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Abstract Ethnic—racial discrimination, the differential treatment of individuals
based on ethnic or racial group membership, predicts poor mental health outcomes
such as anxiety. This is supported by long-standing theories on the social deter-
minants of health and minority stress. However, these theories are rarely expanded
to neurobiological sciences, limiting our understanding of mechanisms underlying
observed associations. One potential neurobiological pathway between ethnic—racial
discrimination exposure and anxiety is that ongoing exposure to racially charged en-
counters presents imminent threats that may modify stress-sensitive neurocircuitry,
like the amygdala.

The current study evaluated whether amygdala volume mediated associations
between ethnic—racial discrimination exposure and anxiety symptoms in Latina girls,
a group exhibiting heightened levels of untreated anxiety and disproportionately
subjected to ethnic—racial discrimination.
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Thirty predominantly Mexican-identifying Latina girls residing in Southern Cal-
ifornia (Mag.=9.76, SD=1.11 years) completed a T1-weighted structural MRI scan.
Using the Perceptions of Racism in Children and Youth, participants self-reported
the prevalence and severity of various discriminatory experiences. Participants also
self-reported their anxiety symptoms via the Screen for Child Anxiety and Related
Emotional Disorders. Controlling for total intracranial volume and annual house-
hold income, an indirect effect of ethnic—racial discrimination on anxiety symptoms
via left amygdala volume was observed, f=-0.28, SE=0.17, BC 95% CI [-0.690,
—0.017]. The current findings suggest that the left amygdala is sensitive to racialized
threats in childhood and that stress-related alterations may, in part, contribute to
elevated anxiety in Latina girls. Our data elucidate a potential mechanism by which
this form of sociocultural stress can adversely impact mental health, particularly in
the transition from middle childhood to early adolescence, a period marked by a host
of interlinked neurophysiological and social changes.

Keywords Developmental psychopathology - Internalizing symptoms - Structural
magnetic resonance imaging (sMRI) - Health disparities - Racism

Diskriminierungserfahrungen und Angststéorungen bei Latina-
Maidchen: Amygdala-Volumen als indirekter neurobiologischer Pfad

Zusammenfassung Ethnische oder rassistische Diskriminierung, d.h. die unter-
schiedliche Behandlung von Menschen aufgrund rassistischer oder ethnisch-diskri-
minierender Zuschreibungen von Gruppenzugehorigkeiten, ist mit schidlichen Fol-
gen fiir die psychische Gesundheit assoziiert. Langjdhrige Theorien zu den sozialen
Determinanten der Gesundheit und Minderheitenstress unterstiitzen solche Beobach-
tungen. Diese Theorien werden jedoch selten in die neurobiologischen Wissenschaf-
ten erweitert, was unser Verstindnis von Mechanismen einschrinkt. Ein moglicher
neurobiologischer Pfad zwischen Diskriminierungserfahrungen und Angststérungen
ist, dass die standige Bedrohung rassistisch motivierter Begegnungen stressempfind-
liche neuronale Schaltkreise des Gehirns, wie zum Beispiel die Amygdala, verdndern
kann.

In dieser Studie wurde untersucht, ob das Amygdala-Volumen eine vermittelnde
Rolle zwischen ethnisch-rassistischen Diskriminierungserfahrungen und Angstsym-
ptomen von Latina-Miadchen spielt. Latina-Miadchen haben oft erhohte Angststo-
rungen und sind in den Vereinigten Staaten von Amerika hiufig ethnischer und
rassistischer Diskriminierung ausgesetzt.

Dreifig tiberwiegend mexikanisch identifizierte Latina-Madchen aus Siidkalifor-
nien M=9,76, SD=1,11 Jahre) nahmen an einem T1-gewichteten strukturellen
MRI-Scan teil. Teilnehmerinnen berichteten iiber die Privalenz und Schwierigkeit
verschiedener diskriminierender Erfahrungen. Sie berichteten auch iiber ihre Angst-
symptome. Beobachtet wurde eine indirekte Auswirkung ethnisch-rassistischer Dis-
kriminierung auf Angstsymptome iiber das Volumen der linken Amygdala (f=-0,28,
SE=0,17, BC 95% KI [-0,690, —0,017]), nach Kontrolle des gesamten intrakrani-
ellen Volumens und des jdhrlichen Haushaltseinkommens. Diese Erkenntnisse deu-

@ Springer



Ethnic-Racial Discrimination Exposure and Anxiety in Latina Girls: Amygdala Volume as an... 629

ten darauf hin, dass die linke Amygdala empfindlich auf rassistische Bedrohungen
reagiert und dass stressbedingte Veridnderungen bei Latina-Midchen teilweise zu
erhohter Angst beitragen konnen. Unsere Daten verdeutlichen einen moglichen Me-
chanismus, durch den diese Form von soziokulturellem Stress sich negativ auf die
psychische Gesundheit auswirkt, insbesondere wihrend der mittleren Kindheit bis
zur frithen Adoleszenz, einer Zeitspanne, die von einer Vielzahl miteinander ver-
bundener neurophysiologischer und sozialer Verdnderungen gepragt ist.

