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ARTICLE

Associations between childhood ethnoracial minority density,
cortical thickness, and social engagement among minority
youth at clinical high-risk for psychosis
Benson S. Ku 1✉, Meghan Collins2, Deidre M. Anglin3,4, Anthony M. Diomino5, Jean Addington 6, Carrie E. Bearden 7,
Kristin S. Cadenhead3, Tyrone D. Cannon 2,8, Barbara A. Cornblatt9,10, Benjamin G. Druss11, Matcheri Keshavan 12,
Daniel H. Mathalon 13, Diana O. Perkins14, William S. Stone12, Ming T. Tsuang 5, Scott W. Woods6 and Elaine F. Walker15

© The Author(s), under exclusive licence to American College of Neuropsychopharmacology 2023

An ethnoracial minority density (EMD) effect in studies of psychotic spectrum disorders has been observed, whereby the risk of
psychosis in ethnoracial minority group individuals is inversely related to the proportion of minorities in their area of residence. The
authors investigated the relationships among area-level EMD during childhood, cortical thickness (CT), and social engagement (SE)
in clinical high risk for psychosis (CHR-P) youth. Data were collected as part of the North American Prodrome Longitudinal Study.
Participants included 244 ethnoracial minoritized (predominantly Hispanic, Asian and Black) CHR-P youth and ethnoracial
minoritized healthy controls. Among youth at CHR-P (n= 164), lower levels of EMD during childhood were associated with reduced
CT in the right fusiform gyrus (adjusted β= 0.54; 95% CI 0.17 to 0.91) and right insula (adjusted β= 0.40; 95% CI 0.05 to 0.74). The
associations between EMD and CT were significantly moderated by SE: among youth with lower SE (SE at or below the median,
n= 122), lower levels of EMD were significantly associated with reduced right fusiform gyrus CT (adjusted β= 0.72; 95% CI 0.29 to
1.14) and reduced right insula CT (adjusted β= 0.57; 95% CI 0.18 to 0.97). However, among those with greater SE (n= 42), the
associations between EMD and right insula and fusiform gyrus CT were not significant. We found evidence that lower levels of
ethnic density during childhood were associated with reduced cortical thickness in regional brain regions, but this association may
be buffered by greater levels of social engagement.

Neuropsychopharmacology (2023) 48:1707–1715; https://doi.org/10.1038/s41386-023-01649-6

INTRODUCTION
The relationship between adverse experiences and brain mor-
phology has been documented in numerous studies in the past
decades [1–3]. This relationship has been demonstrated in
numerous experimental studies with animals [4–7] and, more
recently, similar findings have been reported in studies of humans
[5, 8, 9]. Exposure to stress appears to have a cumulative effect on
gray matter morphology in humans, such that increased stress is
linked with reduced thickness and volume in cortical regions. This
has recently been demonstrated in youth at clinical high risk for
psychosis (CHR-P), as well as healthy controls [10]. In fact, there is
growing evidence that different types of stressors (e.g., threat
versus deprivation) during childhood may impact distinct regions
of the brain [11, 12]. While the relationship between early
adversity and psychopathology is well established [13], the

underlying biological mechanisms (e.g., changes in brain struc-
ture) that link early adversity, protective factors, and cortical
thickness among ethnoracial minority youth at CHR-P have yet to
be examined.
It has long been known that ethnoracial minority individuals in

the U.S. and Europe experience greater stressful life events
compared to white people [14, 15]. Greater life event stress may
partially explain the higher rates of certain mental illnesses,
including psychosis, among ethnoracial minorities, especially
those who reside in predominantly white communities [16, 17].
It has been shown that ethnoracial minorities who live in
neighborhoods with greater proportions of other ethnoracial
minorities, referred to as ethnoracial minority density (EMD), have
a reduced risk of developing psychopathology, including psycho-
tic disorders [18, 19]. These findings may be explained by lower
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exposure to perceived discrimination and other stressors as well
as greater engagement in social networks [17, 20–22].
In our previous study, we found that among ethnoracial

