investigating systemic environmental exposures, as this study
sought to do, is a contributing step toward understanding systemic
inequalities in the United States. To better understand existing dispar-
ities in health and well-being among marginalized groups, it is key to
identify influencing factors. The SDD theory aims to identify dimen-
sions of environmental exposures that could systemically confer vul-
nerability for adverse health and functional outcomes. The sequalae
of systemic bias, inequalities, and disadvantage resulting in racial dis-
parities and disparities among marginalized groups is complex and
multifaceted. To fully conceptualize these problems, it is essential to
account for proximal factors, as well as for systemic/contextual/struc-
tural environmental factors across multiple levels. What is more, iden-
tifying mechanisms through which disadvantage could manifest is
necessary for any future system-level or policy efforts geared toward
intervention and prevention of systemic inequities. The current study
hopes to contribute to this pursuit by identifying putative neural cor-
relates of dimensions of systemic exposures based on prior literature.

As mentioned, one of the strengths of the study lies in investigat-
ing environmental factors during a dynamic period of neuro-
development: pre-adolescence (Jeon et al., 2015; Lyall et al., 2015;
Tamnes et al., 2017; Wierenga et al., 2014). Foundational processes
readying the organism for puberty (including adrenarche and
gonadarche), along with widespread pruning and specialization, make
this stage an impactful period to understand (Mills, Lalonde, Clasen,
Giedd, & Blakemore, 2014). With the developmental timing of thick-
ness and surface area varying by cortical region, and cortical thinning
and pruning processes being highly active during this time, there is
marked neural reorganization occurring. As such, this period is prime
for assessing for plasticity, or sensitivity to environmental influences
(Nelson & Gabard-Durnam, 2020; Pechtel & Pizzagalli, 2011). Future
studies will be crucial in determining effects of neurodevelopmental
stage on observed associations, as these may not generalize to other
developmental stages. By the same token, it is necessary to contextu-
alize results in the developmental stage that they were observed: pre-

adolescence.
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Future studies would also benefit from incorporating multiple
time points to better infer possible mechanisms of influence and
incorporate multiple developmental sensitive periods. Given that
exploring relations to biological sex was outside the scope of the
current study, sex was controlled for in all analyses. However,
future studies would benefit from investigating sex-specific rela-
tionships, given the key developmental of prepuberty, which
includes several biological and neurological sequelae that differ
based on biological sex (Mills et al., 2014). Future investigations
could also build on this early work by exploring questions related to
hemisphere asymmetry and laterality. Expanding beyond gray mat-
ter morphometry to functional imaging and white matter would also
enrich understanding of possible underlying mechanisms of influ-
ence. Further teasing out functional and symptom outcomes relat-
ing to the exposures is also a crucial future direction. In all, the
present study offers a first step toward unmasking neural correlates
of systemic environmental exposures, which ultimately could inform
public health policy, prevention and intervention efforts for vulnera-
ble populations.

ACKNOWLEDGMENTS

Data used in the preparation of this article were obtained from the
Adolescent Brain Cognitive Development (ABCD) Study (https://
abcdstudy.org), held in the NIMH Data Archive (NDA). This is a multi-
site, longitudinal study designed to recruit more than 10,000 children
age 9-10 and follow them over 10 years into early adulthood. The
ABCD Study is supported by the National Institutes of Health and
additional federal partners under award numbers U01DA041022,
U01DA041028, U01DA041048, U01DA041089, U01DA041106,
UO1DA041117, UO01DA041120, U01DA041134, U01DA041148,
UO1DA041156, U01DA041174, U24DA041123, U24DA041147,
U01DA041093, and U0O1DA041025. A full list of supporters is avail-
able at https://abcdstudy.org/federal-partners.html. A listing of partic-
ipating sites and a complete listing of the study investigators can be
found at https://abcdstudy.org/Consortium_Members.pdf. ABCD
consortium investigators designed and implemented the study and/or
provided data but did not necessarily participate in analysis or writing
of this report. This manuscript reflects the views of the authors and
may not reflect the opinions or views of the NIH or ABCD consortium
investigators. The ABCD data repository grows and changes over
time. The ABCD data used in this report came from (NIMH Data
Archive Digital Object Identifier [DOI] 10.15154/1522625; https://
nda.nih.gov/study.html?tab=summary&id=1235). DOIs can be found
at https://nda.nih.gov/general-query.html?q=query=studies%
20~and~%20orderBy=id%20~and~%20orderDirection=Ascending.
The research reported in this manuscript was also supported by the
National Institute of Mental Health of the National Institutes of
Health under Award Number F31MH119776 (Teresa Vargas G.).

