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Marginalized groups are often underrepresented in human developmental
neuroscientific studies. This is problematic for the generalizability of findings
about brain-behavior mechanisms, as well as for the validity, reliability, and
reproducibility of results. In the present paper we discuss selection bias in
cohort studies, which is known to contribute to the underrepresentation
of marginalized groups. First, we address the issue of exclusion bias, as
marginalized groups are sometimes excluded from studies because they do
not fit the inclusion criteria. Second, we highlight examples of sampling
bias. Recruitment strategies are not always designed to reach and attract
a diverse group of youth. Third, we explain how diversity can be lost
due to attrition of marginalized groups in longitudinal cohort studies. We
provide experience- and evidence-based recommendations to stimulate
neuroscientists to enhance study population representativeness via science
communication and citizen science with youth. By connecting science
to society, researchers have the opportunity to establish sustainable and
equal researcher-community relationships, which can positively contribute to
tackling selection biases.

neuroscience, development, representativeness, diversity, society, samples,
adolescence, marginalized groups
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Introduction

Developmental neuroscientists generally aim to include
representative samples in their scientific studies, yet
marginalized groups are often underrepresented (Fakkel
et al, 2020). In this paper, when discussing marginalized
groups, we refer to a heterogenous group which includes-
but is not limited to-Black, Indigenous, and People of
Color (BIPOC), individuals with bi-or multi-cultural origin,
individuals from low socioeconomic status, individuals from
the LHBTQIA + community, and individuals with disabilities
or functional impairments. Although marginalized groups
may differ per country and continent, and some of these
groups may be considered marginalized predominantly in
Europe and North America, the described groups still have
historically been underrepresented in neuroscientific studies
(Dotson and Duarte, 2020). Researchers generally attract
and engage convenience samples, i.e., participants that have
affinity with a specific research topic or are easy to contact and
recruit. Convenience samples commonly do not reflect the
heterogeneity of human populations. As a consequence, the
underrepresentation of marginalized groups in neuroscientific
studies is problematic for the generalizability of findings
about (developmental) brain-behavior mechanisms, as well
as for the validity, reliability, and reproducibility of results
(Falk et al., 2013; Nielsen et al., 2017a; Dotson and Duarte,
2020). In turn, this may limit our general understanding of
neurodevelopmental processes investigated in the population
(Lewinn et al,, 2017). Importantly, researchers should not
solely focus on diversity; but also address inclusion and
equity. Inclusion refers to the intentional process and effort
to ensure that individuals with diverse identities can equally
participate within an organization or group and that their
contribution is equally valued by others (Tan, 2019). Equity
refers to the leveling of the playing field for marginalized
groups, the process of establishing access to the same
opportunities and resources for all (Tan, 2019). Diverse
research samples cannot be realized without committing to
inclusive research and equity, since most issues regarding
underrepresentation of marginalized groups are about unequal
opportunities. In the present paper, we highlight three types
of selection bias: (1) exclusion bias, (2) sampling bias and,
(3) attrition bias in cohort studies. Second, we offer practical
recommendations to minimize selection bias with a special
focus on citizen science.

Selection bias

The term selection bias encompasses the failure to select,
attract or maintain a representative sample or study population
(Hernan et al., 2004). Selection biases limit our possibilities to
draw accurate conclusion from scientific findings, as there are
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systematic differences between the individual characteristics of
the sample and the target population. Below, we discuss three
forms of selection biases in developmental human neuroscience.

Exclusion bias

Decades of studies in developmental cognitive neuroscience
have greatly improved our understanding of a wide range
of psychological processes and their neural underpinnings
throughout development (Nelson and Bloom, 1997; Decety
and Meyer, 2008). At the same time, these developmental
processes were not always successfully measured among youth
from marginalized groups, partly due to the selection of
certain inclusion or exclusion criteria. Traditional rationales
to exclude certain groups may be outdated and invalid, or
systematically limit participation of marginalized individuals.
For instance, specific neuroscientific tools and methodologies,
including electroencephalography (EEG), functional near-
infrared spectroscopy (fNIRS), skin conductance and eye
tracking, often systematically exclude participants based
on phenotypic differences, such as hair structure, skin
pigmentation, pupil color (Webb et al.,, 2022). An example of
this is how BIPOC youth with curly and tightly coiled hair
have been excluded from EEG studies, due to the limited
knowledge on ensuring good brain activity quality among
diverse hairstyles or hair structures (Etienne et al., 2020; Choy
et al., 2022). As a result, findings are often biased and difficult
to generalize to BIPOC youth-limiting our understanding
of their neurodevelopment-and how these individuals may
be optimally supported during development (e.g., using
prevention, intervention, and treatment).

These problems are often amplified by predominant
reliance on group-based statistical comparisons in which
neural measures are averaged across a group of homogenous
participants to maximize statistical power (Willems et al., 2014)-
despite evidence that grouping is often difficult and arbitrary as
many population characteristics exist on a spectrum (i.e., show
marked heterogeneity, or individual differences). In addition,
how these characteristics are defined and operationalized in
the first place widely differs between studies and countries
(see Paus, 2010 for various examples on brain outcomes, and
environmental factors like socioeconomic status). Hence, it is
important to take steps to inclusively account for diversity and
heterogeneity in our research samples, in operationalization,
sampling strategies and data analysis.

Sampling bias
Sampling bias may occur in studies when researcher do

not properly select the study population (Nielsen et al., 2017a).
Current recruitment strategies do not always allow us to
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successfully reach out to marginalized groups. Subsequently,
systematic barriers prevent us from reaching diverse target
groups from various marginalized groups (Habibi et al., 2015;
Nielsen et al., 2017a). One of those barriers is the lack
of accessibility to information and resources (Habibi et al,
2015). For example, individuals from lower socioeconomic
backgrounds may have less access to financial and digital
resources, which could prevent them from initial participation
in neuroimaging studies (Jang and Vorderstrasse, 2019).
Another example is how individuals with disabilities or
functional impairment may face more difficulties when it comes
to transportation to centers where neuroscientific studies are
conducted (e.g., mobility issues, obstacles in public transport, or
financial costs). A lack of diversity in research teams (Tzovara
et al,, 2021) may also limit recruitment amongst diverse groups
of participants (Flores et al, 2017). Having representative
scientists in research teams may result in feelings of familiarity
and similarity among participants, which in turn may positively
contribute to increased trust in science (Wallace and Bartlett,
2013; Flores et al, 2017). The importance of diversifying
teams to promote equality was also evident in a study
by Auelua-toomey and Roberts (2022). The authors showed
that journals with diverse editorial boards were perceived
more positively by both BIPOC and white graduate students
than editorial boards without BIPOC members. Recently,
the Organization for Human Brain Mapping (OHBM) has
established a Diversity and Inclusivity Committee to promote
the presence of underrepresented scientists and to create diverse
role models in the field of neuroimaging [for a detailed
overview of their code of conduct and their activities aimed
at enhancing and fostering diversity, equity, and inclusion
in academic teams see Tzovara et al. (2021)]. It is beyond
the scope of this short paper to provide recommendations
on how to diversify research teams in neuroscience, still
it is important to acknowledge that having members of
underrepresented groups is necessary for moving forward
(Nielsen et al.,, 2017b; Harrington, 2021; Auelua-toomey and
Roberts, 2022).

Attrition bias

The third source causing potential selection bias is attrition.
Longitudinal (neuroimaging) studies tend to end up with
less representative research samples after each wave due
to relatively high levels of attrition of participants from
marginalized groups or low educated groups (Ewing et al,
2018). There is growing statistical literature on how to deal
with missing data (e.g., multiple imputation methods) and
attrition (e.g., inverse probability weighting) in longitudinal
analyses. However, there is limited information on how to
prevent systematic attrition marginalized groups in follow-up
studies. To illustrate the loss of individuals from marginalized
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groups in cohort studies we highlight two neuroimaging
studies, although attrition bias is common issue among most
longitudinal studies. For example, in the Generation R Study,
a population-based cohort study in Rotterdam, Netherlands
the research sample became less diverse in terms of ethnicity
and educational level with each wave, despite several efforts
to keep youth form marginalized groups within the study.
At the onset of the study, 48% of the participants were
identified as Dutch, while this percentage increased to 55.8%
9 vyears later (Jaddoe et al, 2006; White et al, 2018).
Researchers had invested in several efforts, including support
for verbal translation of questionnaires in Turkish and Arabic
by research assistants who even visited the participants at
home (Jaddoe et al., 2008). Unfortunately, this was not enough
to combat attrition among marginalized groups. Likewise, in
the IMAGEN study, 17% of the parents had a low education
level at baseline, while at the 5-year follow-up this was 13%
(Modabbernia et al., 2021).

There may be multiple causes of this unfortunate loss
of diversity, including logistical barriers (Nicholson et al,
2015; Flores et al.,, 2017; Raphael et al., 2017). Neuroimaging
techniques, like Magnetic Resonance Imaging (MRI), can be
time consuming. Some MRI sequences require laboratory visits
of at least 3 h. Visit to research centers in general can
be intensive, as behavioral and psychiatric assessments also
tend to consume quite some time. Although this might not
be a problem for some participants, it may prevent specific
groups from participating multiple times. Additionally, studies
have shown that adolescents from certain ethnically/culturally
diverse groups and lower socioeconomic backgrounds tend to
grow up in home environment with larger household, family or
work responsibilities possibly making it more difficult for them
to arrange free time for each assessment (Tseng, 2004; Sdnchez
etal., 2010).

Connecting science to society

Bridging the gap between science and society allows for
more representative, innovative and generalizable research,
which may ultimately benefit healthcare practices, education
and policy efforts (Ellis et al., 2021). Here, we provide some
experience- and evidence-based recommendations to enhance
diversity, equity, and inclusion in developmental human
neuroscience through activities that are aimed at connecting
science to society.

Science communication and outreach

One way to connect science to society, specifically
youth, is via science communication and outreach activities
(Vollbrecht et al.,, 2019; Lichtenberg et al., 2020; a. Science
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communication can positively aid in building trust within
communities, which in turn can have positive effects
on dismantling selection biases (Saragosa-Harris et al,
2022). Prior research has shown that building trust within
communities encourages participation among marginalized
groups (Jang and Vorderstrasse, 2019; Nooner et al., 2021).
Science communication should be inclusive, and this requires
expanding communication styles to other forms, such as such
as writing blogs, making videos (with subtitles and preferable
in multiple languages), and giving lectures and workshops
at schools or community centers. For example, the authors
of the present paper engage in science communication via
social media platforms like Instagram, in which they share
their scientific findings with youth and youth organizations.
The variety of science communication methods is needed to
enhance accessibility to information in marginalized groups
and to let adolescents become familiar with neuroscience.
Making neuroscientific findings accessible and understandable
is not only essential in reaching out to marginalized groups,
but also for society in general. Scientific discoveries belong
to all of us and hence researchers should not only be open
and transparent about their knowledge and findings toward
each other, but also to the broader public (Vandenbroucke
et al, 2021). Informing and educating young people about
brain development and behavioral processes contributes to
their understanding of developmental human neuroscience,
and thus themselves. In addition, science communication and
education can aid in making youth enthusiastic about science
and academia (Tzovara et al, 2021). Enabling children from
underrepresented groups to get familiar with (neuro) science
is, one of the many actions in a chain of changes, needed to
diversify academia.

In outreach programs scientists and/or students provide
active learning experiences to adolescents and engage
adolescents in science (Vollbrecht et al, 2019). Outreach
programs are most common within the field of STEM (Science,
Technology, Engineering and Mathematics), where the
program aim is to attract a wider variety of students into STEM.
However, some outreach programs still fail to reach adolescents
from marginalized groups (Bultitude, 2014; Vollbrecht et al,
2019). The ABCD study has designed an outreach framework
to raise awareness and promote sustainable support from
different societal partners, including adolescents (Hoffman
et al.,, 2018). Their framework follows four principles: (1) the
identification and segmentation of target audience; (2) gaining
support from community leaders and societal organizations;
(3) the development and refinement from outreach materials
disseminated via various platforms; and (4) feedback and
evaluation of messaging and branding (Hoffman et al,, 2018).
Similar to the Generation R study (Jaddoe et al., 2008; Kooijman
et al,, 2016), the ABCD study maintains regular and dynamic
contact with their participants via retention materials like
newsletters, birthday cards, thank you presents, and reminders.
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Citizen science

A second method for connecting science to society is by
taking the views and opinions of adolescents from diverse
backgrounds actively into account through citizen science.
Citizen science is a method in which adolescents are engaged as
“citizens” in research projects rather than research participants
(Te Brinke et al., 2022). By engaging in citizen science,
researchers can learn from youth themselves. For example,
what is the best way to contact them, what do they need
to have access to longitudinal cohort studies, which barriers
should be prioritized, and what do they think is needed
for inclusive research? These are all questions for which
adolescents from marginalized communities can give essential
and valuable information, and thus aid researchers in tackling
selection biases.

A crucial requirement for citizen science to work and to
be beneficial for both society and science, is the establishment
of equal researcher-community partnerships (Hoffman et al,
2018; Weng et al., 2020; Vandenbroucke et al., 2021). Engaging
in researcher-community partnerships also entails giving youth
partial responsibility and ownership. This will positively
contribute to their sense of agency and will likely keep
them involved and committed to project. In addition, citizen
science should not only be beneficial for the researchers,
but also for the adolescents within the community. Citizen
science requires commitment from adolescents. Therefore,
researchers should ask themselves: “what’s in it for adolescents?
what can they get out of this commitment.” Although this
may differ per individual or group, for most adolescents
one of the requirements would be that that their ideas
and perspectives will contribute to making impact. To
ensure that adolescents feel heard and taken seriously when
sharing their experiences and knowledge with researchers, it
is crucial that researchers are transparent and open about
how they incorporate the input from the community into
their research. Additionally, involvement from communities,
especially from marginalized groups, should also be reckoned
and valued through financial compensation or by granting
them a certificate.

For successful integration of citizen science initiatives, it
is key that perspectives from adolescents, are included from
the start of the research project (Vandenbroucke et al., 2021).
Early inclusion of adolescents from marginalized groups in
neuroscientific research (i.e., when writing the research proposal
or setting up the research design) may aid in recognizing implicit
biases that affect societal and scientific progress. Research
projects should be more tailored to the needs, possibilities,
and limitations of adolescents who participate in cohort studies
(Jaddoe et al., 2006; Garavan et al., 2018; Hoffman et al., 2018;
Nooner et al., 2021). We argue that having the right sampling
and engagement strategies cannot be fulfilled without a
sustainable researcher-community partnership, in which youth,
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youth workers, parents, teachers or communities are involved
from the beginning of the research process (Weng et al,
20205 Saragosa-Harris et al., 2022). For instance, in the ABCD
study, the researchers employed a probability sampling of
schools as primary method for recruiting participants (Garavan
et al,, 2018). However, they also used additional strategies,
such as outreach to summer activities and snowballing referral,
whereby enrolled families would receive compensation for
getting other families to participate in the study. This latter
approach enables word-of mouth enrollment, where individuals
can act as ambassadors of the study, and which is likely
to have beneficial effects in enhancing trust among potential
participants (Garavan et al., 2018).

All in all, recruitment of diverse and representative
samples in neuroscientific studies requires a broad range of
recruitment strategies, as the “one-size fit all” approach is
vulnerable to selection biases. Recently, researchers recognize
the scientific value of incorporating diverse perspectives from
society into academia (Weng et al,, 2020). As a result, research-
community partnerships can lead to new innovative ideas,
greater equity and societal impact and further scientific progress
(Whitmore and Mills, 2021).

Co-creation with societal partners

Co-creation is a specific form of citizen science were
researchers and citizens collaborate in the development of a tool,
measurement, or design. Within developmental psychology,
researchers are gaining more experiencing in how to effectively
work with youth at different stages of the empirical cycle,
including developing measurement materials (Te Brinke et al.,
2022). For instance, adolescents can actively engage in the
creation of a new questionnaire or survey, by sharing ideas
and providing feedback on the duration, types of questions or
the language use. Although, co-creation may seem challenging
within the field of developmental human neuroscience, it is still
possible to collaboratively develop something with adolescents
or other societal partners. Expertise may not always be fully
present within the research teams, thus working together with
societal partners with specific skills could be the solution. To
highlight this, we use the example of how BIPOC individuals
with curly and coiled hair structure, are systematically excluded
from neuroscientific studies, such as EEG. The Biomechanics,
Rehabilitation, and Interdisciplinary Neuroscience (BRaIN) lab
at the University of Central Florida has developed an open-
source guideline for including diverse hairstyles and hair
structures in EEG research.! Their guideline contains valuable
information for both researchers and participants on hair
preparation and hair care in EEG research. More importantly,
they co-created this guideline in close collaboration with hair

1 https://hellobrainlab.com/research/eeg- hair- project/
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stylists from marginalized communities. This is an example
of how societal partners can be of value in dismantling
selection biases.

Conclusion

In this short paper, we highlighted three selection biases in
developmental human neuroscience studies that may influence
the validity, reliability, and reproducibility of study results and
thus limit our general understanding of neurodevelopmental
processes. Further, we provided experience- and evidence-
based recommendations to stimulate neuroscientists to enhance
study population representativeness. For future research, we
will need to get more insights in when its valuable to
have diversity across homogeneous groups and when it is
better to have diversity within one sample (i.e., heterogeneous
sample). Representativeness and promoting participation of
underrepresented groups can be achieved in both ways.
Equal researcher-community partnerships and co-creation
of research projects with youth from marginalized groups
are of great added value to tackle systemic barriers. By
connecting science to society, we have the opportunity to
both transfer scientific findings to youth, as well as to bring
new perspectives and knowledge from society back to the lab,
especially from individuals from marginalized groups who have
historically been left out.

Data availability statement

The original  contributions  presented in  this

study are included in the article/supplementary

material, further inquiries can be directed to the

corresponding author.

Author contributions

KG: conceptualization, investigation, and writing — original
draft and review and editing. IV: investigation and
writing - original draft and review and editing. LT and FR:
investigation and writing — original draft. RC: conceptualization.
HE conceptualization, review and editing, and supervision.
All authors contributed to the article and approved the
submitted version.

Funding

This work was supported by the Stichting Volksbond
Rotterdam, the NARSAD Young Investigator Grant from the
Brain & Behavior Research Foundation (Grant Number 27853),

frontiersin.org


https://doi.org/10.3389/fnint.2022.981657
https://hellobrainlab.com/research/eeg-hair-project/
https://www.frontiersin.org/journals/integrative-neuroscience
https://www.frontiersin.org/

Green et al.

Netherlands Organization for Scientific Research (NWO)
(No. 015.016.056), the NWO
Spinoza prize awarded to Eveline A. Crone. The funding

Aspasia  grant and by

agencies had no role in the design, preparation, review or
approval of the manuscript, and the decision to submit it
for publication.

Conflict of interest

The authors declare that the research was conducted
in the absence of any commercial or financial relationships

References

Auelua-toomey, S. L., and Roberts, S. O. (2022). The effects of editorial-board
diversity on race scholars and their scholarship: A field experiment. Perspect.
Psychol. Sci. doi: 10.1177/17456916211072851 [Epub ahead of print].

