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Objective: Black Americans in the United States are dis-
proportionately exposed to childhood adversity compared
with White Americans. Such disparities may contribute to
race-related differences in brain structures involved in reg-
ulating the emotional response to stress, such as the
amygdala, hippocampus, and prefrontal cortex (PFC). The
authors investigated neuroanatomical consequences of
racial disparities in adversity.

Methods: The sample included 7,350 White American and
1,786 Black American children (ages 9–10) from the Ado-
lescent Brain Cognitive Development Study (public data
release 2.0). StructuralMRI data, parent and child self-reports
of adversity-related measures, and U.S. Census neighbor-
hood data were used to investigate the relationship between
racial disparities in adversity exposure and race-related dif-
ferences in brain structure.

Results: Black children experienced more traumatic events,
family conflict, and material hardship on average compared
with White children, and their parents or caregivers had
lower educational attainment, lower income, and more

unemployment compared with those of White children. Black
children showed lower amygdala, hippocampus, and PFC gray
matter volumes comparedwithWhite children. The volumes of
the PFC and amygdala, but not the hippocampus, also varied
with metrics of childhood adversity, with income being the most
common predictor of brain volume differences. Accounting for
differences in childhood adversity attenuated the magnitude
of some race-related differences in gray matter volume.

Conclusions: The results suggest that disparities in childhood
adversity contribute to race-related differences in gray matter
volume in key brain regions associated with threat-related
processes. Structural alterations of these regions are linked to
cognitive-affective dysfunction observed in disorders such as
posttraumatic stress disorder. More granular assessments of
structural inequitiesacrossracial/ethnic identitiesareneededfor
athoroughunderstandingoftheir impactonthebrain.Together,
the present findingsmay provide insight into potential systemic
contributors to disparate rates of psychiatric disease among
Black and White individuals in the United States.
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Children across the United States grow up in vastly different
environments that shape their responses to stress and ability
to function later in life. Uncontrollable factors such as the
neighborhood children are born into can contribute to sig-
nificant early-life adversity, such as enduring socioeconomic
disadvantage or increased risk of violence exposure. In the
United States, Black children are disproportionately bur-
dened with these adverse life experiences compared with
White children (1). CurrentU.S. Census data show that Black
households, on average, have a lower median income, lower
educational attainment, and higher rates of unemployment
andpoverty comparedwithWhite households (2).Moreover,
research suggests that Black children are more likely to be
exposed to trauma and domestic violence and aremore likely
tohaveaparentwhodied, an incarceratedparent, ordivorced

or separated parents compared with White children (3–5).
Additionally, research has shown that Black children live in
disproportionately disadvantaged neighborhoods and are
more likely than White children to be exposed to neigh-
borhood violence (6, 7). These racial disparities are not
random. Rather, they are deep-rooted structural inequalities
that result from a history of disenfranchisement of racially
minoritized groups (e.g., slavery, segregation) that reinforce
themselves through societal norms and practices (i.e., sys-
temic racism) (8).

Early-life adversity can have lasting negative conse-
quences on mental health in adulthood. Several studies have
found positive associations between childhood adversity
(e.g., witnessing violence and low socioeconomic status) and
prevalence of poor psychosocial and behavioral outcomes
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later in life, including posttraumatic stress disorder (PTSD),
anxiety, and depression, problematic drug and alcohol use,
low life satisfaction, suicide attempts and ideation, and
perpetration of violence (9–15). Thus, the literature dem-
onstrates a strong relationship between adverse life experi-
ences and outcomes such that more adversity experienced in
childhood is tied to a greater risk of deleteriousmental health
outcomes later in life. Further, recent researchhasemphasized
that different types of adversity are associated with distinct
outcomes. Specifically, “threat” type adversity (e.g., physical or
sexual abuse, witnessing violence) is more often associated
with dysregulated emotional responses, whereas “depriva-
tion” type adversity (e.g., poverty, neglect) is more typically
associated with language and cognitive deficits (16–18).

Previous work has shown that early exposure to adversity
(i.e., either threat ordeprivation) is associatedwith structural
alterations of brain regions, such as the prefrontal cortex
(PFC), amygdala, and hippocampus, which support healthy
emotional functioning in response to threat and stress
(19–21). Therefore, racial disparities in childhood adversity
may contribute to race-related differences in the structure of
the PFC, hippocampus, and amygdala. The Adolescent Brain
andCognitiveDevelopment (ABCD)Study, a largeMRI study
of childhood development in the United States, may be well-
suited to investigate the impacts of racial disparities in ad-
versity on the brain. Previous ABCD Study analyses have
found that socioeconomic status (22) and trauma exposure
(23) are associated with differences in thickness and volume
of threat-related brain regions, and that greater neighbor-
hood disadvantage is associated with greater amygdala re-
activity in response to faces (24). Further, socioeconomic
status partially mediates the association between race and
some aspects of gray matter morphology (25, 26). Relatedly,
previous work outside the ABCD Study found lower neural
reactivity to threat within the PFC, hippocampus, and
amygdala in Black participants compared with White par-
ticipants, and these differences were partially attributable to
racial disparities in negative life experiences (27). The lit-
erature thus suggests that adversity is associatedwithdifferential
structure and functional responses within threat-related neural
circuitry, although nowork thatwe are aware of has investigated
the relationship between racial disparities in adversity and the
structure of this circuitry as a whole during childhood. While
emergent research has investigated the impacts of racial dis-
crimination on the brain, it is also important to understand how
contextual factors (e.g., systemic racism) may also impact threat
neurocircuitry (28–31). Understanding the potential effects of
such disparities on these brain structures is critical for a fuller
understanding of the impacts of stress on the developing brain
and creating generalizable neurobiological models of disease.