CONFLICTS OF INTEREST
The authors declare no conflicts of interest in relation to the subject
of the study.

ETHICS STATEMENT

All procedures were approved by local institutional review boards.

PATIENT CONSENT

Participants provided informed consent.

DATA AVAILABILITY STATEMENT
Data sharing and data accessibility: data is available through the

ABCD data repository at nda.nih.gov.

ORCID

Teresa G. Vargas "2 https://orcid.org/0000-0001-9104-9130

Katherine S. F. Damme "2 https://orcid.org/0000-0003-4260-1528

REFERENCES

Adolphs, R. (2009). The social brain: Neural basis of social knowledge.
Annual Review of Psychology, 60, 693-716.

Alegria, M., Takeuchi, D., Canino, G., Duan, N., Shrout, P., Meng, X. L., ...
Woo, M. (2004). Considering context, place and culture: The National
Latino and Asian American study. International Journal of Methods in
Psychiatric Research, 13(4), 208-220.

Arcaya, M. C., Tucker-Seeley, R. D., Kim, R., Schnake-Mahl, A., So, M., &
Subramanian, S. (2016). Research on neighborhood effects on health
in the United States: A systematic review of study characteristics.
Social Science & Medicine, 168, 16-29.

Armstrong, R. A. (2014). When to use the B onferroni correction. Ophthal-
mic and Physiological Optics, 34(5), 502-508. https://doi.org/10.1111/
0po.12131

Balderston, N. L., Hsiung, A., Ernst, M., & Grillon, C. (2017). Effect of threat
on right dIPFC activity during behavioral pattern separation. Journal of
Neuroscience, 37(38), 9160-9171.

Bauer, M. E. (2008). Chronic stress and immunosenescence: A review.
Neuroimmunomodulation, 15(4-6), 241-250.

Bishop, S., Duncan, J., Brett, M., & Lawrence, A. D. (2004). Prefrontal corti-
cal function and anxiety: Controlling attention to threat-related stim-
uli. Nature Neuroscience, 7(2), 184-188.

Bissiére, S., Plachta, N., Hoyer, D., McAllister, K. H., Olpe, H.-R,
Grace, A. A, & Cryan, J. F. (2008). The rostral anterior cingulate cortex
modulates the efficiency of amygdala-dependent fear learning. Biologi-
cal Psychiatry, 63(9), 821-831.

Bonferroni, C. (1936). Teoria statistica delle classi e calcolo delle
probabilita. Pubblicazioni del R Istituto Superiore di Scienze Economiche e
Commericiali di Firenze, 8, 3-62.

Bronfenbrenner, U., & Morris, P. A. (1998). The ecology of developmental
processes. In W. Damon & R. M. Lerner (Eds.), Handbook of child psy-
chology: Theoretical models of human development (pp. 993-1028).
Hoboken, NJ: John Wiley & Sons Inc.

Cabin, R. J., & Mitchell, R. J. (2000). To Bonferroni or not to Bonferroni:
When and how are the questions. Bulletin of the Ecological Society of
America, 81(3), 246-248. https://doi.org/10.2307/20168454

Calati, R., Maller, J. J., Meslin, C., Lopez-Castroman, J., Ritchie, K.,
Courtet, P., & Artero, S. (2018). Repatriation is associated with isthmus
cingulate cortex reduction in community-dwelling elderly. The World
Journal of Biological Psychiatry, 19(6), 421-430.

Caruana, F., Jezzini, A., Sbriscia-Fioretti, B., Rizzolatti, G., & Gallese, V.
(2011). Emotional and social behaviors elicited by electrical stimulation
of the insula in the macaque monkey. Current Biology, 21(3), 195-199.