Bultitude, K. (2014). Science festivals: Do they succeed in reaching beyond the
“already engaged”? J. Sci. Commun. 13, 1-3. doi: 10.22323/2.13040301

Choy, T., Baker, E., and Stavropoulos, K. (2022). Systemic racism in EEG
research: Considerations and potential solutions. Affect. Sci. 3, 14-20. doi: 10.1007/
$42761-021-00050-0

Decety, J., and Meyer, M. (2008). From emotion resonance to empathic
understanding: A social developmental neuroscience account. Dev. Psychopathol.
20, 1053-1080. doi: 10.1017/50954579408000503

Dotson, V. M., and Duarte, A. (2020). The importance of diversity in cognitive
neuroscience. Ann. N.Y. Acad. Sci. 1464, 181-191. doi: 10.1111/nyas.14268

Ellis, D. A., Rhind, J., Carcone, A. L, Evans, M., Weissberg-Benchell, J.,
Buggs-Saxton, C,, et al. (2021). Optimizing recruitment of black adolescents into
behavioral research: A multi-center study. J. Pediatr. Psychol. 46, 611-620. doi:
10.1093/jpepsy/jsab008

Etienne, A., Laroia, T., Weigle, H., Afelin, A., Kelly, S. K., Krishnan, A., et al.
(2020). “Novel electrodes for reliable EEG recordings on coarse and curly hair,
in Proceedings of the annual international conference of the IEEE engineering in
medicine and biology society, (Piscataway, NJ: EMBS), 6151-6154. doi: 10.1109/
EMBC44109.2020.9176067

Ewing, S. W. F., Chang, L., Cottler, L. B., Tapert, S. F., Dowling, G. ., and Brown,
S. A. (2018). Approaching retention within the ABCD study. Dev. Cogn. Neurosci.
32,130-137. doi: 10.1016/j.dcn.2017.11.004

Fakkel, M., Peeters, M., Lugtig, P., Zondervan-Zwijnenburg, M. A. J., Blok, E.,
White, T., et al. (2020). Testing sampling bias in estimates of adolescent social
competence and behavioral control. Dev. Cogn. Neurosci. 46:100872. doi: 10.1016/
j.dcn.2020.100872

Falk, E. B., Hyde, L. W., Mitchell, C., Faul, J., Gonzalez, R., Heitzeg, M. M.,
et al. (2013). What is a representative brain? Neuroscience meets population
science. Proc. Natl. Acad. Sci. U.S.A. 110, 17615-17622. doi: 10.1073/pnas.13101
34110

Flores, G., Portillo, A., Lin, H., Walker, C., Fierro, M., Henry, M., et al. (2017). A
successful approach to minimizing attrition in racial/ethnic minority, low-income
populations. Contemp. Clin. Trials Commun. 5, 168-174. doi: 10.1016/j.conctc.
2017.01.009

Garavan, H., Bartsch, H., Conway, K., Decastro, A., Goldstein, R. Z., Heeringa,
S., et al. (2018). Developmental cognitive neuroscience recruiting the ABCD
sample: Design considerations and procedures. Dev. Cogn. Neurosci. 32, 16-22.
doi: 10.1016/j.dcn.2018.04.004

Habibi, A., Sarkissian, A., Der Gomez, M., and Ilari, B. (2015). Developmental
brain researchwith participants fromunderprivileged communities: Strategies for
recruitment, participation, and retention. Mind Brain Educ. 9, 179-186.

Harrington, M. A. (2021). Diversity in neuroscience education: A perspective
from a Historically Black institution. J. Neurosci. Res. 2020, 1538-1544. doi: 10.
1002/jnr.24911

Frontiers in Integrative Neuroscience

10

10.3389/fnint.2022.981657

that could be construed as a conflict

of interest.

potential

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Hernan, M. A., Hernédndez-Diaz, S., and Robins, J. M. (2004). A structural
approach to selection bias. Epidemiology 15, 615-625. doi: 10.1097/01.ede.
0000135174.63482.43

Hoffman, E. A., Howlett, K. D., Breslin, F., and Dowling, G. J. (2018). Outreach
and innovation: Communication strategies for the ABCD study. Dev. Cogn.
Neurosci. 32, 138-142. doi: 10.1016/j.dcn.2018.04.001

Jaddoe, V. W. V., Mackenbach, J. P., Moll, H. A,, Steegers, E. A. P., Tiemeier, H.,
Verhulst, F. C,, et al. (2006). The generation R study: Design and cohort profile.
Eur. J. Epidemiol. 21, 475-484. doi: 10.1007/s10654-006-9022-0

Jaddoe, V. W. V., Van Duijn, C. M., Van Der Heijden, A. J., MacKenbach,
J. P., Moll, H. A,, Steegers, E. A. P, et al. (2008). The generation R study: Design
and cohort update until the age of 4 years. Eur. J. Epidemiol. 23, 801-811. doi:
10.1007/s10654-008-9309-4

Jang, M., and Vorderstrasse, A. (2019). Socioeconomic status and racial or
ethnic differences in participation:web-based survey. JMIR Res. Protoc. 8, 1-10.
doi: 10.2196/11865

Kooijman, M. N., Kruithof, C. J., van Duijn, C. M., Duijts, L., Franco, O. H,,
van IJzendoorn, M. H,, et al. (2016). The Generation R Study: Design and cohort
update 2017. Eur. J. Epidemiol. 31, 1243-1264. doi: 10.1007/s10654-016-0224-9

Lewinn, K. Z., Sheridan, M. A., Keyes, K. M., Hamilton, A., and McLaughlin,
K. A. (2017). Sample composition alters associations between age and brain
structure. Nature Communications 8:874. doi: 10.1038/s41467-017-00908-7

Lichtenberg, N. T., Thompson, A. B., Iguchi, M. Y., Evans, C. J., and Romero-
Calder6én, R. (2020). An undergraduate student-led neuroscience outreach
program shows promise in shifting teen attitudes about drugs. Mind Brain Educ.
14, 387-399. doi: 10.1111/mbe.12261

Modabbernia, A., Reichenberg, A., Ing, A., Moser, D. A., Doucet, G. E., Artiges,
E., et al. (2021). Linked patterns of biological and environmental covariation
with brain structure in adolescence: A population-based longitudinal study. Mol.
Psychiatry 26, 4905-4918. doi: 10.1038/s41380-020-0757-x

Nelson, C. A., and Bloom, F. E. (1997). Child development and neuroscience.
Child Dev. 68, 970-987.

Nicholson, L. M., Schwirian, P. M., and Groner, J. A. (2015). Recruitment and
retention strategies in clinical studies with low-income and minority populations:
Progress from 2004-2014. Contemp. Clin. Trials 45, 34-40. doi: 10.1016/j.cct.2015.
07.008

Nielsen, M., Haun, D., Kirtner, J., and Legare, C. H. (2017a). The persistent
sampling bias in developmental psychology: A call to action. J. Exp. Child Psychol.
162, 31-38. doi: 10.1016/j.jecp.2017.04.017

Nielsen, M. W., Alegria, S., Bérjeson, L., Etzkowitz, H., Falk-Krzesinski, H. .,
Joshi, A., et al. (2017b). Gender diversity leads to better science. Proc. Natl. Acad.
Sci. U.S.A. 114, 1740-1742. doi: 10.1073/pnas.1700616114

Nooner, K. B, Chung, T., Feldstein Ewing, S. W., Brumback, T., Arwood, Z.,
Tapert, S. F., et al. (2021). Retaining adolescent and young adult participants in
research during a pandemic: Best practices from two large-scale developmental
neuroimaging studies (NCANDA and ABCD). Front. Behav. Neurosci. 14:1-8.
doi: 10.3389/fnbeh.2020.597902

frontiersin.org


https://doi.org/10.3389/fnint.2022.981657
https://doi.org/10.1177/17456916211072851
https://doi.org/10.22323/2.13040301
https://doi.org/10.1007/s42761-021-00050-0
https://doi.org/10.1007/s42761-021-00050-0
https://doi.org/10.1017/S0954579408000503
https://doi.org/10.1111/nyas.14268
https://doi.org/10.1093/jpepsy/jsab008
https://doi.org/10.1093/jpepsy/jsab008
https://doi.org/10.1109/EMBC44109.2020.9176067
https://doi.org/10.1109/EMBC44109.2020.9176067
https://doi.org/10.1016/j.dcn.2017.11.004
https://doi.org/10.1016/j.dcn.2020.100872
https://doi.org/10.1016/j.dcn.2020.100872
https://doi.org/10.1073/pnas.1310134110
https://doi.org/10.1073/pnas.1310134110
https://doi.org/10.1016/j.conctc.2017.01.009
https://doi.org/10.1016/j.conctc.2017.01.009
https://doi.org/10.1016/j.dcn.2018.04.004
https://doi.org/10.1002/jnr.24911
https://doi.org/10.1002/jnr.24911
https://doi.org/10.1097/01.ede.0000135174.63482.43
https://doi.org/10.1097/01.ede.0000135174.63482.43
https://doi.org/10.1016/j.dcn.2018.04.001
https://doi.org/10.1007/s10654-006-9022-0
https://doi.org/10.1007/s10654-008-9309-4
https://doi.org/10.1007/s10654-008-9309-4
https://doi.org/10.2196/11865
https://doi.org/10.1007/s10654-016-0224-9
https://doi.org/10.1038/s41467-017-00908-7
https://doi.org/10.1111/mbe.12261
https://doi.org/10.1038/s41380-020-0757-x
https://doi.org/10.1016/j.cct.2015.07.008
https://doi.org/10.1016/j.cct.2015.07.008
https://doi.org/10.1016/j.jecp.2017.04.017
https://doi.org/10.1073/pnas.1700616114
https://doi.org/10.3389/fnbeh.2020.597902
https://www.frontiersin.org/journals/integrative-neuroscience
https://www.frontiersin.org/

Green et al.

Paus, T. (2010). Population neuroscience: Why and how. Hum. Brain Mapp. 31,
891-903. doi: 10.1002/hbm.21069

Raphael, J. L., Lion, K. C., and Bearer, C. F. (2017). Policy solutions to recruiting
and retaining minority children in research. Pediatr. Res. 82, 180-182. doi: 10.
1038/pr.2017.119

Sanchez, B., Esparza, P., Colén, Y., and Davis, K. E. (2010). Tryin ’ to make
it during the transition from high school: The role of family obligation attitudes
and economic context for latino-emerging adults. J. Adolesc. Res. 25, 858-884.
doi: 10.1177/0743558410376831

Saragosa-Harris, N. M., Chaku, N., Macsweeney, N., Guazzelli, V., Scheuplein,
M, Feola, B, et al. (2022). A practical guide for researchers and reviewers using
the ABCD Study and other large longitudinal datasets. Dev. Cogn. Neurosci.
55:101115. doi: 10.1016/j.dcn.2022.101115

Tan, T. Q. (2019). Principles of inclusion, diversity, access, and equity. J. Infect.
Dis. 220, $30-S32. doi: 10.1093/infdis/jiz198

Te Brinke, L. W., van der Cruijsen, R., and Green, K. H. (2022). Positive and
negative risk-taking in adolescence and early adulthood: A citizen science study
during the COVID-19 pandemic. Front. Psychol. 13:885692. doi: 10.3389/fpsyg.
2022.885692

Tseng, V. (2004). Family interdependence and academic adjustment in college:
Youth from immigrant and U.S.-Born families. Child Dev. 75, 966-983.

Tzovara, A., Amarreh, I, Borghesani, V., Chakravarty, M. M., DuPre,
E., Gretkes, C., et al. (2021). Embracing diversity and inclusivity in
an academic setting: Insights from the organization for human brain
mapping.  Neurolmage  229:117742.  doi: ~ 10.1016/j.neuroimage.2021.1
17742

Frontiers in Integrative Neuroscience

11

10.3389/fnint.2022.981657

Vandenbroucke, A. R. E,, Crone, E. A, Erp, J. B. F,, van Giiroglu, B., Hulshoff
Pol, H. E., de Kogel, C. H., et al. (2021). Integrating cognitive developmental
neuroscience in society: Lessons learned from a multidisciplinary research project
on education and social safety of youth. Front. Integr. Neurosci. 15:1-20. doi:
10.3389/fnint.2021.756640

Vollbrecht, P. J., Frenette, R. S., and Gall, A. J. (2019). An effective model
for engaging faculty and undergraduate students in neuroscience outreach with
middle schoolers. J. Undergrad. Neurosci. Educ. 17, A130-A144.

Wallace, D. C., and Bartlett, R. (2013). Recruitment and retention of african
american and hispanic girls and women in research. Public Health Nurs. 30,
159-166. doi: 10.1111/phn.12014

Webb, E. K., Etter, J. A., and Kwasa, J. A. (2022). Addressing racial and
phenotypic bias in human neuroscience methods. Nat. Neurosci. 25, 410-414.
doi: 10.1038/s41593-022-01046-0

Weng, H. Y., Ikeda, M. P., Lewis-peacock, J. A., Chao, M. T., Fullwiley, D.,
Goldman, V., et al. (2020). Toward a compassionate intersectional neuroscience:
Increasing diversity and equity in contemplative neuroscience. Front. Psychol.
11:573134. doi: 10.3389/fpsyg.2020.573134

White, T., Muetzel, R. L., El Marroun, H., Blanken, L. M. E., Jansen, P., Bolhuis,
K., et al. (2018). Paediatric population neuroimaging and the Generation R Study:
The second wave. Eur. J. Epidemiol. 33, 99-125. doi: 10.1007/s10654-017-0319-y

Whitmore, L. B., and Mills, K. L. (2021). Co-creating developmental science.
Infant Child Dev. 31:€2273. doi: 10.1002/icd.2273

Willems, R. M., Der Haegen, L., Van Fisher, S. E., and Francks, C. (2014). On the
other hand: Including left-handers in cognitive neuroscience and neurogenetics.
Nat. Rev. Neurosci. 15, 193-201. doi: 10.1038/nrn3679

frontiersin.org


https://doi.org/10.3389/fnint.2022.981657
https://doi.org/10.1002/hbm.21069
https://doi.org/10.1038/pr.2017.119
https://doi.org/10.1038/pr.2017.119
https://doi.org/10.1177/0743558410376831
https://doi.org/10.1016/j.dcn.2022.101115
https://doi.org/10.1093/infdis/jiz198
https://doi.org/10.3389/fpsyg.2022.885692
https://doi.org/10.3389/fpsyg.2022.885692
https://doi.org/10.1016/j.neuroimage.2021.117742
https://doi.org/10.1016/j.neuroimage.2021.117742
https://doi.org/10.3389/fnint.2021.756640
https://doi.org/10.3389/fnint.2021.756640
https://doi.org/10.1111/phn.12014
https://doi.org/10.1038/s41593-022-01046-0
https://doi.org/10.3389/fpsyg.2020.573134
https://doi.org/10.1007/s10654-017-0319-y
https://doi.org/10.1002/icd.2273
https://doi.org/10.1038/nrn3679
https://www.frontiersin.org/journals/integrative-neuroscience
https://www.frontiersin.org/

:' frontiers ‘ Frontiers in Integrative Neuroscience

‘ @ Check for updates

OPEN ACCESS

Stefanie Bodison,
University of Florida, United States

Héléne Colineaux,

Centre Hospitalier Universitaire (CHU)
de Toulouse, France

Cyrille Delpierre,

INSERM U1027 Epidémiologie et
Analyses en Santé Publique: Risques,
Maladies Chroniques et Handicap,
France

E. Kate Webb
ekwebb@mclean.harvard.edu
Carlos Cardenas-Iniguez
carlosc2@usc.edu

Robyn Douglas
douglard@tamu.edu

fThese authors have contributed
equally to this work

31 May 2022
27 July 2022
02 September 2022

Webb EK, Cardenas-Iniguez C and
Douglas R (2022) Radically reframing
studies on neurobiology and
socioeconomic circumstances: A call
for social justice-oriented
neuroscience.

Front. Integr. Neurosci. 16:958545.
doi: 10.3389/fnint.2022.958545

© 2022 Webb, Cardenas-Iniguez and
Douglas. This is an open-access article
distributed under the terms of the
Creative Commons Attribution License
(CC BY). The use, distribution or
reproduction in other forums is
permitted, provided the original
author(s) and the copyright owner(s)
are credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does
not comply with these terms.

Frontiers in Integrative Neuroscience

Perspective
02 September 2022
10.3389/fnint.2022.958545

Radically reframing studies on
neurobiology and
socioeconomic circumstances:
A call for social justice-oriented
neuroscience

E. Kate Webb'23*t, Carlos Cardenas-Iniguez**' and
Robyn Douglas®*t

'Department of Psychology, University of Wisconsin—Milwaukee, Milwaukee, WI, United States,
2Department of Psychiatry, Harvard Medical School, Boston, MA, United States, *Division of
Depression and Anxiety, McLean Hospital, Belmont, MA, United States, “Department of Population
and Public Health Sciences, University of Southern California, Los Angeles, CA, United States,
*Department of Psychological and Behavioral Sciences, Texas AGM University, College Station,
TX, United States

Socioeconomic circumstances are associated with symptoms and diagnostic
status of nearly all mental health conditions. Given these robust relationships,
neuroscientists have attempted to elucidate how socioeconomic-based
adversity “gets under the skin.” Historically, this work emphasized individual
proxies of socioeconomic position (e.g., income, education), ignoring
the effects of broader socioeconomic contexts (e.g., neighborhood
socioeconomic disadvantage) which may uniquely contribute to chronic
stress. This omission represented a disconnect between neuroscience
and other allied fields that have recognized health is undeniably linked
to interactions between systems of power and individual characteristics.
More recently, neuroscience work has considered how sociopolitical
context affects brain structure and function; however, the products of this
exciting line of research have lacked critical sociological and historical
perspectives. While empirical evidence on this topic is burgeoning, the
cultural, ethical, societal, and legal implications of this work have been
elusive. Although the mechanisms by which socioeconomic circumstances
impact brain structure and function may be similar across people,
not everyone is exposed to these factors at similar rates. Individuals
from ethnoracially minoritized groups are disproportionally exposed to
neighborhood disadvantage. Thus, socioeconomic inequities examined in
neuroscience research are undergirding with other forms of oppression,
namely structural racism. We utilize a holistic, interdisciplinary approach
to interpret findings from neuroscience research and interweave relevant
theories from the fields of public health, social sciences, and Black feminist
thought. In this perspective piece, we discuss the complex relationship
that continues to exist between academic institutions and underserved
surrounding communities, acknowledging the areas in which neuroscience
research has historically harmed and/or excluded structurally disadvantaged
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communities. We conclude by envisioning how this work can be used; not
just to inform policymakers, but also to engage and partner with communities
and shape the future direction of human neuroscience research.

socioeconomic position (SEP), neighborhood disadvantage, neurobiology of stress,
social justice, structural racism

Introduction

> »

“Radical simply means grasping things at the root’.
—Angela Davis

Much of human research has centered on how adversity,
including lower individual socioeconomic position (SEP),
becomes biologically embedded (Turner and Lloyd, 1995;
McEwen, 2012a; McLaughlin and Sheridan, 2016). With
evidence from physiology, genomics, and neuroimaging,
our knowledge regarding the impact of socioeconomic
circumstances on mental health has progressed remarkably
(Hackman and Farah, 2009; Gianaros and Hackman, 2013;
Brito and Noble, 2014; Johnson et al, 2016; Farah, 2017,
2018). Despite considerable empirical evidence demonstrating
the biological burden of socioeconomic factors, attempts to
deliver evidence-based interventions to address these types of
adversity have been laborious and with few victories (Wainberg
et al.,, 2017; Campion et al,, 2022). We propose this impasse
is because the majority of human neuroscience work does not
systematically include these factors in study designs or situate
findings within existing social inequities, including structural
racism [definitions of terms used throughout the article are
provided in Table 1 (Gee and Ford, 2011; Sewell, 2015; Riley,
2018; Yearby, 2020)].

