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ABSTRACT
BACKGROUND: Experiences of racial discrimination are linked to a range of negative brain health outcomes, but little
is known about how these experiences impact neural architecture, including white matter microstructure, which may
partially mediate these outcomes. Our goal was to examine associations between racially discriminatory experiences
and white matter structural integrity in a sample of Black American women.
METHODS: We recruited 116 Black American women as part of a long-standing study of trauma. Participants
completed assessments of racial discrimination, trauma exposure, and posttraumatic stress disorder and
underwent diffusion tensor imaging. Fractional anisotropy and mean diffusivity values were extracted from major
white matter tracts throughout the brain.
RESULTS: Experiences of racial discrimination were associated with significantly lower fractional anisotropy in
multiple white matter tracts, including the corpus callosum, cingulum, and superior longitudinal fasciculus (ps, .004),
even after accounting for variance associated with trauma, posttraumatic stress disorder, and demographic- and
scanner-related factors.
CONCLUSIONS: These findings suggest that experiences of racial discrimination are independently related to
decrements in white matter microarchitecture throughout the brain. In individuals who have experienced other types
of adversity, racial discrimination clearly has additive and distinctive deleterious effects on white matter structure. Our
findings suggest a pathway through which racial discrimination can contribute to brain health disparities in Black
Americans; the deleterious contributions of racial discrimination on the microstructure of major white matter pathways
may increase vulnerability for the development of neurodegenerative disorders as well as the development of mental
health problems.

https://doi.org/10.1016/j.biopsych.2021.08.011
The majority of Black Americans experience racism in some
form during their lifetime; this includes structural racism,
which comprises policies, practices, and laws that oppress
minoritized racial groups, and individual racism or discrimi-
nation, which describes unjust treatment of individuals on the
basis of race (1,2). With respect to racial discrimination, na-
tional estimates range from 60% (3) to 73% (4) of Black
Americans experiencing at least one event. For many, how-
ever, racial discrimination is experienced multiple times,
representing a chronic, often ongoing form of stress. Expe-
riences of exclusion, disadvantage, and unfair treatment that
occur across different day-to-day life settings (school, work,
shopping, dining) and in interactions with law enforcement
and governmental agencies (e.g., encounters with police and
court systems) and the racialized aspects of these events
characterize racial discrimination. Experiences of racial
discrimination are linked to multiple negative health out-
comes, particularly poorer mental, cardiovascular, and brain
health (5). Given the severity of these health consequences,
racial discrimination is increasingly recognized as a national
public health crisis (6).
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Although the relationship between racial discrimination
and these adverse health outcomes is well established (1),
little is known about neuropathophysiology underlying this
relationship. Experiences of racism have a clear impact
among many populations, including those who have experi-
enced psychological trauma, increasing risk for the devel-
opment of posttraumatic stress disorder (PTSD) (7,8).
Contemporary theorists suggest that discriminatory experi-
ences lead to a cascade of neurophysiological reactions
related to stress/threat response that can be deleterious to
health (1). For example, racial discrimination can lead to
chronic activation of the hypothalamic-pituitary-adrenal axis
(9), activation of social pain networks, increased persevera-
tive cognitions, increased vigilance for future race-related
threat, and related increases in activation in threat-
monitoring systems (10,11). Surprisingly, the effects of
racism on brain structure among minoritized populations
have largely been ignored despite long-standing theoretical
and empirical research denoting the necessity of this
research to address health inequities (12). This is particularly
true among populations who disproportionately experience
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other sources of stress, such as focal psychological traumas
such as physical or sexual assault. There is increasing
recognition that racism-related stressors represent a unique
type of psychological trauma with sequelae that may overlap,
in part, with posttraumatic stress symptoms (13).