In this study, we investigated the relationship between
racial disparities in adversity exposure and race-related
differences in brain structure among participants in the
ABCD Study. We hypothesized that Black American
childrenwould have experiencedmore adversity thanWhite
American children in the sample. We further hypothesized

that greater exposure to adverse life experiences would be
related to lower gray matter volume in the amygdala, the
hippocampus, and several subregions of the PFC. Finally, we
anticipated that Black and White children would show dif-
ferences in graymatter volumeof these regions and that these
differenceswould be partially explained by racial differences
in exposure to adversity.

METHODS

Participants
We used data from the ABCD Study’s annual curated NIH
public release 2.0 (released in March 2019; accessed in July
2019 from the NIMHData Archive [NDA]) (32). Participants
(N511,878) ages 9–10 were recruited from 21 research sites
across theUnited States. Thepresent analyses included 9,382
participants (White,N57,516;Black,N51,866;male,N54,921;
female, N54,461) (descriptive statistics are provided in
Table 1). Children were primarily contacted and recruited
through U.S. public and private schools within the
21 catchment areas. Less than 10% of the sample was
recruited through other methods, which included mailing
lists, affiliates and referrals, summer programs, and twin
registries. The methods for sampling and recruiting have
been described in detail elsewhere (33).

Measures
Demographic history. Family demographic data were ac-
quired using a standardized survey, completed by partici-
pants’ parents (NDA: pdem02), that assessed both parent and
child race/ethnicity, parental education and employment,
and family income, among other variables. Parents identified
their children as a member of one or more racial identities
from 16 categories (e.g., White, Black/African American,
Alaska Native, Samoan, Vietnamese). The present analyses
focused on environmental and brain structure relationships
specifically inWhite and Black children. Children who were
identified by their parents as both Black and White were
excluded from our analysis.

Parents and caregivers self-reported their current employ-
ment status, theirhighesteducational attainment, and their total
family annual income at the time of the interview. Parent
educational attainment was self-reported for 22 levels, from
“never attended/kindergarten only” through “doctoral degree,”
andwas recoded into seven ordinal groups (see Table 1) for the
present analyses. Employment status was recategorized from
11 possible categories into two groups of “currently employed”
or “not currently employed.” The “currently employed” group
consisted of parents/caregivers who endorsed “working
now,” “stay-at-home parent,” “student,” “maternity leave,” or
“sick leave” as their employment status. The “not currently
employed”groupconsistedof thosewhoendorsed “temporarily
laid off,” “looking for work,” “disabled,” or “unemployed, not
looking for work” as their employment status. Retired indi-
viduals and those who did not provide employment informa-
tion were excluded from the analyses. Family income was
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self-reported for 10 levels,,$5,000 to$$200,000. The family
income variable was not modified for analysis.

Neighborhood disadvantage. Neighborhood disadvantage
was measured using the Area Deprivation Index (ADI) (34),
which was included as part of the ABCD Study assessments
of residential history (NDA: abcd_rhds01). Briefly, the ADI is
a factor-based index that uses 17 socioeconomic indicators
from the U.S. Census Survey (e.g., poverty, housing, em-
ployment) to characterize a given neighborhood. Parents/
caregivers of participants were asked to provide up to three
primary addresses, and the first address was used to derive
regional U.S. Census information to determine the ADI. Data
for each census region were queried from the 2011–2015
AmericanCommunity Survey 5-year summarydatabase (U.S.

Census Bureau, 2016). A weighted ADI sum score that rep-
resented a participant’s level of neighborhood disadvantage
was used in the statistical analyses (described further in
reference 35). Greater weighted ADI sum score represented
higher neighborhood disadvantage. In exploratory analyses,
given emerging research on both racial disparities in toxin/
pollutant exposure and their impacts on the brain (36, 37), we
further assessed potential impacts of neighborhood inequities
on the brain by including measures of particulate matter
(PM2.5) and ground pollution, indexed by nitrogen dioxide
(NO2), fromparticipants’ residential history (themethods and
analyses are described in the online supplement).