Casey, B., Cannonier, T., Conley, M. I, Cohen, A. O., Barch, D. M,,
Heitzeg, M. M., ... Garavan, H. (2018). The adolescent brain cognitive
development (ABCD) study: Imaging acquisition across 21 sites.


https://abcdstudy.org
https://abcdstudy.org
https://abcdstudy.org/federal-partners.html
https://abcdstudy.org/Consortium_Members.pdf
https://nda.nih.gov/study.html?tab=summary&id=1235
https://nda.nih.gov/study.html?tab=summary&id=1235
https://nda.nih.gov/general-query.html?q=query=studies%20%7Eand%7E%20orderBy=id%20%7Eand%7E%20orderDirection=Ascending
https://nda.nih.gov/general-query.html?q=query=studies%20%7Eand%7E%20orderBy=id%20%7Eand%7E%20orderDirection=Ascending
https://nda.nih.gov/general-query.html?q=query=studies%20%7Eand%7E%20orderBy=id%20%7Eand%7E%20orderDirection=Ascending
https://nda.nih.gov/general-query.html?q=query=studies%20%7Eand%7E%20orderBy=id%20%7Eand%7E%20orderDirection=Ascending
https://nda.nih.gov/general-query.html?q=query=studies%20%7Eand%7E%20orderBy=id%20%7Eand%7E%20orderDirection=Ascending
https://nda.nih.gov/general-query.html?q=query=studies%20%7Eand%7E%20orderBy=id%20%7Eand%7E%20orderDirection=Ascending
https://www.nda.nih.gov
https://orcid.org/0000-0001-9104-9130
https://orcid.org/0000-0001-9104-9130
https://orcid.org/0000-0003-4260-1528
https://orcid.org/0000-0003-4260-1528
https://doi.org/10.1111/opo.12131
https://doi.org/10.1111/opo.12131
https://doi.org/10.2307/20168454

24 | \WILEY.

VARGAS ET AL.

Developmental Cognitive Neuroscience, 32, 43-54. https://doi.org/10.
1016/j.dcn.2018.03.001

Changeux, J.-P., & Danchin, A. (1976). Selective stabilisation of developing
synapses as a mechanism for the specification of neuronal networks.
Nature, 264(5588), 705-712.

Coan, J. A, Schaefer, H. S., & Davidson, R. J. (2006). Lending a hand: Social
regulation of the neural response to threat. Psychological Science,
17(12), 1032-1039.

Crump, C., Sundquist, K., Sundquist, J., & Winkleby, M. A. (2011). Neigh-
borhood deprivation and psychiatric medication prescription: A Swed-
ish national multilevel study. Annals of Epidemiology, 21(4), 231-237.

Cummins, S. C., McKay, L., & Maclintyre, S. (2005). McDonald's restaurants
and neighborhood deprivation in Scotland and England. American Jour-
nal of Preventive Medicine, 29(4), 308-310.

Echeverria, S. E., Diez-Roux, A. V., & Link, B. G. (2004). Reliability of self-
reported neighborhood characteristics. Journal of Urban Health, 81(4),
682-701.

Eisenberger, N. I., & Cole, S. W. (2012). Social neuroscience and health:
Neurophysiological mechanisms linking social ties with physical health.
Nature Neuroscience, 15(5), 669.

Eisenberger, N. I, Lieberman, M. D., & Williams, K. D. (2003). Does rejec-
tion hurt? An fMRI study of social exclusion. Science, 302(5643),
290-292.

Ellis, B. J., Boyce, W. T., Belsky, J., Bakermans-Kranenburg, M. J., & Van
IJzendoorn, M. H. (2011). Differential susceptibility to the environ-
ment: An evolutionary-neurodevelopmental theory. Development and
Psychopathology, 23(1), 7-28.

Emerson, S. D., Minh, A., & Guhn, M. (2018). Ethnic density of regions and
psychiatric disorders among ethnic minority individuals. International
Journal of Social Psychiatry, 64(2), 130-144.