Racism-related stress and concurrent chronic
hypothalamic-pituitary-adrenal activation may alter neural
plasticity; increased experiences of racial discrimination may
contribute to structural disruptions in neural pathways that
support defensive behaviors to threat/stress. This could
contribute to the observation of race-related differences in
brain structure (14), particularly in regions associated with
emotion regulation/fear inhibition. For example, greater fron-
totemporal (orbitofrontal) volume has been observed in Black
compared with White Americans (15). Although not assessed
in their study, the authors note the possibility that race-related
factors including discrimination could account for this differ-
ence. In line with this notion, a large-scale study of young
adults observed an interaction of racial discrimination with
depressive symptoms on brain macrostructure, particularly
white matter volumes, in Black participants; participants with
depression and experiences of racial discrimination demon-
strated lower total white matter volume compared with par-
ticipants with only depression, participants with only racial
discrimination, or participants with neither (16). Like other
types of chronic stressors that adversely affect neural plasticity
(17), race-related stress may have a deleterious impact on
white matter pathways, which continue to develop even until
middle adulthood (18,19). Reductions in the integrity of white
matter microstructure, assessed by reductions in fractional
anisotropy (FA) and increased mean diffusivity (MD), have
significant functional consequences; reduced FA and
increased MD have been empirically identified as biomarkers
for neurodegenerative diseases, such as Alzheimer’s disease
(20–22).

This prior work suggests that racial discrimination may
impact brain macrostructure in Black Americans, but limited
studies to date have investigated the unique impact of racial
discrimination on white matter microarchitecture in Black
Americans, particularly in the context of other types of
chronic stress, such as psychological trauma and poverty. In
the present study, we examined associations between ex-
periences of racial discrimination and indices of white matter
microstructure (FA and MD) in a large sample of trauma-
exposed Black American women who participated in a
long-standing study of trauma and stress-related disorders,
the Grady Trauma Project. Only women were included in this
study given that several Grady Trauma Project studies spe-
cifically recruited women (e.g., MH101380, MH111682,
HD071982). We examined FA and MD of major white matter
tracts previously linked to poverty, trauma exposure, and
PTSD: the uncinate fasciculus (UF), cingulum bundle (CB),
superior longitudinal fasciculus (SLF), inferior longitudinal
fasciculus (ILF), fornix, and corpus callosum (CC) (23–29).
Both FA and MD were included in our analyses given that
they are sensitive, reliable, and complementary indices of
white matter microstructure (30,31). Further, we examined the
unique associations of racial discrimination with white matter
microstructure after accounting for the effects of poverty,
trauma exposure, and PTSD.
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METHODS AND MATERIALS

Participants

A total of 116 Black American women 18 to 62 years of age
were recruited from the Grady Trauma Project, which repre-
sents a collaboration of studies investigating risk and resilience
for trauma-related disorders (MH101380, MH071537,
MH094757). Individuals were approached in general medical
clinics of a publicly funded hospital in inner-city Atlanta,
Georgia. The eligibility criteria for participation in the current
study included the ability to understand English (assessed by a
study researcher) and willingness to provide informed consent.
Participants were excluded if they had current neurological
conditions, bipolar disorder, current substance or alcohol
dependence, or primary psychotic disorder as assessed with
the Mini-International Neuropsychiatric Interview (32). We also
excluded participants who had any magnetic resonance im-
aging (MRI) contraindications (e.g., claustrophobia, metal im-
plants). Participants received clinical assessments for trauma
and PTSD and also underwent an MRI scan; clinical and de-
mographic characteristics are detailed in Table 1. On average,
participants were 39 years of age (SD = 11.84 years), and over
half (54%) demonstrated significant economic disadvantage,
reporting household incomes of less than $1000 per month.
Incomes were self-reported, and monthly income was
dichotomized into two groups (#$1000/mo vs. .$1000/mo)
for statistical analyses; this classification described economic
disadvantage in participants (low/minimal economic resources
vs. moderate or greater economic resources). The institutional
review board of Emory University and the Grady Hospital
Research Oversight Committee approved all study
procedures.

Clinical Assessments

We administered the following assessments, detailed further
in the Supplement. The Traumatic Events Inventory was
administered to measure lifetime trauma exposure, inclusive
of childhood and adult trauma; trauma types (number of
types of trauma to which the person was exposed; score
range = 0–10) was the Traumatic Events Inventory index
included as a covariate in statistical analyses. The PTSD
Symptom Scale (score range = 0–51) (33) was administered
on the day of the MRI scan and was also used as a covariate
in analyses, given the presence of PTSD symptoms in some
participants. Participants also completed the Experiences of
Discrimination Questionnaire (EOD) (34). The EOD is a 9-item,
self-report measure of experiences of racial discrimination
with good reliability and validity (34). Items assess discrimi-
natory experiences due to race or ethnicity that occurred in
various situations over the lifetime, including experiences in
accessing housing, medical care, interactions with the police
or government, or general interpersonal experiences (items
listed in Table S4). Participants were asked to endorse the
number of different types of racially discriminatory experi-
ences that they had experienced. The EOD total score
(range = 0–9) reflects a count of the number of situations for
which each participant reported having unfair treatment as a
racial reason; this was used as an index of racial discrimi-
nation. For secondary analyses, we created groups reflecting
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Table 1. Demographic and Clinical Characteristics (N = 116)