Schliisselworter Entwicklungspsychopathologie - Internalisierende Symptome -
Strukturelle Magnetresonanztomographie - Gesundheitliche Disparititen -
Rassismus

1 Introduction

Ethnic—racial discrimination, the differential treatment of individuals based on eth-
nic or racial group membership (Carter and Forsyth 2010), is a chronic, potent
stressor with adverse effects on mental health outcomes such as anxiety (Berger and
Sarnyai 2015; Priest et al. 2013). However, the neurobiological mechanisms under-
lying these observed associations are inconclusive, particularly during the transition
from middle childhood to early adolescence when emotion regulatory networks
are developing and social networks are expanding (Scherf et al. 2013). The cur-
rent study is aimed at addressing this gap by testing whether volumetric alterations
of the amygdala, a highly stress-sensitive neural region, account for associations
between ethnic—racial discrimination exposure and anxiety symptoms. This study
was conducted in preadolescent Latina girls, a group exhibiting heightened levels
of untreated anxiety (Ginsburg and Silverman 1996) that is also disproportionately
subjected to ethnic—racial discrimination (Vargas et al. 2021). If replicated, identi-
fying how this form of sociocultural stress influences threat-relevant brain networks
and escalates the risk for anxiety represents a promising potential step toward devel-
oping culturally informed treatment programs to reduce the burden of ethnic- and
racial-based mental health disparities in minoritized youth.

1.1 Discrimination and Anxiety in Latinx Youth

Antagonistic political views and growing animosity toward immigrants and people
of color have recently brought ethnic—racial discrimination into the limelight of the
United States’ political, economic, and social landscape. Ethnic—racial discrimina-
tion is more prevalent among people from disadvantaged backgrounds (i.e., indi-
viduals with limited access to social and financial resources), including immigrant
populations (Carter and Forsyth 2010), than those from privileged backgrounds. For
instance, approximately half of Latinx people have experienced ethnic—racial dis-
crimination, with immigration status as a primary reason for unfair treatment (Lopez
et al. 2020). Latinx youth, in particular, report experiencing both overt and subtle
forms of ethnic-racial discrimination from multiple sources (e.g., peers, teachers,
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strangers) and across multiple contexts (e.g., at school, in stores, on public trans-
portation) (Pasco et al. 2022).

Latinx people are the largest and second fastest-growing ethnically minoritized
group in the USA (United States Census Bureau 2020). Despite this trend, there is
substantially less research on the mental health costs of ethnic—racial discrimina-
tion in Latinx populations than in African American and Asian populations (Aratjo
and Borrell 2006). Even though discriminatory treatment is an experience shared
across ethnic and racial groups, different groups are embedded within unique socio-
historical contexts, and their experiences of mistreatment may thus possess unique
sociocultural underpinnings. Examining these processes in Latinx individuals could
illuminate the generalizability of currently understood sociocultural risk and protec-
tive processes. Doing so is consequential because exposure to discrimination from
birth through adolescence predicts various physical and mental health outcomes,
including anxiety (Priest et al. 2013). Latina girls, vulnerable to multiple or inter-
sectional forms of discrimination based on race, ethnicity, and gender, may be at
heightened risk. For instance, a study of internalizing symptomatology and suicidal-
ity in Latinx youth observed a pronounced effect of discrimination on suicide risk
for Latina girls relative to Latino boys (Vargas et al. 2021).

An estimated one-third of adolescent girls are affected by internalizing symptoms,
including anxiety, and rates among Latina adolescents, in particular, have signifi-
cantly increased in recent years (Anderson and Mayes 2010; Ginsburg and Silverman
1996; Kessler et al. 1994; Varela et al. 2004). In both community-based and clini-
cally referred samples, Latinx youth demonstrate higher rates of anxiety than their
European American peers (Glover et al. 1999; Pina and Silverman 2004; Roberts
et al. 2006). Further, Latina girls report more anxiety symptoms than European
American, African American, and Latino youth (McLaughlin et al. 2007). Because
sex differences in the incidence of anxiety begin in childhood and increase in mag-
nitude during adolescence (Lewinsohn et al. 1998; Roza et al. 2003), characterizing
mechanisms by which sociocultural stressors, like ethnic-racial discrimination, may
escalate anxiety risk at the transition to adolescence is crucial. This work has sig-
nificant implications for culturally informed intervention and prevention efforts to
reduce the disproportionately high rates of anxiety observed in Latina youth.

1.2 Minority Stress Processes

One potential neurobiological pathway between ethnic—racial discrimination expe-
riences and anxiety is that ongoing exposure to racially charged stressors presents
imminent threats that may perturb stress-sensitive neural networks (Bale and Jo-
vanovic 2021). Exposure to stress triggers an adaptive response that helps the body
to prepare for danger, injury, or infection (Boyce and Ellis 2005). However, when
this stress becomes chronic, our capacity to efficiently process it declines, and takes
its toll on our health. Importantly, these processes are shaped by physical risk factors,
individual behaviors, and social conditions. Social determinants of health—defined
as the circumstances in which people are born, grow up, live, work, and age—are as
influential on health as access to health care (Lucyk and McLaren 2017). Theories
of social stress suggest that adverse conditions in the social environment can over-
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whelm our stress response systems and induce physical or mental illness (Dohren-
wend 2000). Minority stress theory, in particular, posits that social stress can sig-
nificantly and adversely impact the lives of people belonging to stigmatized social
groups, including categories related to ethnicity or race (Meyer 1995; Meyer and
Dean 1998). One such chronic, potent social stressor experienced by minoritized
individuals is ethnic—racial discrimination. Repeated exposure to cumulative experi-
ences associated with discrimination and victimization overtaxes individuals’ stress
response systems, contributing to health deterioration (Geronimus et al. 2006) and
escalating their vulnerability to stress-related health problems over the life course.
Empirically, experiencing ethnic-racial discrimination has been observed to pre-
dict greater cardiovascular reactivity, including higher systolic and diastolic blood
pressure throughout the day (Steffen et al. 2003). However, the link between expe-
rienced discrimination and anxiety-relevant neurobiological stress-response systems
is relatively unexplored, particularly among youth.