Historically, mental health research braved the matter
of social inequities. However, in the 1980%, a shift towards
biological perspectives caused the focus to diminish (Muntaner
et al, 2000; Bernard, 2006; Dean, 2018). More explicitly,
while research on physical health has increasingly built upon
social determinants of health and disease (Krieger, 2011,
1994), the dominant narrative in mental health research
embraced biological models of disease. This shift decreased the
number of studies investigating how structural drivers of social
determinants (e.g., sociopolitical context, legal frameworks, and
policies) impacted individuals (Muntaner et al., 2000; Krieger,
2001; Crear-Perry et al., 2021).

In a similar vein, the association between neurobiology
and neighborhood socioeconomic factors (e.g., neighborhood
disadvantage) has received even less attention than associations
with individual-level variables (e.g., income or education Farah,
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2017, 2018). This may reflect study design limitations; there
is simplicity in collecting individual-level measures directly
from the participant, and the benefit of evading the expenses
associated with larger sample sizes, which are often required
to observe significant effects of neighborhood factors. Another
explanation of this trend is that neuroscience research has
been implicitly biased towards using a “Freedom” model of
health, which suggests people are solely responsible for their
health and related behaviors i.e., individual-oriented theories
of disease causation (Dougherty, 1993; Muntaner et al., 2000;
Krieger, 2001, 2011). This line of thinking perpetuates harmful
stereotypes of genetic inferiority and pathologizes those living
amongst poor socioeconomic conditions (Farah, 2018), as it
attributes health disparities along sociodemographic categories
to the individual or essential characteristics of members of the
marginalized group.

Though many issues arise when defaulting to the Freedom
model, perhaps most insidious is that it complements the
“deserving poor” argument or “boot-strap” ideology, which
alleges people are in specific socioeconomic positions because
of individual differences in ambition or talent. To be clear, this
stance is not reflected in data. In fact, upward mobility rates
in the United States have continued to decline over the past
10 years. Variables capturing the effects of structural racism,
such as race and place (e.g., region, neighborhood) remain the
strongest predictors of mobility (Connor and Storper, 2020).
Thus, the “Freedom” model—and those akin to it—disregards
the longstanding inequities in opportunity in the United States
and, when applied (consciously or not) to neuroscience research,
exonerates the oppressive structures which maintain inequities.

Broad mechanistic questions about socioeconomic
circumstances can be challenging to capture because the
measures are generally considered macro factors, instead
of proximate mechanisms which interact directly with an
individual’s neurobiology. “For this reason,” as it refers to the
reason why socioeconomic circumstances can be challenging to
captur. However, various models have highlighted the myriad
ways our social systems can interact with the brain, as the brain
works in part as a social organ, consistently informed by our
interactions with our environment (Lende and Downey, 2012;
Berman et al.,, 2019). Further, dimensions of socioeconomic
circumstances, such as social and material conditions, are
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TABLE 1 Terminology and definitions.

Term Definition

Inequities Differences (e.g., between ethnoracial groups,
between socioeconomic positions, etc.) which
are unjust, unfair, and avoidable (Bailey et al.,
2017; Krieger, 2021). Inequalities, a
closely-related concept, refer to the measured
difference in a particular outcome (Krieger,
2001).

Chronic stress Repeated exposures to myriad multi-level risk
factors (e.g., work stress, trauma,
environmental toxins, community violence,
police brutality, etc.) and unstable access to
necessary resources (e.g., education, food,
transportation, etc.) (McEwen and Gianaros,

2010; Kim et al., 2018).

Structural racism “The macro-level systems, social forces,
institutions, ideologies, and processes that
interact with one another to generate and
reinforce inequalities among racial and ethnic

groups” (Gee and Ford, 2011).

The mechanisms of legal systems, including
the political processes, policies, and legal
practices such as enforcement (Yearby, 2020).

Critical race theory A framework used to analyze the historical
and contemporary forms of structural racism

(Crenshaw, 2010).

Positionality How a person’s sociopolitical identity (e.g.,
gender identity, sexual identity, race, ethnicity,
socioeconomic position, religion, etc.) and
lived experiences shape their position in
society. Ultimately, this position influences
how a person interacts with and perceives the
world (Roberts S. O. et al., 2020).

Intersectionality Rooted in Black feminist pedagogy, a
framework used to analyze “relations between
systems of oppression which construct our
multiple identities and our social locations in
hierarchies of power and privilege” (Crenshaw,

1991; Carastathis, 2014).

related to other, more proximal factors, which have causal
roles in mental health risk. On the environmental side, these
proximal factors can include prenatal and postnatal nutritional
deficiencies and SEP-linked exposures to environmental toxins.
They also include the interaction of crucial non-physical
socioeconomic factors such as parental education.

We focused on studies of neighborhood disadvantage
and neurobiology in this perspective because research in this
area inherently emphasizes place and context rather than
the individual. This work marks a recent and fervent shift
toward recognizing that the broader sociopolitical context
affects how individuals interpret stimuli and navigate within
social groups. This further highlights the need for the
field to firmly declare that societal inequities exist and
are relevant to the understanding of brain structure and
function. Few neuroscientists (if any) would endorse the
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contrary, but by excluding these variables and disregarding
societal influences, the resulting scientific products lack
this context. By including variables at multiple levels that
better capture the forces and dynamics related to SEP in
human neuroscience experiments, researchers acknowledge that
some of the variability in individual differences—whether in
biological functioning, behavioral task performance, or clinical
symptoms—is attributable to the sociopolitical stratification in
society (Gianaros and Hackman, 2013).

Studies on the relationship between socioeconomic factors
and neurobiology are at the forefront and intersection of public
health, neuroscience, and sociology, and in this perspective
paper, we leverage knowledge across these disciplines. After
briefly reviewing theories linking socioeconomic factors to
mental health, we highlight evidence that neighborhood
disadvantage is associated with neurobiology. This work
would be strengthened by positioning research questions and
findings within sociological and historical context. Although
we center neighborhood disadvantage, the issues presented in
this article are shared with studies on individual SEP and are
relevant to all human neuroscience research. Individual SEP
and neighborhood disadvantage may impact biological systems
through different mechanisms. However, socioeconomic
variables at multiple levels share structural racism as an
upstream determinant.

We call for future studies to name structural racism, define
neighborhood disadvantage as an institutionalized form of
racial inequity, and interpret how the effects of racism are
captured in methods and manifest in results (Sewell, 2015,
2016; Riley, 2018). Finally, we describe areas and steps for
improvement, including acknowledging historical and current
inequities, reporting relevant data, and funding research that
prioritizes the needs and participation of historically excluded
communities. These recommendations are based in the belief
that neuroscience could more critically address mental health
disparities if an anti-racist radical framework—which considers
the root causes of inequities—was applied.

Theories linking socioeconomic
factors to health

Researchers have developed various socioecological theories
to better understand how environmental exposure can uniquely
interact with genotypes and phenotypes to differentially impact
human development and mental health (Ellis et al., 2011).
For example, Social Causation Theory posits that poorer
socioeconomic circumstances increase an individual’s risk
for mental health conditions, including post-traumatic stress
disorder (PTSD), depressive disorder, and generalized anxiety
disorders (Hollingshead and Redlich, 1958). This increased risk
is partially due to greater environmental resource scarcity and
higher environmental stress, which may affect neurocognitive
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development in childhood and adolescence (Farah, 2018;
Ferschmann et al,, 2022). For an individual, alterations in
neurocognitive development may represent biological risk
for mental health conditions. Over time, these effects may
reduce socioeconomic achievement in adulthood, creating
intergenerational patterns of socioeconomic-related stress for
oppressed communities (Hackman et al., 2010).

The timing and accumulation of factors associated with
poorer socioeconomic circumstances across the lifecourse are
also identified as a crucial element in frameworks focusing
on the embodiment and embedding of social, structural,
and environmental factors and their relevance to biological
development and functioning. Though a detailed discussion
of “lifecourse exposome” studies is outside the scope of
this article (see Evans and Kim, 2012; Kelly-Irving and
Delpierre, 2021; Vineis and Barouki, 2022), these approaches
highlight the importance of dynamic upstream structural,
sociopolitical, and temporal factors in the study of biological and
psychological functioning.

Another set of theories focuses on individual differences
in genomic variations and how these may be related to an
individual’s susceptibility to eventual mental health symptoms.
Differential Susceptibility Theory advances the claim that
individuals can inherently differ in their susceptibility to
stressors, and that individuals’ environments may interact
with genetic variations and behavioral outcomes “for better
or worse” (Belsky and Pluess, 2009; Ellis et al, 2011).
Through this theory, researchers have focused on identifying
the moderating influence of environmental exposures on
developmental and life outcomes. For example, previous work in
this area has focused on psychological markers such as negative
emotionality as potentially significant individual susceptibility
factors (Ellis et al., 2011). In Differential Susceptibility Theory,
both positive (e.g., supportive parenting) and negative (e.g.,
neighborhood disadvantage) environmental conditions are
theorized to influence an individual’s susceptibility to mental
health outcomes.

A contrasting model is the Diathesis-Stress Model, which
suggests that individuals have a baseline level of predisposing
factors (i.e., diathesis) for any given mental health condition.
The point at which individuals develop symptoms depends
on the interaction between the risk factors and the degree
of stress. One form of diathesis is biological and includes
neurophysiological dysregulation. When repeated instances of
stress occur, this can cause biological changes that result in
more sensitivity to stress in the future, meaning that less
stress becomes necessary to activate the requisite processes that
may facilitate mental health symptoms (Post, 1992; Ingram
and Luxton, 2005). Notably, the Diathesis-Stress Model is
considered a deficit-only model, focusing on susceptibility to
negative environments.

Together, the reviewed theories highlight the importance

of considering mechanisms and factors at various levels in
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studying mental health outcomes and neurobiology. Though
these theories did not originally consider how structural
racism explained differences in environmental conditions, new
applications of these theories identify racism as a determinant.
In order to conduct research on the impact of socioeconomic
factors on neurobiology properly and equitably, it is crucial to
include structural, social, and historical context, and how this
may contribute to differential susceptibility and vulnerability
and their impact on health (Diderichsen et al., 2019).

Neural correlates of neighborhood
socioeconomic disadvantage

Neighborhood disadvantage measures [e.g., poverty rate,
composite measures such as the area deprivation index or
social vulnerability index, concentrated disadvantage, etc;
(Sampson et al, 1997; Coulton et al., 2002; Singh, 2003;
Flanagan et al.,, 2011; Kind et al., 2014; Kind and Buckingham,
2018)], established with a geographical ID and through a
process of geo-coding (Fan et al., 2021), predict mental health
symptoms, even above individual socioeconomic measures.
Greater neighborhood disadvantage is associated with higher
stress levels (Steptoe and Feldman, 2001; Aneshensel, 2009;
Hackman et al., 2012; Barrington et al., 2014; Chattarji et al,,
2015; Snedker and Herting, 2016) and symptoms of depression
(Blair et al., 2014), anxiety (Casciano and Massey, 2012; Vine
et al., 2012), and PTSD (Gapen et al,, 2011; Hall Brown and
Mellman, 2014; Douglas et al., 2021).

Biological correlates of neighborhood disadvantage span
various biological systems. Researchers have examined the
effects across different measures of stress responding, such as
cortisol reactivity (Karb et al, 2012; Barrington et al., 2014;
Finegood et al, 2017; Zilioli et al., 2017), stress-accelerated
aging (Olden et al,, 2015; Lei et al,, 2018, 2019; Lawrence
et al, 2020), and immune system regulation (Kepper et al,
2016; Neergheen et al., 2019; Roberts L. et al., 2020). In nearly
all proposed mechanistic models, neighborhood disadvantage
is conceptualized as chronic stress and therefore hypothesized
to influence mental health via stress-responding pathways
(e.g., persistent hypothalamic-pituitary-adrenal axis activation;
Hackman and Farah, 2009; McEwen and Gianaros, 2010;
McEwen, 2012b; Gianaros and Hackman, 2013; Farah, 2017).

The impact of neighborhood disadvantage on neurobiology
continues to grow as an exciting line of research (Figure 1).
Thanks to large-scale studies such as the Adolescent Brain
Cognitive Development (ABCD) study, a number of findings
have illustrated the impact of neighborhood disadvantage on
brain development, structure, and function (Mullins et al.,
2020; Taylor et al., 2020; Vargas et al, 2020; Hackman
et al, 2021; Rakesh et al, 2021). Notably, the majority of
previous work does not name factors and dynamics related to
structural racism. Although a comprehensive and systematic
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FIGURE 1
An increasing number of functional magnetic resonance imaging studies are examining neighborhood-level socioeconomic factors. Articles
were identified by the authors using a PubMed search which included functional magnetic resonance imaging (fMRI) and at least one
neighborhood term (neighborhood disadvantage, neighborhood deprivation, neighborhood poverty, concentrated disadvantage, and
concentrated poverty).

review was outside the scope of this article, we highlight key interactive effects between the two different measures on
findings suggesting neighborhood disadvantage is associated resting-state networks, and further highlighting individual
with widespread alterations in brain structure and function SEP does not fully account for neighborhood effects. Task-
across the lifespan. based neuroimaging indicates neighborhood disadvantage helps
Perhaps most well-documented is a significant association explain individual differences in affective and cognitive domains
between greater neighborhood disadvantage and decreased (Gard et al., 2018; Tomlinson et al., 2020; Huggins et al., 2022;
prefrontal thickness and smaller hippocampal volumes (Brito Tomas et al., 2022). For example, Tomlinson and colleagues
and Noble, 2014; Whittle et al.,, 2017; Wrigglesworth et al, demonstrated neighborhood disadvantage was related to neural
2019; Hunt et al, 2020; Taylor et al, 2020; Vargas et al, and behavioral correlates of response inhibition (i.e., cognitive
2020; Webb et al, 2021). Several studies have also found domain). In adolescents, neighborhood disadvantage was
neighborhood disadvantage is associated with lower total associated with greater amygdala reactivity to ambiguous
surface area and subcortical volume (Hunt et al., 2020; Hackman neutral faces (Gard et al,, 2018) and, in adults, neighborhood
et al, 2021). In identifying the neurobiological mechanisms disadvantage was related to diminished amygdala threat-related
linking neighborhood disadvantage to mental health, these activity (Harnett et al, 2017; i.e., affective domains). These
structural changes are compelling targets; thinner prefrontal findings point to environmentally driven changes, suggesting
cortex and smaller hippocampus are associated with PTSD living in disadvantaged neighborhoods elicits activity in various
and depression (Karl et al, 2006; MacQueen and Frodl, neural processes which may place additional demands on
2011). cognitive resources. These resources may be bidirectionally
Even after accounting for individual SEP, neighborhood exacerbated by the structural changes evoked by living in a
disadvantage has been linked to delayed structural and chronically stressful environment. Together, these modifications
functional neurodevelopmental trajectories (e.g., Ramphal et al., to brain structure and function may create susceptibility to
2020; Tooley et al., 2020; Gard et al., 2021; Rakesh et al., 2021). mental health disorders.
Rakesh et al. (2021) teased apart the distinct and shared effects of Although more empirical work is needed, this theory
neighborhood disadvantage and household SEP, demonstrating helps explain why individuals residing in more disadvantaged
Frontiers in Integrative Neuroscience frontiersin.org
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neighborhoods report more mental health symptoms (Gapen
et al,, 2011; Casciano and Massey, 2012; Vine et al., 2012; Blair
etal., 2014; Hall Brown and Mellman, 2014; Douglas et al., 2021).
Although the mechanisms by which neighborhood disadvantage
impacts brain structure and function may be fundamentally the
same across people, not everyone is exposed to this factor at the
same rates. Individuals from ethnoracially minoritized groups
are disproportionally exposed to neighborhood disadvantage.

In all the aforementioned work, researchers were faced
with methodological decisions concerning the intersections
between race, ethnicity, SEP, and neighborhood disadvantage.
Despite strong theoretical support that ethnoracial inequities
and socioeconomic inequities are related but not equivalent
(Williams, 1999), the ability to statistically tease apart these
effects is challenging. Others (e.g., Nuru-Jeter et al., 2018) have
provided recommendations on how to statistically approach
measures of ethnoracial and socioeconomic inequities. Given
that upstream sociopolitical and structural factors interact with
processes at all levels of analysis, it is critical to acknowledge
the overlapping patterns of ethnoracial and socioeconomic
inequities in studies of neurobiology and related factors, both
in their operationalization and conceptualization, to ensure
a science that is reproducible, rigorous, and responsible!
(Williams and Mohammed, 2013; Nuru-Jeter et al., 2018;
Williams, 2018).

Naming structural racism as a root
cause

Socioeconomic inequities influence health independent of
race and ethnicity, however, both individual and neighborhood
socioeconomic indicators are ethnoracialized (i.e., stratified by
race and ethnicity; Williams, 1999; Williams and Mohammed,
2013; Nuru-Jeter et al,, 2018; Williams et al., 2019). In this
way, the socioeconomic inequities discussed in studies on
neighborhood disadvantage and neurobiology are undergirding
and intersecting with other forms of oppression, particularly
racism (Sewell, 2015). In fact, all of the canonically defined
social determinants of health (e.g., economic stability, education
access, and quality, etc.) can take form and hold power
through structural racism (Sewell, 2015, 2016; Nuru-Jeter et al.,
2018; Riley, 2018; Yearby, 2020). Certain exposures, such as
neighborhood disadvantage, exist as a racialized risk factor
because of structural racism (Riley, 2018). Recent empirical
evidence underscores the racialization of neighborhoods: Black
Americans in middle SEPs are still more likely to live in

1 The majority of work on socioeconomic circumstances and
neurobiology has been based in the United States and therefore this
paper discusses this research within the American sociopolitical context.
However, the authors encourage researchers outside of the United States
to consider how global, national, and regional structures of oppression,
including racism, may operate, and manifest in research.
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disadvantaged neighborhoods compared to white Americans in
lower SEPs (Turner and Greene, 2021).

Further, for racially minoritized communities, such as
Black, Indigenous, Latinx, Asian, and Pacific Islanders, acute
stressors coupled with historical stressors and trauma (e.g.,
discrimination) have been linked to long-term adverse health
outcomes (Williams and Mohammed, 2013). Chronically
elevated cortisol levels and a dysregulated hypothalamic-
pituitary-adrenal (HPA) axis have been found to mediate
the effects of racial discrimination on allostatic load and
disease for communities of color (Berger and Sarnyai, 2015).
Neuroimaging studies on the effects of discrimination and
social exclusion have suggested greater activity in areas
associated with threat processing and vigilance [e.g., anterior
cingulate cortex, amygdala, insula (Berger and Sarnyai, 2015;
Clark et al., 2018; Han et al., 2020; Fani et al., 2021; Webb
et al, 2022)]. Together, these studies suggest compounded
stress effects for members of historically minoritized
groups, above and beyond those expected from experiencing
neighborhood disadvantage.

There have been resounding calls in public health and
allied fields

root cause of ethnoracial health disparities and related

for structural racism to be named as the

racialized socioeconomic inequities (Yosso, 2005; Ford and
Airhihenbuwa, 2010a,b; Gee and Ford, 2011; Bailey et al., 2017;
Hardeman et al, 2018; Yearby, 2020). Still the majority of
human neuroscience research has been reluctant to confront
structural racism; infrequently naming structural racism in
introductions or discussions. To echo a question raised by
Sewell (2016): why not “spell out the connections between health
disparities and institutional (in)actions rooted in racism?” The
addition of historical and sociological perspectives and the
explicit naming of structural racism do not hinder or diminish
neuroscience; rather, these perspectives complement, advance,
and aptly challenge and hold accountable the current state
of the research.