Characteristics Mean 6 SD (Range) or n (%)

Age, Yearsa 39.04 6 11.84 (18–62)

TEI Types Total 3.58 6 2.33 (0–10)

PSS Total Scorea 13.99 6 12.71 (0–45)

EOD Total Score 2.63 6 2.42 (0–9)

Educationb

,12th grade 13 (11.4%)

High school graduate/GED 36 (31.6%)

Some college/tech school 35 (30.7%)

Technical school graduate 13 (11.4%)

College graduate 12 (10.5%)

Graduate school 5 (4.4%)

Monthly Incomec

$0–$249 13 (11.6%)

$250–$499 12 (10.7%)

$500–$999 35 (31.3%)

$1000–$1999 30 (26.8%)

$20001 22 (19.6%)

EOD, Experiences of Discrimination Questionnaire; PSS, PTSD
Symptom Scale; TEI, Traumatic Events Inventory.

aData missing for 1 participant.
bData missing for 2 participants.
cData missing for 4 participants.
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frequency of racial discrimination experiences: low (0–1 type;
n = 47 [41%]), moderate (2–4 types; n = 42 [36%]), and high
(5–9 types; n = 27 [23%]). Experiences of racial discrimination
(EOD total) were significantly correlated with trauma exposure
throughout the lifetime (r = 0.48, p = 4.36 3 1028), current
PTSD symptoms (r = 0.29, p = .002), and age (r = 0.40,
p = .00001) but not with income level (Spearman’s r = 0.05,
p = .57).

Diffusion-Weighted MRI Acquisition, Image
Processing, and Statistical Analyses

Scanning was conducted on either of two research-dedicated
Siemens 3T TIM-Trio scanners (Siemens Healthcare) at Emory
University Hospital. Diffusion-weighted images were acquired
similarly across both sites, with maximum gradient strength of
40 mTm21 with the following parameters: slice thickness: 39 3

2.5 mm, matrix = 128 3 128, field of view = 220 3 220 mm,
voxel size = 1.72 3 1.72 3 2.5 mm. Diffusion weighting was
isotropically distributed along 60 directions using a b value of
1000 s/mm2. Four normalization images, with no diffusion
encoding (b = 0), were acquired and averaged for each direc-
tion using linear rigid body registration (FLIRT) (35). All
diffusion-weighted image processing and analysis was con-
ducted using FSL version 4.1 (www.fmrib.ax.ac.uk/fsl) (36) and
is detailed in the Supplement. Voxelwise associations were
conducted with diffusion tensor imaging scalar indices,
assessed using tract-based spatial statistics (version 1.2) (37)
available in FSL. Tracts of interest included the CC and UF,
CB, SLF, ILF, and fornix derived from the probabilistic Johns
Hopkins University ICBM DTI-81 white matter atlas provided
by FSL (38). FA and MD values were extracted from these
regions using FSLmaths to examine potential associations
with racial discrimination.
B

Statistical Analyses

We focused on the left and right UF, CB, SLF, and ILF, as well
as the fornix and CC, as in prior studies of poverty, discrimi-
nation, trauma, and PTSD; we examined anterior (body) and
hippocampal segments of the CB separately given earlier
study findings indicating trauma-specific effects for anterior
versus posterior segments (39–42). Hierarchical regression
analyses were conducted to examine the unique contributions
of racial discrimination on FA and MD for these tracts after
accounting for effects of other potentially contributing factors,
including PTSD, trauma exposure, monthly income, and
scanner location; monthly income was dichotomized into two
groups (#$1000/mo vs. .$1000/mo) before being entered into
analyses. Statistical significance was set at a Bonferroni-
corrected p value of .004, accounting for the number of
selected tracts, separating by hemisphere for associational
tracts (12), for our a priori tests of the association between
racial discrimination and white matter metrics; FA and MD
were considered separate families of statistical tests. In the
case of significant findings with the CC, given the span of this
tract, separate segments of the CC (genu, body, splenium)
were examined in separate follow-up models to determine
whether associations were specific to any of CC subdivisions.
Given that age has an established relationship with white
matter microstructure and macrostructure (43,44), and given
the strength of the relationship between racial discrimination
and age in this sample, we excluded age from initial analyses
to limit multicollinearity. However, tracts that emerged as being
significantly associated with racial discrimination were subject
to follow-up factorial analyses of covariance with age group
(younger [18–50 years of age] vs. older [51–62 years of age])
and racial discrimination frequency (low/moderate/high fre-
quency) to examine main effects and potential interactions with
microstructure of these pathways, covarying scanner location
(Table S1). Statistical significance was set at p , .05 for these
follow-up analyses.
RESULTS