minority youth at CHR-P, higher levels of EMD during childhood
predicted lower perceived discrimination at baseline, which in
turn predicted remission of psychosis-risk symptoms within two-
year follow-up [23]. It is possible that the inverse relationship
between childhood EMD and psychosis-risk may be partially
explained by discrimination related to ethnoracial minority status
and other adverse social experiences, which in turn impacts select
cortical regions [24, 25]. The Stimulation Discrepancy Deprivation
(SDD) model of psychosis categorizes different types of structural
exposures along with their proposed influences on different
neural systems [26]. The SDD model proposes that EMD falls under
“social discrepancy exposure” such that chronic exposure to lower
levels of EMD and greater discrepancy from peers in culture and
appearance may increase feelings of being ‘different’ for ethno-
racial minority children, as they develop and become aware of
social cues and social hierarchy in respect to their minority status
[27]. Their enhanced ethnoracial minority status in context of
living in areas with fewer people who also share a minority status
may predispose them to greater perceived discrimination, lack of
social cohesion, lower sense of belonging and support, and less
robust social networks [27].
The SDD model posits these social stressors and circumstances

may impact certain “social brain” regions from the oxytocinergic
system, which has been linked to social attachment, empathy, and
social threat [26, 28, 29]. Studies have found intranasal delivery of
oxytocin to modulate the evaluation of socially relevant faces
through the fusiform gyrus [30, 31]. Administration of intranasal
oxytocin has also been shown to decrease activity in the anterior
insula in response to social versus nonsocial positive stimuli
compared with placebo treatment [32]. Other neural regions that
have been shown to be impacted by oxytocin in The SDD model
include the orbitofrontal cortex [33], anterior cingulate cortex [34],
and posterior cingulate cortex [26, 35]. These brain regions also
process social norm compliance [36], conflict monitoring [37], and
social connection [26, 38]. Interestingly, loss of gray matter in
these regions has also been shown to be associated with
conversion to psychosis, although results have been mixed across
studies [39–48].
In sum, exposure to lower levels of childhood EMD may

predispose ethnoracial minority youth to experience greater social
stress [25, 49], which may in turn lead to gray matter loss of social
brain regions [4]. In addition, recent evidence suggests that
engaging in desirable social activities may buffer the deleterious
effects of early social adversity on gray matter volume [50].
Therefore, it is possible that social engagement also moderates
the association between lower levels of EMD and cortical
thickness among ethnoracial minority youth. To our knowledge,
no study has explored the relationships among childhood EMD,
cortical thickness, and social engagement. The present study
examines these relations in samples of ethnoracial minoritized
CHR-P and healthy participants, with EMD indexed as the
proportion of residents who did not identify as white non-
Hispanics in the area. We predict the following: (1) Lower levels of
childhood EMD will specifically be associated with reduced cortical
thicknesses of the “social brain” regions as suggested from The
SDD Model, which include the fusiform gyrus, insula, rostral
anterior cingulate, lateral orbitofrontal, medial orbitofrontal, and
posterior cingulate at baseline. We also predict that there will be
greater effects on the right as compared to the left hemisphere
based on prior evidence from animal models and human studies
suggesting that early-life environmental stressors appear to have a
greater impact on brain morphometry in the right hemisphere
[51–54]. (2) Social engagement will moderate the relationships
between EMD and selected brain regions. Specifically, it is
hypothesized that social engagement will reduce the adverse

impacts of lower levels of EMD on cortical thickness among
ethnoracial minorities. In addition to testing the above hypoth-
eses, we will test the potential moderating effects of demographic
and clinical characteristics including age, sex, and CHR-P status.