Situating studies within historical and
contemporary context

Differential exposure to neighborhood disadvantage is
maintained by historical and current ethnoracial residential
segregation. Historic redlining is perhaps the most well-known
practice contributing to residential segregation (McClure et al.,
2019). Laws from the 1930’s until 1968 (when redline mapping
was made illegal), allowed the government-led Homeowners’
Loan Corporation to create maps for lending institutions
(Massey and Denton, 1993; Hillier, 2003; Sewell, 2015;
Connolly et al.,, 2018; McClure et al,, 2019). These maps were
used to prevent people of color from residing in specific
neighborhoods by limiting bank credit and altering real-
estate practices (Massey and Denton, 1993). The resulting
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changes across the entire homebuying process ultimately
forced people to buy houses in less “desirable” (redlined)
neighborhoods (Massey and Denton, 1993). In addition, these
policies and practices resulted in expansive divestment in
redlined neighborhoods and disproportionate investment in
predominately white neighborhoods.

Redlining may have historic roots, but the legacy in
redlined neighborhoods manifests in the lasting neighborhood
disadvantage and ultimately in the residents mental and
physical health (Massey and Denton, 1993; Sewell, 2015;
Williams et al., 2019; Park and Quercia, 2020). For instance,
recent research suggests Black and Latinx communities in
disadvantaged neighborhoods have an increased likelihood
of being exposed to air pollution and toxins, the largest
environmental health risk factor in the United States, which
can have potentially deleterious effects on physical and mental
health (Tessum et al., 2019). Studies show this disproportionate
burden of pollution exposure is partially caused by the
overconsumption of goods and services from white populations,
producing toxins that are disproportionality inhaled by Black
and Latinx communities (Tessum et al., 2019).

Current housing law and practices are also culpable, people
of color are still disproportionately denied fair mortgage loans
(Hanifa, 2021) and Black and Latinx communities continue to
be under-valued and under-funded (Park and Quercia, 2020).
Withholding certain types of investment (e.g., under-funding
of schools) while also misallocating funds to non-community
approved budgets (e.g., policing) maintains neighborhood
disadvantage. Historic and current racist policies and practices
force(d) people of color, particularly Black Americans, to
disproportionally reside in neighborhoods experiencing
socioeconomic disadvantage. Thus, neighborhood advantage
is a protective factor that can be—and has been—bestowed
upon white people by law. Even the terms “neighborhood
advantage” or “neighborhood disadvantage” fundamentally
aligns with language used—in theories of Black feminism
and intersectionality—to discuss structural racism; white
individuals unfairly benefit from these structural advantages
and ethnoracially minoritized individuals are harmed.

Recommendations for radicalizing
human neuroscience

In our work as neuroscientists, we must recognize
that people live within environmental contexts shaped by
sociopolitical stratification. When we study neighborhood
disadvantage, we are studying an exposure that is relevant to
mental health because of its connection to structural racism
(Sewell, 2015; Riley, 2018). In essence, this perspective is a call
for the radicalization of human neuroscience work—a necessary
paradigm shift that grasps at the roots of the issue rather than
dodging them. By remaining silent (i.e., not acknowledging
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structural racism) in our work, we fail to hold the institutions
protecting structural racism responsible. When we name
structural racism, we direct attention to the laws, processes,
and practices which produce and maintain health inequities
(Sewell, 2016, 2015). This offers an incredible opportunity
to connect research findings to upstream policies (e.g., non-
discriminatory housing laws), thus identifying appropriate
points of intervention and moving away from statements related
to broad proxies of SEP.

The following recommendations are based upon a diverse
array of evidence from previous findings as well as the
authors’ beliefs. One highly influential framework is the
Public Health Critical Race Praxis model proposed by Ford
and Airhihenbuwa (2010a,b). This model states racism is
a root cause of social stratification and health inequity
and highlights the researcher’s role in either challenging
or perpetuating such hierarchies (Ford and Airhihenbuwa,
2010a,b, 2018).
as this model, was applied to neuroscience research then

If a radical anti-racist framework, such

the field could play a larger role in addressing mental
health inequities. This will require an unlearning of prior
negligent research practices and an ongoing committed effort
to learn ethical alternative strategies. While there may be
discomfort or defensiveness in interrogating past approaches
and holding ourselves accountable in the future, a genuine
commitment toward equitable neuroscience research could
guide the field forward and further strengthen the interpretative
power of studies.

Report inequities and acknowledge
diversity in research samples

In general, few studies examining neighborhood
disadvantage have methodologically confronted ethnoracial
and socioeconomic inequities (c.f., Harnett, 2020; Taylor et al.,
2020; Douglas et al., 2021)—though many call for future work
to explore these intersections (e.g., Hunt et al., 2020; Rakesh
et al,, 2021; Sripada et al., 2021; Webb et al., 2021). Recent
theoretical work has proposed moving toward an intersectional
neuroscience framework. Such a framework would require
reporting and addressing between-group differences in
socioeconomic measures in order to help contextualize
sample and position inequities at the forefront (Weng et al,
2020). Rooted in Black feminist pedagogy, Crenshaw’s (1991)
intersectionality framework was originally used to describe
the unique experiences of Black women who experience the
intersections of racial and gendered oppression. Within the
field of neuroscience, this framework can also be applied to
research procedures and methods in order to understand
the relationships between systems of oppression related to
multiple identities and hierarchies of power and privilege

(Carastathis, 2014).
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Even outside of the work on socioeconomic factors,
reporting of complete demographic variables is not
commonplace (Roberts S. O. et al., 2020). Race and ethnicity are
still not frequently reported, despite being “required” by many
journals. Ethnoracial differences in study measures can only be
observed and interpreted if the data are presented. Therefore,
we echo calls to report demographic data that is meaningfully
and appropriately disaggregated (i.e., based on historical and
structural inequities) (Flanagin et al., 2021; Kauh et al., 2021).

The absence of sufficient research on these systemic factors
in neurobiology research is also due to the fact that neuroscience
research samples are often non-representative of racial and
economic diversity within the United States (Henrich et al,
2010; LeWinn et al., 2017; Muthukrishna et al., 2020). This is
linked to a history of scientific racism. This history includes
the exploitations of communities of color for unethical research
purposes and the perpetuation of harmful stereotypes rooted in
neuroscience research (Brandt, 1978; Leslie, 1990; Turda, 2010;
Saini, 2019). Therefore, improved and intentional recruitment
methods are needed to better understand the neural basis of
mental health inequities.

Reporting race and ethnicity in neuroscience studies is
not enough: proper contextualization of race and ethnicity is
essential. In what Nancy Krieger has dubbed "the double-edged
sword of data," structural injustice may operate through data
use in one of two ways: (1) preventing documentation that
structural injustice exists, and (2) using data in problematic ways
that further perpetuate oppression of historically minoritized
groups (Krieger, 2021). Undoing these structural issues may be
remedied by explaining and justifying the conceptualization and
operationalization of racialized groups, and also by analyzing
racialized groups in relation to available societal inequity
variables (Krieger, 2021).

Specific to neuroscience research, we advocate for more
studies to include environmental and structural factors.
Critical to this is contextualizing the racialization of structural
and environmental variables. In the absence of this lens,
neuroscience studies attempting to avoid the impact of racism
when considering social inequity/disadvantage may reinforce
notions of biosocial determinist notions of minoritized groups
and being "neurobiologically poor" (Pitts-Taylor, 2019; Krieger,
2021).

Fund neuroscience work on
sociopolitical factors

Support for the inclusion of sociopolitical and structural
factors in neuroscience needs to occur not only at the level
of specification and analysis, but also at the level of funding
and epistemic inclusion. Given that many researchers exploring
these topics tend to be members of racialized and historically
minoritized groups, the lack of funding to pursue these
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avenues of research has also been associated with the attrition
of diverse scholars (Gilpin and Taffe, 2021). This serves as
a disadvantage to the field, as these scholars offer pivotal
and unique perspectives that could contribute immensely to
the field of neuroscience in general. Greater support from
large funding entities will help inform our understanding of
the effects of socioeconomic distress on neurobiology across
diverse populations.

Explore resilience factors

Neuroscience research on neighborhood factors has
largely focused on risk modeling, evaluating variables
believed to worsen mental health. Institutionalized forms
of racial inequities, including neighborhood disadvantage,
and community violence, are risk factors dominating the
emerging field (Butler et al., 2018; Saxbe et al, 2018; Gellci
et al, 2019; Wrigglesworth et al, 2019; Borg et al,, 2021;
Rakesh et al.,, 2021; Reda et al, 2021; Webb et al, 2021).
Discussions backed by critical race theory being held in
other fields including education, law, and psychology, should
inform neuroscience work moving forward (e.g., Yosso,
2005; Gillborn and Ladson-Billings, 2009; Giraldo et al,
2017). A key tenant of critical race theory is that deficit-only
perspectives, which minimize the strengths of ethnically
and racially minoritized groups/individuals, are harmful
(Yosso, 2005; Giraldo et al, 2017). Theoretically, risk-only
models are incomplete; and practically, they may further
stigmatize marginalized populations. There is ample room and
need for resilience modeling (also known as strength-based
approach) in studies on socioeconomic circumstances and
neurobiology. In the field of neuroscience, exploring the effects
of individual, familial, and community factors that are known
to mitigate risk of poor mental health outcomes, such as
social support/engagement, civic action, critical consciousness,
neighborhood cohesion, and racial-ethnic identity, may be
extraordinarily beneficial (e.g., Bracey et al., 2004; Dassopoulos
and Monnat, 2011; Gapen et al, 2011; Forsyth and Carter,
2012; Johns et al, 2012; Karb et al, 2012; Neblett et al,
2012; Neergheen et al,, 2019; Burt et al., 2021; Lardier et al,,
2021).

Engage in community-based
participatory and community-engaged
research

The final recommendation is the most transformative
in the context of traditional Western conceptualizations of
research. Human neuroscience has relied primarily on “top-
down” scientific processes. In this approach, the power
(i.e., decision-making, funding, control over dissemination
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process, etc.) rests entirely with the study team and its
institutions (Wallerstein and Duran, 2010). Although those
researched provide data, they are not consulted to ensure the
research question(s) or outcomes align with their experiential
knowledge or the community’s needs. Even with the best
intentions, this Western knowledge production pipeline is
inequitable because power is not equally distributed between the
researchers and the researched (Minkler and Wallerstein, 2003;
Wallerstein and Duran, 2010). Community-based participatory
research (CBPR) and Community Engaged Research (CEnR)
are different approaches to knowledge production which
involve various stakeholders (i.e., community members and
academic partners) collaborating throughout the research
process (Minkler and Wallerstein, 2003; Wallerstein and
Duran, 2010). At its core, CPBR and CEnR hope to build
health equity by practicing equity through co-production of
knowledge (Minkler and Wallerstein, 2003; Wallerstein and
Duran, 2010).

Psychology has started to answer the calls for community-
driven research and human neuroscience should follow
(Wallerstein and Duran, 2010, 2017; Collins et al., 2018;
Arredondo, 2021; Wallerstein, 2021). A first step for research
teams is for members to reflect on how their own positionality
manifests in their work and in interactions with fellow team
members and participants (Muhammad et al, 2015). Just
as we cannot isolate participants from the sociopolitical
environment, we cannot ignore the intrinsic influences of
society on research practices or hide behind a fagade of self-
proclaimed objectivity (Momin, 1972; Muhammad et al., 2015).
Furthermore, conducting research without developing proper
relationships with the community and necessary scientific
experts contributes to “health equity tourism,” which results in
diluting existing efforts of committed health equity researchers
(Lett et al., 2022). CPBR and CEnR entail community-building
(which takes time) as well as sharing wealth and final products
(which requires funding and time; Wallerstein and Duran, 2010,
2017; Collins et al., 2018; Wallerstein, 2021) and prioritizing
research questions that are important to communities,
not researchers.

Within this realm, neuroscience researchers can offer
pivotal information on causal mechanisms influencing the
neurobiology of disadvantaged groups and further establish
the basis for innovative intervention and policy work that
can improve the conditions of individuals living amongst
socioeconomic distress (Farah, 2018). To make progress
in neuroscience community participatory research, funding
agencies like the National Institutes of Health must be
receptive to funding studies that are likely longer and more
expensive. These organizations must also value including
community members on research teams, even if these
members do not have traditional (i.e., Western knowledge
production) research training or traditional indicators of
research contributions. As researchers, we can advocate for
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more funding opportunities while also introducing CBPR and
CEnR practices into existing studies (e.g., collaborating with
an established community organization during data analysis
and dissemination).

Conclusion

As Angela Davis once noted, “if we are not afraid to
adopt a revolutionary stance—if, indeed, we wish to be
radical in our quest for change—then we must get to the
root of our oppression. After all, radical simply means
grasping things at the root” (Davis, 1990). Her call to
action—at the time for Black American women—to participate
in grassroot organizing, become involved in political/policy
work, and serve as activists in order to fundamentally
transform socioeconomic conditions contributing to systemic
oppression is still very relevant today. We challenge the
neuroscience community to also participate in this quest for
systemic change. The burden of progressive change is one we
all should bear.

The call to address health inequities and build health
equity must be met with a radical anti-racist response.
As the field of human neuroscience continues to identify
biological mechanisms underlying mental health, it must
cautiously avoid biological reductionism and essentialism.
We encourage all to remain vigilant about discussions of
neurobiological effects of sociopolitical variables using only
biological terms, and without actually naming oppressive
structures (e.g., racism, sexism). In the context of studies
on socioeconomic circumstances, defining factors as an
institutionalized form of racial inequity (Sewell, 2016)
is an initial move toward “grasping at the root” (Davis,
1990). Additional steps include more thorough reporting of
demographics which requires comprehensive evaluations of
structural and environmental variables. Ultimately, however,
more radical anti-racist steps such as challenging Western
knowledge production, embracing community research,
and reforming funding agencies priorities, will lead to
transformative change.

Positionality statement

As in all research, it is helpful to understand the
authors’ positionality and, therefore, their lens on the data.
All authors are early-career researchers and shared first
authorship. EKW is a United States—born white woman, with
expertise in investigating associations between sociopolitical
factors and neurobiology in the context of mental health
inequities. RD is a southern Black American woman, with
expertise in community violence, systemic disadvantage, and
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racial trauma amongst youth of color. CC-1 is a first-generation
immigrant cisgender man from Mexico who identifies as
Mexican and Latinx, and has expertise in neuroscience research
exploring structural and environmental factors and their impact
on brain development. All authors worked as a team and had
regular discussions to ensure the perspective was guided by
their collective cultural knowledge and expertise. This was a
collaborative team project that ensured the study was sensitive
and appropriate to the context in which it was conducted.
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This article reviews some of the ideological forces contributing to the
systematic exclusion of Black, Indigenous, and People of Color (BIPOC) in
clinical neuroscience. Limitations of functional near-infrared spectroscopy
(fNIRS) and other methods systematically exclude individuals with coarse
or curly hair and darker skin. Despite these well-known limitations, clinical
neuroscience manuscripts frequently fail to report participant race or
ethnicity or reasons for excluding participants. Grounding the discussion
in Dis/ability Studies and Critical Race Theory (DisCrit), we review factors
that exacerbate exclusion and contribute to the multiple marginalization of
BIPOC, including (a) general methodological issues, (b) perceptions about
race and disability, and (c) underreporting of methods. We also present
solutions. Just as scientific practices changed in response to the replication
crisis, we advocate for greater attention to the crisis of underrepresentation
in clinical neuroscience and provide strategies that serve to make the field
more inclusive.

underrepresentation, clinical neuroscience, BIPOC, DisCrit Theory, advocacy

Introduction

The systematic exclusion of Black, Indigenous, and People of Color (BIPOC) in
clinical research is a longstanding problem, despite awareness (Durkin et al., 2015),
empirical evidence (Henrich et al, 2010), and calls to action (Maye et al., 2021).
Insufficient efforts to include BIPOC with disabilities (Annamma et al.,, 2013) and
inconsistent reporting practices (Choy et al., 2021) reinforce the underrepresentation of
already minoritized individuals - that is, they multiply marginalize BIPOC from clinical
populations. This crisis is exacerbated by limitations in the technical and methodological
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features of neurotechnology (Parker and Ricard, 2022; Webb
et al, 2022). These limitations also hinder reproducibility
and generalizability (Open Science Collaboration, 2015), as
well as the translation of scientific findings into clinical
applications and interventions. The limited evidence base
regarding BIPOC can only be addressed when neuroscience as a
field, and individual scientists, make a concrete commitment to
reversing exclusion and increasing diversity (Wilton et al., 2020).
This manuscript reviews current limitations to methodology,
recruitment, and reporting practices in clinical neuroscience
and offers solutions.

Dis/ability Studies and Critical Race Theory (DisCrit)
describes race and dis/ability as social constructs that primarily
involve not the individual differences themselves, but rather,
how others respond to those individual differences (Annamma
etal.,2013,2016). This theory centers external perceptions about
race and disability as impacting the experiences of marginalized
individuals (Annamma et al., 2018), with intersecting identities
giving rise to multiple marginalization (Crenshaw, 1991). For
example, Black children in the United States are under-identified
as having speech/language impairments (Robinson and Norton,
2019); at the same time, Black children are also over-identified
and misdiagnosed with conduct disorder rather than autism
(Mandell et al., 2007). The perceptions of others (in this
example, clinicians) about race reinforce perceptions about
disability (and vice versa), leading to negative outcomes. DisCrit
conceptualizes inequity at the intersection of race and dis/ability
(Annamma et al,, 2013), paralleling the intertwined fight for civil
rights and dis/ability rights in the United States and reflecting
everyday realities (Turnbull et al., 2006) (i.e., a Black autistic
individual is not only Black or only autistic, but rather, navigates
daily life as someone others perceive as Black and autistic).

Methodological limitations of
neurotechnology for Black,
Indigenous, and People of Color from
clinical populations

Functional magnetic resonance imaging and
functional near-infrared spectroscopy

Functional neuroimaging tools have led to dramatic
advances in the diagnosis and study of communication disorders
(Butler et al.,, 2020). Functional magnetic resonance imaging
(fMRI) provides millimeter-level anatomical information, and
also permits the assessment of regions of activation associated
with an online behavioral task. While this information is
highly informative, fMRI requires participants to remain in a
confined space with little to no head movement, potentially
eliciting anxiety and discomfort. MRI also involves significant
environmental noise, which can be difficult to tolerate (Crosson
etal, 2010). Hence, individuals from clinical populations whose
sensory needs, anxiety, or difficulty in comprehending the need
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to remain motionless, are less able to participate in MRI studies;
this includes individuals with neurodevelopmental disorders
and cognitive impairment. Consequently, fMRI studies are
more likely to include individuals with age-appropriate
neurocognitive skills, and fewer neurodevelopmental disorder
traits (Cosgrove et al., 2022).

Functional near-infrared spectroscopy uses the absorption
of near-infrared light to measure hemodynamic oxyhemoglobin
and deoxyhemoglobin concentrations in the cortex as a proxy
for direct neural responses, similar to fMRI's BOLD signal
(Jobsis, 1977; Ferrari and Quaresima, 2012; Scholkmann et al.,
2014). NIRS is more robust than MRI to head and body motion;
it also permits data collection in an unrestricted environment,
avoiding the need to remain motionless in a small scanner bore.
Thus, fNIRS permits the assessment of neural responses in a
broader range of individuals, such as those with speech/language
impairments (Butler et al., 2020).