Fractional Anisotropy

Hierarchical regression models that included racial discrimi-
nation, income, trauma exposure, PTSD, and scanner location
as predictors of FA values were significant for the CC, right and
left SLF, and left anterior CB, detailed in Table 2. In each of
these models, racial discrimination emerged as the only sig-
nificant predictor at the a priori statistical threshold, with the
exception of scanner site for some models. For the CC, the
model accounted for 18% of the variance in FA (R = 0.42, p =
.002); racial discrimination accounted for 10% of this variance
(DR2 = 0.10). Given these findings with the CC, we examined
associations of racial discrimination for CC segments (genu,
body, splenium) and found significant associations for the
genu (DR2 = 0.14) and body (DR2 = 0.10) only. For the right
SLF, the model accounted for 15% of the variance in FA (R =
0.39), and for the left SLF, the model accounted for 19% of the
variance in FA (R = 0.42); racial discrimination accounted for
9.5% of this variance for the right SLF (DR2 = 0.095) and for
8% of this variance for the left SLF (DR2 = 0.078). The stron-
gest association of racial discrimination with FA was for the left
iological Psychiatry - -, 2021; -:-–- www.sobp.org/journal 3
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Table 2. Multiple Regression Models of White Matter Fractional Anisotropy

Tract Hemisphere
Full-Model F Statistic

(p Value) R Value

b (p Value)

Income PSS Trauma Scanner Discrimination

Corpus Callosum Both 4.240 (.002) 0.422 0.031 (.741) 0.068 (.515) 20.051 (.633) 0.199 (.040) 20.357 (.001)a

Genu – 6.143 (.000) 0.488 0.055 (.534) 0.164 (.107) 20.086 (.402) 0.178 (.056) 20.423 (.000)a

Body – 2.958 (.016) 0.362 0.077 (.421) 20.005 (.963) 0.073 (.502) 0.106 (.284) 20.362 (.001)a

Splenium – 3.427 (.007) 0.386 20.035 (.712) 0.084 (.433) 20.278 (.012) 0.200 (.043) 20.121 (.252)

Fornix Both 2.311 (.05) 0.325 0.00 (.996) 20.048 (.659) 0.022 (.840) 0.220 (.030) 20.246 (.024)

ILF Left 4.962 (.000) 0.449 20.016 (.857) 20.026 (.801) 20.036 (.729) 0.332 (.001)a 20.293 (.005)

Right 3.236 (.010) 0.376 0.033 (.729) 20.030 (.779) 20.104 (.340) 0.228 (.022) 20.236 (.027)

SLF Left 4.499 (.001) 0.432 20.020 (.830) 20.037 (.725) 0.015 (.886) 0.309 (.002)a 20.313 (.003)a

Right 3.454 (.006) 0.387 0.023 (.810) 0.067 (.533) 20.020 (.850) 0.174 (.077) 20.345 (.001)a

UF Left 5.360 (.000) 0.463 0.028 (.755) 0.061 (.552) 20.136 (.192) 0.341 (.000)a 20.238 (.020)

Right 2.885 (.018) 0.358 0.038 (.691) 0.171 (.116) 20.142 (.193) 0.191 (.055) 20.201 (.060)

Cingulum (Anterior) Left 4.964 (,.001) 0.45 0.004 (.965) 0.085 (.409) 20.034 (.748) 0.244 (.011) 20.371 (,.001)a

Right 2.72 (.024) 0.349 0.026 (.788) 0.054 (.619) 20.033 (.762) 0.176 (.079) 20.293 (.007)

Cingulum (Posterior) Left 1.215 (.308) 0.242 20.111 (.263) 0.036 (.752) 20.080 (.481) 0.178 (.085) 20.075 (.498)

Right 1.253 (.209) 0.245 20.032 (.746) 0.028 (.803) 20.148 (.196) 0.149 (.149) 20.089 (.418)

ILF, inferior longitudinal fasciculus; PSS, PTSD Symptom Scale; SLF, superior longitudinal fasciculus; UF, uncinate fasciculus.
ap , .004.
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anterior CB; the model accounted for 20% of the variance in
FA (R = 0.45, p = .0004); discrimination accounted for 11% of
this variance (DR2 = 0.11, p = .0004). Figure 1 illustrates these
white matter pathways and correlations of tract FA with racial
discrimination.