1.2.1 Neurobiological Pathways

Ethnic-racial discrimination predicts wide-ranging physical and mental health out-
comes (Gaylord-Harden and Cunningham 2009; Pachter et al. 2018; Steffen et al.
2003; Stein et al. 2019), including elevating stress and anxiety among children and
adolescents (Priest et al. 2013). The mechanisms underlying these observed associa-
tions are complex and not yet fully understood. However, neuroscience, particularly
when situated in a sociological framework, provides a valuable tool for measur-
ing and characterizing how experiences of ethnic—racial discrimination contribute
to anxiety symptoms (Firat 2019, 2021). Several brain regions are responsible for
processing different aspects of fear, threat, and pain. Specifically, the amygdala is
essential to monitoring the social environment for basic threats, including threats of
discriminatory treatment (Krill and Platek 2009), and coordinating with other brain
regions to mediate stress response systems (Calder et al. 2001; Fanselow and LeDoux
1999). When chronic stressors like ethnic—racial discrimination perturb communi-
cation within and among these systems, this can engender anxious hypervigilance
or an excessive anticipatory response to potential social threats (Goosby et al. 2018;
van Marle et al. 2009), a core feature of pathological anxiety. Among the most
consistent findings in individuals with an anxiety disorder is exaggerated amygdala
activation (see Etkin and Wager 2007, for a review). Individuals with subthreshold
anxiety exhibit elevated amygdala responses to social anxiety-inducing cues (Beaton
et al. 2008); Diaz et al. 2024), suggesting that anxiety might fall on a continuum
(Jayakar et al. 2020).

Because the amygdala aids centrally in threat vigilance, it is conceivable that it
would be similarly active in response to discriminatory treatment. Indeed, emerging
functional and structural neuroimaging evidence in adults documents the detrimental
and compounding effects of ethnic—racial discrimination on the neural architecture
of the amygdala (Hobson et al. 2022). For example, the amygdala is highly respon-
sive to social exclusion (Eisenberger 2013) and these processes relate to increased
sympathetic nervous system activity (Critchley et al. 2003; McEwen and Gianaros
2010), a known biomarker of heightened anxiety (Wenner 2018). Individuals who
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report higher levels of ethnic—racial discrimination also exhibit heightened sponta-
neous amygdala activity (Krill and Platek 2009) and greater functional connectivity
with regions involved in threat processing and emotion regulation during resting
state functional magnetic resonance imaging (Clark et al. 2018; Webb et al. 2022).
A related study finds that greater amygdala functional connectivity to threat-relevant
brain regions among Hispanic and Black participants relative to white participants
is, in part, driven by race-related differences in structural inequities (Harnett et al.
2023).

Fewer studies have examined the effect of ethnic—racial discrimination on brain
anatomy, with one recent study documenting larger amygdala volumes in adults
exposed to higher levels of ethnic—racial discrimination (Rosario et al. 2020). Im-
portantly, no studies of ethnic—racial discrimination, to date, have investigated func-
tional or structural alterations of the amygdala in youth. This is consequential, as
anxiety disorders that affect adults typically begin in late childhood (Glenn et al.
2012). Further, the transition from childhood to adolescence is marked by a host
of connected neurophysiological (Glenn et al. 2022) and social changes, including
a heightened sensitivity to social exclusion (Masten et al. 2009) and an increasing
awareness of social status and positions in social hierarchies (Goosby et al. 2013).
Therefore, examining these processes in preadolescence could be informative for de-
veloping culturally informed intervention and prevention efforts to reduce the burden
of ethnicity- and race-based health disparities in minoritized youth (Michalska and
Davis 2019).