Family conflict. Family conflict was assessed with the family
conflict subscale of the Youth Family Environment Scale

TABLE 1. Demographic characteristics of participants in a study of childhood adversity and brain structure

Analysis

Characteristic Total N White American Black American Statistic df p

Mean SD Mean SD

Age (months) 9,382 119.03 7.50 118.82 7.26 t51.09 9380 0.28

N % N %

Gender 9,382 x255.86 0.02
Male 3,989 53.1 934 50.1
Female 3,527 46.9 932 49.9

Parental education 9,373 t533.15a 2802 ,0.001
Grade school 288 3.8 221 11.9
High school diploma or

equivalent
520 6.9 449 24.1

Some college 1,054 14.0 436 23.4
Associate’s degree 907 12.1 314 16.9
Bachelor’s degree 2,490 33.1 237 12.7
Master’s degree 1,719 22.9 179 9.6
Doctoral or professional

degree
534 7.1 25 1.3

Parental employment 9,121 x25344.90 ,0.001
Not currently employed 409 5.6 342 19.0
Currently employed 6,914 94.4 1456 81.0

Annual family income 8,654 t540.30a 1985 ,0.001
,$5,000 88 1.2 225 14.2
$5,000–$11,999 128 1.8 178 11.2
$12,000–$15,999 97 1.4 93 5.9
$16,000–$24,999 226 3.2 155 9.8
$25,000–$34,999 301 4.3 194 12.2
$35,000–$49,999 463 6.5 211 13.3
$50,000–$74,999 987 14.0 221 13.9
$75,000–$99,999 1,164 16.5 122 7.7
$100,000–$199,999 2,611 36.9 153 9.7
.$200,000 1,004 14.2 33 2.1

Mean SD Mean SD

Neighborhood disadvantageb 8,840 90.30 23.91 105.94 22.25 t5225.66a 2706 ,0.001
Family conflictb 9,363 1.96 1.94 2.43 2.01 t529.17a 2786 ,0.001
Material hardshipb 9,296 0.30 0.89 1.01 1.49 t5219.63a 2166 ,0.001
Trauma historyb 9,043 0.48 1.10 0.67 1.02 t527.26a 2965 ,0.001

a The test was corrected for unequal variances because of violation of Levene’s test for homogeneity of variance.
b Neighborhood disadvantage, family conflict, material hardship, and trauma history are four of the seven indices of adversity included in the statistical models.
Neighborhood disadvantage was quantified using the weighted Area Deprivation Index sum score. Family conflict was quantified using the Youth Family Conflict
Scale.Material hardshipwas quantifiedusing thequestions in the participant demographic screener. Traumahistorywas assessed using the Schedule for Affective
Disorders and Schizophrenia for School-Age Children for DSM-5. See the Methods section for further detail.
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(NDA: abcd_fes01). This subscale consists of nine items
completed by the children that assessed physical and emo-
tional conflictswithin thehousehold (e.g., theextent towhich
family members become openly angry or criticize or hit each
other). Participants rated each item as either “true” or “false”
(coded 1 or 0, respectively), and three items with negative
phrasing (e.g., “family members rarely become openly an-
gry”) were reverse-coded for analyses. The sum score from
the family conflict subscale items served as an index of family
conflict and was included in the statistical analyses.

Material hardship. Family material hardship was assessed
using a material hardship questionnaire collected as part of
the parent demographic survey (NDA: pdem02). The ques-
tionnaire consists of seven items related to economic inse-
curity (e.g., “couldn’t afford topay rent,” “hadutilities shut off
due to nonpayment,” “couldn’t afford to go to the doctor”).
The sum score of thematerial hardship itemswas used in the
statistical analyses.

Trauma history. Participants’ trauma history was assessed
using theSchedule forAffectiveDisordersandSchizophrenia
for School-Age Children for DSM-5 (K-SADS-5). Trauma
history was obtained from parent reports based on the
17-item traumatic events module of the K-SADS-5 (NDA:
abcd_ptsd01). The items included events such as motor ve-
hicle accident, natural disaster, and sexual and nonsexual
assault. Endorsed itemswere summed for eachchild to create
a trauma history score.

Structural brain imaging. StructuralMRI datawere collected
across 21 sites on Siemens Prisma, General Electric 750, and
Philips 3-T scanners, using prospective motion correction
when available. Detailed information on imaging protocols,
parameters, and processing of the structural imaging data has
been published elsewhere (38, 39). Briefly, structural MRI
(T1-weighted and T2-weighted) data were preprocessed by
the ABCD team using FreeSurfer, version 5.3.0 (https://surfer.
nmr.mgh.harvard.edu). Images were corrected for gradient
nonlinearity distortions and headmotion and resampled into
alignment with an averaged reference brain. The cortical
surface was then reconstructed, and subcortical regions of
the brain were segmented. For the present study, graymatter
volume of cortical regions of interest based on the Desikan-
Killiany atlas (40) and gray matter volume of subcortical
regions of interest and estimated intracranial volume based
on FreeSurfer segmentations (41) were used in the analyses.
Participants whose MRI data failed T1 or T2 quality-control
checks (NDA: mriqcrp102) or failed FreeSurfer quality
control (NDA: freesqc01) were excluded from the analyses
(N5832). An independent-samples t test demonstrated that
racial groupsdiffered in intracranial volume (t519.44, df58235,
p,0.001).Thus, thegraymattervolumeofourapriori regionsof
interest (PFC, hippocampus, amygdala, and insula) was nor-
malized as a proportion of estimated intracranial volume ([re-
gion volume/intracranial volume]3100) and averaged across