Given these findings, we conducted three follow-up
analyses of covariance (Table S1) to examine main ef-
fects and potential interactive effects of age with racial
discrimination experiences and FA of the CC, right and left
SLF, and left anterior CB, after accounting for scanner
location. In each of these models, both age and racial
discrimination significantly contributed to variance in FA of
these pathways; the inclusion of age did not diminish the
significance of racial discrimination in these models. No
significant interactions of racial discrimination and age
were observed (ps . .05).

In hierarchical regression models for other tracts, vari-
ance associated with racial discrimination did not reach our
corrected statistical threshold for FA of the right anterior CB
(R = 0.35, p = .02) or left posterior CB (R = 0.24, p = .31),
right posterior CB (R = 0.24, p = .29), right ILF (R = 0.38,
p = .01), right UF (R = 0.36, p = .018), or fornix (R = 0.33,
p = .05). The overall model for the left ILF (R = 0.45, p =
.0004) and left UF (R = 0.46, p = .0002) was significant, but
variance associated with racial discrimination did not reach
our a priori statistical threshold (for the left ILF, b = 22.89,
p = .005; for the left UF, b = 22.36, p = .02; for the right UF,
b = 21.9, p = .06).
Mean Diffusivity

The model for the left anterior CB (R = 0.26, p = .22) and right
anterior CB (R = 0.34, p = .04) was not significant at our a priori
threshold (Table S2). Correlations between racial discrimina-
tion, MD, and other predictors in the model are provided in
Table S3.
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DISCUSSION

In the present study, we examined the association between
racial discrimination and white matter microstructure in a large
sample of trauma-exposed Black Americans. We observed
that exposure to racial discrimination independently contrib-
uted w10% of the variance in FA within the brain’s largest
white matter pathway, the CC (particularly anterior segments),
as well as within associational fibers including the right and left
SLF and left anterior CB. Among these pathways, no in-
teractions of age and racial discrimination were observed, but
racial discrimination continued to demonstrate strong, signifi-
cant associations with FA in the CC, SLF, and left anterior CB
when age was included in these models. Overall, our findings
indicate a potent relationship between experiences of racial
discrimination and white matter microstructure across various
pathways. These data suggest a pathway through which in-
dividual racism experiences may enhance vulnerability for
brain health problems in trauma-exposed Black Americans.

Throughout the brain, the most robust associations of racial
discrimination and white matter microstructure were observed
for the largest brain commissural tract, the CC, as well as for
frontolimbic and frontoparietal associational tracts, the anterior
cingulum, and the SLF. The CC is the major set of interhemi-
spheric projections of the brain; the morphology of this tract is
affected by early-life adversity and PTSD more generally
(45,46); CC decrements were observed in a mega-analysis of
PTSD studies (25). Further, the SLF is a major frontoparietal
connection that supports a range of cognitive and emotional
functions including attention and executive functioning, lan-
guage, and social cognition (47) and is implicated in trauma-
related responses/PTSD (24,48,49). Finally, the CB is a major
association tract connecting parahippocampal regions with the
parietal cortex and prefrontal cortex. This pathway has been
linked to attentional control and fear extinction processes (both
of which are frequently impaired in PTSD) and is consistently
implicated as a marker of trauma exposure and PTSD-related
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Figure 1. Associations of racial discrimination with fractional anisotropy (FA) in select tracts. Shown are masks of tracts that demonstrated significant
relationships with racial discrimination, including the left anterior cingulum (red), corpus callosum (blue), and bilateral superior longitudinal fasciculus (yellow)
overlaid on skeletonized FA (green). Scatterplots reflect zero-order correlations. (A) Experiences of racial discrimination correlate negatively with corpus
callosum FA (r = 20.27, p = .004). (B) Experiences of racial discrimination correlate negatively with left anterior cingulum bundle FA (r = 20.27, p = .004). (C)
Experiences of racial discrimination correlate negatively with right superior longitudinal fasciculus FA (r = 20.27, p = .004) and left superior longitudinal
fasciculus FA (r = 20.21, p = .02). EOD, Experiences of Discrimination Questionnaire.
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dysfunction (24,27,40,50,51). Racial discrimination appears to
potentiate responses in ventral prefrontal and middle occipital
regions linked to attention vigilance and modulation (11,52), for
which the CB serves as a major white matter connection; it is
possible that prolonged exposure to racism-related stressors
erodes CB integrity over time. In this way, racial discrimination
can promote dysfunctional threat inhibition and attentional
control processes via effects on CBmicrostructure. As such, for
those who have experienced additional psychological trauma,
this likely enhances risk for the development of PTSD; it can
likewise contribute to PTSD symptom maintenance. It is clear
that racial discrimination merits consideration as a contributing
factor in current models of PTSD in non-White populations.