1.3 Study Overview

The current study utilized structural brain imaging to evaluate whether altered amyg-
dala volume is one mechanism underlying vulnerability to anxiety in preadolescent
Latina girls experiencing ethnic—racial discrimination. We expected that youth with
greater ethnic—racial discrimination exposure would report higher anxiety levels.
We also tested a mediation model that evaluated an indirect effect of ethnic—racial
discrimination exposure on anxiety symptoms through amygdala volume. We com-
plement and extend prior work in several ways. First, emerging empirical work (see
Fani et al. 2021, 2022) examining neural mechanisms underlying the association
between ethnic-racial discrimination and mental health is still in its infancy. Here,
we add to a growing body of literature probing these mechanisms. Second, to our
knowledge, this is the first neurobiological study of ethnic—racial discrimination and
anxiety in preadolescent youth, enabling examination of these processes during an
earlier developmental period marked by significant neurophysiological and social
transitions. Third, we study a sample consisting exclusively of Latina girls, a group
exhibiting heightened levels of untreated anxiety (Ginsburg and Silverman 1996;
McLaughlin et al. 2007; Varela et al. 2004) that is disproportionately subjected to
experiences of discrimination (Vargas et al. 2021) and has been underrepresented in
research focused on the mental health costs of ethnic—racial discrimination (Aratjo
and Borrell 2006; La Scala et al. 2023).
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2 Methods
2.1 Participants

Participants included 30 Latina girls (Ma,=9.76, SD=1.11, range=8-12 years,
66.67% Mexican, 10.00% Cuban, and 23.33% of mixed or unspecified Latina her-
itage) residing in the Inland Empire Region of Southern California. Participants
were recruited via fliers in outpatient mental health clinics and local hospitals, and
the University of California, Riverside Psychology Department shared database of
child participants. Participant eligibility was determined by phone screening with
a parent. Children were eligible for participation if they were fluent in English, aged
8-13 years, self-identified as Latina, were pre-menstrual, had no contraindications
for neuroimaging, and did not meet any exclusionary criteria. We note that although
menstruation was initially included as an exclusion criterion, it was later dropped to
increase sample size and two post-menstrual participants were recruited. Exclusion
criteria for children were a current psychiatric diagnosis of Tourette’s syndrome or
obsessive-compulsive disorder, suicidal ideation, active medical problems, or any
lifetime history of mania, psychosis, or pervasive developmental disorder. On aver-
age, families had household incomes ($25,000-$39,999) below the median annual
household income in the USA ($70,784; United States Census Bureau 2022). The
income distribution of the current sample appears in Fig. 1.

2.2 Procedures

Data for the present analyses were collected at participants’ first of several laboratory
assessments as part of an ongoing longitudinal study of socioemotional development
(Diaz et al. 2024; Glenn et al. 2022; Mullins et al. 2021). Upon participant arrival,
written parent consent and child assent were obtained. During the laboratory ses-
sion, children completed a structural magnetic resonance imaging (MRI) scan and
a battery of self-report questionnaires assessing demographics, discrimination expo-
sure, and anxiety symptoms. At the end of the laboratory session, participants were

Fig. 1 Pie chart depicting the 0%
distribution of annual household
incomes 10%
7% Under $5,000
$5,000-$9,999
3% o, 7 $10,000-814,999
$15,000-$24,999
$25,000-839,999
$40,000-859,999
5 $60,000-$89,999
2L =§90,000-5179,999
= Over $180,000

089
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Fig. 2 Using Freesurfer Version 6.0.0 (https:/surfer.nmr.mgh.harvard.edu/), volume measurements for
the left and right amygdala were extracted. For visualization in FMRIB Software Library (https:/fsl.fmrib.
ox.ac.uk/fsl/fslwiki/), the sample subject Freesurfer amygdala labels were converted to volumetric masks
and overlaid on a coronal view of the Freesurfer-provided brain mask as the underlay

compensated with a gift card and a small prize. The university Institutional Review
Board approved all study procedures.

2.3 Measures
2.3.1 Brain Imaging, Data Processing, and Analysis

Magnetic resonance imaging scans were acquired on a 3-Tesla Siemens Magne-
tom Prisma scanner (Siemens, Malvern, PA, USA) with a 32-channel receive-
only head coil at the University of California, Riverside Center for Advanced
Neuroimaging. Participants completed a T1-weighted magnetization-prepared rapid
conditioning gradient-echo scan with the following parameters: 208 sagittally ac-
quired 0.80-mm slices, 320x 300 matrix, 0.8 mm? isotropic voxels, flip angle=8°,
field of view =256 x 240 mm, repetition time=2400ms, echo time =2.72ms, inver-
sion time = 1060 ms. Using Freesurfer Version 6.0.0 (https://surfer.nmr.mgh.harvard.
edu), T1 images were processed, cortical surface reconstruction was performed, and
the left and right amygdala volume measurements were extracted using standard
processing pipelines (Fig. 2).

2.3.2 Experiences of Discrimination

To assess experiences of ethnic—racial discrimination, participants completed the
Perceptions of Racism in Children and Youth (PRaCY; Pachter et al. 2010). Prior to
questionnaire administration, children were told, “When people are racially discrim-
inated against, they are treated badly, not given respect, or are considered inferior
because of the color of their skin, because they speak a different language or have
an accent, or because they come from a different country or culture. For each of
the following situations, think whether you have ever in your life felt discriminated
against because of your color, language or accent, or because of your culture or
country of origin.” Children were then provided a list of 23 discriminatory experi-
ences (e.g., “someone called you an insulting name,” “teachers assume you’re not
smart or intelligent,” etc.) and were asked to indicate which of them they had expe-
rienced. For each endorsed item, children used a five-point Likert scale to indicate
how often this had happened to them (1=Once to 5= Weekly) and how much this
experience upset them (0=Not at all to 4=Extremely). Responses to these scales
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were summed to index the prevalence and severity of discriminatory experiences
respectively—children who did not endorse any experiences of ethnic—racial dis-
crimination received prevalence and severity scores of 0. The PRaCY has been
utilized as a valid measure of perceived discriminatory experiences in studies of
both children (Marcelo and Yates 2019) and adolescents (Park et al. 2017).

