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Racial groups within the United States show marked differences in
prevalence rates for numerous psychiatric disorders. Generally,
minoritized racial groups tend to show lower prevalence of mental
iliness compared with White-American groups, although some
disorders are more commonly diagnosed in minoritized groups
(e.g., schizophrenia) [1, 2]. Increased interest over the last decade
has been placed on the neural substrates that mediate the
development and expression of these psychiatric disorders.
However, while our understanding of the neurobiological
substrates of psychiatric disorders has grown, almost no attention
has been paid to whether or how the neural substrates of these
disorders may vary between racial groups. Importantly, minor-
itized racial groups are differentially exposed to environmental risk
factors (e.g., early life adversity) that are known to play a role in a
variety of psychiatric disorders [3, 4]. There is significant potential
for racial disparities in environmental risk factors to moderate the
relationship between neurobiology and psychiatric disorder
development that is currently unexplored.

Race as a concept incorporates complex social and historical
dynamics that contribute to significant variability in environmen-
tal exposures and lived experiences between racial groups [5].
Failure to properly investigate such between-group environmental
variability may lead to the unfortunate possibility of developing
exclusionary disease models that will (a) not generalize to the
wider population, (b) facilitate treatment inequality and inefficacy,
and (c) undermine our fundamental understanding of the
pathobiology of psychiatric disorders. Therefore, it is critical that
we begin to understand the neurobiological consequences of
racial disparities in environmental risk factors and the potential
effects on group differences in the prevalence of psychiatric
disorders.

ENVIRONMENTAL DISPARITIES AND THEIR POTENTIAL
NEUROBIOLOGICAL CONSEQUENCES

Environmental factors have strong direct and indirect effects on
both neurobiology and psychiatric disorders. Early life events such
as exposure to toxins, childhood trauma, maternal stress, immune
system activation, and other risk factors show clear effects on the
neural substrates of emotion and stress regulation. In particular,
prefrontal cortex—hippocampus—amygdala circuity, important
for regulation of the emotional response to threat [6, 7], and the
hypothalamic pituitary adrenal (HPA) axis, a key mediator of the
stress response [8], are impacted by environmental risk factors and

these substrates are in turn implicated in several psychiatric
disorders [9, 10]. The extant literature presents a clear relationship
between environmental exposures, neural circuitry, and increased
risk for psychiatric disorders.

Although environmental risk factors can affect any individual,
there are considerable differences in exposures to environmental
risks between racial groups. Minoritized racial groups are—in
general—more often exposed to adversity, such as childhood
maltreatment or violence [11]. Minoritized racial groups also have
lower family income and wealth, and often live in areas
with greater disadvantage compared with non-minoritized racial
groups [12]. Recent research further suggests minoritized racial
groups have increased exposure to toxins throughout life which
can have potentially deleterious effects on physical and mental
health [13]. There are also significant differences in the general
lived experiences of minoritized racial groups, such that these
groups are exposed to highly impactful race-related stressors.
Racial discrimination, both at personal and institutional levels, can
be psychologically damaging and further alter the neurobiology of
psychiatric disorders [14]. Overt and covert biases and behaviors
between racial groups can also contribute to race-related stress
that represent a significant aspect of between-group variability in
the environment. Further, it should be noted that these race-
related stressors are not independent of other environmental risk
factors (e.g., poverty and violence) such that these risk factors
interact with, and exacerbate, health inequities [15]. Considering
all these factors together, there are significant differences in
environmental risk for psychiatric disorders between racial groups.

Despite evidence that environmental risk factors have measur-
able effects on the neurobiological substrates of psychiatric
disorders, and the observable between-group variability in these
risk factors, there is limited data on the neurobiological
consequences of such racial disparities in environmental stressors.
Prior work has observed differences in Black-American and White-
American participants’ gray matter structure, particularly within
the orbitofrontal cortex [16]. Although no information on
environmental risk factors were available in that report, the
findings suggest at the very least there may be race-related
differences in neurobiology, particularly in regions important for
regulating emotional responses. The observed differences are
likely due to multifactorial causes which may include potential
differences in exposures to environmental stressors. A recent
report found that Black-American participants—who had greater
levels of exposure to violence, lower family incomes, and greater
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neighborhood disadvantage throughout life—showed blunted
neural and behavioral reactivity to threat compared to White-
American participants [17]. Given responses to threat are often
different in individuals with mood disorders (e.g., depression,
anxiety, and PTSD), one may speculate that these race-related
differences are related to potential resiliency, or susceptibility,
mechanisms for psychiatric disorders. Another study also
observed differences in brain structure and neurocognitive
domains of psychiatric symptoms between racial groups, particu-
larly Black and White-American groups, and these brain and
cognitive variables interacted with environmental factors such as
trauma and socioeconomic status [18]. These data further high-
light the complex interactions between race, environment, and
the neurobiological substrates of psychiatric disorders. However, it
remains uncertain whether these patterns may be observed in
other minoritized racial groups that show differences in mental
iliness prevalence (e.g., Hispanic/Latinx, Indigenous/Native-Amer-
ican, and other minoritized populations) [1, 19]; further research is
needed to more fully and carefully disentangle the relationship
between racial disparities in environment stressors and neurobiol-
ogy of psychiatric disorders.