Notably, the CB, CC, and SLF have also been implicated in
earlier studies of chronic stressors such as poverty/low socio-
economic status (SES), including a longitudinal study on the ef-
fects of income on white matter developmental trajectories (53).
As such, these pathways, including frontolimbic tracts that have
the most protracted developmental trajectories (54), may be
particularly susceptible to the effects of stress related to racial
discrimination. Given that the effects of traumatic stress have
been previously highlighted in the CC, SLF, and CB tracts, the
present findings suggest that the often chronic stress of racial
discrimination has its own unique associations with microstruc-
ture of these pathways, serving as an independent, potent
contributor to damage in these large white matter connections.

Experiences of racial discrimination tend to start early in
childhood and continue throughout life compared with other
types of discrimination (e.g., sexism and ageism) (55). Racial
B

discrimination may thus be a chronic and early-onset stressor
similar to poverty and childhood maltreatment. Chronic
adversity that starts early in development has demonstrable
effects on brain structure (17,56), inducing plasticity in neural
networks to accommodate and maintain functioning; these
neuroplastic changes have wide-ranging outcomes. Early-life
adversity in general appears to accelerate onset of matura-
tion, including puberty (57–59), and similarly appears to in-
crease the rate of myelination of white matter pathways,
particularly frontolimbic tracts (60,61). This trajectory of mye-
lination may similarly lead to earlier degradation of white matter
pathways, which can enhance risk for a host of emotional and
cognitive disruptions. Even after age was accounted for in our
analyses, racial discrimination remained a significant predictor
of FA, which suggests that this form of racism has its own
unique links to white matter degradation. Given that reductions
in FA in the CC, CB, and SLF have marked early onset of
neurodegenerative diseases (22), it is possible that racial
discrimination–related reductions in microstructure of these
pathways creates greater vulnerability for later development of
brain health disorders.

As with these other chronic stressors, racial discrimination
is linked to dysregulation in multiple biological systems (62),
with the hypothalamic-pituitary-adrenal axis and immune
system being frequently implicated (63). Although the mecha-
nism was not under investigation in this study, chronic immune
activation caused by racism-related stressors has been shown
to increase inflammation on a central and peripheral level, and
over time, compromises brain health (64). In the present study
iological Psychiatry - -, 2021; -:-–- www.sobp.org/journal 5
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sample, experiences of racial discrimination were found to be a
unique and unwavering stressor in the lives of Black Ameri-
cans, above and beyond other forms of chronic adversity. As
such, our findings may suggest that the impact of racial
discrimination is a type of chronic adversity that takes its toll
on white matter microstructure, similar to the effects of trauma
(particularly childhood maltreatment) (24,25,27) and high allo-
static load (65,66).

Experiences of racial discrimination are known contributors
to allostatic load (62), and the accumulation of experiences
encumber stress-regulation mechanisms, creating significant
vulnerability for an array of health problems. Racial discrimina-
tion has been positively correlated with indicators of white
matter pathology, including white matter lesion volume (67) and
white matter hyperintensities (16) throughout the brain. The
burden of racial discrimination experiences is clearly reflected in
race-related disparities in brain health outcomes, with Black
Americans showing disproportionately greater risk for poor
brain health outcomes as compared with White Americans,
including stroke risk, cognitive decline (68), and neurodegen-
erative disorders—older Black Americans are twice as likely to
have Alzheimer’s disease as White Americans (69). Thus, racial
discrimination may be a pathway for increasing risk for white
matter pathology, and, in turn, for neurodegenerative diseases;
however, the cross-sectional nature of this study precludes our
ability to establish this relationship. Future longitudinal
research, combined with granular physiological assessments,
is needed to fully test this hypothesis.