2.3.3 Anxiety Symptoms

Participants completed the 41-item Screen for Child Anxiety-Related Emotional Dis-
orders (SCARED; Birmaher et al. 1999) to provide continuous measures of anxiety
symptoms across five domains: panic/somatic, generalized anxiety, separation anxi-
ety, social phobia, and school phobia. For each item, children indicated on a three-
point Likert scale (0=Not true or hardly ever true to 2= Very true or often true) the
extent to which each was true for them. Responses were summed across all items,
as well as within each subdomain. The SCARED demonstrated strong internal con-
sistency in the current sample with a Cronbach’s a of 0.93. Of note, 80.0% of the
sample met clinical thresholds for anxiety disorder (= 25).

2.4 Data Analysis

Linear regression analysis implemented in SPSS Version 28.0.0 (IBM, Armonk, NY:
https://www.ibm.com/spss), together with the PROCESS macro (Hayes 2013), was
used to evaluate the associations of ethnic—racial discrimination and anxiety symp-
toms and mediating effects of amygdala volume on any observed associations. To
do this, we first evaluated whether ethnic—racial discrimination exposure was associ-
ated with amygdala volume (a path). Next, we examined whether amygdala volume
was associated with anxiety symptoms, controlling for ethnic-racial discrimination
exposure (b path). Finally, we assessed whether amygdala volume indirectly me-
diated the association between ethnic—racial discrimination and anxiety symptoms.
Separate regression models were conducted for each predictor (i.e., ethnic-racial
discrimination prevalence, ethnic—racial discrimination severity) and mediator (i.e.,
left amygdala volume, right amygdala volume) of interest. As such, four regression
models were conducted, each controlling for total intracranial volume and annual
household income, which has been linked with alterations in brain structure (Merz
et al. 2018).

All variables were continuous and mean centered prior to analysis, and the es-
timated effects are reported as standardized regression coefficients. To address any
non-normality in the distribution of the outcomes, the models were estimated using
bootstrapped samples (bootstrap N=5000) to produce 95% bias-corrected confi-
dence intervals (BC 95% CI) around the parameter estimates. Effects were deter-
mined to be significant at p<0.05 if the upper and lower limits of the CIs did not
contain zero. To account for multiple tests, Bonferroni corrections were applied.
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Table 1 Descriptive statistics for key study variables

Variables M SD Minimum Maximum N
Age 9.76 1.11 8.22 12.28 30
Left Amygdala Volume 1557.03 181.90 1257.10 2003.60 30
Right Amygdala Volume 1642.65 180.99 1249.80 1990.20 30
ERD Prevalence 9.57 12.71 0.00 51.00 30
ERD Severity 9.50 12.62 0.00 46.00 30
Anxiety Symptoms 36.87 16.23 4.00 71.00 30

ERD Ethnic-Racial Discrimination

3 Results
3.1 Descriptive Statistics

Descriptive statistics appear in Table 1, and bivariate correlations appear in Table 2.
Of note, a significant positive association between ethnic—racial discrimination sever-
ity and anxiety symptoms emerged (r=0.38, p=0.040). Scatter plots depicting the
association of amygdala volume with ethnic—racial discrimination prevalence, eth-
nic-racial discrimination severity, and anxiety symptoms appear in Fig. 3.

3.2 Ethnic—Racial Discrimination and Anxiety Symptoms

Controlling for total intracranial volume and annual household income, regression
analysis revealed that the effect of children’s concurrent ethnic—racial discrimina-
tion experiences on anxiety symptoms was positive but not statistically significant
for both ethnic-racial discrimination prevalence (8=0.20, SE=0.25, BC 95% CI
[-0.259, 0.766], p=0.318) and ethnic—racial discrimination severity (f=0.31, SE=

Table 2 Bivariate correlations (and corresponding p values) for variables of interest
1 2 3 4 5 6
1 Age - - - - - -

2 Left Amygdala 0.20 - - - - _

Volume (0.282) _ _ _ _ _

3 Right Amygdala  0.31 0755 - - - -
Volume (0.099) (<0.001) - - - -

4 ERD Prevalence 0.09 -0.31 -0.33 - - -
(0.626) (0.098) (0.077) - - -

5 ERD Severity 0.11 -0.36 -0.32 0.87#%* - -
(0.562) (0.054) (0.085) (<0.001) - -

6  Anxiety 0.08 0.24 -0.12 0.29 0.38* -
Symptoms (0.691) (0.205) (0.537) (0.119) (0.040) -

ERD Ethnic—Racial Discrimination
*p<0.05, **p<0.01, ***p<0.001
Bolded values reflect statistically significant results
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Fig. 3 Scatter plots depicting
the association of amygdala
volume with a ethnic-racial
discrimination prevalence, b eth-
nic—racial discrimination sever-
ity, and ¢ anxiety symptoms.
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0.24, BC 95% CI [-0.101, 0.885], p=0.114). Because it is appropriate to examine
a mediation analysis even when the total effect does not reach conventional thresh-
olds of statistical significance, as such a requirement reduces the statistical power
to detect mediation (Hayes 2009; MacKinnon et al. 2007; Muele 2019; Zhao et al.
2010), we conducted analyses to test whether ethnic—racial discrimination indirectly
contributed to greater anxiety symptoms through alterations in amygdala volume.
As a reminder, we evaluated: first, whether ethnic—racial discrimination exposure
was associated with amygdala volume (a path); second, whether amygdala volume
was associated with anxiety symptoms, controlling for ethnic-racial discrimination
exposure (b path); and third, whether amygdala volume indirectly mediated the
association between ethnic—racial discrimination and anxiety symptoms.