left and right hemispheres. Subdivisions of the PFC based
on the Desikan-Killiany atlas (i.e., frontal pole, superior frontal
gyrus, rostral anterior cingulate, pars opercularis, medial
orbitofrontal cortex, lateral orbitofrontal cortex, caudal
middle frontal gyrus, caudal anterior cingulate, rostralmiddle
frontal gyrus, pars orbitalis, and pars triangularis) were used
as separate regions of interest given that these regions may
have differing functions and thus show differing rela-
tionships. Given growing understanding of the role of the
insula in threat processing (42, 43), we included the insula as
another region of interest for analysis. In total, gray matter
volumes of 14 regions of interest were included in the sta-
tistical analyses (NDA: abcd_smrip101; abcd_smrip201).

Statistical Analysis
Statistical analyseswere conductedusingSPSS, version24.0
(IBM, Armonk, N.Y.). The number of participants available
for statistical tests varied because of incomplete data on
some measures. Where appropriate, t tests were corrected
for unequal variances, and the Bonferroni correction for
multiple comparisons was applied for each family of tests.
We assessed group differences in adversity measures using
chi-square tests for categorical variables (i.e., employment
status) and independent-samples t tests for continuous and
ordinal variables (i.e., income, educational attainment,
neighborhood disadvantage, family conflict, material
hardship, trauma history). A Bonferroni correction was
applied to control formultiple comparisonswithin this family
of tests (seven tests, p50.05/750.007). We also conducted
exploratory analyses with participant PTSD symptoms re-
ported by the caregivers, which are detailed in the online
supplement.

Next,weused14 linearmixed-effectsmodels toassess race-
related differences in gray matter volumes of the a priori re-
gions of interest. Themodels accounted for nesting of families
(NDA:acpsw03)andcovaried forage,gender, andscannertype
(NDA: abcd_mri01) with restricted maximum likelihood es-
timation. TheBonferroni correctionwas applied to control for
multiple comparisons within this family of tests (14 tests,
p50.05/1450.0035). We used additional mixed-effects
models to assess the relationship between regional gray
matter volume and the measures of childhood adversity (one
brain region permodel, 14models total). Themodels included
the seven indices of adversity (i.e., educational attainment,
employment status, income, neighborhood disadvantage,
family conflict, material hardship, and trauma history) as in-
dependent variables and gray matter volume for each brain
region as the dependent variable.We again covaried for family
relatedness, age, gender, and scanner type. We conducted
separate independent-samples t tests between the racial
groups using the Destrieux atlas to validate the robustness of
the effect across brain parcellations and covariate approaches
(see Table S1 in the online supplement).

We also investigated whether accounting for childhood
adversity modulated race-related differences in regional gray
matter volumes, similar to prior work (39). We conducted
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parallel mediation analyses in the JASP statistical package
(https://jasp-stats.org/) to calculate the standardized esti-
mates of the total, direct, and indirect effects of racial group on
regional gray matter volume as well as the percentage of
variancemediated by the adversitymetrics. Parallelmediation
models used full information maximum likelihood for esti-
mation. Participant racial groupwas included as the predictor
variable, and metrics of adversity (educational attainment,
employment status, income, neighborhood disadvantage,
family conflict, material hardship, and trauma history) were
included as mediators. The dependent variables for the me-
diation models were the residual gray matter volume values
estimated fromlinearmixed-effectsmodels that accounted for
age, scanner, gender, and family relatedness (equivalent to the
abovemodels without including racial group). An exploratory
parallel mediation analysis was also conducted to determine
whether accounting for other neighborhood variables such as
exposure to pollutants further explained race-related vari-
ability in gray matter volume.

RESULTS

Race-Related Differences in Adversity
Chi-square and independent-samples t tests revealed that, on
average, Black and White children in the present sample
differed in parent employment status, parent educational
attainment, and family income (Table 1). Specifically, White
children’s parents were three times more likely to be cur-
rently employed. White children’s parents also had higher
educational attainment and greater family income compared
with Black children’s parents; 75.2% of White parents had a
college degree, compared with 40.6% of Black parents, and
88.1% of White parents made $35,000 a year or more,
compared with 46.7% of Black parents. White children also

experienced less family conflict, less material hardship, less
neighborhood disadvantage, and fewer traumatic events
comparedwith Black children (Table 1). Racial differences in
trauma exposure remained significant when nontraumatized

TABLE 2. Race-related differences in gray matter volume (in mm3) of a priori regions of interest in a study of childhood adversity and
brain structurea