Our findings on the unique associations of racial discrimi-
nation with white matter, above and beyond factors such as
income level, trauma exposure, and PTSD, are particularly
notable given their established links with white matter micro-
structure. Racial discrimination can interact with structural in-
equities between racial groups. Poverty is a major structural
inequity between racial groups that is directly related to the
function and structure of brain regions that support emotion
regulation (17,70). A recent report indicated that White Amer-
icans with higher SES demonstrated greater global gray and
white matter volume than low-SES White Americans as well as
low- and high-SES Black Americans (71). Lower SES has also
been related to poorer white matter integrity throughout the
brain; the authors of a recent study found that effects were not
moderated by age, race, and gender (29). These study findings
denote the importance of contextualizing multiple forms of
oppression to understand health inequity. In the present study,
it is notable that associations of racial discrimination and tract
FA remained significant even after accounting for variance
associated with income; this may suggest that the effects of
racism on brain health remain potent, even in the context of
higher socioeconomic status. Altogether, the current study
supports future research examining intersecting forms of
structural oppression to further understanding the cumulative
burden of racism on brain health among Black Americans.

The present study has limitations that should be considered
when interpreting our findings. We only included a single
assessment of racial discrimination, and the inclusion of
another measure that assesses not only frequency of
discriminatory experiences but the perceived impact/severity
of each experience would provide a richer examination of
these effects on brain structure. Further, we also used a
6 Biological Psychiatry - -, 2021; -:-–- www.sobp.org/journal
unimodal approach with respect to brain structure and only
considered FA and MD metrics of white matter. Future work
should consider leveraging multimodal approaches that
incorporate other aspects of brain structure (e.g., gray matter
assessments) and brain function, which may provide a more
comprehensive approach. Further, aside from including in-
come in our analyses, we did not assess the effects of struc-
tural racism, which are quite likely to have a significant impact
on neural architecture; as such, substantially more research is
needed to examine the unique effects of structural racism in
addition to individual racism. We also did not assess the ef-
fects of other types of discrimination as well as discrimination
occurring at the intersection of different systems of oppression
(i.e., gendered racism), which is of value in understanding
cumulative burden of psychosocial stressors, particularly for
this sample of Black women. We do not have a reason to
believe that the effects observed here are not generalizable to
men, given that potential mechanisms for these effects are not
gender specific. However, it is clear that much more research
is needed to explore the intersectionality of sexism and racism
on neural microarchitecture in Black women; the interaction of
these stressors is likely to have potent effects on white matter
microstructure. Further, we did not assess differences in per-
ceptions of racial discrimination and related ruminations, which
are likely to play a role in brain health outcomes. Finally, we
also did not assess associations of white matter integrity with
health outcomes such as cardiovascular or metabolic disease;
as such, it is impossible to determine whether these associa-
tions are markers of risk for adverse health outcomes.

The effects of racism-related stressors on brain structure
and function have been infrequently studied in people of color,
and specifically, in Black populations; this gap in the scientific
literature has been recently highlighted (15). Our findings from
this large-scale study of Black Americans shed light on the
unique associations between racial discrimination and white
matter structure, indicating robust associations of racial
discrimination on several major tracts. Of note, the effects of
racial discrimination that we observed in the present study
were present above and beyond other chronic stressors (e.g.,
trauma and poverty), and even after accounting for variance
associated with age, racial discrimination remained a signifi-
cant predictor of FA in the anterior CB, SLF, and CC. These
results may suggest that Black Americans’ experiences of
racial discrimination indexed potentially chronic racism-related
stress that uniquely impacted—or exacerbated—disruption of
white matter integrity. Future research in brain health must take
into account multiple forms of oppression as well as the his-
torical legacies in the United States that uniquely embed
racism within health inequity. These cross-sectional data
indicate that racial discrimination’s potential effects on white
matter structure merit consideration as a pathway through
which race-related brain health disparities emerge. The find-
ings also highlight the potential role of racial discrimination in
updated models of PTSD in non-White populations.
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