3.3 Ethnic—Racial Discrimination and Brain Structure (a Path)

Participants who reported more severe ethnic—racial discrimination exposure had a
significantly smaller left amygdala volume than participants who reported less severe
ethnic—racial discrimination exposure (B=-0.37, SE=2.13, BC 95% CI [-9.680,
—-0.902], p=0.020), controlling for total intracranial volume and annual household
income. This association was not significant for the right amygdala or the prevalence
of ethnic—racial discrimination exposure, all ps>0.066.

3.4 Brain Structure and Anxiety (b Path)

Participants with a larger left amygdala volume reported more anxiety symptoms
than participants with a smaller left amygdala volume (=0.76, SE=0.02, BC 95%
CI [0.030, 0.106], p=0.001), controlling for total intracranial volume, annual house-
hold income, and the severity of ethnic—racial discrimination exposure. This as-
sociation was not significant for the right amygdala, p=0.774. Participants with
a larger left amygdala volume reported more anxiety symptoms than participants
with a smaller left amygdala volume (§=0.57, SE=0.02, BC 95% CI [0.011, 0.092],
p=0.015), controlling for total intracranial volume, annual household income, and
the prevalence of ethnic—racial discrimination exposure. This association was not
significant for the right amygdala, p=0.990.

3.5 Mediation Analyses

Mediation analyses revealed indirect effects of ethnic-racial discrimination on anx-
iety symptoms via amygdala volume (Table 3). The first analysis tested whether
left amygdala volume mediated the association between ethnic—racial discrimina-
tion prevalence and anxiety symptoms. Controlling for total intracranial volume
and annual household income, no significant mediating effect emerged, BC 95%
CI [-0.483, 0.065], p=0.093. The second linear regression analysis tested whether
left amygdala volume mediated the association between ethnic—racial discrimination
severity and anxiety symptoms, controlling for total intracranial volume and annual
household income. The BC 95% CI of the standardized index of mediation for the
model with left amygdala volume (8=-0.28, SE=0.17, BC 95% CI [-0.690,-0.017],
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Table 3 Linear regression path estimates for the tested mediation models, each controlling for annual
household income and total intracranial volume

BC 95% CI
Model Type Effect B SE Lower Upper
1 Component ERD Prevalence = Left Amygdala -0.26 2.28 -8.43 0.96
Volume
Left Amygdala Volume = Anxiety 0.57* 0.02 0.01 0.09
Symptoms
Indirect ERD Prevalence = Left Amygdala -0.15 0.14 -0.48 0.07
Volume = Anxiety Symptoms
Direct ERD Prevalence = Anxiety Symp- 0.35 0.24 -0.04 0.93
toms
Total ERD Prevalence = Anxiety Symp- 0.20 0.25 -0.26 0.77
toms
I Component ERD Severity = Left Amygdala -0.37* 2.13 -9.68 -0.90
Volume
Left Amygdala Volume = Anxiety 0.76%* 0.02 0.03 0.11
Symptoms
Indirect ERD Severity = Left Amygdala —0.28* 0.17 -0.69 -0.02
Volume = Anxiety Symptoms
Direct ERD Severity = Anxiety Symp- 0.59%+%* 0.22 0.30 1.20
toms
Total ERD Severity = Anxiety Symp- 0.31 0.24 -0.10 0.89
toms
i Component ERD Prevalence = Right Amyg- -0.24 2.12 -1.79 0.95
dala Volume
Right Amygdala Volume = Anxi- <0.01 0.02 -0.05 0.05
ety Symptoms
Indirect ERD Prevalence = Right Amyg- <-0.01 0.10 -0.24 0.19
dala Volume = Anxiety Symptoms
Direct ERD Prevalence = Anxiety Symp- 0.20 0.27 -0.30 0.81
toms
Total ERD Prevalence = Anxiety Symp- 0.20 0.25 -0.26 0.77
toms
v Component ERD Severity = Right Amygdala -0.28 2.07 -8.22 0.29
Volume
Right Amygdala Volume = Anxi- 0.08 0.02 -0.04 0.06
ety Symptoms
Indirect ERD Severity = Right Amygdala -0.02 0.11 -0.30 0.16
Volume = Anxiety Symptoms
Direct ERD Severity = Anxiety Symp- 0.33 0.26 -0.12 0.96
toms
Total ERD Severity = Anxiety Symp- 0.31 0.24 -0.10 0.89

toms

ERD Ethnic—Racial Discrimination
*p<0.05, **p<0.01, ***p<0.001
Bolded values reflect statistically significant results
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Left Amygdala
Volume