The efficacy of fNIRS (and the methodologically similar
electroencephalography, EEG) varies by melanin and hair type
(Yiicel etal., 2021). NIRS and EEG require adequate contact with
the scalp for good signal reception, and the MRI head coil does
not fit individuals with large afro-textured hair, nor does it allow
for data collection in individuals with hair extensions, as many
use metal (Parker and Ricard, 2022; Webb et al., 2022). Thus,
as currently deployed, these important neuroscience tools are
less effective with coarse and/or curly hair and with darker skin.
Given the multiple challenges of data collection, researchers may
explicitly or implicitly exclude BIPOC by screening them out;
even when BIPOC are included, their hemodynamic responses
may be less usable or make BIPOC look less responsive to stimuli
(Yticel et al,, 2021; Webb et al., 2022). These methodological
challenges lead to the systematic and disproportionate exclusion
of BIPOC individuals from neuroimaging research.

Potential solution: Interdisciplinary approaches

Ignorance about systematic exclusion leads to an
evidence base that is biased and unrepresentative. To counter
marginalization of BIPOC from clinical populations (Annamma
et al,, 2018), we must transform both the scientific process and
neuroimaging methods, prioritizing the collection of high-
quality data from diverse participants. A The New York Times
editorial suggested that effective strategies to address scientific,
technological, ecological, political, and economic challenges,
such as water use and conservation, require interdisciplinary
thematically organized problem-focused programs including
stakeholders (Taylor, 2009). We endorse this “all-in” approach
with thematically organized approaches to dis/ability and race
in neuroscience. For example, Parker and Ricard (2022) called
for researchers, engineers, Black hairstylists and barbers, and
research participants to co-develop accommodations for diverse
hairstyles. Additional participants in the larger effort would
include BIPOC community members (Lewis and Oyserman,

2016; Maye et al, 2021), policymakers and commercial
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organizations (National Institutes of Health, 2021), legal and
educational theorists to generate models of underrepresentation
(Powell, 2012; Annamma et al., 2013), and psychometricians
to develop analytical approaches using intersectionality theory
(Bauer et al., 2021).

At a broader level, funding agencies, as the National
of Health (2021) has
interdisciplinary calls for proposals to develop, implement,

Institutes done, must promote
and disseminate evidence-based practices to combat structural
systemic racism. The effectiveness of diversity initiatives must
also be benchmarked to funding outcomes (Wilton et al., 2020).
In the United States, Black PIs - who are more likely than
white PIs to propose doing BIPOC- and community-related
research — are less likely than white PIs to receive major NIH
(RO1) grants (Ginther et al., 2016; Chen et al., 2022). Yet current
interdisciplinary initiatives reflect the leadership of BIPOC
in the quest to improve scientific innovation and discovery
by making neuroscience inclusive; thus, mitigating inequity
in grant funding is of paramount importance. For instance,
Yiicel and colleagues are investigating the effects of hair type
and skin pigmentation on the signal quality of fNIRS via a
partnership with industry, as well as autism and linguistic
researchers (Facebook Research, 2021). Another team, led by
Etienne et al. (2020), developed inclusive EEG electrodes for
Black individuals and other persons with coarse and curly hair.
These approaches are consistent with federal funding priorities
of improving minority health and promoting collaborative
science (National Institutes of Health, 2021).

Collective response to race and
disability

Perpetuating issues impeding inclusive
research

Given these and other limitations, BIPOC from clinical
populations may be less likely to participate in neuroscience
studies. Sampling practices, communication, and teaching can
create a feedback loop that normalizes and perpetuates the
systematic exclusion of such individuals from science. Over
time, scientific practices can reify biased assumptions about race,
dis/ability, and who can be included in research. In turn, these
assumptions shape the development of research questions and
recruitment methods, and impact future science via the training
of junior scientists. Following DisCrit (Annamma et al., 2013),
this cycle contributes to bias in the evidence base and in who is
served by research practices (Lewis and Oyserman, 2016).

Convenience sampling and attrition

In clinical neuroscience, researchers recruit from a
pool of participants who share a trait (e.g., autism plus
language impairment); see Figure 1A. Researchers make
assumptions about who is likely to contribute usable data and

complete all study activities; such assumptions may exacerbate
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underrepresentation (Joseph and Dohan, 2009). Though they
may aim for a sample that is representative of the population in
terms of race, ethnicity, and other relevant variables (National
Institutes of Health, 2017), time pressures on publications,
grant applications, and career advancement, may lead to
convenience sampling, which selects against BIPOC from
clinical populations (Kasari et al., 2013; Durkin et al., 2015); see
Figure 1B. As noted in “Functional magnetic resonance imaging
and functional near-infrared spectroscopy”, assumptions about
who is likely to generate usable data (e.g., white participants
with age-appropriate cognitive abilities (Cosgrove et al., 2022);
can further increase the underrepresentation of BIPOC from
clinical populations.

Underrepresentation means there is limited information on
how to engage BIPOC from clinical populations in research,
which requires being sensitive to the intersection of race and
disability (Maye et al., 2021). For instance, nearly all (94%)
autism studies exclude individuals with intellectual disabilities,
but studies typically do not report information on intelligence or
limitations to generalizability (Russell et al., 2019). Considering
that researchers are less likely to approach BIPOC than white
individuals as potential participants (Wendler et al., 2005), it is
likely that autistic BIPOC with intellectual disabilities are even
more underrepresented. Furthermore, recruitment and research
methods, such as a failure to make time to build rapport, can
affect study completion. For example, an autistic BIPOC young
adult may initially consent to participation, but grow uneasy in
an unfamiliar setting (e.g., laboratory) with unfamiliar people
who do not have ties to their community, and complete the
study activities in a way that increases noise in their data.
Thus, even when well-intentioned researchers recruit and run
BIPOC, and when data are collected, the usable data may come
primarily from a less diverse, mostly white, sample (Webb et al.,
2022). Underreporting of research methods can mask relevant
details about the initial pool of potential participants and those
participants whose data is included in the final report, resulting
in bias; see Figure 1C.

Potential solution: Participatory methods
Mitigating underrepresentation may require researchers to
share power in the research process. In community-based
participatory research (CBPR), researchers develop partnerships
with community stakeholders to develop research questions,
methods, and studies, that benefit all parties (Ellis et al,
2021). For research with BIPOC from clinical populations,
such partnerships are practical and ethical. Community
advisory boards guide and hold researchers accountable for the
responsible conduct and dissemination of research (Ellis et al.,
2021). Such partnerships align with self-advocacy movements,
which advocate for research that reflects their priorities (Gowen
et al,, 2019). Community partners can advocate for particular
outcomes, such as the translation of study findings into
policy recommendations, directions for clinical practice, and
development of supports. Ultimately, participatory research can
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help change the collective response of clinical neuroscience to
race and disability.

A first step is to identify and remove barriers to
participation. In addition to logistical factors (e.g., scheduling
studies after work hours and on weekends), Black families and
BIPOC overall report distrust of research (George et al,, 2014;
Shaia et al., 2020). Researchers should spend time building
trust, either with community advisory boards or community
organizations, on community terms (Ellis et al, 2021). In
addition, we should consider how perceptions of disability and
race (and the subsequent experiences of individuals) along with
systematic exclusion from research as both participants and
researchers can influence a participant’s comfort and subsequent
performance (Shaia et al., 2020; Yiicel et al., 2021). To mitigate
that discomfort, researchers could plan a step by step preview
of study activities with community partners prior to data
collection to ensure activities are accessible to BIPOC from
clinical populations.

Underreporting of participant
demographics

Underreporting of participant demographics, though
common practice in neuroimaging (Choy et al, 2021;
Goldfarb and Brown, 2022), contributes to bias. Our team
is currently performing a systematic review of the reporting
of sociodemographics in empirical, refereed fNIRS studies of
speech and language impairments. These studies frequently
fail to report race, ethnicity, and other demographics (e.g.,
socioeconomic status). Failure to report participant race
(Webb et
2022) and masks the true extent and nature of bias; the

and ethnicity constitutes colorblindness al,,
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information necessary to understand variability is treated as
irrelevant.

Potential solution: Reporting, interpretation,
and use of research studies

To develop a more authentic evidence base, scientists should
implement replicable reporting standards, which should have
downstream effects on the interpretation and use of findings to
develop studies and make decisions about the state of the science
(Kane, 2012). Though responsible reporting cannot address the
systemic exclusion of BIPOC from clinical populations from
research, it can enhance reproducibility and transparency (Sabik
etal., 2021). Per the American Psychological Association (2020)
and the American Medical Association (Flanagin et al., 2021),
race and ethnicity are social constructs, meaning that authors
should report: (a) race and ethnicity together with other factors
known to intersect with race and ethnicity; (b) the method
by which race and ethnicity information was collected, and
why (e.g., to respect funding agency requirements); (c) specific
or self-reported labels versus broad categories for race and
ethnicity (e.g., allowing people to self-report or select “Naxi”
versus “Asian”); and (d) reasons for attrition, considering that
some participants are more likely to be excluded than others.
Best practices include reporting ethnicity, recognizing that
the ethnicity of participants may differ from the ethnicity of
researchers (Yiicel et al., 2021).

In addition to race and ethnicity, reporting participant
characteristics relevant to understanding the generalizability
of the findings within that clinical population (e.g., social
communication impairment, nonverbal intelligence) can
increase our understanding of generalizability. For example,
autistic BIPOC with co-occurring diagnoses are often excluded,
such that our current understanding of autism is based primarily
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on white individuals without intellectual disability or language
impairment (Durkin et al., 2015; Bottema-Beutel et al., 2021).
Importantly, because there is no one-to-one correspondence
of race and ethnicity with hair type or skin tone, collecting
and reporting measures relevant to skin tone and hair type
(e.g., level of skin pigmentation and hair density) may also
informative (Facebook Research, 2021).

Researchers should be precise in their interpretation
of research findings. Data from neuroscience experiments
constitute just one piece of evidence; the scientific community
should interpret and use that evidence in a fair and
equitable manner, which may necessitate collecting further
evidence to support the validity of study findings (Messick,
1989; Kane, 2012; Girolamo et al., 2022). In the case of
BIPOC - and especially BIPOC from clinical populations —
this entails the following steps: (a) critically asking what
demographic and identity variables are necessary to understand
representativeness; (b) asking whether participants in a study are
representative of the population of interest; (c) deciding under
what conditions study findings are or are not generalizable.
Researchers should be equally precise in how they use study
findings, whether from their or others” work, to make decisions
about the state of the evidence base. For instance, given that
the quality of MRI signals is better in white participants with
few neurodevelopmental disorder traits and age-appropriate
intelligence (Cosgrove et al., 2022), the findings and methods
of MRI studies may be less applicable to autistic BIPOC with
intellectual disability.

Discussion

The factors in underrepresentation of BIPOC from clinical
populations in neuroscience are myriad, with DisCrit helping
conceptualize such exclusion (Annamma et al, 2013). In
addition to the solutions offered above, systems-level change is
needed to make neuroscience more inclusive.

Middle-out advocacy for systems
change

As the leaders in research design, researchers inadvertently
signal who is and is not welcome to participate (Lewis and
Oyserman, 2016). As with fMRI (Cosgrove et al., 2022) and
EEG (Choy et al, 2021), and fNIRS (Parker and Ricard,
2022), current neuroimaging practices insufficiently minimize
racial, ethnic, and disability-relevant diversity, consistent with
a model where individual differences are primarily a function of
others’ reactions (Annamma et al., 2013). To mitigate exclusion,
researchers must be proactive advocates for change. Funders
of research, universities, and commercial organizations exert
influence downward on researchers by deciding who and what
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to fund, publish, and promote (Janda and Parag, 2013). At the
bottom of the research system are participants, who, unless
they are part of a participatory partnership, only exert influence
upward by electing to take part in research. Researchers are
situated in the middle of this system. They mutually influence
each another (e.g., when reviewing manuscripts and grants,
thus shaping who and what is published or funded), but
also exert upward influence on funders (e.g., when advocating
for research or serving on a committee), and downward
influence on participants and mentees (e.g., advising on research
design, analysis, and reporting, and coaching students on best
practices).

Within this structure, researchers are the only stakeholders
who exert influence in three directions. Researchers are also
the most knowledgeable about their studies and research
practices. Thus, researchers are the best advocates for change
in how research is conducted, evaluated, and funded. It is
also critical to cite, center, and implement the suggestions
of BIPOC researchers who bring light to these issues and
generate solutions, such as community-based methods for
autism research (Maye et al., 2021), develop inclusive fNIRS
methods and tools (Etienne et al., 2020; Parker and Ricard, 2022;
Webb et al., 2022), and present best reporting practices (Yiicel
et al., 2021). If clinical neuroscience researchers exert advocacy
in these ways, there will be material changes in the valuation and
funding of research, the scientific evidence base, and research
culture.

Conclusion

Overall, the self-perpetuating cycle of underrepresentation
of BIPOC from clinical populations presents important
challenges to the field of neuroscience. Using DisCrit as
an explanatory pathway, this article discusses the factors
exacerbating underrepresentation and outlines how researchers
are uniquely positioned to effect change. It is our hope
that researchers take up the call for advocacy and generate
innovative solutions to make our field more authentically
equitable and just.
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Introduction

Within the neuroscience field, there have been efforts to address the ways systemic
racism has permeated and negatively affected our research practice and body of
knowledge (Abiodun, 2019; Choy et al., 2021; Carter et al., 2022; Webb et al., 2022).
Neuroscience methods that require access to the hair and scalp systematically exclude
groups of people, particularly Black communities, over and beyond the embedded
exclusionary factors in the broader human research landscape (Gatzke-Kopp, 2016;
Roberts et al., 2020; Fulvio et al., 2021; Taylor et al, 2021; Goldfarb and Brown,
2022). Indeed, recent papers have highlighted the shortcomings of current neuroscience
methods (Choy et al., 2021; Parker and Ricard, 2022; Webb et al., 2022). Recently,
Bradford et al. (2022) discussed underrepresentation in psychophysiological research
samples and offered insightful recommendations for researchers to improve inclusion.
We amplify and extend these valuable efforts, with a particular focus on methods that
require access to participants’ hair, such as electroencephalography (EEG) and hair
sample collection. We briefly review factors that have led to the systematic exclusion
of underrepresented groups in psychophysiological research and synthesize practical
recommendations for researchers to increase inclusion moving forward.

To understand systematic exclusion in neuroscience methods, it is essential to
name the legacy of anti-Black racism and its impact on research practices. Many
early empirical pursuits often aimed to provide scientific justification for the exclusion
and continued maltreatment of Black populations (Kuria, 2014). There are well-
documented instances of unethical and harmful research conducted with Black
populations (Washington, 2006). Additionally, there is continued mistrust in institutions
given present-day experiences of racism and discrimination in medical and academic
settings (for examples, see: Barber et al., 2020; Hassen et al., 2021). These historical
and current experiences continue to influence neuroscience research. For instance,
underrepresentation of Black, Indigenous, and people of color (BIPOC) researchers leads
to a lack of diversity in research samples (Buchanan and Wiklund, 2020; Roberts et al.,
2020). Many scholars have highlighted the tendency for psychological and neuroscientific
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research to primarily include western, educated, industrialized,
rich, and democratic (WEIRD) samples (Henrich et al,
2010). Such research has also historically excluded BIPOC
individuals and women (Taffe and Gilpin, 2021; Taylor
et al., 2021), with individuals at the intersection of different
marginalized identities (e.g., BIPOC women) being even
less represented (Spates, 2012; Kuria, 2014). Exclusion in
neuroscience research occurs despite evidence that suggests
Black and POC participants are willing to participate in research
overall (Wendler et al., 2005; Jones and Neblett, 2017; Manns-
James and Neal-Barnett, 2019). This lack of representation
has harmed our ability to make scientific progress, as findings
commonly thought to be “generalizable” often only speak to a
subset of WEIRD and White people and perpetuates harm onto
BIPOC communities.

EEG and hair sample collection:
Highlighting exclusion within
methods that require contact with
hair

The methods employed in neuroscience research often serve
as an indirect source of systematic exclusion, in that the methods
themselves lead to consistent exclusion of specific populations.
The source of this exclusion lies in the inadequacy of a given
method to accommodate people with a variety of phenotypic
traits, a direct form of “phenotypic bias” (Webb et al., 2022).
When access to a participant’s hair is required, even without
the use of equipment, as is the case for hair sample collection,
phenotypic bias can still be present and affect research practices
methods and contribute to underrepresentation in research
samples (Manns-James and Neal-Barnett, 2019; Choy et al,
2021). To highlight this, we focus our discussion on how EEG
and hair sample collection to assay for cortisol results in the
exclusion of Black participants, in particular.

Lack of inclusive methodologies

Many EEG devices require access to the scalp to measure
electrical brain activity. Thicker (i.e., coarser) and curlier hair
can make access to the scalp more difficult when applying
conductive electrode gel. Conductive gel acts as a bridge
to establish the proper connection between the scalp and
electrodes and can result in poor signal quality if access to
the scalp is impeded. When EEG devices are used clinically,
poor signal quality can affect clinical diagnosis and contribute
to a burdensome experience for patients (Etienne et al., 2020).
Researchers have attempted to compensate for the current
limitations of EEG devices by applying more conductive gel
to help establish a connection. However, this can result in the
additional gel spreading across the scalp and bridging electrodes,
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which reduces spatial resolution (Etienne et al., 2020), and
discomfort for the participant who is left with an abundance of
hair gel to remove afterward. It is therefore common for EEG
researchers to exclude participants with thick, curly hair due to
poor data quality (Choy et al., 2021).

Most extant protocols for collecting hair samples to assay
for cortisol do not account for differences in hair texture (e.g.,
curliness or thickness; Russell et al., 2012; Wright et al., 2018).
Indeed, most require several centimeters of hair to be available
for collection. Accounting for hair texture is necessary for
determining the accurate length of hair samples and ensures
that hair collection minimizes damage to the participant’s hair
(Wright et al., 2018). Using traditional protocols created for
straight hair textures, hair cortisol researchers may exclude some
individuals with curly hair because such individuals’ hair may be
considered too short (Wright et al., 2018).

In addition to methodologies being unaccommodating of
thick and curly hair textures, these methodologies are also less
well suited to hairstyles such as braids, twists, cornrows, or locs
that are more likely to be worn by Black individuals. Individuals
from various backgrounds may also wear extensions or wigs.
Participants may have to partially or fully undo hairstyles
for research studies, which may influence their participation.
For instance, a recent study found that nearly half of Black
women participants who declined to provide a hair sample
reported doing so because they had hairstyles that would make
accessing their natural hair more difficult (Manns-James and
Neal-Barnett, 2019). Many of these hairstyles can take significant
time to remove and can be quite expensive to redo, leading
to increased cost and burden of participating in EEG and hair
cortisol studies.

Lack of inclusive staff training

Even if participants with thick, curly hair, or the
aforementioned hairstyles are enrolled, research staff may
not be trained or prepared to have respectful discussions
with participants about their hair to facilitate data collection.
Moreover, negative interactions with untrained staff can be
harmful to research participants if disparaging or devaluing
statements are made about their hair. For example, study staff
may make statements about certain hair textures or styles being
“bad,” “difficult] or “undesirable” when difficulties in data
collection arise. In addition, pervasive racial bias about hair
textures and hairstyles may be communicated to participants
during the data collection process (MacFarlane et al.,, 2017;
Mbilishaka et al., 2020). Such interactions likely contribute
to systematic disengagement of diverse populations from
participating in EEG and cortisol studies. Finally, cultural and
religious differences surrounding the value of hair can also
influence participation in research that requires access to the
hair/scalp. For example, individuals who wear headscarves
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may not feel comfortable removing their headscarves around
male research staff or others for various reasons. This can be
a barrier to participation if there are no female researchers on
the research team. To our knowledge, there are no published
recommendations for accommodating participants who wear
headscarves in EEG or hair cortisol studies, and, therefore, such
individuals may be less likely to participate. In addition, some
individuals may not want to provide hair samples because their
natural hair has cultural or religious significance (Manns-James
and Neal-Barnett, 2019).