White American Black American

Region
Estimated

Marginal Mean SE
Estimated

Marginal Mean SE t p

Caudal anterior cingulate cortex 0.173 0.000 0.168 0.001 6.00 ,0.001b

Caudal middle frontal gyrus 0.558 0.001 0.536 0.002 10.53 ,0.001b

Lateral orbitofrontal cortex 0.631 0.001 0.610 0.001 16.13 ,0.001b

Medial orbitofrontal cortex 0.406 0.001 0.405 0.001 0.95 0.340
Pars opercularis 0.385 0.001 0.370 0.001 11.32 ,0.001b

Pars triangularis 0.346 0.001 0.353 0.001 24.77 ,0.001b

Pars orbitalis 0.210 0.000 0.207 0.001 6.85 ,0.001b

Rostral anterior cingulate cortex 0.199 0.000 0.191 0.001 10.54 ,0.001b

Rostral middle frontal gyrus 1.421 0.002 1.423 0.003 20.53 0.593
Superior frontal gyrus 1.939 0.002 1.912 0.004 7.09 ,0.001b

Frontal pole 0.080 0.000 0.078 0.000 6.77 ,0.001b

Insula 0.502 0.001 0.504 0.001 21.53 0.127
Hippocampus 0.272 0.000 0.270 0.001 4.26 ,0.001b

Amygdala 0.109 0.000 0.108 0.000 4.93 ,0.001b

a N58,237 for this analysis. The t statistics were obtained from linearmixed-effects models that also accounted for effects of scanner type, age, gender, and family
relatedness.

b The t test result was significant after Bonferroni correction (0.05/1450.0035).

FIGURE1. Race-relateddifferences in regional graymatter volume
in a study of childhood adversity and brain structurea
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individuals were removed from the analysis (t522.18,
df53194, p50.03).

Race-Related Differences in Gray Matter Volume
Linear mixed-effects models revealed that Black and White
children in the present sample differed in gray matter vol-
umes in 11 of the 14 a priori regions of interest, after covarying
for family relatedness, gender, age, andscanner type (Figure 1;
Table 2). (An alternative visualization of the results is pro-
vided in Figure S1 in the online supplement.) White children
showed greater gray matter volumes compared with Black
children in theamygdala, hippocampus, frontal pole, superior
frontal gyrus, rostral anterior cingulate, parsopercularis, pars
orbitalis, lateral orbitofrontal cortex, caudal middle frontal
gyrus, and caudal anterior cingulate and smaller gray matter
volume comparedwithBlackchildren in the pars triangularis
(all p values ,0.001). No difference was observed in gray
matter volume of the insula, rostral middle frontal gyrus, or
medial orbitofrontal cortex between the groups. Similar re-
sults were observed in the Destrieux parcellation (see Table
S1 in the online supplement).

Relationships Between Adversity and Gray
Matter Volume
Linear mixed-effects models assessed the effects of the in-
dices of adversity (income, education, employment, neigh-
borhooddisadvantage,materialhardship, traumahistory, and
family conflict) on gray matter volume for each region of
interest, while covarying for family relatedness, age, gender,
and scanner type. Childhood adversity was associated with
gray matter volume in the caudal anterior cingulate, caudal
middle frontal gyrus, lateral orbitofrontal cortex, medial
orbitofrontal cortex, pars opercularis, pars orbitalis, rostral
anterior cingulate, rostral middle frontal gyrus, superior
frontal cortex, frontal pole, insula, and amygdala (Table 3).

Specifically, we observed unique effects of all adversity in-
dices except trauma history and family conflict, which were
not uniquely related to gray matter volume in any of the
models. Income was the most frequent predictor, having
effects on gray matter volume in eight of 14 regions.

We next sought to determine whether accounting for
childhood adversity affected the magnitude of race-
related differences in brain structure. Standardized es-
timates from the parallel mediation models are provided
in Table 4. Standardized estimates for total and direct
effects for each brain region are shown for each brain region
andplotted inFigure2.Direct effectsof racial group for several
brain regions were smaller than total effects, with significant
partial mediation observed for the caudal anterior cingulate,
caudal middle frontal gyrus, lateral orbitofrontal gyrus, pars
triangularis, pars orbitalis, superior frontal gyrus, and frontal
pole (Figure 3). Exploratory parallel mediation models that
accounted for additional neighborhood variables of pollutant
exposure showed similar effects; in thesemodels therewas no
mediation for the pars triangularis or frontal pole, but full
mediation was observed for the superior frontal gyrus (de-
scribed in theonline supplement).Thesefindingsdemonstrate
that racial disparities in adversitypartiallymediate someof the
race-related differences in regional gray matter volume.