Fiedler, K., Kutzner, F., & Krueger, J. I. (2012). The long way from a-error
control to validity proper: Problems with a short-sighted false-positive
debate. Perspectives on Psychological Science, 7(6), 661-669. https://
doi.org/10.1177/1745691612462587

Fischl, B., Salat, D. H., Busa, E., Albert, M., Dieterich, M., Haselgrove, C,, ...
Klaveness, S. (2002). Whole brain segmentation: Automated labeling
of neuroanatomical structures in the human brain. Neuron, 33(3), 341-
355. https://doi.org/10.1016/s0896-6273(02)00569-x

Fischl, B., Sereno, M. I., Tootell, R. B., & Dale, A. M. (1999). High-resolution
intersubject averaging and a coordinate system for the cortical surface.
Human Brain Mapping, 8(4), 272-284. https://doi.org/10.1002/(sici)
1097-0193(1999)8:4<272::aid-hbm10>3.0.co;2-4

Fox, J. (2015). Applied regression analysis and generalized linear models. New
York, NY: Sage Publications.

Freeman, D., Emsley, R., Dunn, G., Fowler, D., Bebbington, P., Kuipers, E.,
... Garety, P. (2015). The stress of the street for patients with persecu-
tory delusions: A test of the symptomatic and psychological effects of
going outside into a busy urban area. Schizophrenia Bulletin, 41(4),
971-979.

Funder, D. C., & Ozer, D. J. (2019). Evaluating effect size in psychological
research: Sense and nonsense. Advances in Methods and Practices in
Psychological Science, 2(2), 156-168.

Garavan, H., Bartsch, H., Conway, K., Decastro, A. Goldstein, R,
Heeringa, S., ... Zahs, D. (2018). Recruiting the ABCD sample: Design
considerations and procedures. Developmental Cognitive Neuroscience,
32,16-22.

Garcia, K., Kroenke, C., & Bayly, P. (2018). Mechanics of cortical folding:
Stress, growth and stability. Philosophical Transactions of the Royal Soci-
ety B: Biological Sciences, 373(1759), 20170321. doi:
10.1098/rsth.2017.0321

Glass, T. A., & McAtee, M. J. (2006). Behavioral science at the crossroads
in public health: Extending horizons, envisioning the future. Social Sci-
ence & Medicine, 62(7), 1650-1671.

Gong, Y., Palmer, S., Gallacher, J., Marsden, T., & Fone, D. (2016). A sys-
tematic review of the relationship between objective measurements

of the urban environment and psychological distress. Environment
International, 96, 48-57.

Hackman, D. A., Cserbik, D., Chen, J.-C., Berhane, K., Minaravesh, B.,
McConnell, R., & Herting, M. M. (2021). Association of local variation
in neighborhood disadvantage in metropolitan areas with youth neuro-
cognition and brain structure. JAMA Pediatrics, 175(8), e210426.

Haddad, L., Schafer, A., Streit, F., Lederbogen, F., Grimm, O., Wist, S., ...
Meyer-Lindenberg, A. (2015). Brain structure correlates of urban
upbringing, an environmental risk factor for schizophrenia. Schizophre-
nia Bulletin, 41(1), 115-122.

Hagler, D. J., Jr., Hatton, S., Cornejo, M. D., Makowski, C., Fair, D. A,
Dick, A. S., ... Harms, M. P. (2019). Image processing and analysis
methods for the adolescent brain cognitive development study.
Neurolmage, 202, 116091. https://doi.org/10.1016/j.neuroimage.
2019.116091

Hebscher, M., Levine, B., & Gilboa, A. (2018). The precuneus and hippo-
campus contribute to individual differences in the unfolding of spatial
representations  during  episodic  autobiographical  memory.
Neuropsychologia, 110, 123-133.

Hillis, A. E. (2014). Inability to empathize: Brain lesions that disrupt sharing
and understanding another’s emotions. Brain, 137(4), 981-997.

Huttenlocher, P. R., de Courten, C., Garey, L. J., & Van der Loos, H. (1982).
Synaptogenesis in human visual cortex—Evidence for synapse elimina-
tion during normal development. Neuroscience Letters, 33(3), 247-252.

Jankowski, K. F., & Takahashi, H. (2014). Cognitive neuroscience of social
emotions and implications for psychopathology: Examining embarrass-
ment, guilt, envy, and schadenfreude. Psychiatry and Clinical Neurosci-
ences, 68(5), 319-336.