METHODS AND MATERIALS
Participants
Baseline data were collected as part of the North American Prodrome
Longitudinal Study-Phase 2 (NAPLS2), a multi-site consortium that
recruited help-seeking youth at CHR-P and healthy controls. CHR-P
individuals met the Criteria of Prodromal Syndromes, which is based on
the Structured Interview for Psychosis Risk Syndromes (SIPS) [55]. The aims
and recruitment methods have been described in prior literature [56, 57].
The participants in the present sample include those who identified with a
non-White ethnoracial or Hispanic group, had complete data on childhood
residence (cities/towns) in the USA suitable for geocoding, and whose
structural magnetic resonance imaging (MRI) data passed quality
assurance metrics. Table 1 lists characteristics of the sample and a
comparison of these characteristics between participants included and
those excluded due to missing data is shown in Table S1. The Institutional
Review Boards of each study site reviewed and approved the study
protocol and consent forms, and procedures complied with the ethical
standards of relevant committees.

Instruments
Demographic and clinical variables were obtained from self-report and
interview-based measures during baseline assessments and included age,
sex, race and ethnicity, family history of mental illnesses, the towns where
participants spent the longest time during childhood, and social
engagement. Family history of mental illnesses included bipolar disorder,
depression, psychosis, and schizophrenia among first- or second-degree
relatives [58, 59].

Area-level variables
Towns where individuals lived for the longest time during childhood were
linked to the primary county 5-digit Federal Information Processing
Standards (FIPS) codes [60]. Then, 1990 county-level characteristics were
linked to these FIPS codes for those born between 1985 and 1994, whereas
census data from 2000 were used for individuals born between 1995 and
2000 [61]. Censuses from these two time periods were chosen to capture
the area (county) characteristics during childhood for each participant.
Area-level EMD was defined as percentage of all residents who did not self-
identify their race/ethnicity as White non-Hispanic as done in prior
literature [19, 62]. Other definitions of ethnic or group density (including
the proportion of others belonging to the same ethnoracial group) were
not used in this study due to missing area-level characteristics regarding
specific ethnoracial minority groups, including those who identify as
Interracial, for example. Area-level Socioeconomic Deprivation was defined
as the average z-score of the percentage of residents living below the
poverty level, percentage of residents who did not complete high school
and/or obtain GED, percentage of residents in the civilian labor force who
were unemployed, and percentage of owner-occupied housing units
(reversed) as done in prior literature [63, 64].

Social engagement
Social engagement was calculated using the total count of five items from
the Desirable Social Activities subscale of Life Event Stress (LES) scale as
used in prior studies [50, 65, 66] and this score ranges from zero to five.
The LES scale was assessed at baseline regarding events that have
occurred in the participant’s life. These items include: (1) Involvement in
church or synagogue, club, neighborhood, or other organization; (2) Took a
vacation; (3) Took up a new hobby, sport, craft, or recreational activity; (4)
Acquired a pet; and (5) Made new friends.

Imaging data acquisition and processing
Cortical thickness of all brain regions was obtained at baseline for this
study. Five sites used Siemens scanners, which used 12-channel head coils,
and three sites used GE scanners, which used 8-channel head coils. All
scanners had a magnetic field strength of 3-Tesla. Sequence parameters
were optimized for each scanner manufacturer, software version, and coil
configuration according to the ADNI protocol [67]. To extract regional
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Table 1. Sociodemographic characteristics.

Total
(n= 244)

Ethnoracial minority youth at
CHR-P (n= 164)

Ethnoracial minority
healthy youth (n= 80)

Pa

N (%) N (%) N (%)

Age 0.229

12.0 to 16.0 85 (34.8) 60 (36.6) 25 (31.3)

16.1 to 20.0 88 (36.1) 62 (37.8) 26 (32.5)

20.1 to 35.0 71 (29.1) 42 (25.6) 29 (36.3)

Sex 0.208

Male 139 (57.0) 98 (59.8) 41 (51.3)

Female 105 (43.0) 66 (40.2) 39 (48.8)

Race/Ethnicityb 0.675

White Hispanic 35 (14.3) 25 (15.2) 10 (12.5)

non-White Hispanic 62 (25.4) 45 (27.4) 17 (21.3)

Black non-Hispanic 83 (34.0) 55 (33.5) 28 (35)

Asian non-Hispanic 37 (15.2) 23 (14) 14 (17.5)

Other non-Hispanic 27 (11.1) 16 (9.8) 11 (13.8)