Foundations of these
methodological/training limitations

The limitations of both EEG and hair collection methods
may have led to exclusionary practices in neuroscience research,
such as biased exclusionary criteria, increased financial burden
on BIPOC participants, and harmful interactions with study
staff. The limitations of these methodologies and staff training
are likely related to the lack of diversity among researchers who
developed them. For instance, less than 5% of psychologists
and neuroscientists identify as BIPOC researchers (Society for
Neuroscience, 2017; Lin et al, 2018). Reviewing operating
manuals for popular EEG devices (i.e., ActiveTwo, NeuroScan,
Brain Products) revealed no explicit instructions for EEG setup
on participants with thick, curly hair or any mention of different
hair textures or styles. Visual depictions of EEG setup only
included images of individuals with straight hair textures. The
operating manuals from these popular EEG devices highlight
the extent to which EEG device manufacturers have neglected
individual differences in hair texture.

Recommendations

We present recommendations based on extant research to
increase inclusivity in neuroscience research using physiological
methods that involve contact with hair in Table 1. First, we
recommend that researchers increase collaboration with BIPOC
researchers. Author positionality directly affects the ways in
which research is conducted (Taylor and Rommelfanger, 2022).
The general standard to uphold scientific objectivity may often
blind researchers to the legacy and current effects of anti-
Black racism, and how it continues to affect our research
practices. Therefore, collaborating with BIPOC researchers
allows for diversity in scientific thought and ultimately improves
our research questions, research ethics, and development of
novel methodological solutions. For instance, Etienne et al.
(2020) have introduced SEVO (Haitian Kreydl for “brain”)
electrodes that allow direct access to the scalp for individuals
with thick and curly hair. SEVO electrodes leverage a
conventional Black hairstyle (i.e., cornrows) to improve EEG
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application, and employ attachments designed similar to hair
barrettes to secure electrode placement and reduce the signal-
to-noise ratio. Etienne et al, (2020) modified EEG design
provides an innovative solution that improves data quality and
participants’ experience by addressing the limitations of many
EEG devices.

Second, we encourage increased research training on hair
types and styles. Understanding differences in hair types
and styles is critical for preparing hair for EEG and hair
sample collection, communicating steps to research participants,
and promoting a more inclusive environment. We encourage
researchers to go about this process with cultural humility (as
opposed to cultural competence), which involves the dual praxis
of self-reflection and continuous learning (Yeager and Bauer-
Wu, 2013).

Third, we that
accommodate all hair textures and styles. Equipment and

recommend researchers strive to
protocols must be altered to make them more accommodating
of thick and curly hair. Others have suggested employing a
beautician well-versed in working with Black hair to redo
hairstyles following EEG collection or taking hair samples
for cortisol (Wright et al, 2018). Researchers could also
acknowledge the increased burden on BIPOC participants by
offering additional compensation to those who need hairstyles
to be removed and/or scheduling study visits before hair
appointments (Manns-James and Neal-Barnett, 2019).
Additionally, should
participants successful data collection,

with
such as

researchers collaborate
toward
allowing participants to self-collect their own hair samples or
working with participants to determine how to best collect
data when access to their scalp is impeded. For example,
researchers interested in fronto-central or centro-parietal
neural signals (the most canonical locations for many
common EEG/ERP metrics) could prioritize the placement
of midline sites if access to other areas of the scalp is
occluded. Finally, researchers should be conscious that certain
cultural/religious practices dictate that only people of the
same gender can see their hair. Therefore, we recommend
conducting EEG and hair sample collection in a private
space and that lab visits are adjusted, if needed, to meet the
participant’s needs.

Conclusion

In sum, anti-Black racism continues to shape research
practices that rely on physiological methods involving contact
with hair. While it may not be explicit, the use of these methods
has a significant impact on who participates in research studies.
Blindly abiding by the limitations of equipment or protocols
leads to underrepresented samples, limited science, and a body
of knowledge that does not apply to many. We believe a
critical starting point to move toward inclusion is to modify
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TABLE 1 Recommendations for researchers to improve inclusive practices in EEG and hair cortisol research.

Recommended
broad changes

Specific recommendations across methods

10.3389/fnhum.2022.1058953

Collaborate with
BIPOC researchers.

Review the extant literature for recommendations by BIPOC researchers to increase inclusion of research participants and cite such

researchers (Cundiff, 2012; Roberts et al., 2020; Zurn et al., 2020; Buchanan et al., 2021; Smith et al., 2021; Bradford et al., 2022;

Webb et al., 2022).

Collaborate with BIPOC researchers at all levels (i.e., undergraduates, graduate students, staff, post-doctoral fellows, and junior and

senior faculty).

Think critically about how to incorporate race into neuroscience research (Carter et al., 2022; Kaiser Trujillo et al., 2022).

Specific recommendations across

EEG-specific recommendations

Hair cortisol specific

methods recommendations
Train research staff to Researchers should be well-versed in the Richardson and colleagues provide inclusive
promote inclusion in diversity of hairstyles, textures, and care. guidelines for hair preparation for EEG data
discussing and working Staff training should include refraining from collection and a description of hair
with participants with value-based language about hair (e.g., “good characteristics and care (http
diverse hair textures hair” vs. “bad hair”). hellobrainlab.com /research/eeg-
and styles. Researchers should accommodate participants hair-project/).
who may hold cultural values around who is Consider prioritizing electrode placement
allowed to see and access their hair to best based on research aims (e.g., focus on frontal
accommodate their needs. or parietal electrodes needed for specific
ERPs) instead of the whole scalp.
If challenges during data collection arise, staff
should communicate the limitations of the
equipment rather than make negative
statements about hair.
Accommodate Provide participants with a video or visual Researchers should have an open dialogue Consider that teaching

participants with
diverse hairstyles and

textures.

demonstration of the EEG or hair collection
process to increase transparency and describe
how the data will be used.

Provide a private setting for participants to ask
questions about EEG/hair collection
procedures.

Schedule EEG or hair collection visits between
hair appointments.

Consider employing a beautician well-versed
in working with Black hair to redo hairstyles
following EEG collection or taking hair
samples for cortisol (Manns-James and
Neal-Barnett, 2019).*

Consider increased compensation in cases
where excess time is required for a participant
to modify or undue hairstyles for participation

(Manns-James and Neal-Barnett, 2019).*

with all participants about their hair
including understanding the participant’s
comfort level after thoroughly explaining
procedures.

Purchase add-ons to EEG equipment
(Krishnan et al., 2018; Etienne et al., 2020).*
Researchers should advocate for more
inclusive technology for all hair textures and

styles (Robinson et al., 2022).

participants self-collection of
samples may increase participant
comfort and sense of respect for
the cultural significance of

their hair.

Collect a hair sample at a hair
salon during a participant’s
scheduled hair appointment to

reduce participant burden.

*We recognize that these particular reccommendations require more resources than are available to some research teams to implement immediately. Therefore, we encourage researchers

to strive toward these recommendations whenever possible but encourage the use of the recommendations without asterisks when resources are limited.

research lab practices. While we have specifically reviewed EEG
and hair cortisol, it is vital for this critical reflection and
action to take place across multiple phases of the research
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process for a variety of research methodologies. We hope these
recommendations may provide practical steps for researchers
to employ in their labs to improve inclusion and expand the

frontiersin.org


https://doi.org/10.3389/fnhum.2022.1058953
https://hellobrainlab.com/research/eeg-hair-project/
https://hellobrainlab.com/research/eeg-hair-project/
https://hellobrainlab.com/research/eeg-hair-project/
https://www.frontiersin.org/journals/human-neuroscience
https://www.frontiersin.org

Louis et al.

applicability and relevance of neuroscience research beyond
White and WEIRD individuals.
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Following the murder of George Floyd on May 25, 2020, Minneapolis
represented the epicenter of protests that would reverberate internationally
and re-instantiate a reckoning of the systemic and institutional racism that
plagues American society. Also in the summer of 2020, and after several
years of planning, the University of Minnesota (UMN) launched the Masonic
Institute for the Developing Brain (MIDB), an interdisciplinary clinical and
community research enterprise designed to create knowledge and engage
all members of our community. In what follows, we describe the mission
of the MIDB Community Engagement and Education (CEEd) Core and
adjacent efforts within the UMN neuroscience and psychology community.
Inherent to these efforts is the explicit attempt to de-center the dominant
academic voice and affirm knowledge creation is augmented by diverse
voices within and outside of traditional academic institutions. We describe
several initiatives, including the Neuroscience Opportunities for Discovery
and Equity (NODE) network, the NextGen Psych Scholars Program (NPSP),
the Young Scientist Program, among others as exemplars of our approach.
Developing and fortifying sustainable pathways for authentic community-
academic partnerships are of central importance to enhance mutually
beneficial scientific discovery. We posit that traditional academic approaches
to community engagement to benefit the institution are severely constrained
and perpetuate inherently exploitative power dynamics between academic
institutions and communities.

community engagement, diversity, infrastructure building, diversifying STEAM,
neuroscience, inequities in education
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Introduction

Traditionally, youth education has avoided teaching
hard truths about the history of enslavement, genocide,
institutionalization, forced sterilization and other forms of
sexist, ableist, and racialized realities of our past, often excluding
communities that it tries to assist in the name of Equity,
Diversity and Inclusion (EDI). This culture of exclusion has not
escaped our academic institutions despite the recent surge in
awareness around EDI issues. Academic institutions have been
historically structured such that the voice of the academic is
centered and amplified by itself—an echo chamber on what we
often call “University Island” (Reingewertz and Lutmar, 2018;
Williams, 2019). For example, while working collaboratively
with community organizations, it is often mandatory to utilize
the university academic calendar for funding, and institutional
requirements generally direct the forms of programming,
access, participant availability, frequency, and the scope of work.
Due to the gender, race, ability, and other inequities found in
academic circles (Freund et al., 2016; Cole, 2020), centering of
academic voices can directly lead to the perpetuation of White
supremacist ideologies and systems in well-meaning community
engagement. These ideologies are found across the entirety of
education, from K-12 to higher-ed. In today’s political climate
more than ever, community engagement and EDI initiatives are
being openly challenged by many conservative organizations
(Yancy, 2018; Liu et al., 2021; Lopez et al., 2021). Those intended
to benefit from these efforts are excluded, marginalized, and
silenced. Even with recent pushes towards more inclusive
education models, structural inequities are resoundingly clear.
Historically,
root causes of structural and systemic inequities have been

many institutional attempts to address
well-crafted statements without concrete action (Gilliam
et al, 2021). Recently, there has been fervent resistance to
such performative allyship (Coley and Holly, 2021). We
must transition from overgeneralizing and diluting issues to
identifying specific problems and recognizing the impact that we
as academics have in addressing complex problems throughout
our society. When speaking on community engagement work
in the Science, Technology, Engineering, Agriculture, and
Mathematics (STEAM) fields, there is a tendency to believe
that “harder” sciences, including neuroscience, operate outside
of the need for community voices and ways of knowing, and
that this academic, “professional” centering is the only way to
assure accuracy (Gilliam et al, 2021). If academics continue
to be the only ones funded to pursue research questions, the
results are often missed opportunities for communities, leading
to disengagement and disenfranchisement (Gilliam et al., 2021).

Immediate changes are needed to shift the institutional
climate to open dialogues, continuous education, and feedback
at every level. With these issues in mind, the University of
Minnesota (UMN) launched the Masonic Institute for the
Developing Brain (MIDB) in 2021 to showcase how social
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change drives institutional reform. MIDB is a community-
centered institution with an interdisciplinary clinical and
community research enterprise that invests time to recognize
and amplify the voices of community members and leaders
in the design and implementation of our facilities, research
questions, and clinical care. We aim to co-create knowledge
that is accessible and trusted, and promotes healthy brain
development and wellness. The unique collaborative MIDB
approach is founded by its strategic research service hubs.
These service hubs are actively engaged across departments
to accelerate discovery, facilitate integration, and identify
opportunities for community services and public policy by
listening more than speaking, taking risks, and disrupting and
rebuilding. The UMN is 171 years old, and has >50,000 students
and >20,000 staff across 19 colleges. Building a collaborative
“Community-first” culture within MIDB as part of this historic
institutional backdrop is difficult and will be a long road.
Here we describe our approach toward investment and building
an inclusive environment to accelerate our impact on our
community.

Our approach to establishing
community engagement

We believe that de-centering the dominant voice of academia
involves recognizing that knowledge is located in many
places, and that diverse ways of knowing will lead to better
outcomes for research, clinical care, education, policies, and
overall community wellbeing. With these guiding principles,
the MIDB Community Engagement and Education (CEEd)
Core was formed to create a culture of interactive community
engagement, build strong reciprocal community connections,
and collaboratively create infrastructure to foster bidirectional
benefits.

The listening model to co-create
programming and infrastructure

The CEEd Core works alongside the community and
elevates their voices. Rather than offering a menu of services
asking the community to select from a predetermined list of
programs, we formed programming based on the community’s
expressed needs via direct and continuous engagement. To
successfully co-create programming and infrastructure, the
CEEd Core heavily utilized and adapted the principles of
Heffner and Zandee’s work to create our listening model—a
practice that initiates relationships with the community by first
being present, listening, and acknowledging community voices
without mention of any academia-originated programming
(Heffner et al, 2003). For the first year of the CEEd
Core’s inception, the Director, Dr. Anita Randolph, met
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with over 300 community organizations, attended dozens of
community events, and volunteered throughout the community.
Dr. Randolph networked with numerous diverse community
groups, primarily grassroots organizations that dealt with equity
and social justice work, but also larger nonprofits that worked in
public health, brain development, and policy fields. There was
a purposeful effort to talk to as many people on the ground as
possible, not solely targeting upper leadership, to get a grasp
for pressing issues in the community. This included individuals
not representing a formal organization. By being a trusted
community supporter first, and a faculty member second, Dr.
Randolph was able to learn the community’s priorities, successes,
concerns, needs, stakeholders, and what community members
know as effective approaches for change. Only after multiple
events and recognition in the community as a familiar face did
Dr. Randolph introduce the CEEd Core and its goals, request
feedback on existing programs, and propose a collaboration to
form new community programming. It is important to stress that
the introduction of the CEEd Core came after a request from
community leaders. This approach to relationship building has
been imperative in fostering reciprocal communication with the
communities surrounding MIDB and establishing confidence
that the CEEd Core values community feedback. Listening in
this way has uncovered community needs in specific focus
areas: mental health, addiction, programming to expose youth
to STEAM careers, food sustainability, the impact of nutrition
on neurodevelopment, and programming to demystify healthy
brain development.

Community building relies on trusting the knowledge that
people hold about their community. For example, during the
design process of the MIDB building, community members
and leaders were heavily involved, providing feedback on
color themes throughout the building, wall textures, room
signage, languages, accessibility features, and artwork. During
our focus groups, Indigenous community members relayed that
owls create an uncomfortable environment, which led to their
removal from the artwork in the clinic. Additionally, focus
groups including people with intellectual and developmental
disabilities and their families resulted in the addition of several
building features such as sit-to-stand adjustable tables in the
conference and meeting rooms, adult changing tables in the
restrooms, and adjustable lighting in common meeting spaces.

In addition to establishing infrastructure to create a more
accessible, inclusive clinical environment, mistrust of research
resonated throughout every conversation with the community.
Although research is a fundamental step toward reducing
disparities, it is often conducted “on” communities rather than
“with” communities. In many cases, this has led to general
distrust and, worse, total disengagement from research and
clinical trial opportunities. Based on community feedback, it
became evident that much of their mistrust towards research at
the University stemmed from the lack of formal community-
engaged research training of the UMN scientific community.
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From interviews with scientists in the neurosciences and brain-
focused fields conducting community-engaged research and
clinical trials, it was clear that researchers are often ill-prepared
to be on the ground with community members and are unclear
of basic community-engaged principles (e.g., appropriate use
of community-engaged research methods, ethical practices,
bidirectional community-institution benefits, etc.). This has
resulted in burned bridges between the University and its
community partners, because scientists often used top-down
practices common in academic settings, did not share decision-
making appropriately with the community, and failed to
acknowledge the community’s knowledge and expertise. The
lack of methodological training in community-engaged research
has caused harm within the community, misappropriation
of community members time, trauma, extraction of their
knowledge, and generational mistrust of University researchers
in general, limiting outcomes for both the scientific community
and the greater community as a whole.

This problematic dynamic has been further complicated by
recent National Institutes of Health guidelines requiring the
creation of novel community-engagement cores that serve a
given grant. What this means is that institutions are under
newfound pressure to begin research efforts that involve the
community’s active participation. This has created another
issue, as these historically underfunded engagement programs
do not have the resources, capacity, or infrastructure in
place to handle this new push to support basic research
scientists. The CEEd Core has tackled this complex issue with
a multipronged approach. First, the CEEd Core has prioritized
time, funding, and effort into producing training modules
for students, staff, faculty, and community researchers to gain
knowledge in community-engaged research methods, equitable
and sustainable partnerships, evaluation, dissemination, and
best practices of ethical exits to minimize harm to communities
after the completion of the project. Our community-engaged
research training modules are community-informed, utilizing
both external experts and community leaders as co-facilitators
and co-owners of the materials. The infrastructure of the
community-engaged training modules was built to allow
ongoing, yearly training that is both reactive (i.e., the immediacy
of a need dictates the order of the module development) and
community-informed (i.e., the modules are built to be used by
an assortment of stakeholders). The goals of these modules are to
produce a new generation of community-informed researchers
who will utilize the concepts of community-engaged research,
minimize harm when working with the community, and produce
community-engaged scholarly products aligned with their basic
science research.

Additionally, the CEEd Core has adopted the practice of
centering research priorities identified by the community rather
than only topics selected by research teams at the University,
training teams on how to share research findings with the
community in real time, and collaborate with the greater MIDB
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system to create solutions to decrease the years it takes for
research findings to be integrated into clinical practice to ensure
tangible change in the community.

The CEEd Core also founded the development of the
Neuroscience Opportunities for Discovery and Equity (NODE),
a centralized arena for the development of neuroscience-
focused engagement programs across 10 separate departments
at UMN. NODE’ collaborative nature prevents silos between
engagement-focused groups across the University to reduce
duplicated efforts, cost, and staffing barriers.

Neuroscience opportunities for diversity
and equity (NODE)

In our experience, the effectiveness of community
engagement is difficult to quantify; trust is observed in subtle
changes in community interactions. For example, establishment
of trust may be represented by unsolicited invitations to
community events in informal safe spaces that include youth
and elders who are typically shielded from formal discussions. A
community member’s receptiveness to services and perspective
may be represented by spontaneous communication via
text/phone to request information or to share an experience or
just to be heard. A community’s willingness for collaboration has
been signaled by direct communication with community leaders
in sacred places not intended for outsiders. Waiting patiently
for permission to engage with the community takes time, which
is not valued or easily translated into community-engaged
scholarly products.

With this in mind, Dr. Randolph interfaced with multiple
departments and programs at UMN to learn the many challenges
of community-engaged research within the University system,
identified silos to dismantle to enhance our work, and gauged
receptiveness to developing community-engaged research
infrastructure. With a vision of increasing capacity through
collaboration, a group called the Neuroscience Opportunities
for Discovery and Equity (NODE) was formed to form a pool of
shared resources to enhance engagement with the community
across 10 different departments.