Jeon, T., Mishra, V., Ouyang, M., Chen, M., & Huang, H. (2015). Synchro-
nous changes of cortical thickness and corresponding white matter
microstructure during brain development accessed by diffusion MRI
tractography from parcellated cortex. Frontiers in Neuroanatomy, 9,
158. https://doi.org/10.3389/fnana.2015.00158

Juster, R.-P., McEwen, B. S., & Lupien, S. J. (2010). Allostatic load bio-
markers of chronic stress and impact on health and cognition. Neuro-
science & Biobehavioral Reviews, 35(1), 2-16.

Karcher, N. R, & Barch, D. M. (2021). The ABCD study: Understanding the
development of risk for mental and physical health outcomes.
Neuropsychopharmacology, 46(1), 131-142.

Karcher, N. R., Schiffman, J., & Barch, D. M. (2021). Environmental risk fac-
tors and psychotic-like experiences in children aged 9-10. Journal of
the American Academy of Child & Adolescent Psychiatry, 60(4),
490-500.

Kemp, J., Berthel, M.-C., Dufour, A., Després, O., Henry, A.,, Namer, I. J,, ...
Sellal, F. (2013). Caudate nucleus and social cognition: Neuropsycho-
logical and SPECT evidence from a patient with focal caudate lesion.
Cortex, 49(2), 559-571.

Kleber, B., Veit, R., Birbaumer, N., Gruzelier, J., & Lotze, M. (2010). The
brain of opera singers: Experience-dependent changes in functional
activation. Cerebral Cortex, 20(5), 1144-1152.

Lang, I. A., Hubbard, R. E., Andrew, M. K., Llewellyn, D. J., Melzer, D., &
Rockwood, K. (2009). Neighborhood deprivation, individual socioeco-
nomic status, and frailty in older adults. Journal of the American Geriat-
rics Society, 57(10), 1776-1780.

Laraia, B. A., Karter, A. J., Warton, E. M., Schillinger, D., Moffet, H. H., &
Adler, N. (2012). Place matters: Neighborhood deprivation and car-
diometabolic risk factors in the diabetes study of northern California
(DISTANCE). Social Science & Medicine, 74(7), 1082-1090.

Leventhal, T., & Dupéré, V. (2019). Neighborhood effects on children's
development in experimental and nonexperimental research. Annual
Review of Developmental Psychology, 1, 149-176.

Lopez, R. P. (2007). Neighborhood risk factors for obesity. Obesity, 15(8),
2111-2119.

Ludwig, J., Duncan, G. J., Gennetian, L. A, Katz, L. F., Kessler, R. C,,
Kling, J. R., & Sanbonmatsu, L. (2012). Neighborhood effects on the


https://doi.org/10.1016/j.dcn.2018.03.001
https://doi.org/10.1016/j.dcn.2018.03.001
https://doi.org/10.1177/1745691612462587
https://doi.org/10.1177/1745691612462587
https://doi.org/10.1016/s0896-6273(02)00569-x
https://doi.org/10.1002/(sici)1097-0193(1999)8:4%3C272::aid-hbm10%3E3.0.co;2-4
https://doi.org/10.1002/(sici)1097-0193(1999)8:4%3C272::aid-hbm10%3E3.0.co;2-4
info:doi/10.1098/rstb.2017.0321
https://doi.org/10.1016/j.neuroimage.2019.116091
https://doi.org/10.1016/j.neuroimage.2019.116091
https://doi.org/10.3389/fnana.2015.00158

VARGAS ET AL.

WILEY_27

long-term well-being of low-income adults. Science, 337(6101), 1505-
1510.

Lupien, S. J., Juster, R.-P., Raymond, C., & Marin, M.-F. (2018). The effects
of chronic stress on the human brain: From neurotoxicity, to vulnera-
bility, to opportunity. Frontiers in Neuroendocrinology, 49, 91-105.

Lyall, A. E., Shi, F., Geng, X., Woolson, S., Li, G., Wang, L., ... Gilmore, J. H.
(2015). Dynamic development of regional cortical thickness and sur-
face area in early childhood. Cerebral Cortex, 25(8), 2204-2212.
https://doi.org/10.1093/cercor/bhu027

Major, J. M., Doubeni, C. A, Freedman, N. D., Park, Y., Lian, M,
Hollenbeck, A. R, ... Sinha, R. (2010). Neighborhood socioeconomic
deprivation and mortality: NIH-AARP diet and health study. PLoS One,
5(11), e15538.