Family history of mental illnesses <0.001

Yes 143 (58.6) 112 (68.3) 31 (38.8)

No 101 (41.4) 52 (31.7) 49 (61.3)

Highest paternal education 0.138

High school or greater 214 (94.3) 138 (92.6) 76 (97.4)

Less than high school 13 (5.7) 11 (7.4) 2 (2.6)

Highest maternal education 0.37

High school or greater 229 (95.0) 152 (95.0) 77 (97.5)

Less than high school 10 (4.1) 8 (5.0) 2 (2.5)

Living Below the Poverty Level During Childhood 0.148

Yes 53 (21.7) 40 (24.4) 13 (16.2)

No 191 (78.3) 124 (75.6) 67 (83.8)

Social Engagementc 0.024

0 4 (1.6) 2 (1.2) 2 (2.5)

1 18 (7.4) 17 (10.4) 1 (1.3)

2 25 (10.2) 19 (11.6) 6 (7.5)

3 51 (20.9) 37 (22.6) 14 (17.5)

4 84 (34.4) 47 (28.7) 37 (46.3)

5 62 (25.4) 42 (25.6) 20 (25)

Mean (SD) Mean (SD) Mean (SD)

Area-level Characteristics During Childhood

Percentage of residents who lived in owner-
occupied housing

55.5 (13.1) 55.4 (12.7) 55.7 (13.8) 0.855

Percentage of residents who are unemployed 6.3 (1.8) 6.3 (1.8) 6.2 (1.7) 0.946

Percentage of residents who lived under the
poverty line

12.1 (4.9) 12.3 (4.9) 11.8 (5.0) 0.463

Percentage of residents who completed high
school or obtained GED

25.1 (4.7) 24.8 (4.7) 25.8 (4.8) 0.141

Percentage of residents who identify as ethnoracial
minority

37.9 (18.6) 38.7 (18.6) 36.1 (18.5) 0.307

aP value reflects the chi-square and independent-samples t tests of sociodemographic characteristics between ethnoracial minority youth at CHR-P and
healthy youth for categorical and continuous variables, respectively.
bInformation regarding race and ethnicity were self-reported and collected at baseline. For racial identification, respondents selected among several options,
including First Nations, East Asian, Southeast Asian, South Asian, Black, Central/South American, West/Central Asian and Middle East, White, Native Hawaiian or
Pacific Islander and Interracial. Participants were then asked about Hispanic ethnicity. In this study, we consolidated racial identification and Hispanic ethnicity
into categories of the US Census: White Hispanic, non-White Hispanic, Black non-Hispanic, Asian non-Hispanic, and Other non-Hispanic.
cSocial engagement was calculated by the total count of five items from the Desirable Social Activities subscale of Life Event Stress scale. These items include:
(1) involvement in church or synagogue, club, neighborhood, or other organization; (2) took a vacation; (3) took up a new hobby, sport, craft, or recreational
activity; (4) acquired a pet; and (5) made new friends.
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parcels for cortical thicknesses, automated surface-based cortical recon-
struction, cortical parcellation, and subcortical segmentation were carried
out using the Freesurfer software suite version 5.3 [68, 69]. Regional parcels
for cortical thicknesses were extracted using a gyral and sulcal pattern-
based Desikan atlas with 34 parcels in each hemisphere [70].