Associations Between Adversity and Reported
PTSD Symptoms
Given findings on PTSD from previous research, we con-
ducted supplementary analyses on race-related differences in
PTSD symptoms and the relationshipwith adversity, which are
described in the online supplement. Black children had sig-
nificantly greater PTSD symptom severity, and symptom se-
verity was further predicted by adversity (see Table S2 in the
onlinesupplement).Accounting foradversitypartiallymediated
race-related differences in PTSD symptoms but also attenuated

TABLE 3. Summary of mixed-effects analyses predicting gray matter volume in a study of childhood adversity and brain structurea

Material
Hardship

Parental
Employment

Family
Income

Region b t b t b t

Caudal anterior cingulate cortex 20.001 22.34* 0.002 1.22 ,0.001 2.21*
Caudal middle frontal gyrus 20.002 22.48* 20.001 20.14 0.002 4.54***
Lateral orbitofrontal cortex ,20.001 20.36 0.001 0.32 0.002 6.26***
Medial orbitofrontal cortex ,20.001 20.87 20.001 20.52 0.001 2.20*
Pars opercularis ,0.001 0.09 ,20.001 20.05 0.002 4.67***
Pars triangularis ,20.001 20.46 20.002 20.86 ,20.001 20.94
Pars orbitalis ,20.001 20.49 20.001 21.25 0.001 3.67***
Rostral anterior cingulate cortex ,20.001 20.83 20.002 21.55 0.001 4.61***
Rostral middle frontal gyrus 20.003 21.92 20.009 21.44 0.001 1.51
Superior frontal gyrus 20.002 21.04 ,20.001 20.03 0.005 5.30***
Frontal pole ,20.001 21.59 20.001 21.18 ,0.001 3.06**
Insula ,20.001 20.34 20.003 21.55 ,0.001 1.30
Hippocampus ,20.001 20.14 0.001 0.48 ,0.001 1.23
Amygdala ,0.001 0.41 0.001 2.35* ,0.001 0.73

a Linear mixed-effects models also accounted for effects of scanner type, age, gender, and family relatedness.
*p,0.05. **p,0.01. ***p,0.001.
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correlations between regional gray matter volumes and PTSD
symptom severity (see Table S3 in the online supplement).

DISCUSSION

In this study, we investigated the neuroanatomical conse-
quencesof racialdisparities inadversityduringchildhood.We
found that, compared with White American children, Black
American children endorsedmore traumatic events, material
hardship, and family conflict and lived inmore disadvantaged
neighborhoods, and their caregivers had lower income and
educational attainment and were more likely to be unem-
ployed. Greater exposure to these adversities was linked to

lower gray matter volumes in the amygdala and several
subregions of the PFC. Accordingly, Black children showed
lowergraymatter volumes in the amygdala, the hippocampus,
and several subregions of the PFC compared with White
children. Accounting for racial disparities in exposure to
adversity partially mediated race-related differences in a
number of regions, including the caudal anterior cingulate,
lateral orbitofrontal gyrus, and superior frontal gyrus. How-
ever, although our findings held when other adversity dis-
parities were considered, such as pollution exposure, there
remainotherstructural inequities thatmaycontribute to race-
related differences in the brain, whichmust be investigated in
future research. Taken together, our findings highlight the

Parental
Education

Family
Conflict

Neighborhood
Disadvantage

Trauma
History

b t b t b t b t

,0.001 0.72 ,20.001 20.60 ,0.001 0.37 ,20.001 21.03
,0.001 0.11 20.001 21.61 ,20.001 21.05 ,20.001 20.14

,20.001 20.31 ,20.001 21.34 ,20.001 20.32 0.001 2.00*
20.001 21.49 ,0.001 1.07 ,0.001 0.77 ,0.001 0.90
20.001 22.92** ,0.001 0.55 ,0.001 0.10 ,0.001 0.56
20.001 21.81 ,0.001 1.01 ,0.001 2.01* ,20.001 20.18
,0.001 1.06 ,0.001 1.22 ,20.001 20.43 ,0.001 1.41
,0.001 0.63 ,0.001 0.33 ,0.001 0.30 ,0.001 0.71
0.003 2.88** 20.001 21.26 ,0.001 0.94 0.002 1.79

,0.001 0.16 20.001 20.84 ,0.001 0.37 0.001 1.09
,0.001 0.81 ,20.001 20.19 ,0.001 1.08 ,20.001 20.57
20.001 22.45* ,0.001 0.11 ,0.001 3.10** ,20.001 20.31

,20.001 20.12 ,0.001 0.36 ,0.001 1.51 ,20.001 21.37
,0.001 0.66 ,20.001 20.44 ,20.001 20.65 ,20.001 21.51

TABLE 4. Summary of parallel mediation analyses of race-related effects on gray matter volume accounting for adversitya

Region
Total

Effect (c) p
Total Indirect
Effect (ab) p

Direct
Effect (c’) p

Percentage
Mediatedb (%)