McEwen, B. S. (2017). Neurobiological and systemic effects of chronic
stress. Chronic Stress, 1, 2470547017692328.

McLaughlin, K. A,, Sheridan, M., Humphreys, K., Belsky, J., & Ellis, B. J. (2021).
The value of dimensional models of early experience: Thinking clearly
about concepts and categories. Perspectives on Psychological Science,
16(6), 1463-1472. https://doi.org/10.1177/1745691621992346

McLaughlin, K. A,, Sheridan, M. A,, & Lambert, H. K. (2014). Childhood adver-
sity and neural development: Deprivation and threat as distinct dimensions
of early experience. Neuroscience & Biobehavioral Reviews, 47,578-591.

Mills, K. L., Lalonde, F., Clasen, L. S., Giedd, J. N., & Blakemore, S.-J. (2014).
Developmental changes in the structure of the social brain in late
childhood and adolescence. Social Cognitive and Affective Neuroscience,
9(1), 123-131.

Minh, A., Muhajarine, N., Janus, M., Brownell, M., & Guhn, M. (2017). A
review of neighborhood effects and early child development: How,
where, and for whom, do neighborhoods matter? Health & Place, 46,
155-174.

Mowinckel, A. M., & Vidal-Pifeiro, D. (2020). Visualization of brain statis-
tics with R packages ggseg and ggseg3d. Advances in Methods and
Practices in Psychological Science, 3(4), 466-483. https://doi.org/10.
1177/2515245920928009

Mujahid, M. S., Diez Roux, A. V., Morenoff, J. D., & Raghunathan, T.
(2007). Assessing the measurement properties of neighborhood scales:
From psychometrics to ecometrics. American Journal of Epidemiology,
165(8), 858-867.

Mullins, T. S., Campbell, E. M., & Hogeveen, J. (2020). Neighborhood depri-
vation shapes motivational-neurocircuit recruitment in children. Psy-
chological Science, 31(7), 881-889.

Nelson, C. A, Ill, & Gabard-Durnam, L. J. (2020). Early adversity and critical
periods: Neurodevelopmental consequences of violating the expect-
able environment. Trends in Neurosciences, 43(3), 133-143.

Newbury, J., Arseneault, L., Caspi, A., Moffitt, T. E.,, Odgers, C. L., &
Fisher, H. L. (2017). Cumulative effects of neighborhood social adver-
sity and personal crime victimization on adolescent psychotic experi-
ences. Schizophrenia Bulletin, 44(2), 348-358.

Norbom, L. B., Ferschmann, L., Parker, N., Agartz, |., Andreassen, O. A,, Paus, T.,
... Tamnes, C. K. (2021). New insights into the dynamic development of the
cerebral cortex in childhood and adolescence: Integrating macro-and
microstructural MRI findings. Progress in Neurobiology, 204, 102109.

Pearce, J., Witten, K., Hiscock, R., & Blakely, T. (2007). Are socially disad-
vantaged neighbourhoods deprived of health-related community
resources? International Journal of Epidemiology, 36(2), 348-355.

Pechtel, P., & Pizzagalli, D. A. (2011). Effects of early life stress on cogni-
tive and affective function: An integrated review of human literature.
Psychopharmacology, 214(1), 55-70.

Petanjek, Z., Judas, M., Simi¢, G., Rasin, M. R,, Uylings, H. B., Rakic, P., &
Kostovi¢, I. (2011). Extraordinary neoteny of synaptic spines in the
human prefrontal cortex. Proceedings of the National Academy of Sci-
ences, 108(32), 13281-13286.

Phinney, J. S., & Ong, A. D. (2007). Conceptualization and measurement of
ethnic identity: Current status and future directions. Journal of
Counseling Psychology, 54(3), 271.

Pinheiro, J., Bates, D., DebRoy, S., Sarkar, D., Heisterkamp, S., Van
Willigen, B., & Maintainer, R. (2021). nlme: Linear and nonlinear mixed
effects models.. R Package Version 3.1-153.

Rakesh, D., Seguin, C., Zalesky, A., Cropley, V., & Whittle, S. (2021). Associ-
ations between neighborhood disadvantage, resting-state functional
connectivity, and behavior in the Adolescent Brain Cognitive Develop-
ment (ABCD) Study®: Moderating role of positive family and school
environments. Biological Psychiatry: Cognitive Neuroscience and Neuro-
imaging, 6(9), 877-886.