Data analysis
A priori 12 cortical ROIs were derived from prior literature on The SDD
Model [26] and included the fusiform gyrus, insula, lateral orbitofrontal
cortex, medial orbitofrontal cortex, posterior cingulate cortex, rostral
anterior cingulate cortex of the right and left hemispheres. For Aim 1, we
first calculated the Pearson’s correlations between EMD and cortical
thicknesses of these 12 ROIs, adjusting for multiple comparisons using
the False Discovery Rate (FDR). In this study, the outcomes were cortical
brain ROIs, and we did not include subcortical structures that may have
been relevant (e.g., amygdala). However, we did assess for possible
structural effects outside the pre-hypothesized anatomical regions, and
they were significant if they survived multiple comparisons correction
across the whole brain. Then, each significant association between EMD
and ROI was tested using a generalized linear mixed (GLM) model with
the inclusion of covariates. Fixed factors included age, sex, CHR-P status,
family history of mental illnesses, and area-level deprivation. Random
factors included unique counties and sites. Variance inflation factors of
less than or equal to five was used to rule out multicollinearity in these
models. We tested whether the association between EMD and each ROI
may differ based upon age, sex, and CHR-P status. Each significant
association between EMD and ROI in the adjusted multi-level model was
further tested with their respective interaction terms. For each
significant interaction term, we analyzed the relationships between
EMD and cortical thicknesses by subgroups. For Aim 2, we assessed
social engagement as a potential moderator. Each significant association
between EMD and ROI in the adjusted multi-level model was further
tested with the interaction term, EMD-by-social engagement. For each
significant interaction term, we conducted a secondary analysis to
further analyze the significant interactions observed. We stratified the
sample into subgroups of participants based upon the median value of
the total social engagement score and assessed the association between
EMD and ROI.
R version 4.2.1 was used for statistical analyses.

RESULTS
Sample characteristics
This study (N= 244; mean (SD) age, 18.2 (3.4) years) included 139
males (57.0%). There were 164 (67.2%) youth at CHR-P. Other
participant sociodemographic information is presented in Table 1.
Childhood EMD was positively correlated with cortical thicknesses
of the right fusiform gyrus (Pearson’s r= 0.183; FDR-adjusted
p < 0.05) and right insula (Pearson’s r= 0.177; FDR-adjusted

p < 0.05) (Fig. 1). Childhood EMD was not significantly associated
with cortical thicknesses of other brain regions (Table S2).

Generalized linear mixed models predicting cortical
thicknesses of fusiform gyrus and insula
In the main analysis, lower levels of childhood EMD were
associated with reduced cortical thickness of the right fusiform
gyrus (adjusted β= 0.31; 95% CI: 0.02 to 0.59; p= 0.041) and the
right insula (adjusted β= 0.30; 95% CI= 0.06 to 0.53; p= 0.019).
To test whether these associations would differ by age, sex, and
CHR-P status, six additional GLM models were constructed
assessing each interaction term with childhood EMD for the right
fusiform gyrus and right insula (Table S3). Only the interaction
term, CHR-P status-by-childhood EMD was significantly associated
with right fusiform gyrus cortical thickness (adjusted β= 0.25; 95%
CI= 0.01 to 0.50; p= 0.040), suggesting that there may be
differences in the association between childhood EMD and
cortical thickness between healthy youth and those at CHR-P.
Stratifying this association by healthy youth and those at CHR-P
demonstrated that the associations between childhood EMD and
right fusiform gyrus (adjusted β= 0.54; 95% CI= 0.17 to 0.91;
p= 0.006) and right insula (adjusted β= 0.40; 95% CI= 0.05 to
0.74; p= 0.028) were only significant among youth at CHR-P, but
not among healthy youth (Table 2).

Moderating effect of social engagement
Among ethnoracial minority youth at CHR-P, the interaction term
EMD-by-social engagement was significantly associated with
cortical thickness of the right fusiform gyrus (adjusted
β=−0.15; 95% CI=−0.26 to −0.04; p= 0.010) and right insula
(adjusted β=−0.14; 95% CI=−0.26 to −0.03; p= 0.018). To
further analyze the significant interactions observed, we stratified
the sample into two subgroups of participants, those whose total
social engagement score was at or below (n= 122) and above
(n= 42) four, the median social engagement score. Among those
with lower social engagement, lower levels of EMD
were significantly associated with reduced cortical thickness of
the right fusiform gyrus (adjusted β= 0.72; 95% CI= 0.29 to 1.14;
p= 0.002) and right insula (adjusted β= 0.57; 95% CI= 0.18 to
0.97; p= 0.007). Conversely, among those with higher social
engagement, EMD was not significantly associated with cortical
thickness of the right fusiform gyrus (adjusted β= 0.03; 95%
CI=−0.61 to 0.67; p= 0.921) or right insula (adjusted β= 0.29;
95% CI=−0.85 to 0.29; p= 0.338) (Table 3). Best-fit lines of the
associations between EMD and cortical thicknesses of the right