Caudal anterior cingulate
cortexc

20.17 ,0.001 20.04 0.006 20.13 ,0.001 26.04

Caudal middle frontal gyrusc 20.29 ,0.001 20.09 ,0.001 20.20 ,0.001 30.58
Lateral orbitofrontal cortexc 20.45 , 0.001 20.03 0.034 20.41 ,0.001 7.40
Medial orbitofrontal cortex 20.03 0.333 20.02 0.287 20.01 0.748 —
Pars opercularis 20.31 ,0.001 0.01 0.613 20.32 ,0.001 2.57
Pars triangularisc 0.13 ,0.001 0.06 ,0.001 0.08 0.02 42.42
Pars orbitalisc 20.19 ,0.001 20.04 0.008 20.15 ,0.001 21.88
Rostral anterior cingulate
cortex

20.29 ,0.001 20.03 0.098 20.27 ,0.001 8.93

Rostral middle frontal gyrus 0.02 0.597 20.09 ,0.001 0.10 0.001 —
Superior frontal gyrusc 20.20 ,0.001 20.10 ,0.001 20.10 0.003 50.76
Frontal polec 20.19 ,0.001 20.04 0.006 20.15 ,0.001 23.28
Insula 0.05 0.116 0.02 0.155 0.02 0.501 —
Hippocampus 20.12 ,0.001 20.01 0.765 20.11 ,0.001 4.27
Amygdala 20.14 ,0.001 20.01 0.582 20.13 ,0.001 6.67

a Graymatter volumewas estimated from residuals of linearmixed-effectsmodels that included age, gender, scanner, and family relatedness (i.e., the isolated race-
related effect).

b Percentage mediated is calculated by ab/c3100. It is omitted for regions in which no significant total effect was observed.
c The model met criteria for partial or full mediation.
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impact that disparities in early-life adversity have on race-
related differences in the structure of neural circuitry asso-
ciated with PTSD and other trauma- and stress-related
disorders.

One way to conceptualize the present findings is that a
significant portion of the gray matter volume differences
reflect racial disparities in toxic stress. Toxic stress refers to
prolonged exposure to adverse experiences that leads to

excessive activation of stress response systems and an ac-
cumulation of stress hormones, which in turn disrupt the
immune andmetabolic regulatory systems and ultimately the
developing architecture of the brain (44–46). Importantly,
the effects of toxic stress may be dependent on the
relative timing of stress exposure. The PFC, amygdala, and
hippocampus undergo rapid development beginning in early
childhood and continuing until early adulthood (47), and this

FIGURE 2. Effects of racial disparities in childhood adversity on race-related differences in brain structurea

Standardized Effect

Before Adjustment

After Adjustment

Standardized Effect

White > Black

Black > White

–0.6 –0.4 –0.2 0 0.2 0.4 0.6

Left Right

0.50

Before adjustment

After adjustment

A

B

Caudal anterior cingulate cortex

Caudal middle frontal gyrus

Lateral orbitofrontal cortex

Medial orbitofrontal cortex

Pars opercularis

Pars triangularis

Pars orbitalis

Rostral anterior cingulate cortex

Rostral middle frontal gyrus

Superior frontal gyrus

Frontal pole

Insula

Hippocampus

Amygdala

a Standardized estimates were calculated from the parallel mediation analyses for differences in gray matter volume between Black and White children
before (total effect) and after (direct effect) accounting for disparities in sociodemographic factors. Panel A is a graphical representation of estimates
whereWhite. Black (warm colors) and Black.White (cool colors) before (top) and after (bottom) accounting for racial disparities. Panel B is a plot of
the standardized estimates per region for the total (green) and direct (orange) effects on gray matter volume data. Error bars indicate 95% confidence
intervals.
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development is punctuated by sensitive periods where stress
may have a larger impact (48, 49). In fact, previous work
suggests that exposure to adversity during these sensitive
periods may have direct effects on the PFC, amygdala, and
hippocampus as well as on subsequent threat responses and
regulation (50–54). Moreover, our results showed that in-
comewas themost common predictor of graymatter volume
disparities, aligning with previous research showing that the
effects of low socioeconomic status, and specifically low
income,haveprofoundeffects onneurobiological trajectories
(22, 24, 25, 55–57). Taken together, early-life adversity may
act as a toxic stressor that disproportionately impacts Black
children as a result of their significantly greater exposure to
adversity and contributes to differential neural development
of key threat-processing regions.

The impacts of toxic stress may be immediate or tem-
porally delayed, depending on the specific brain region. For
example, one study examining the effect of childhood sexual
abuse on regional brain development (58) found an associ-
ation between abuse and lower hippocampal volume at ages
3–5 butwith lower frontal cortex volume at ages 14–16. In the
present study, no effects of adversity were found in the
hippocampus, although effects were found in the amygdala
and the prefrontal cortex, potentially reflecting the impact of
differential sensitive periods of brain development in these
regions. A potential delayed effect may partially explain the
relatively smallmagnitude of racial differences in graymatter
volume of threat-related regions. Specifically, it may be that
the disparities in adversity do not lead to major immediate
differences but will be potentiated into adulthood in either
brain structure or brain function (27). Future analyses of the
longitudinal ABCD data set may shed light on what potential
long-termimpacts thesedisparitiesmayhaveonthebrainand
behavior. In sum, our findings may reflect the neuroana-
tomical consequences of racially disparate environments of
toxic stress.

