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Abstract

IMPORTANCE Racial discrimination is a psychosocial stressor associated with youths' risk for
psychiatric symptoms. Scarce data exist on the moderating role of amygdalar activation patterns
among Black youths in the US.

OBJECTIVE To investigate the association between racial discrimination and risk for
psychopathology moderated by neuroaffective processing.

DESIGN, SETTING, AND PARTICIPANTS This cohort study used longitudinal self-report and func-
tional magnetic resonance imaging (fMRI) data from Black youth participants in the US from the Adoles-
cent Brain Cognitive Development (ABCD) study. Data were analyzed from January 2023 to May 2024.
EXPOSURES At time 10of the current study (12 months after baseline), youths self-reported on their
experiences of interpersonal racial discrimination and their feelings of marginalization. Amygdalar
response was measured during an emotionally valenced task that included blocks of faces expressing
either neutral or negative emotion.

MAIN OUTCOMES AND MEASURES At 24 and 36 months after baseline, youths reported their
internalizing (anxiety and depressive symptoms) and externalizing symptoms (aggression and rule-
breaking symptoms).

RESULTS A total of 1596 youths were a mean (SD) age of 10.92 (0.63) years, and 803 were female
(50.3%). Families in the study had a mean annual income range of $25 000 to $34 999. Two factors
were derived from factor analysis: interpersonal racial discrimination and feelings of marginalization
(FoM). Using structural equation modeling in a linear regression, standardized (3 coefficients were
obtained. Neural response to faces expressing negative emotion within the right amygdala
significantly moderated the association between FoM and changes in internalizing symptoms

(B =-0.20; 95% Cl, -0.32 to -0.07; P < .001). The response to negative facial emotion within the
right amygdala significantly moderated the association between FoM and changes in externalizing
symptoms (B = 0.24; 95% Cl, 0.04 to 0.43; P = .02). Left amygdala response to negative emotion
significantly moderated the association between FoM and changes in externalizing symptoms

(B =-0.16;95% Cl, -0.32to -0.01; P = .04).

CONCLUSIONS AND RELEVANCE |In this cohort study of Black adolescents in the US, findings
suggest that amygdala function in response to emotional stimuli can both protect and intensify the
affective outcomes of feeling marginalized on risk for psychopathology, informing preventive
interventions aimed at reducing the adverse effects of racism on internalizing and externalizing
symptoms among Black youths.
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Key Points

Question How does the brain process
and defend a youth from racial
discrimination’s impact on

mental health?

Findings This cohort study of 1596
Black youths in the US found patterns of
amygdalar response that moderated the
association between feelings of
marginalization and changes in both
internalizing and externalizing
symptoms. While amygdala suppression
was associated with lower externalizing
symptoms, it was also associated with

increased internalizing symptoms.

Meaning These findings suggest that
coping with discriminatory experiences
could be associated with reduced
problem behaviors but increased
depressive and anxiety symptoms.
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Introduction

Racial discrimination refers to racially motivated discriminatory actions perpetrated by dominant
racial group members toward minoritized racial group members."? Millions of minoritized
individuals® are impacted by the stress and trauma associated with racial discrimination.* Anti-Black
discrimination in the US underlies a history of exploitation, beginning with enslavement and
spanning the Jim Crow era and modern-day systematic discrimination against Black people.> Among
the Black youths in the US who are the focus of this study, the experience of anti-Black discrimination
manifests in children’s lives through unfair treatment based on race and feelings of social-level
rejection.®” Compared with their racial-ethnic minoritized peers, Black youths report the highest
rates of racial discrimination in the US.8°

Racial discrimination is stressful'® and can increase the risk for psychopathology, including both
internalizing (eg, depression and anxiety) and externalizing (eg, risky behavior) problems.
Differences exist in the outcomes of racial discrimination on youths' mental health, possibly due in
part to the coping strategies employed. Understanding these differences is essential for designing
effective behavioral interventions alongside policy-level efforts to dismantle structural factors that
underpin racial discrimination.”"?

Coping strategies may not be equally effective in buffering the effect of racial discrimination.

Extant investigations consider the use of avoidant coping, ™

yet findings are mixed. Some research
suggests avoidance coping can be positive,' while others have linked it to greater feelings of
distress.™* Moreover, the neuroaffective processes that underlie coping with socioemotional
threats may moderate the association of perceived stress and mental health risk. Understanding
these mechanisms may transform the state of pediatric development science.