A)                                                                     B) 

Brain reg DFetamitsEsnoi R-adjusted P value

840.0381.0mrofisuFthgiR
630.0771.0alusnIthgiR

Rig 690.0721.0CFOlaretaLth

Rig 904.0160.0CFOlaideMth

Rig 322.0980.0CCPth

Rig 311.0721.0CCAlartsoRth

561.0301.0mrofisuFtfeL

Left Insula 780.0041.0

488.0900.0-CFOlaretaLtfeL

317.0920.0CFOlaideMtfeL

801.0141.0CCPtfeL

081.0401.0CCAlartsoRtfeL

Fig. 1 Associations between childhood EMD and cortical thickness of ROIs selected a priori from The Stimulation Discrepancy
Deprivation Model (n= 244). A Pearson correlations between childhood EMD and cortical thicknesses of selected brain regions. B False
discovery rate (FDR)-corrected maps indicate that lower levels of EMD during childhood are significantly associated with lower cortical
thicknesses of the right fusiform and right fusiform. ACC anterior cingulate, OFC orbitofrontal, PCC posterior cingulate cortex. All significant
associations (FDR-adjusted p < 0.05) are shown in bold.
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fusiform gyrus and right insula for each subgroup is shown in
Fig. 2.

DISCUSSION
The current study builds upon prior studies on ethnic density
effect in psychosis and finds neurobiological correlates of
exposure to EMD during childhood. In addition, we showed that
the associations between childhood EMD and right insula and
fusiform gyrus cortical thicknesses were significant among
minority youth at CHR-P and not among those who are healthy,
although it is possible that we could not detect significant
associations between EMD and cortical thicknesses due to the
relatively small sample size of healthy participants. Among youth
at CHR-P, we found that social engagement moderated the
association between childhood EMD and right insula and right
fusiform gyrus cortical thicknesses. Those who are more socially
engaged already have consistently high cortical thickness regard-
less of levels of EMD. However, for those who are less socially
engaged, levels of EMD are correlated with cortical thickness and
this subgroup may benefit from social support and greater levels
of EMD during childhood. This highlights the importance of not
only social engagement, but also of having those protective
connectedness cultural factors during childhood in the event
there is less social engagement in a person’s life trajectory.
It is possible that ethnoracial minority youths growing up in

communities with greater number of people who share similar
minority status may feel less of a “minority” in their local
communities [71] and therefore, they may experience less
perceived discrimination [72]. Conversely, for minority youths
who grew up in communities with fewer people who share similar
minority status, their minority status may be accentuated, which
may impact their ability to “fit in” to social groups [71]. Perhaps,
this chronic experience of being an “outsider” or othered may
abnormally activate the fusiform gyrus [72] and insula [73, 74], as
abnormal activation has been shown to be associated with cortical
thinning over time [75].
In accordance with our prediction, we found that EMD exposure

during childhood was associated with cortical thickness in regions

of the right hemisphere. Prior literature suggests that greater
plasticity during younger age would lead to early recruitment of
the right hemisphere [54, 76, 77]. Perhaps, early exposure to the
social environment may result in greater changes to the gray
matter of certain social brain regions in the right hemisphere.
The fusiform gyrus is particularly sensitive to human faces

[31, 78, 79]. Studies have shown that this area of the brain is
activated during social categorization tasks. In these experiments,
participants are asked to distinguish between different social
groups, such as males and females, or people of different races
[80–85]. Other studies have found that the fusiform gyrus is more
active when participants have to update their own or others' social
status [86, 87]. The frequent activation of the fusiform gyrus
during explicit social categorization may indicate its role in
modulating social perception from the top down. It is possible
that the initial role of the fusiform gyrus in discriminating between
social categories and identifying significant social cues based on
pre-existing expectations and attention to social context may be
relevant to the processing of socially relevant environmental
exposures.
The right insula has been shown to play a role in distinguishing