Ray, M. H,, Russ, A. N., Walker, R. A., & McDannald, M. A. (2020). The
nucleus accumbens core is necessary to scale fear to degree of threat.
Journal of Neuroscience, 40(24), 4750-4760.

Rolls, E. T. (2004). The functions of the orbitofrontal cortex. Brain and Cog-
nition, 55(1), 11-29.

Ronan, L., Alexander-Bloch, A., & Fletcher, P. C. (2020). Childhood obesity,
cortical structure, and executive function in healthy children. Cerebral
Cortex, 30(4), 2519-2528.

Ryder, A. G., Alden, L. E., & Paulhus, D. L. (2000). Is acculturation unidi-
mensional or bidimensional? A head-to-head comparison in the predic-
tion of personality, self-identity, and adjustment. Journal of Personality
and Social Psychology, 79(1), 49.

Sacher, J.,, Neumann, J., Finfstiick, T., Soliman, A., Villringer, A, &
Schroeter, M. L. (2012). Mapping the depressed brain: A meta-analysis
of structural and functional alterations in major depressive disorder.
Journal of Affective Disorders, 140(2), 142-148.

Shaffer, J. P. (1995). Multiple hypothesis testing. Annual Review of Psychol-
ogy, 46(1), 561-584.

Sherman, S. M., & Guillery, R. W. (2006). Exploring the thalamus and its role
in cortical function (2nd. ed), Cambridge, MA: MIT press.

Singh, G. K. (2003). Area deprivation and widening inequalities in US mortality,
1969-1998. American Journal of Public Health, 93(7), 1137-1143.

Smolker, H. R., Friedman, N. P., Hewitt, J. K., & Banich, M. T. (2018). Neu-
roanatomical correlates of the unity and diversity model of executive
function in young adults. Frontiers in Human Neuroscience, 12, 283.

Sonuga-Barke, E. J., Cortese, S., Fairchild, G., & Stringaris, A. (2016).
Annual research review: Transdiagnostic neuroscience of child and
adolescent mental disorders-differentiating decision making in
attention-deficit/hyperactivity disorder, conduct disorder, depression,
and anxiety. Journal of Child Psychology and Psychiatry, 57(3),
321-349.

Takesian, A. E., & Hensch, T. K. (2013). Balancing plasticity/stability across
brain development. Progress in Brain Research, 207, 3-34.

Tamnes, C. K., Herting, M. M, Goddings, A.-L, Meuwese, R.,
Blakemore, S.-J., Dahl, R. E., ... Crone, E. A. (2017). Development of
the cerebral cortex across adolescence: A multisample study of inter-
related longitudinal changes in cortical volume, surface area, and thick-
ness. Journal of Neuroscience, 37(12), 3402-3412. https://doi.org/10.
1523/JNEUROSCI.3302-16.2017

Taylor, R. L., Cooper, S. R., Jackson, J. J., & Barch, D. M. (2020). Assessment of
neighborhood poverty, cognitive function, and prefrontal and hippocampal
volumes in children. JAMA Network Open, 3(11), e2023774.

Tomasi, D., & Volkow, N. D. (2021). Associations of family income with
cognition and brain structure in USA children: Prevention implications.
Molecular Psychiatry, 26, 6619-6629.

Uddin, L. Q., Nomi, J. S., Hébert-Seropian, B., Ghaziri, J., & Boucher, O.
(2017). Structure and function of the human insula. Journal of Clinical
Neurophysiology: Official Publication of the American Electroencephalo-
graphic Society, 34(4), 300.

Vargas, T., Conley, R. E., & Mittal, V. A. (2020). Chronic stress, structural
exposures and neurobiological mechanisms: A stimulation, discrepancy
and deprivation model of psychosis. International Review of Neurobiol-
ogy, 152, 41.