X-M (apath) M-Y (b path)
B =-37* B =.76%*

Total effect (¢ path)
B=.31

ERD Severity Anxiety Symptoms

Direct effect (¢’ path)
B =.59%*

Fig.4 Controlling for age and total intracranial volume, two indirect paths were observed: a negative
association between ethnic-racial discrimination severity and left amygdala volume and a positive associ-
ation between left amygdala volume and anxiety symptoms. Although the mediation model was significant,
($=-0.28, SE=0.17, BC 95% CI [-0.690, —0.017], p=0.014), we interpret these data as two indirect paths
rather than partial or full mediation as ¢’ was not smaller than c. (Effects are reported as standardized
regression coefficients. ERD Ethnic—Racial Discrimination. *p<0.05, **p<0.01, **¥p<0.001)

p=0.014) did not include zero, suggesting a significant indirect effect for this model
(Fig. 4). The third linear regression analysis tested whether right amygdala vol-
ume mediated the association between ethnic—racial discrimination prevalence and
anxiety symptoms. Controlling for total intracranial volume and annual household
income, no significant mediating effect emerged, BC 95% CI [-0.241, 0.185], p=
0.982. The fourth linear regression analysis tested whether right amygdala volume
mediated the association between ethnic—racial discrimination severity and anxiety
symptoms. Controlling for total intracranial volume and annual household income,
no significant mediating effect emerged, BC 95% CI [-0.299, 0.155], p=0.712. We
note that because of the direction of our paths (see Fig. 4), our results do not explic-
itly support a mediation effect but rather two indirect paths linking (a) ethnic—racial
discrimination severity with left amygdala volume and (b) left amygdala volume
with child anxiety symptoms.

3.5.1 Bonferroni Corrections

The current analyses separately tested the indirect effects of left and right amygdala
volume on the association between ethnic—racial discrimination exposure and anxiety
symptoms. As such, Bonferroni corrections were applied to correct for multiple tests
of laterality. With an adjusted p value of 0.05/2=0.025, the observed indirect effect
of left amygdala volume on the association between ethnic-racial discrimination
severity and anxiety symptoms remained significant, p=0.014.
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4 Discussion

We provide preliminary evidence that racialized threats in childhood may contribute
to smaller left amygdala volume among Latina girls and that alterations in amygdala
volume may indirectly contribute to increased vulnerability to anxiety symptoms.
Our data elucidate a potential mechanism by which experiences of ethnic—racial dis-
crimination can adversely impact mental health, particularly in the transition from
middle childhood to early adolescence, a period marked by a host of interlinked neu-
rophysiological and social changes. Prior work has consistently shown that youth
who have experienced adversity, including abuse, neglect, and violence exposure,
are at an elevated risk for mental health problems (King 2021). However, scholars
have only recently begun investigating the neurobiological mechanisms underlying
these patterns, including their extension to stressors unique to underrepresented and
marginalized groups. Such efforts are consequential because chronic sociocultural
stress may compound the effects of more widely experienced social stressors, sug-
gesting that the health of individuals of color might be at a heightened risk (Meyer
1995; Meyer and Dean 1998).

In partial support of our first hypothesis, ethnic-racial discrimination severity
correlated positively with anxiety symptoms. This result parallels previous findings
that discrimination is related to detriments in mental health, including elevated
anxiety (Priest et al. 2013). Even though we did not specify distinct effects of
ethnic—racial discrimination severity and prevalence on anxiety symptoms, it is worth
noting that only the severity of discriminatory experiences, not their prevalence,
was associated with higher anxiety levels in our sample. This observed association
is consistent with work on more conventionally studied forms of adversity (e.g.,
abuse, neglect), which suggests that the subjective experience of adversity might
be a more potent predictor of child psychopathology than the objective occurrence
(Baldwin and Degli Esposti 2021; Danese and Widom 2020). Under this notion,
the degree to which children are upset by ethnic—racial discrimination experiences
(i.e., severity) may be a unique indicator of anxiety risk relative to the frequency
of ethnic-racial discrimination experiences accumulated (i.e., prevalence). As such,
continued research on ethnic—racial discrimination must carefully examine these
distinctions to characterize the potential differential effects of distinct facets of
ethnic-racial discrimination on mental health.

In partial support of our second hypothesis, we observed evidence of racial-
ized stress sensitization operating indirectly on anxiety symptoms via reduced left
amygdala volume. Ethnic—racial discrimination severity was associated with reduced
volume in the left amygdala. This finding is consistent with prior studies examin-
ing the association between trauma exposure and amygdala volume in children and
adolescents, finding smaller amygdala volumes among children exposed to mal-
treatment (McLaughlin et al. 2016, 2019; Saxbe et al. 2018; Weissman et al. 2020).
Importantly, our work suggests that sociocultural adversity might similarly impli-
cate the structure of this stress-sensitive neural region. Left amygdala volume, in
turn, was associated with elevated anxiety symptoms. This result parallels previ-
ous structural and functional work identifying larger amygdala volumes in anxious
relative to non-anxious youth (De Bellis et al. 2000) and a compounding effect
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of adverse life experiences on linkages between amygdala reactivity and anxiety
(Silvers et al. 2017). We note that subcortical structure does not consistently map
onto function and subsequent psychopathology. Whereas increased amygdala vol-
ume may index heightened sensitivity to threat and create a vulnerability to anxiety,
it is simultaneously plausible that increased amygdala volume might be the result
of increased anxiety during development. Thus, we contend that in addition to iden-
tifying structural alterations in threat-relevant brain regions, we must also identify
functional perturbations within and among these neural networks. Doing so would
more completely clarify the role of amygdala volume and reactivity in anxiety risk.