We note here that many of the observed race-related and
adversity effectshad relatively small effect sizesdespitemany
findings being highly statistically significant. The ABCD
Study has high statistical power for small effects, afforded by
its large sample size, and theseeffects are likelymoreaccurate

to the general population than traditionally large effects in
small sample sizes. A recent review of effect sizes in ABCD
analyses (59) demonstrated that the median in-sample effect
size across multiple instruments (161 variables representing
all questionnaires and tasks) was 0.03. The authors found a
slightly larger median effect size (0.05) when mimicking
“real-world” analyses of ABCD data. Thus, the observed
effects of race-relateddisparitiesonbrain structureare in line
with, and larger than, other observations from analyses of
ABCD data.

The present findings should be considered in light of
several limitations. Our analyses were limited to parent-
identified Black and White participants and did not in-
clude participants with other racial identities. Although the
ABCD Study is one of the largest studies of children’s brains,
there was a limited amount of data on non-White and non-
Black children (note that only 15.7% of the participants in the
present sample were Black and only 17.6% were not Black or
White). Unequal sample sizes can impact statistical group
comparisons. Further, many neuroimaging studies have de-
mographically unrepresentative samples that can impact the
generalizability of research findings. Thus, we echo the
recommendations in previous reports to increase represen-
tation of non-White racial/ethnic groups to address broader
questions on the impact of racial and ethnic disparities across
groups (60). Another limitation of the present study is the
lack of longitudinal MRI data. Our analyses were focused on
the impact of racial disparities on the earliest available as-
sessment of brain structure. However, future analyses of the
longitudinalMRI data in combinationwith potential changes
in adversitymaybeuseful to test nuancedquestions about the
role of adversity on race-related differences in brain devel-
opment. An additional limitation is the potential role of other
adversity types on race-related differences in brain structure.
We focused on structural adversities but could not capture
certain aspects (e.g., nutritional differences or direct toxin
exposure), and our analyses did not focus on other factors,
such as racial discrimination (61). Nutritional and racial
discrimination data were collected 1 year after the baseline
visit, precluding any meaningful interpretations with the
baselineMRI data. Although we assessed pollutant exposure

FIGURE 3. Graphical representation of parallel mediation results in a study of childhood adversity and brain structurea

Left Right

No mediation

Partial mediation

a Parallel mediationmodeling revealed no, partial, or full mediation of race-related differences on regional gray matter volume by the adversity metrics.
Blue indicates no significant total and/or indirect effect, and yellow indicates significant total, indirect, and direct effect.
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at the neighborhood level, more direct measures of toxin
exposure, such as those available frombaby teeth collected in
the ABCD Study, may provide more granular information in
future analyses. Recent studies demonstrate that racism and
racial discrimination directly affect brain structure and
function and are associatedwith poormental health outcomes
(28–30, 62–64), and thus future research should further ex-
plore these relationships in children. Finally, although we
assessed adversity, it is unclear when these adversities oc-
curredor forhowlong. Informationonthe timingandduration
of the children’s adversity exposure could allow us to draw
stronger conclusions about its effect on brain development.

In summary, we have shown that differential exposure to
childhood adversity contributes to racial differencesbetween
Black American andWhite American children in graymatter
volumes of brain regions key to emotion regulation. The
disparities in gray matter volume observed in this study may
be a consequence of long-term dysregulation of threat-
related neural circuitry. The findings from this study thus
have important implications for our understanding of the
impact of socioeconomic and environmental inequalities on
mental health in the United States and our understanding of
racial differences in psychiatric disorder development, par-
ticularly PTSD, for which the literature on lifetime preva-
lence ismixed (65–70). Althoughmore research is needed on
the neurobiological consequences of racial disparities in
childhood adversity, the present findings offer new insight
into biological impacts of disproportionate stress exposure.
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Examination Questions for 
Racial Disparities in Adversity During Childhood and the False Appearance of 

Race-Related Diff erences in Brain Structure

1. Which brain regions support healthy emotional functioning in response to threat 

and stress?

A. The pons, medulla, and brainstem

B. The prefrontal cortex, hippocampus, and amygdala

C. The fornix, fi mbria, and stria terminalis

D. The occipital cortex, entorhinal cortex, and nucleus accumbens

2. White and Black American children showed diff erences in gray matter volume of 

several regions examined except for three. Those three regions were:

A. Medial orbitofrontal cortex, rostral middle frontal gyrus, insula

B. Hippocampus, amygdala, frontal pole

C. Pars orbitalis, pars triangularis, pars opercularis

D. Precuneus, cuneus, inferior temporal gyrus

3. Which of the following indices of socioeconomic status were most commonly 

associated with gray matter volume of the prefrontal cortex, hippocampus, and 

amygdala within the ABCD sample?

A. Family income

B. Material hardship

C. Parental education

D. Trauma history
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