Neuroaffective processing linked to coping strategies may moderate the association of
discrimination and mental health risk.'® The amygdala, crucial for emotion processing and
responding to the perception of environmental threats,” is critical to consider in the context of
socioemotional threats such as racism.® Studies on coping strategies show associations change
depending on amygdalar activation during the processing of negative emotional facial expressions.'®
Other research on the neuroaffective effects of coping strategies shows deactivation of threat
perception circuits, especially the amygdala.2° For example, research suggests that emotional
numbing is a common avoidance coping strategy following trauma.?' Although there is growing
consensus that racism stressors are traumatic,* less is known about how youths' neuroaffective
response patterns, as reflected in neural activation patterns, may alleviate the effect of racial
discrimination and youths' experience with racism on socioemotional hardship among Black youths.

The present study addresses an urgent need to inform prevention research on the
socioemotional outcomes of racial discrimination among Black youths.?223 The current study used a
large longitudinal sample of Black youths in the US from the Adolescent Brain and Cognitive
Development Study (ABCD) to (1) examine the role of racial discrimination in internalizing symptoms
(IS) and externalizing symptoms (ES) and (2) test the moderating role of amygdalar response to
threat on the association between racial discrimination and these symptoms. Given the inconsistent
evidence on amygdalar hemispheric asymmetry in emotional processing across clinical and healthy
populations,?*2° this study also aimed to clarify the role of amygdalar lateralization.

Methods

This cohort study follows Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guidelines. The institutional review board at each of the 21 data collection sites
approved the study. Informed consent and assent were obtained from all participants. Additional
details can be found in the eMethods in Supplement 1. Full sampling, recruitment, protocol, and
procedures can be found online.2® In the current analysis, data were drawn from the second annual
data collection period (12 months after baseline; mean [SD] age, 10.92 [0.63] years), the first wave at
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which discrimination measures were collected. Functional magnetic resonance imaging (fMRI) and
self-report data were also drawn from the third and fourth annual data collection period (24 and 36
months after baseline, respectively). Caregivers self-reported their and their child's race.

Measures

Emotional N-Back Task

The emotional N-back is a commonly used fMRI paradigm to elicit implicit emotion and overt visual
working memory processing.?” During fMRI, youths were presented with neutral or emotionally
valenced pictures of faces. The present study used amygdala activation related to contrasting
negative faces to the neutral faces control condition from 663 participants.

Amygdala Response to Negative Facial Valence

The current analysis considered amygdala responses in the right and left hemispheres when
implicitly viewing negative faces compared with neutral ones. Data were acquired 24 months after
baseline and had passed the ABCD Study's quality control measures for fMRI as described in the
ABCD release notes. The ABCD Data Analysis, Informatics, and Resource Center handled all fMRI
quality control, data processing, and quantification of effects.?®

Racial Discrimination

One year after baseline, at a mean (SD) age of 10.92 (0.63) years, youths responded to the 7-item
discrimination questionnaire, which included questions from the 2006 Boston Youth Survey?® and
the Measure of Perceived Discrimination.® This assessment asked the children about their past-year
experiences of being mistreated or feeling unaccepted due to race. The response scale ranged from
1 (almost never) to 5 (very often). We used these items to construct latent factors of interpersonal
racial discrimination and feelings of marginalization (FoM). The items used in the interpersonal racial
discrimination measure asked, "How often have [teachers/peers/other adults] treated you unfairly
or negatively because of your racial/ethnic background?” An example item used in the FoM latent
factor includes, “[How often do you] feel that others behave unfairly or negatively towards your
racial/ethnic group?”

ISand ES | At 24 and 36 months after baseline, youths reported their IS and ES using the 19-item
Child Behavior Checklist Brief Problem Monitor (BPM).° The IS and ES subscales of the BPM are 6
items each. Youths were given a list of statements and asked if they apply to themselves. IS subscale
example items include “feeling too fearful or anxious” and “unhappy, sad, or depressed,” and the
externalizing subscale example items include “argues a lot" and “has temper tantrums or a hot
temper." The response scale ranged from O (not true) to 2 (very true or often true). Chronbach a was
as follows for ES: 24 months after baseline, 0.65 and 36 months after baseline, 0.65; and for IS: 24
months post baseline, 0.72 and 36 months after baseline, 0.75. T scores used in the analysis were
measured using standardized assessments calculated by the ABCD data team using age-corrected
norms. A total of 627 participants had data on IS and ES.