IMPROVING OUR UNDERSTANDING OF THE NEURAL
CONSEQUENCES OF DISPARITIES IN ENVIRONMENTAL RISK
Research on the impact of racial disparities in environmental risk
factors on the brain is needed for a fuller understanding of the
development and maintenance of psychiatric disorders. Several
strategies would enable a clearer understanding of such impacts
and shine new light on interactions among the environment, the
brain, and psychiatric disorders. One important strategy is the use of
preclinical (e.g., rodent) models to study the impact of environ-
mental variables on specific cellular and molecular pathways already
known to play a role in psychiatric disorder development. Specific
and targeted experiments on environmental deprivation/enrich-
ment could pinpoint behavioral, neuronal, and genetic conse-
quences related to resilience or susceptibility to psychiatric disorders
[20]. For example, combining environmental deprivation (as a proxy
for relative disadvantage) with well-established models of mood
disorders (e.g, chronic stress [21]) may provide insight into
interactions among different types of environmental factors, as well
as accumulating stressors, on key cellular and molecular dynamics of
neural circuits involved in emotion and stress regulation. Another
key benefit of using animal models is the potential to test for
transgenerational effects that may be important for understanding
the neurobiological consequences of racial disparities in environ-
mental risk [22, 23]. As an example, recent research has demon-
strated transgenerational epigenetic modulation of FKBP5, a major
regulator of HPA axis activity, in humans [24, 25]. Animal models
would thus allow for the study of mechanisms of these effects and
facilitate our understanding of the neural effects of environmental
differences across multiple generations. However, it should be
acknowledged that complex race-related issues in humans are
challenging to recapitulate in animal models. For example, racial
discrimination and race-related traumas (e.g., segregation or racial
violence) involve domains that are not easily modeled in rodents.
Thus while animal models will be invaluable for understanding
neurobiological aspects of environmental risk factors, their useful-
ness for fully understanding complex and interacting race-related
differences in environmental risk has inherent limitations.

Human neuroimaging and neurogenetic research is also
needed to better understand the neurobiological consequences
of racial disparities in environmental risk factors. Neuroimaging
and neurogenetic research samples tend to be nonrepresentative
of racial diversity within the United States, and few studies have
investigated the relationship between environmental variables,
race, and neural processes [16-18, 26]. The limited representation
of minoritized racial groups in research samples thus limits
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generalizability of findings. Although some studies may include
minoritized racial groups, a common strategy to address potential
race-related effects is to include race as a covariate in statistical
tests to assess the unique relationship between an environmental
risk factor and the brain. However, considering the racial
disparities in environmental risk (described above), it is necessary
to consider not just the unique relationship between environment
and the brain but also potential interactions with race. Under-
standing between-group differences in neural processes in
conjunction with racial disparities in environmental risk factors is
critical to fully characterize the role of environmental risk factors
on the neurobiology of psychiatric disorders. Of note, recent large-
scale collaborative studies such as the ABCD study [27], ENIGMA
consortia [28], and PGC [29] offer a novel chance to
better consider race-related effects through more representative
data collection and cross-study data pooling. Further research is
needed in humans to identify the relationship between the
neurobiological of impact racial disparities in environmental risk
factors, and their influence on race-related differences in
psychiatric disorders.

BARRIERS

Despite the need for increased overall research, there are
significant systemic barriers against research into environmental
racial disparities and their consequences that must first be
addressed. For one, there is a general lack of funding for research
questions related to racial disparities in environment compared to
other topics [30]. Failure to secure funding for research topics
often means that these research questions go unanswered and
may lead to a loss of knowledge about an important public health
topic. Importantly, health disparities research is more often
pursued by researchers from minoritized racial groups [30]. The
lack of funding support for these topics may thus result in the
further consequence of attrition of researchers from minoritized
racial groups. The attrition of these individuals is a major
detriment to research as these individuals offer a diversity of
viewpoints and ideas that contribute to scientific advancement. At
a time where research funding is already of concern to many, it is
difficult to determine the best course for rectifying this particular
funding gap. One solution proposed by the National Institutes of
Health (NIH) has been to convene special study sections and
funding opportunities to address these research and funding
gaps. Greater support for health disparities research will lead to
better understanding the neurobiological consequences of
disparities in environmental risk factors for psychiatric disorders,
as well as better understanding the neurobiology of behavior
more broadly.