Vargas, T., Damme, K. S., & Mittal, V. A. (2020). Neighborhood deprivation,
prefrontal morphology and neurocognition in late childhood to early
adolescence. Neurolmage, 220, 117086.


https://doi.org/10.1093/cercor/bhu027
https://doi.org/10.1177/1745691621992346
https://doi.org/10.1177/2515245920928009
https://doi.org/10.1177/2515245920928009
https://doi.org/10.1523/JNEUROSCI.3302-16.2017
https://doi.org/10.1523/JNEUROSCI.3302-16.2017

248 | \WILEY.

VARGAS ET AL.

Vargas, T., Damme, K. S., Osborne, K. J., & Mittal, V. A. (2021). Differenti-
ating kinds of systemic stressors with relation to psychotic-like experi-
ences in late childhood and early adolescence: The stimulation,
discrepancy, and deprivation model of psychosis. Clinical Psychological
Science, 21677026211016415.

Veling, W., Susser, E., Van Os, J., Mackenbach, J. P., Selten, J.-P., &
Hoek, H. W. (2008). Ethnic density of neighborhoods and incidence of
psychotic disorders among immigrants. American Journal of Psychiatry,
165(1), 66-73.

Vos, A. A, Posthumus, A. G., Bonsel, G. J., Steegers, E. A.,, & Denktas, S.
(2014). Deprived neighborhoods and adverse perinatal outcome: A
systematic review and meta-analysis. Acta Obstetricia et Gynecologica
Scandinavica, 93(8), 727-740.

Weidt, S., Lutz, J., Rufer, M., Delsignore, A., Jakob, N., Herwig, U., &
Bruehl, A. (2016). Common and differential alterations of general emo-
tion processing in obsessive-compulsive and social anxiety disorder.
Psychological Medicine, 46(7), 1427-1436.

Wenger, E., & Lovdén, M. (2016). The learning hippocampus: Education
and experience-dependent plasticity. Mind, Brain, and Education, 10(3),
171-183.

Wierenga, L. M., Langen, M., Oranje, B., & Durston, S. (2014). Unique devel-
opmental trajectories of cortical thickness and surface area. Neurolmage,
87, 120-126. https://doi.org/10.1016/j.neuroimage.2013.11.010

Yang, T.-C., Lei, L., & Kurtulus, A. (2018). Neighborhood ethnic density and
self-rated health: Investigating the mechanisms through social capital
and health behaviors. Health & Place, 53, 193-202.

Zucker, R. A., Gonzalez, R., Ewing, S. W. F., Paulus, M. P., Arroyo, J.,
Fuligni, A, ... Wills, T. (2018). Assessment of culture and environment
in the adolescent brain and cognitive development study: Rationale,
description of measures, and early data. Developmental Cognitive Neu-
roscience, 32, 107-120.

SUPPORTING INFORMATION
Additional supporting information may be found in the online version
of the article at the publisher's website.

How to cite this article: Vargas, T. G., Damme, K. S. F., &
Mittal, V. A. (2022). Differentiating distinct and converging
neural correlates of types of systemic environmental
exposures. Human Brain Mapping, 43(7), 2232-2248. https://
doi.org/10.1002/hbm.25783



https://doi.org/10.1016/j.neuroimage.2013.11.010
https://doi.org/10.1002/hbm.25783
https://doi.org/10.1002/hbm.25783

	Differentiating distinct and converging neural correlates of types of systemic environmental exposures
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Self-report questionnaires
	2.2  Objective neighborhood features
	2.3  Theorized systemic environmental exposure domains
	2.4  Structural MRI
	2.5  Sample selection
	2.6  Cortical area/thickness and subcortical volumes as predictors of self-report and objective environmental domain exposures
	2.7  Subcortical volumes as predictors of self-report and objective environmental domain exposures
	2.8  Data analytic strategy

	3  RESULTS
	3.1  Stimulation self-report factors and objective measures
	3.2  Discrepancy self-report factors and objective measures
	3.3  Deprivation self-report factor and objective measures

	4  DISCUSSION
	4.1  Stimulation exposures
	4.2  Discrepancy exposures
	4.3  Deprivation exposures
	4.4  Converging regions across exposures
	4.5  Broader sample exploratory analyses
	4.6  SDD theory, limitations, and future directions

	ACKNOWLEDGMENTS
	  CONFLICTS OF INTEREST
	  ETHICS STATEMENT
	  PATIENT CONSENT
	  DATA AVAILABILITY STATEMENT

	REFERENCES