Covariates | We have included covariates to our statistical models to adjust for confounding
variables. These variables include age, biological sex, and income (1, <$5000; 2, $5000-$11999; 3,
$12 000-$15999:; 4, $16 000-$24 999; 5, $25 000-$34 999; 6, $35 000-$49 999; 7,

$50 000-$74 999; 8, $75 000-$99 999; 9, $100 000-$199 999; 10, =$200 000) and were
controlled in all analyses.

Statistical Analysis
We tested hypotheses with a structural equation modeling framework implemented in Mplus version
8.0 (Muthén and Muthén). Missing data were estimated using full information maximum likelihood
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with robust SEs clustered by family identification number. All analyses were stratified by site
identification number. More information on clustering is provided in the eMethods in Supplement 1.

Using confirmatory factor analysis, we tested a measurement model of racial discrimination
with 2 latent factors, interpersonal racial discrimination and FoM. Model fit was assessed using
standard indices,*' described in the eMethods in Supplement 1. Next, we tested the moderating role
of amygdala activation to negative vs neutral faces on the association between the 2 latent variables
(interpersonal racial discrimination and FoM) and IS and ES using latent interaction techniques
(controlling for IS/ES from the previous year). We generated Johnson-Neyman plots and Simple
Slopes and used a combined model*?
Supplement 1for more information). Significance was based on a 2-sided P value of less than .05,
meaning there was a 5% risk for type | error. Using the Benjamini-Hochberg method, we adjusted
significance levels (P values and confidence intervals [CI]) for multiple comparisons.>* Data were
analyzed from January 2023 to May 2024.

to probe significant interaction effects (see the eMethods in

Results

A total of 1596 participants reported on racial discrimination. Families in the study had an average
annual income range of $25 000 to $34 999. Youths were a mean (SD) age of 10.92 (0.63) years and
803 were female (50.3%). Participants lost to attrition did not differ on any study variables.
Information on the measurement model can be found in the eResults in Supplement 1.

Interpersonal Racial Discrimination and IS Outcome

We first tested the moderating role of right and left hemisphere amygdala response to implicit
negative facial emotion on the association between interpersonal racial discrimination and FoM with
IS. Interpersonal racial discrimination was not significantly associated with IS (8 = 0.08; 95% Cl,
-0.05t0 0.20; P = .21; adjusted P = .18). Amygdalar response to negative emotion was not
significantly associated with IS within either the left hemisphere (8 = 0.08; 95% Cl, -0.05 to 0.20;
P = .23; adjusted P = .20) or the right hemisphere ( = -0.07; 95% Cl, -0.04 to 0.22; P = .28;
adjusted P = .24). Left hemisphere amygdala response did not significantly moderate the association
between interpersonal racial discrimination and IS (B = 0.04; 95% Cl, -0.15 to 0.23; P = .68; adjusted
P = .63). Additionally, right hemisphere amygdala response was not significant in moderating the
association between interpersonal racial discrimination and IS (8 = -0.12; 95% Cl, -0.25 to 0.01;

P =.08; adjusted P = .07).

Feelings of Marginalization and IS Outcome

FoM was not significantly associated with IS (B = 0.07; 95% Cl, -0.04 to 0.18; P = .23; adjusted

P = .20). Amygdala response to negative vs neutral faces was not significantly associated with IS in
both the left (B = 0.11; 95% Cl, -0.02 to 0.23; P = .09; adjusted P = .07) and the right (8 = -0.09;
95% Cl, -0.20 to 0.02; P = 11; adjusted P = .09) hemispheres. However, activation within the right
amygdala significantly moderated the association between FoM and IS (8 = -0.20; 95% Cl, -0.32 to
-0.07; P < .001; adjusted P = .01). The plot (Figure 1) revealed that right hemisphere amygdalar
deactivation relative to negative vs neutral faces increases the association between FoM on IS.
Specifically, among youths who reported high FoM, right hemisphere amygdalar deactivation
response to negative vs neutral faces was significantly associated with an increase in IS. The region
of significance contained 21% of the sample (335 participants). We also found that when right
hemisphere amygdalar activation response to negative vs neutral faces was high, the association
between FoMs on IS decreased. However, only 4% of the sample (64 participants) fell into this region
of significance; thus, there was not a sufficient sample size to plot or draw conclusions.
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Interpersonal Racial Discrimination and ES Outcome