Through bimonthly meetings, NODE members have been
able to request help in a variety of ways. While some departments
have a lot of funding and no staff, they are now able to ask
for help from others’ research assistants, student workers, and
volunteer networks from those who have adequate staffing or
gaps in their engagement calendars. This imitable model can
help departments overcome challenges associated with limited
time, funding, and staffing to reduce burn-out, and ensure
tangible solutions that improve people’s lives in the community
while inspiring the next generation of underrepresented learners
to become scientists.

In its first year, NODE members worked together to fund
comprehensive validated surveys and personalized evaluation
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services for many of the engagement projects across these
departments. Members have been able to utilize the evaluation
services in order to apply for private donors and NIH grants
to secure a future for their group. With that essential piece
covered, translating community engagement into scholarly work
is now a much more affordable and easier task. NODE was
also able to secure thousands of dollars worth of engagement
supplies, ranging from multiple brain and spinal cord models,
plastinated human brains, a 3D printer, and various engagement
games and interactive activities. NODE works with a goal of
collaborating on engagement events and grant applications. By
combining different departmental missions and engagement
work into cohesive, fundable projects, this small shift has opened
up the possibility of well-funded, researched collaborative efforts
focused on community engagement.

Leveraging the “community first”
engagement infrastructure to
diversify the STEAM workforce

As noted above, one outcome of the established CEEd Core
engagement models was learning about the community’s
desire for programming to expose youth to STEAM
research and careers. To diversify STEAM, we must embrace
“variability”—our diversity—and provide access to this pursuit
to all of the talents that exist in our society. Ironically, in the
sciences, our ability to proportionally value the importance
of this principle has been limited. Although neuroscience is
considered one of the fastest growing disciplines, the lack of
URM:s and/or disabled scientists has led to a lack of diversity in
research studies, inadequate representation in higher academic
positions, limited scholarly perspectives, and the perpetuation
of inequities in the science fields (Bertolero et al., 2020;
Jones-London, 2020).

Recruiting, training and retaining a diverse pool of highly
skilled individuals in neuroscience is imperative for maximizing
our investments and potential in research and education. In
the US, despite many national efforts, URMs and/or those with
disabilities continue to be underrepresented as neuroscience
undergraduates, trainees, faculty, and in the overall research
workforce. According to the Society for Neuroscience, 23%
of students enrolling in neuroscience Ph.D. programs and
14% of Ph.D. awardees in 2016/2017 were students from
underrepresented backgrounds and 15% of postdoctoral trainees
and 8% of program faculty identified with underrepresented
backgrounds (Society for Neuroscience, 2017). Given that the
2020 US Census reported that 42.1% of the US population
identifies as coming from an underrepresented backgrounds
(Berry-James et al., 2020), these statistics indicate that there
is an unmet need for innovative programs that foster
recruitment and retention of URMs and/or disabled students
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in the neuroscience workforce, in order to better reflect
the broader population that neuroscience research seeks to
benefit.

Advances in health care, education, technology, and other
enhancements to our society that deeply touch our everyday
lives will not come with a homogeneity of ideas, education,
experience, and culture. The CEEd Core’s in-depth interviews
with community members confirm communities of color are
distrustful of academic and health-centered institutions and
their engagement practices. Not only does such disengagement
prevent underrepresented youth from pursuing STEAM degrees
and gaining economic earning power to contribute back to
their community, but the lack of representation in healthcare
and technology fields exacerbates URM communities’ distrust of
healthcare professionals. This is a significant issue in Minnesota
as the URM population grows without a concomitant increase
in the state’s workforce (Flaherty, 2021; Khalid and Snyder,
2021). Consequently, the participation of URMs in STEAM is
critical to address the growing health, education, and human
service needs of our increasingly diverse population. To help
close this gap, it is imperative to begin engaging with URM
students in K-12, undergraduate, and graduate school, as well
as their families, to increase STEAM participation and develop
the next generation of URM scientists. In the Supplementary
Materials, we describe four such programs including the Young
Scientists (YS) Program, the Youth Engaged with Science (YES!)
Program, NextGen Psych Scholars Program (NPSP), and the
MN Leadership Education in Neurodevelopmental Disabilities
(MN LEND) Program.

Discussion

The endemic issues of structural racism, ableism, sexism,
and other inequities cannot be addressed by changes in policies
and practices alone: change will require direct action and work
in the trenches with our communities. To de-center the academic
voice, we, the academic community, must move away from the
authoritarian approach of creating, disseminating, and teaching
knowledge. Although the efforts of MIDB are still in its early
stages, the work continues to grow and shape itself through
directly listening to community members, acting and reacting,
and pursuing a mission of diversity and representation in
programming, infrastructure, and staffing. Within MIDB and
the work of the many partners listed in this article, options
for potentially transformative research and practices are able
to be explored to help address systemic concerns that continue
to haunt institutions. Although beneficial, continuing to elevate
diverse racial, ethnic, and linguistic communities, families, and
youth through participation in STEAM fields will not clean or
sterilize past atrocities. As we learn from our past to move
forward, we must create solutions. Our various efforts are
focused on increasing the presence of and support for a more
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diverse body of scholars and scholarship in science and other
fields that continue to only have a sprinkling of diversity. Our
efforts involve connecting with community members, families,
schools, and scholars. These connections must be nurtured
through relationships, trust, and the recognition of each other’s
humanity. Most importantly, nurturing and building trust takes
time and must be supported by leadership to yield fruitful
change. Only then can we walk in our truth of being with and
for the community.
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Introduction

Debates on how to determine positions in research authorship have not subsided. An
institution funded by the United States National Institute of Environmental Health Sciences
(NIEHS) provided reports for investigating authorship disputes from 6,700 researchers in the
world. It found out that nearly half of the respondents had suffered from naming disagreement,
and 38% of them believed that they had experienced unfair authorship ranking (Smith et al,,
2020). What makes this trend worrisome is the fact that the matter of authorship unfolds sharp
gender inequalities in the scientific community, where female authors are arranged with more
co-first (rather than the first) authors relative to what is applicable to male authors (Fleming,
2021). Furthermore, the scrambling for privileged positions in authorship arrangements is
increasingly forcing early career researchers to distance themselves from scientific works and
big-science collaborations, especially neuroscientists (Yager, 2007; Coles et al., 2022). Under the
current scientific incentive system, it is an intuition that the credits a study can deliver for an
author can be likened to the commercial values of a building, with the front location (position)
indicating a high price (credit).

Our efforts and challenges

It is no doubt that publishers have been aware of this circumstance and have made efforts
to prioritize authors’ credits above authorship arrangement. Scientific journals have long
been firm and enthusiastic in asking authors to state and clarify what scientific roles they
played in the actualization of a research study. The confirmation and clarification are usually
made in a purpose-built section entitled, “Author Contribution Statement (ACS)” (Vasilevsky
et al, 2021). Fortunately, this statement has been increasingly accepted by mainstream
publishers such as Nature Springer, Elsevier, and Cell Press for fostering contributionship.
However, the absence of standard measurement for this claim of scientific roles in the
ACS makes it rather difficult to specifically evaluate and determine an authors deserved
credits.

Furthermore, a machine-readable standardized statement called contributor roles taxonomy
(CRediT) emerged to recognize scientific credits for authors based on the 15 categories, which
have been broadly implemented thus far. That notwithstanding, another issue of concern in
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GRAPHICAL ABSTRACT

Preface illustration. The "first-last-author-credit” hierarchy has long been dominated in the scientific incentive system despite intensive calling for
contribution-based credits (author contribution statement). In the scientific communities, senior researchers would still make a decision to recommend
one's promotion based on first and last positions in authorship rather than their contributions. Similarly, in the job market, institutions would
acknowledge one’s credit by positions in authorship in a study for faculty recruitment, while overlooking the author contribution statement at the end of
studies. Thus, the current authorship system has brought on the risks underlying authorship disputes and race/gender inequalities in credit allocation
heavily, especially for early career researchers and female scientists. In addition, this is one of the major barriers to extend teamwork and academic
collaboration. On the contrary, scrambling for first and last positions leads to prominent credit inflation—that is to be observed—the number of co-first
and co-corresponding authors has been increasing dramatically. Thus, we shall propose a new contributionship to acknowledge the author’s credit for
an open science and quantitative framework to tackle these issues. Credit: ZC and XRL.
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the matter of ACS is the fact that CRediT is not available for all the
fields of scholarship such as literature and library science. Recently,
the contribution role ontology (CRO), a system, developed by the
National Center for Data to Health (NCDH) recommended that
CRediT be extended to include more statements (Ross-Hellauer,
2022). The inclusion should add 50 categories for covering almost all
the fields of scholarly interest—the roles of community, coordination,
and so on.

Despite the huge progress made so far, the scientific community
still has challenges and difficulties accepting contributionship as
a Dbetter alternative. In addition, institutions and job markets
disapprove of faculty recruitment or promotion that is based on
the ACS. One major reason for this aversion is the apparent
stiff competition for faculty positions requiring institutions to
make decisions rapidly and directly for the numerous researchers
who are in their early career phase. This makes it less likely
to deliberately evaluate authors’ contributions claimed in studies
one at a time. Moreover, another reason that could impede the
spread of contributionship is the lack of quantifiable criteria
for answering questions on how scientific credits that are based
on authorship contributions could be evaluated. In addition,
contributionship in the current tone is likely to expose an author’s
credit to a high risk of inflation, which may provide an “infinite
credit resource” in evaluating one’s contribution. The latter could
make the scientific community fairly cautious in confronting
such initiatives.

Open science and quantitative
framework

Open Science Framework (OSF) typically advocates three
principles in knowledge production, which are transparency, equity,
and accountability (Madhur and Avci, 2022). In practice, OSF
recommends authors to pre-register their research proposal in the
accessible repository beforehand, so as to enable detailed, original
sampling methods, analytic plans, and hypotheses.

The OSF is a powerful vehicle for facilitating and driving
transparency through a deliberate reduction in the manipulation of
model parameters and results. Meanwhile, equity and accountability,
the values that the OSF pursues, emphasize the equal right of all the
authors fully involved in scientific work. However, the authors are
required to shoulder the same accountability for the weights they
contribute to the work.

Using the percentage-of-contribution indicator (PCI) and author
CRediT score (ACS), we have proposed the quantitative framework
as an alternative for acknowledging authors’ credits in authorship
claims (Smith et al,, 2018). Be that as it may, we reckon that two
intrinsic pitfalls may occur in extending these quantitative systems.
The first pitfall is the possibility of compounding impact factor (IF)
in calculating authors’ contributions. Authorship has, so far, been
broadly certified to recognize and make sure the author who makes
more scientific contributions to research gets due credit for the study.
This may, however, not be adequate for acknowledging contributions
or values that are judged by a journal’s IF. Another flaw of the
authorship system is the challenge of calculating the quantitative
contributions of authors by absolute counts of categorical roles.
In the process of estimating contribution—albeit it makes sense
to consider the number of roles an author played in the CRediT
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category—it is usually unclear and difficult to determine the number
of contributions that have been made for each role and how crucial
each of the roles is for the study.

Open science and quantitative
contributionship

We propose a new framework that integrates Open Science
principles and quantitative rules for acknowledging scientists’ credits
in a study (see Box 1). More specifically, the framework recommends
that authors pre-register and adopt the standardized authorship
and contribution form (ACF) before the formal research procedure
begins.! The ACF requires authors to self-estimate their contributions
quantitatively ranging from 0 to 1.0 (contribution coefficient)
by referring to either the CRediT or CRO statement. It also
requires authors to provide details illustrating what parts would be
handled in the corresponding categorical roles. Moreover, traceable
modifications toward contributionship could be allowed on the
ground of authors’ consensus before pre-registering the ACF. In
addition, the email addresses or any pathways accessible to each
author should be given in the ACF. Once the work has been
prepared for submission, the ACF should be designed to be in
line with the pre-registration imperative in the online submission
system. Any disparities compared with the pre-registration should be
clearly stated in the ACS. Finally, the integrated ACF encompassing
the authorship, contribution contexts/coefficients, and contacts
would be generated automatically by the submission system
and would be further printed at the head of the published
study.

Discussion

Benefits and caveats

It is apparently rewarding to adopt the proposed authorship
framework embracing the Open Science and quantitative
contributionship systems. The framework could help drastically
reduce authorship disputes by allocating credits to authors with the
quantitative contribution method. The latter would be prominently
beneficial for ensuring authoring equality in the increasing teamwork
and academic collaboration system. The sequence determination
authorship has been criticized for creating hurdles in academic
collaborations as it assigns credits mostly by the first-and-last-
author system (Hosseini, 2020). The more unfairly and unequally
co-authors perceive they have been treated, the less motivation they
have to concretize the teamwork they need. Thus, sharing credits
with equal positions in this framework would be highly conducive
to preventing scientific collaborations from suffering recurring
authorship disputes.

Moreover, the tendencies for credit inflation may be controlled
by quantitative contributionship. To tackle credit disputes in
authorship, marking co-first and co-corresponding authors in one
study is gradually becoming mainstream in the scientific community.
Nevertheless, the trend appears to have been abused in the current

1 https://osf.io/3sjbc/
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BOX1 Key steps for proposed contributionship framework.
Step 1: Pre-registration

proposal is available:

alongside with author's name.

accountability.

Step 2: Formal submission

manually.

or contributions should be stated clearly in this section.
Step 3: Publication and after publication
acknowledging credits for each author:

name.

as reported in ACF.

A standardized authorship and contribution form (ACF) requires the scientific communities to pre-register in repository or platform once research
-Authorship: authors should be determined beforehand following the research proposal.

-Contribution: contributions should be described by contributor roles taxonomy (CRediT) or contribution role ontology (CRO) system in detail,
including the illustration about which parts would be done in each category (e.g., drafting introduction at paragraph 1-3).

-Contribution coefficients: contribution coefficients should be provided grounded on actual contributions defined by CRediT or CRO system, but could
be adjusted according to authors’ consensus; the sum of coefficients for all the authors is equal to one; individual coefficient should be marked
-Contacts: authors should provide the accessible contact details alongside with contributions for the sake of facilitating correspondence and

Once the formal manuscript has been prepared, one author should be designated to submit it at online submission system:

-Online submission system: author could upload the pre-registered ACF online submission system for automatic detection or fill ACF in system

-Author contribution statement (ACS) conflicts: if any disparities emerged from the comparison to pre-registration, the reasons for modifying authors

Once manuscript has been published at a journal, this ACF would be generated automatically to attach at the HEAD of final manuscript for

-Publication: ACF for final version should be attached at the first page of paper for detailing authorship/contributionship and history of modifying them;
any disparities or modifications from pre-registration should be clearly claimed in ACF; individual coefficient should be marked alongside with author’s

-After publication: contributions and corresponding credits could be evaluated by ACF with specific contexts and coefficients for authors in job
markets; each author should be accountable for giving response for concerns and queries that readers raise aiming at his/her contributions in the paper

form (Hornburg, 2018). We have reviewed studies published in
Nature™ within this decade (2010-2021) in order to scrutinize this
trend. Nearly half of the studies therein marked the co-first authors or
co-corresponding authors, especially in the domains of cell biology,
genetics, medial research, and neuroscience (see Figure 1). Thus,
claiming “equally contributed” for the co-first or co-last positions
may be an artifice for credits. This quantitative framework is required
to clearly and transparently state authors’ contributions in authorship
rather than some vague and unquantifiable mark, which facilitates
the possible reduction of the guest-like co-first or co-corresponding
authors. Furthermore, adding any additional co-authors would be at
the expense of the decreasing average contribution coeflicient, which
propels the decision to mark co-authors prudently so as to limit credit
inflation.

In addition, the transparency needed to determine authorship
would be strengthened by the use of this framework. Pre-
registration provides traceable and detectable access for observing
the modification of authorship. It prevents honorary or guest authors
from compromising the submission process. On the one hand, it
seems to be a common configuration to add renowned researchers as
honorary authors as a way of increasing the credits of the submitted
articles and impressing the editors (Hornburg, 2018). On the other
hand, the number of guest authors is sharply increasing in studies
as an “interpersonal transaction” for extending the academic social
network. Therefore, transparent reports on how authorship forms
and the contributions of each author make this framework significant
would be a promising way of cracking down on such naming
misconducts.

It is worth highlighting that this framework makes accountability
feasible for contributionship and, thus, maybe a blow to the
widespread fake-paper factories and academic fraud systems. In
Chinese Academy Science (CAS) institutions, the requisites for
applying for tenured positions are at least eight studies that are
published in high-profile journals (at least IF > 5.0) during a period
of 3-6 years. The publications should have a varied outlook of
independence and corresponding authorship. Even if doctors who
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are in their early career phase work in low-ranking institutions (e.g.,
level-2 local hospitals in China), their promotion will require at
least three studies with authorship positions. Additional positions in

CREDIT INFLATION

We reviewed papers published at Nature™ during recent decade
(2010-2021)to inspect whether the co-first positions are abused
to cause credit inflation in authorship. Further, we examined
whether such circumstance existed in distinct disciplines.

54.0 % papers marked two
co-first authors

-

20.3 % papers marked > 3
co-first authors

;/=
Ll

0% 25% 50 % 75 %

100 %

B 2 co-first authors 3 co-first authors [l 4 co-first authors
5 co-firstauthors [l > 5 co-first authors

~70.1%*  papers marked co-first authors come from Cell Biology
(19.7 %), Genetics (16.1%), Medical research (13.0%), Neuroscience
(8.8%), Physics (7.1%) and Materials science (6.6%)
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M Cell biology
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* disciplinary disparities in marking co-authors have been
corrected for total sum of publications.

FIGURE 1

Credit inflation for co-first or co-corresponding positions in
authorship. Data are acquired from Nature™
(https://www.nature.com) by reviewing authorship for all the research
articles published in Nature during the recent decade.
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authorship hardly have any credits in the current scientific incentive
system, at least in mainland China. Consequently, the serious career
pressure often mounted on researchers to publish studies as either
first or corresponding authors is one of the main reasons why young
researchers indulge in academic fraud at the expense of an auspicious
long-term career prospect. They settle for predatory journals or fake
publishing firms.

The new framework provides transparent ways for authors
to obtain credits they merit based on accountable and traceable
contributions by quantitative metrics. A key advantage of this
framework is that it discourages academic misconduct from authors.
On the contrary, transparently reporting specific contributions
with
feasible. It is also beneficial for investigative agencies that

of authors contact information makes accountability
might want to examine specific authors who may have been
reported for misconduct.

The caveats for implementing this contribution framework
should be reiterated. Unexpected academic bullying may occur
when the contribution coefficients are rated. Even if the extreme
battles or disputes for authorship positions are significantly
eased, it is hard to estimate the risk of what—bullying—junior
researchers could suffer in the coefficient competition. There is
less power for them to go against the senior researchers in
allocating the coeflicients. Another challenge is the high risk of
abuse as stated in “Goodharts Law” (Abualigah et al, 2021;
Abualigah et al,, 2022; Agushaka et al, 2022). Although each
author receives credit fairly as expected, evaluating scientific credits
for each of them may be abused when the coeflicient is overly
considered.

A framework beyond initiative

This is not a conceptual call for acknowledging each author’s
credits but aims to provide pragmatic ways to shift authorship
from the “first-last-author-credit” hierarchy to a transparent, equal,
and accountable contributionship. Compared to previous ones,
this contributionship presents a quite mild and balanced scheme,
neither in abolishing the “sequence-authorship-credit” hierarchy
nor in overreaching absolutely objective index (Smith et al,
2018), which promises the acceleration to popularize this credit
system.