A second barrier to progress in this area concerns the potential
for discomfort that discussions of race can elicit, particularly in
light of past controversies surrounding the psychological study of
race-related differences [31]. Specifically, there may be worry over
how findings of race-related differences may be misinterpreted
within the wider public (e.g., that these may be viewed as innate
or immutable differences). Findings of race-related differences in
brain function can be subject to unwarranted reverse causal
inference. For example, some individuals may read about a
potential finding of race-related differences in “brain function” and
overinterpret the data in a way that happens to reinforce a
preconceived belief. A solution to mitigate this potential
misunderstanding is to appropriately contextualize any finding
of neurobiological differences between racial groups around the
specific cognitive process studied and to make explicit note of any
measured racial disparities in environmental risk factors. For
example, a neuroimaging report of “reduced brain activation”
within a racial group would be inappropriate. Instead, findings
should be reported for a specific (set of) brain region(s) for a
particular task or contrast (e.g., amygdala reactivity to threat cues).
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Further, any race-related differences in environmental factors (e.g.,
income, violence, etc.) should also be reported to contextualize
findings of race-related differences.

The potential for misinterpretation highlights that precise and
objective language are crucial for investigation of race-related
differences in the neurobiology of psychiatric disorders. Although
“race” was conceptualized at the outset of the present paper, itis a
term used in several different ways in contemporary discourse.
The multiplicity of meanings for the word “race” can thus lead to
unintentional ambiguity and potential misinterpretation of
scientific results. It may be advantageous for the field to adopt a
set of standardized, accurate, and inclusive language guidelines to
better facilitate the design of experiments, assessment of
variables, and interpretations of race-related research. Given the
potential for miscommunication, it is critically important for
researchers to take great care during planning, execution, and
dissemination of findings related to race-related differences to
avoid potentially reinforcing negative stereotypes or perpetrating
harmful, unscientific ideas. However, only by studying racial
disparities in environmental risk factors, and improving our
understanding of their impacts on the brain, can we begin to
unravel the mechanisms that underlie differences in prevalence of
psychiatric disorders between racial groups.

Finally, cross-cultural differences regarding health care and
psychiatric symptoms are another potential barrier to research.
Environmental factors (e.g., neighborhood disadvantage) can
result in reduced access to psychiatric care and may become
barriers that lead to reduced treatment seeking behaviors. Further,
given negative environmental factors, minoritized racial groups
may engage in coping behaviors that mask the typical presenta-
tion of psychiatric symptoms which may facilitate inaccurate
diagnoses or misattribution of symptom presentations. Although
these factors may impact reported rates of psychiatric disorders
directly, these important aspects may also influence research on
the neurobiology of psychiatric disorders such that they mask
potential race-related findings. Understanding race-related differ-
ences in psychiatric access, presentation, and diagnosis are also
important areas to consider for research on impact of race
disparities in environment on neural circuitry.

CONCLUSIONS

The neurobiological consequences of racial disparities in environ-
mental risk factors are currently not well characterized. Despite the
evidence that environmental factors are robustly able to shape
both the brain and development of psychiatric disorders, it is yet
unclear how these relationships may manifest in groups differen-
tially exposed to environmental, chemical, physical, psychological,
and social stressors. A better understanding of these effects has
important implications for our conceptualization of the neurobiol-
ogy of psychiatric disorders. There are likely important moderating
and interacting environmental factors that add significant com-
plexity to the relationship between the brain and the environment.
Understanding the interplay of the environment and the brain,
particularly in different racial groups that have variable and
complex levels of exposure to environmental stress, would provide
important insight into why some mental illnesses have a lower
prevalence in minoritized racial groups whereas others have higher
prevalence. Race-related differences in the neurobiology of
psychiatric disorders are likely not simple and different environ-
mental and biological pathways toward risk and resilience must be
considered carefully and empirically. It will be a difficult endeavor
to disentangle the impact of racial disparities in environmental risk
factors on the brain. However, doing so is necessary for the
development of generalizable neurobiological models of psychia-
tric disorders, diminishing the prevalence of mental illness, and
improving health for all individuals.
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