Next, we tested the moderating role of right and left hemisphere amygdala response to negative
facial emotion on the association between FoMs and ES and interpersonal racial discrimination and
ES in separate models. Interpersonal racial discrimination was not significantly associated with ES
(B =-0.01; 95% Cl, -0.12 to 0.11; P = .87; adjusted P = .83). Additionally, amygdala emotional
response was not significantly associated with ES within both the left hemisphere (8 = -0.03; 95%
Cl, -0.19 to 0.13; P = .72; adjusted P = .70) and the right hemisphere (8 = -0.05; 95% Cl, -0.21to
0.10; P = .50; adjusted P = .48). Left hemisphere amygdala response was also not significant in
moderating the association between interpersonal racial discrimination and ES (B = -0.01; 95% Cl,
-0.391t0 0.38; P = .97; adjusted P = .92). Additionally, right hemisphere amygdala response was not
significant in moderating the association between interpersonal discrimination and ES (8 = -0.07;
95% Cl, -0.47 t0 0.33; P = .74; adjusted P = .71).

Feelings of Marginalization and ES Outcome
FoM was not significantly associated with ES (B = -0.01; 95% Cl, 0.14 to 0.12; P = .89; adjusted
P = .85). Amygdala response to negative vs neutral faces was also not significantly associated with ES
in both the left (8 = -0.07; 95% Cl, -0.15 to 0.03; P = .16; adjusted P = .15) and the right (8 = 0.01;
95% Cl, -0.10 to 0.13; P = .81; adjusted P = .78) hemispheres. Emotional response within the right
amygdala significantly moderated the association between FoMs and changes in ES (B = 0.24; 95%
Cl, 0.04 to 0.43; P = .02; adjusted P = .02). The plot (Figure 2) revealed that right hemisphere
amygdalar deactivation to negative vs neutral faces decreased the association between FoM on ES.
Specifically, among youths who reported high FoM, low amygdala activation was protective and was
associated with a decrease in ES. The region of significance contained 15% of the sample (239
participants).

Emotional response within the left amygdala significantly moderated the association between
FoM and changes in ES (B = -0.16; 95% Cl, -0.32 to -0.01; P = .04; adjusted P = .03). The plot
(Figure 3) revealed that left hemisphere amygdalar response to negative vs neutral faces decreased
the association between FoM on change in ES. For youths who reported high FoM, a high left
hemisphere amygdala response was protective and associated with decreased ES. The region of
significance contained 15% of the sample (239 participants).

Discussion

Racial discrimination experiences are stressors with serious mental health consequences for millions
of Black childrenin the US, youths, and families in the US.3 Although extant research documents the

Figure 1. Combined Johnson-Neyman and Simple Slope Plot of the Moderating Role of Right Hemisphere
Amygdala Activation on the Association Between Feelings of Marginalization and Internalizing Symptoms
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outcomes of racial discrimination on risk for the development of internalizing and externalizing
symptoms,' less is known about the neural patterns that may protect against these experiences. In
the present preliminary cohort study of Black adolescents in the US, we examined the connection
between interpersonal racial discrimination and FoMs on risk for developing psychopathology (ie, IS
and ES) among 1596 Black youths in the US (aged 10.92 to 14.80 years). We documented differential
lateralized amygdalar activation and deactivation response patterns to negative emotional faces,
showing that they moderated the association of interpersonal racial discrimination and FoMs with
increased ES and IS. Given that both negative and neutral faces elicited significant activation in left
and right amygdala, relative deactivation of responses during emotional face presentation compared
with the neutral faces is interpreted as suppression of the amygdala during negative emotional
stimulation.3* This interpretation is corroborated by other studies and other methods (eg, positron
emission tomography) in which a decrease in amygdala activity is linked to autonomic response
during noxious stimulation and self-report of coping strategies.?'