Whereas ethnic—racial discrimination severity did not significantly predict anxi-
ety symptoms, a significant indirect effect of ethnic—racial discrimination on anxiety
symptoms via left amygdala volume emerged, identifying a potential neurobiological
pathway by which ethnic—racial discrimination may contribute to elevated anxiety.
Finally, these associations were not observed for the prevalence of ethnic—racial dis-
crimination or right amygdala volume. The absence of an effect of the prevalence
of ethnic-racial discrimination on left amygdala volume was surprising, given its
high correlation with the severity of ethnic-racial discrimination. We note that the
associative patterns of these discrimination indices with amygdala volume are qual-
itatively similar (see Fig. 3) and attribute the lack of similar quantitative effects to
our modest sample size. However, future work in larger samples would be infor-
mative. Relatedly, we expect the observed lateral differences in amygdala volume
to be a function of sample size too and argue that continued research is needed to
determine the role the amygdala plays in mediating sociocultural stress and mental
health changes depending on laterality.

The current findings should be considered in the context of several limitations.
First, our sample size was modest, potentially reducing statistical power. Although
analyses utilized bootstrapping techniques to assist with this, future work in larger
samples would be informative. Of note, our mediation analysis included negative
(i.e., effect of ethnic—racial discrimination severity on left amygdala volume) and
positive (i.e., effect of left amygdala volume on anxiety symptoms) effects, suggest-
ing that an untested variable might be moderating one or both paths linking racialized
stress, amygdala volume, and anxiety symptoms. Larger samples may provide op-
portunities to parse out interactive effects of more proximal environmental factors
through tests of moderated paths. For instance, structural inequities such as income
detrimentally affect brain structure and function (Harnett et al. 2023; Merz et al.
2018), although household income was not significantly related to any variables of
interest in the current study. Future work should continue probing the effects of
income and other forms of structural inequity on the links among discrimination,
neurobiology, and mental health. Second, this was a cross-sectional design. Longitu-
dinal studies testing whether the effects of ethnic—racial discrimination on anxiety via
alterations in amygdala volume prospectively sensitize Latina girls’ threat systems
and exacerbate anxiety symptoms are necessary to more completely understand the
toll of discrimination on stress-sensitive neurocircuitry and mental health over time.
Third, this was a structural MRI investigation, limiting our ability to make inferences
about the role of amygdala reactivity in the link between ethnic—racial discrimination
and anxiety. Functional neuroimaging studies would elucidate whether ethnic—racial
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discrimination disrupts activity within and surrounding this stress-sensitive region,
consequently elevating anxiety. Fourth, considering that the sample was primarily
community-based (La Scala et al. 2023), participants exhibited unexpectedly high
levels of anxiety, which may limit generalizability. Although these trends are con-
sistent with a growing body of research showing heightened levels of untreated
anxiety in Latina youth (Anderson and Mayes 2010; McLaughlin et al. 2007; Pina
and Silverman 2004; Polo et al. 2024) and may further support our hypothesis that
discriminatory experiences elevate anxiety, future work in samples with more varied
levels of anxiety is warranted.

Several strengths mitigate these limitations and offer data about the amygdala’s
role in linking ethnic—racial discrimination exposure and anxiety symptoms in Latina
youth. First, emerging empirical work (see Fani et al. 2021, 2022) examining neuro-
biological mechanisms by which ethnic—racial discrimination shapes mental health
is still in its infancy. Here, we add to a growing body of literature probing these
pathways and to broader investigations of the influence of sociocultural processes on
the psychobiology of emotional development (Michalska and Davis 2019). Second,
to our knowledge, this is the first neurobiological study of ethnic—racial discrimina-
tion and anxiety in preadolescents, enabling examination of these processes during
an earlier developmental period marked by significant neurophysiological and social
transitions. Third, we study a sample consisting exclusively of Latina girls, a group
exhibiting heightened levels of untreated anxiety (Ginsburg and Silverman 1996;
McLaughlin et al. 2007; Varela et al. 2004) that is disproportionately subjected to
experiences of discrimination (Vargas et al. 2021), and has been underrepresented in
research focused on the mental health costs of ethnic—racial discrimination (Aratjo
and Borrell 2006).

In sum, the current study elucidates a potential neurobiological pathway by which
negative social experiences detrimentally impact mental health. Specifically, we add
to existing literature identifying ethnic—racial discrimination as a threat-relevant
social stressor related to altered threat neurocircuitry and elevated anxiety. This work
highlights the utility of neuroscience in measuring and understanding how adverse
social conditions shape health trajectories and likely perpetuate ethnicity- and race-
based health disparities. Together with other efforts, our investigation lays the initial
groundwork for developing culturally-informed intervention and prevention efforts
targeting long-term mental health outcomes in minoritized youth.
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