between in-group and out-group membership, which may arise
from its role in connecting the mirror neuron system and the
limbic system [88–91]. This brain region has also been specifically
shown to demonstrate strong outgroup bias. Numerous studies
have found that the insula exhibits greater activation in response
to various social categories and tasks. These include racial and
political outgroups [92–96], unfamiliar faces [97], dominant faces
[98], and the ability to discriminate against minimal outgroups
[86].
It is possible that hyperactivation of the fusiform gyrus and

insula from heightened social threat of being an ethnoracial
minority may lead to dendritic shrinkage and progressive cortical
gray matter reduction of these brain regions over time [99], which
have been shown to be associated with conversion to psychosis
[43, 100, 101]. However, greater social engagement may moderate
this effect by helping to minimize the perception of being in an
out-group. Through engaging with other people in the commu-
nity (i.e., making new friends, being part of a community
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organization or church), people of different backgrounds can
come together, which might attenuate some of the in-group/out-
group differences based on other characteristics and partially
mitigate the psychological and neurobiological impact of ethno-
racial minority status [24, 102].
An alternative interpretation of the significant moderation of

social engagement on the association between EMD and cortical
thickness is that social engagement may be differentiating those
who have a more severe illness. Since one of the early premorbid
changes and indicators of psychotic disorders is impaired social
functioning, it may be possible that the association between lower
EMD and reduced cortical thickness may be more evident among
the group of CHR-P who are more ill. Future research should
explore whether social engagement and its interaction with EMD
predicts conversion to psychosis.
This study has several limitations. First, this study has a modest

sample size and has a cohort design. Prospective longitudinal
studies with large sample size are warranted to explore the causal
directionality of EMD, cortical thickness, and social engagement as
well as sensitive developmental exposure time periods in which
EMD and social engagement might have their greatest impact on
cortical thickness. Larger studies that include more ethnoracial
minorities may also allow for the investigation of ethnoracial
differences in the relationship between EMD and cortical thickness
as well as investigating the relationship between area-level own
group ethnic density and cortical thickness. It is important to note
that in our study, EMD refers to the proportion of ethnoracial
minorities and not the proportion of those who belong to the
same ethnoracial group. Nevertheless, it is possible that social
support from one’s own as well as other ethnoracial minority
groups may impact cortical thickness. Second, this study identified
a priori cortical brain regions based on the SDD model. However, it
is possible that other subcortical brain regions (i.e. hippocampus
and amygdala) may be impacted by social stress via the HPA axis
[50]. Future research should examine the potential impact of EMD
on other subcortical brain areas. Third, this study did not identify
which part of the insula or fusiform gyrus may have been impacted
by EMD. Future studies should investigate the relationship of EMD
and specific sub-regions (e.g., anterior and posterior regions).
Fourth, the assessment of childhood exposures at the county level
was limited by availability of data provided. It is possible exposure
to ethnic density may be more important at home versus at school,
for example [103]. The non-specificities of both exposure and
outcome measures may explain the modest effect sizes of the
correlation between EMD and cortical thicknesses. For example,
ethnic density was measured at the county level (as opposed to the
more granular neighborhood or school levels) and cortical thickness
of insula includes both the anterior and posterior insula. Follow-up
studies assessing more specific area-level measurements of EMD
and sub-regions of the brain are warranted. Lastly, the measure-
ment of social engagement used in this study was limited, and it is
still unclear which components of participant social engagement
and what period (e.g., childhood or adolescence) might be most
important in buffering the deleterious effects of adverse social
environment on cortical thickness.

CONCLUSIONS
This study provides novel evidence for the associations between
childhood EMD and right fusiform gyrus and right insula cortical
thickness, with more prominent effects among minority youth at
CHR-P. Furthermore, social engagement moderates this relationship
as those with greater social engagement already seem to exhibit
greater cortical thickness regardless of levels of ethnic density.
These findings suggest there are aspects of the social environment
that may have protective effects on neurobiological markers of
conversion to psychosis. Further research is needed to better
understand mechanisms linking environment, brain, and behavior.
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