We found that right-hemisphere amygdala deactivation response to negative emotional faces
relative to neutral faces was associated with an increase in the association between FoMs on the
development of IS, containing 21% of the sample in the region of statistical significance. In contrast,
the deactivation pattern modulated risk for ES. The relative deactivation of the right hemisphere
amygdala was associated with a decrease in the outcomes of FoMs on the development of ES. This
large effect size contained 15% of the sample ( approximately 240 youths). Amygdalar deactivation

Figure 2. Combined Johnson-Neyman and Simple Slope Plot of the Moderating Role of Right Hemisphere
Amygdala Activation on the Association Between Feelings of Marginalization and Externalizing Symptoms
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Figure 3. Combined Johnson-Neyman and Simple Slope Plot of the Moderating Role of Left Hemisphere
Amygdala Activation on the Association Between Feelings of Marginalization and Externalizing Symptoms
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may represent a neurobiological facet corresponding to emotional avoidance, which is a coping
pattern to threats, such as racial discrimination. This preliminary finding may suggest that amygdalar
deactivation in response to emotional stimuli is a neuroaffective survival coping response with an
emotional cost. Drawing from the neuroaffective literature, suppressing emotional processing to
adapt to external stress increases the risk of emotional problems.3®

The emotional toll may reflect the physiological toll associated with racism-related
stressors,*22-36 while recognizing the potential adaptive necessity of this response for individuals
living in an oppressive society. Research shows that many Black individuals in the US may endure
under-the-skin physiological and emotional consequences, manifesting in other domains. Itis
plausible that Black youths in the US whose amygdala deactivates when viewing negative or
threatening faces may be protecting themselves from behavioral dysregulation, such as ES, but at the
cost of developing affective symptoms associated with emotional difficulties and increased IS.

The association between FoM and the development of ES over time was attenuated among
youths who exhibited left-hemisphere amygdala activation. These preliminary findings validate re-
search on amygdalar laterality in response to stress and emotional processing among human patients.”
Concepts related to FoMs, such as the extent to which minoritized people feel devalued or the collec-
tive perceptions and understanding of racism, may impose a psychological burden through a stressful
metaperception, thereby acting as a chronic and large-scale threat.?>® Because the left amygdalaiis
implicated in detecting and responding to threats,?* the observed left-hemisphere activation may indi-
cate that some Black youths in the US developed an effective way of coping with racial marginalization.
Conversely, the right amygdala may be critical in detecting and responding to more immediate threat-
ening situation,® and may be linked to IS psychopathology.*° Thus, the observed hemispheric differ-
ences in processing racial marginalization are consistent with the hypothesis that left hemisphere deac-
tivation can benefit behavioral regulation and reduce ES, but may incur an emotional cost.

We found no significant interaction between interpersonal racial discrimination and IS or ES,
which further confirms the complexity of studying the harmful outcomes of racism and the need for
studies in which mechanisms and multilevel contexts are modeled. Specifically, Black youths in the
US who experience racism-related stress may be impacted very differently depending on the
multiple risk and protective factors that may moderate this association. Much research has
documented the harmful role of racial discrimination on adolescent well-being.!

Existing interventions have been shown to mitigate the outcomes of racial discrimination on
mental health outcomes, such as Engaging, Managing, and Bonding through Race (EMBRace)*!
racism trauma-informed therapy.*? Interventions tailored to address racial discrimination-related
stressors can potentially benefit from incorporating further understanding of the amygdala’s
response to threat to develop more optimal strategies that promote adaptive emotion regulation,
acknowledging the nuanced balance between behavioral control and emotional expression.

and

Limitations

This study is preliminary, and further replication is required. Future studies should continue to control
for the false discovery rate to reduce the risk of type | error. The extent of racism may exhibit
location-based variability. We did not test the contribution of this variability in our model, but did
control for demographic variables. Unique patterns of discrimination can be experienced at the
individual level based on biases and prejudices against aspects of identities and social
categorizations, including gender, sexual identity, class, and disability, among others.** We do not
focus on this issue of intersectionality in this report but recognize the critical and often multiplicative
effects of bias and discrimination present in various forms. Future work must consider the complexity
of discrimination to more fully address how experienced and perceived stress impacts an individual's
brain and behavior. We a priori focused on the amygdala because of its established role in threat
processing.**#® However, this does limit our study findings to the specificity of amygdala activation
only. Additionally, our study did not model potential involvement of other brain regions in modulating
the observed amygdalar response.
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Conclusions

This study shows that the longitudinal associations between experiences of discrimination and the
risk of psychopathology among Black individuals are not necessarily direct or linear. The findings
indicate that while brain deactivation patterns in the amygdala can help youths regulate problematic
behaviors, this regulation comes with an emotional mental health cost. Future research should
explore which regions might contribute to the amygdalar patterns identified in this study.
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