Technically speaking, however, few hurdles would meet the
implementation of this contributionship in the current technological
framework. By mainstreaming the online submission system and
ORCID with standardized machine-readable CRediT or CRO
statements, all the processes that the contributionship requires could
be easily supported. We have prepared a fictitious submission system
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Many early-career neuroscientists with diverse identities may not have mentors
who are more advanced in the neuroscience pipeline and have a congruent
identity due to historic biases, laws, and policies impacting access to education.
Cross-identity mentoring relationships pose challenges and power imbalances that
impact the retention of diverse early career neuroscientists, but also hold the
potential for a mutually enriching and collaborative relationship that fosters the
mentee’s success. Additionally, the barriers faced by diverse mentees and their
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mentorship needs may evolve with career progression and require developmental
considerations. This article provides perspectives on factors that impact cross-
identity mentorship from individuals participating in Diversifying the Community
of Neuroscience (CNS)—a longitudinal, National Institute of Neurological Disorders
and Stroke (NINDS) R25 neuroscience mentorship program developed to increase
diversity in the neurosciences. Participants in Diversifying CNS were comprised of
14 graduate students, postdoctoral fellows, and early career faculty who completed
an online qualitative survey on cross-identity mentorship practices that impact
their experience in neuroscience fields. Qualitative survey data were analyzed
using inductive thematic analysis and resulted in four themes across career
levels: (1) approach to mentorship and interpersonal dynamics, (2) allyship and
management of power imbalance, (3) academic sponsorship, and (4) institutional
barriers impacting navigation of academia. These themes, along with identified
mentorship needs by developmental stage, provide insights mentors can use to
better support the success of their mentees with diverse intersectional identities. As
highlighted in our discussion, a mentor’'s awareness of systemic barriers along with
active allyship are foundational for their role.

perspective, mentorship and early career scientist challenges, neuroscience, diversity in

science, cross identities, academic pipeline, qualitative survey

Introduction

The lack of diverse representation in neuroscience remains
a significant problem reflecting the systemic inequities of
the United States (US.) educational system and structural
oppression that is deeply entrenched into the fabric of the
country. Current data from the National Center for Education
Statistics between the years of 1995-2015 show that non-
Latinx, white neuroscience graduates represent the largest
percentage of graduates across bachelor’s  (52.6-66.3%),
Master’s (52.6-60.8%), and doctoral (53.2%-66.5%) degree
granting neuroscience programs (Ramos et al, 2017).
While the number of neuroscientists entering the field is
growing, the proportion of those from underrepresented
backgrounds remains markedly lower than the US.
census representation.

Historically, research efforts to characterize the demography of
the academic landscape have focused on very narrow aspects of
diversity (e.g., race, or gender, or disability). However, there is growing
acknowledgment of the expansiveness of identity and its intersections.
These intersecting identities shape access to power/privilege and,
resultantly, one’s experience navigating the world, including academia
(Crenshaw, 1989; Cole, 2009). Transgender and nonbinary/gender
expansive people, undocumented immigrants, people living with
a disability, and religious minorities have been systematically
excluded in the neurosciences, and initiatives to improve their
representation in academic spaces are lacking (Corrington et al,
2020). The inclusion of diverse voices in the neurosciences is
part of the necessary shift towards a more equitable society and
directly contends with the discrimination and oppressive hegemony
entrenched within the institution of education (Zhao, 2016; Bartz and
Kritsonis, 2019). Additionally, diverse perspectives are the catalyst
for innovation in the sciences (Graham et al, 2020; Daehn and
Croxson, 2021) and contribute to more dynamic problem solving
(Friedman et al., 2016).

Integrative Neuroscience

Diverse identities should be reflected within all levels of the
neuroscience pipeline, but representation appears poorest at higher
ranking positions—that is, the further you advance along the
academic pipeline, the “leakier” it becomes (Shaw et al., 2021). The
attrition, or leaks, of diverse neuroscience talent tends to occur at
critical transition junctures involving academic advancement (Shaw
et al, 2021). A number of factors—likely interacting with one
another—impact retention of diverse talent and contribute to leaks.
While a comprehensive overview of factors contributing to attrition
is beyond the scope of this article, we offer a few examples across
different stages of training and career.

Among first-generation college students, some face unique
challenges including disparities in access to resources and financial
precarity impacting their ability to complete a degree. First generation
and low income students are less likely to complete an application for
financial aid (Bahr et al., 2018) and there is evidence that financial aid
offer letters use inconsistent terminology and conflate different aid
options (Burd et al.,, 2018), creating barriers to appropriate decision
making to fund college education. Current data also show bias in
graduate school admission processes including the discriminatory
use of the standardized testing like the Graduate Record Exam
(GRE) or other quantitative measures (e.g., GPA) as a predictor of
academic success despite the GRE having low predictive validity
(Moneta-Koehler et al, 2017). The GRE is a poor indicator of
future research productivity (Woo et al, 2022) or graduate degree
completion (Petersen et al., 2018) as it instead measures test taking
ability and exam familiarity (Kruse, 2016). The continued use of the
GRE by admissions committees contributes to pipeline leakiness as its
incorrect use as an indicator of aptitude most often unfairly excludes
women, racially and ethnically minoritized persons, and those from
socioeconomic disadvantaged backgrounds from admission into
graduate school programs (Miller and Stassun, 2014).

For historically excluded and marginalized graduate students,
socialization to academia (ie., the process whereby institutional
values, skill sets and ways of engagement are learned and reinforced)
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can be in direct conflict with existing belief systems and often upholds
dominant cultural norms (Weidman et al,, 2001; Azizova, 2016),
impacting feelings of belongingness and inclusivity both of which are
predictors of retention and success in STEM PhD programs (Fisher
et al,, 2019). For women and birthing people, a critical transitional
period along the academic pipeline postdoctoral phase where roles
and responsibilities as a parent and scientist may collide with very
little leeway and support. In fact, the decision of whether to start a
family and when is a major predictor of attrition among postdoctoral
fellows (Resmini, 2016; Ledford, 2017; Ysseldyk et al., 2019).

At the faculty level, funding rates are significantly lower for
racially and ethnically minoritized groups and data show the Black
scientists are less likely than their peers to receive an R01 grant from
the NIH (National Institute of Health), reflective of a substantial
funding gap impacting productivity and career progression on the
tenure track (Ginther et al,, 2011; Wilson et al., 2018). One study
reported that applications from Black scientists were less likely to
be discussed and received lower impact scores (Hoppe et al., 2019).
In the study, greater than 20% of the funding gap was attributable
to differences in choice of research topics by Black scientists
compared to white counterparts. Topics more commonly identified
as relevant to Black scientists, such as community-engaged research
and population health, were awarded at lower rates, demonstrating
bias and discrimination in funding priority as well as epistemic
exclusion devaluing and delegitimizing the important work of racially
minoritized scholars (Settles et al.,, 2021). The unfortunate truth of
these data is that the Ivory Tower remains unattainable, unwelcoming,
or housed with a glass ceiling that limits the upward mobility of many
diverse neuroscientists [e.g., see Black in the Ivory (Davis, 2021) for
overview].

While diversity is slowly increasing at the student level,
those who hold high ranking faculty positions do not reflect the
same diverse demographic and social identities. Often, cisgender,
heterosexual, white men occupy senior neuroscience positions
and serve as gatekeepers to academic advancement thereby
limiting upward mobility. Not only does a power differential
exist within the mentorship relationship based on career status,
but the mentor’s status within society’s social hierarchy can
influence the mentorship dynamic (Ragins, 1997; Thorne et al,
2021). As diverse neuroscience mentees ascend the academic
ranks, it is likely that they will encounter incongruence between
their identity and the social-demographic characteristics of a
mentor. Admittedly, a number of thriving cross-identity mentoring
relationships exist. In some instances, however, it may affect the
mentor’s ability to effectively respond to the systemic oppression,
discrimination, and other challenges uniquely faced by the
mentee.

Lack of effective mentorship has been regularly cited as a barrier
to successful advancement in neuroscience (Singleton et al.,, 2021),
and academia more broadly (Davis et al., 2021; Ocobock et al,,
2021). Thus, it is incumbent on mentors to maintain awareness of
approaches that are less helpful in mentorship dyads where identity
incongruence is a factor, and to apply strategies and mentorship
styles that facilitate retention and progression within neuroscience.
For instance, in a study examining cross-racial mentoring of racially
and ethnically minoritized faculty, the mentor’s awareness of the
mentee’s cultural experience, the mentor’s open-mindedness, and
trust and comfort in the relationship shaped how race affected the
relationship (Thorne et al., 2021). To date, there is limited research
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on mentorship practices that support diverse neuroscientists across
training and career level. Identifying strategies that promote mentee
retention and academic enrichment across developmental stages of
education and career is central to building supportive, customized
experiences unique to the mentee’s needs at each transition juncture.
Accordingly, our manuscript seeks to expand extant work by
applying a developmental framework to examining cross-identity
mentorship factors that: (1) hinder, (2) support, and (3) retain diverse
neuroscientists in academia across varied developmental stages of
training and career.

Methods

All study procedures were approved by the University of
Minnesota Institutional Review Board and all participants provided
written informed consent. Participants completed the survey on a
voluntary basis and were offered co-authorship for their contribution.

Participants

Study participants are members of the first cohort of Diversifying
the Community of Neuroscientists (Diversifying CNS) program
(Diversifying the Community of Neuroscientists, 2022)—a National
Institute of Neurological Disorders and Stroke (NINDS) R25 funded
initiative. Demographic data are presented in Table 1. Out of the
19 program participants, 14 (73%) responded to the survey online.
Of this subgroup, the majority of respondents were graduate students
(8/14; 57%), followed by early career faculty (4/14; 29%), and
postdoctoral fellows (2/14; 14%). All respondents were affiliated with
an academic medical institution or university and identified as first-
generation graduate students.

Survey procedure

The online survey was designed by coauthors (TH-J, RN) who
participate in the Diversifying CNS Program. Survey questions were
developed based on review of literature on mentorship and diversity
in academia and the workforce. Based on the literature, TH-J and RJ
first identified themes and concepts that were important to capture
with the survey questions. Next, a list of potential questions were
generated and piloted with a person outside of the Diversifying
CNS program to ensure readability and adequate functionality
of the online survey platform. The final survey consisted of 27
open-ended questions and 17 quantitative questions distributed for
online completion using Qualtrics. Participants were asked to respond
about their experiences at their current stage of training or career.
Examples of open-ended questions included:

What are your specific mentorship needs at this stage of your
career?

Have there been any barriers in identifying a mentor who shares
some aspect of your social or demographic identity?

What are the benefits to having a mentor whose identity differs
from yours?
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TABLE 1 Demographic characteristics of
respondents (N = 14).

| | % |

Diversifying CNS survey

Race

White 3 21.4%

Black 6 42.9%

Asian 1 7.1%

American Indian or Alaska Native 1 7.1%

Multiracial 3 21.4%
Ethnicity

Hispanic/Latino 4 28.6%
Gender identity

Cisgender female 10 71.4%

Cisgender male 4 28.6%
Sexual orientation

Heterosexual 9 64.3%

Bisexual 2 14.3%

Queer 1 7.1%

Panromantic, gray asexual 1 7.1%

No response 1 7.1%
Place of birth

United States 10 71.4%

Latin America 2 14.3%

Jamaica 1 7.1%

Germany 1 7.1%
Professional background

Molecular/cellular neuroscience 10 71.4%

Behavioral neuroscience 2 14.3%

Neuropsychology 2 14.3%
First generation American 3 21.4%
Person with a disability 3 21.4%
From economically disadvantaged 7 50.0%
background
Primary language

English 12 85.7%

Spanish 2 14.3%

Additionally, participants provided written examples of both a
good and bad mentorship experience, barriers within the relationship,
and suggestions for improvement. Lastly, respondents were provided
with a menu of options of mentorship features they may seek (e.g., role
model for work/life balance, sponsorship, one-on-one time, source of
support) and ranked the list in order of importance.

Analysis

Narrative responses from the online survey were uploaded
and organized in ATLAS.ti (Mac Version 22.1.0; ATLAS.ti, 2022).
Responses were analyzed using an inductive thematic analysis
(Braun and Clarke, 2006). This method is inductive, or data-
driven, in nature and produces codes that directly reflect the
data and are free of pre-existing theory. We were interested
in understanding the lived experiences and meaning making
of the group within a broader social and societal context and
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therefore prioritized the meanings derived from respondents’
words. TH-J] and RN separately read and completed open
coding of responses. Codes were independently assigned by the
level of meaning—that is, text segmentation was completed by
meaning conveyed and not line, sentence, or paragraph—so
long as the essence of the idea was preserved (DeCuir-
Gunby et al, 2011). Coders met to discuss their codes and
generate a code book with formal code definitions and coding
criteria. They reviewed the text and reassigned codes according
to these criteria. Text was allowed to have more than one
code assigned. TH-J and RN then identified codes that had
conceptual similarity; these were grouped into a theme with
subordinate subthemes.

Quantitative and descriptive data were analyzed using IBM SPSS
28.0 (IBM Corp, 2021). Between-group comparisons of continuous
data were made across education/career level using ANOVAs.
Statistical significance was set at p < 0.05. All survey respondents
were provided with a draft of the manuscript, and revised according
to their suggestions, to ensure their words were accurately reflected
and anonymity was upheld.

Results

Quantitative

Respondents in their current academic role for

approximately 3 (M = 3.08, SD = 1.21) years, and the amount
of time did not differ by career level, F(511) = 2.27, p = 0.150. Early
career faculty reported having significantly less frequent beneficial

were

mentoring relationships in their current academic stage (44.5% of
relationships are beneficial) compared to postdoctoral fellows (90.0%)
and graduate students (80.0%), F(2,11) = 9.22, p = 0.004.

Qualitative

Factors impacting experience in neuroscience

Analysis of the narrative responses across the entire group
revealed four themes that impact a mentee’s experience in
neuroscience regardless of developmental stage: (1) approach
to mentorship and interpersonal dynamics, (2) allyship and
management of power imbalance, (3) academic sponsorship, and
(4) institutional barriers impacting navigation of academia. The
Supplementary Table summarizes themes and subthemes, and offers
illustrative quotes of barriers and supportive practices. Figure 1A
provides a thematic map of the qualitative results.

Theme 1: approach to mentorship and interpersonal
dynamics

For a majority of respondents, the mentor’s approach to engaging
was important and impacted their perception of the relationship.
Respondents

Respect of values and priorities: emphasized

the desire for mutual commitment and investment in the
mentoring relationship, establishment of boundaries early on,
and recognition of personhood outside of their role as an
academic. Those from historically excluded and minoritized
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FIGURE 1

Do not just be a manager, be an ally
and sponsor. Acknowledge power
imbalances in relationship.

Make expectations known, consider
mentee's interests, listen to
understand.

Connect on shared or similar lived
experiences. Embrace differences,
focus on strengths, and encourage
authenticity.

Acknowledge and respect mentee's
personhood outside of academia.
Create and maintain a culture of
communication and respect.

Remember your identities and
experiences are valid.

Communicating your needs is
important.

Remember intra- and inter-personal
factors when communicating with
your mentor(s).

Ask for feedback and clarification of
expectations.

Embrace a diverse multi-mentor
network of support.

Factors related to cross-identity mentorship in the neurosciences. (A) A thematic map of barriers and facilitators in cross-identity mentor-mentee
relationships. A full description with participant quotes is included in the Supplementary Table. (B) Factors impacting cross-identity mentor-mentee
relationships depend on a number of layered structural, local, intra- and interpersonal factors, but are all important for the wellbeing, productivity, and
success of mentees. (C) Recommendations for mentors and mentees that emerged from the early career neuroscientist survey.

backgrounds shared the importance of a mentor acknowledging
the systemic and societal issues that not only impacts the
mentee, but the family members with whom mentees may have
close connections or responsibilities of caring for. For example,
one respondent shared:

Frontiers in Integrative Neuroscience

...I have family members suffering at the hands of systemic
racism (drug/alcohol/gambling addictions, suicide ideation,
homelessness, extreme poverty, early death from health disparities
etc). And this sadly can be the norm in minoritized communities
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due to colonialism and systemic racism. I recognize some people
in my lab won’t be able to understand, and I feel like I have only
been able to connect with other [minoritized] students who may
be in similar situations/understand this disparity in the USA. So
the drawback is having to be able to do science and keep up while I
know my community faces larger issues (sometimes science seems
small to me).

Openness: Respondents noted the importance of a mentor
listening to learn, asking about the mentee’s interests/needs,
soliciting feedback, and maintaining an open, curious outlook.
This fosters a process of lifelong learning, critical reflection, and
constant adjustment as stated by one participant:

[The relationship] can be enhanced by staying committed to
the process, asking for feedback from mentees, and continuing to
learn throughout the entire process. No one expects a mentor to
be perfect, and mentors from different backgrounds can have a
positive impact on mentees, however, it just takes time. It involves
speaking up on the inequities in academia and not avoiding the
topic as if it doesn't affect the mentee. And it involves a lot of
listening, learning, and reflecting.

Communication: Acknowledgment of differences that may
create gaps in communication or understanding was preferred
by respondents. These gaps may be more present for mentorship
relationships where identity incongruence is a factor. The
expectation that the mentee adapt their vernacular to match
that of a mentor’s dominant culture or to meet standards
of “acceptability” was described as harmful. Respondents also
shared the importance of discussing expectations up front.
Communication was easiest when there is a safe space, including
space for dissenting opinions; this dynamic contributed to
comfort and authenticity within the relationship. In reflecting on
a positive mentorship experience, one respondent shared:

I was given the freedom to openly express myself and my
feelings. Especially in regards to injustices I observe in the
neuroscience and academic community. He supported my stance
even when the larger majority in the community found me
controversial.

Flexibility: Respondents desired a mentor who adapts to their
evolving needs over time. A mentor lacking in flexibility was
cited as a major barrier to academic development:

My mentorship needs changed as I became more
independent, but my advisor didn’t adapt their style with
those changes. The mentor was overbearing and wanted me to
spend my time on their own projects that weren't my thesis work.
This was very stressful, especially as a person for whom time is
limited due to my disability.

10.3389/fnint.2023.1052418

Understanding and appreciation of lived experiences: Most

respondents wanted mentors who seek to understand how
multiple, interlocking systems of oppression impact their
pursuit of a neuroscience career. One respondent shared the
power of their mentor’s support in a time of need:

When you are having financial situations for a second and you
can’t seem to get out of it and it is stressing you and impacting
your science and personal life. . .when someone says T can help’
and they do mean it and take the time to understand why and how
you got to that situation and offer to help is just amazing—you feel
seen and taken care of and that’s what I felt. I felt like I had an ally
and someone that would never let me struggle.

Navigation of identity differences/incongruence: For

respondents in cross-identity mentorship relationships,
they shared that operating from a space of assumptions was
detrimental to the relationship, for instance:

[Mentor] doesnt understand what its like being an
underrepresented minority in a mainly white space. [Mentor]
doesn’t understand that sometimes me not being vocal isn’t
a lack of ideas but more just feeling uncomfortable. I am a
first-generation college student.

Alternatively, many participants shared that, if navigated
appropriately, the cross-identity relationship could serve as a space
for new perspectives, collective knowledge, and advocacy.

When speaking on the positives that result from appropriate
navigation of differences, one respondent considered how mentorship
experiences in the present impact future mentorship and described it
as:

[An] opportunity to learn from someone of a different
culture/identity. Positive experiences with being a cross-cultural
mentee can lead to one being a better cross-cultural mentor in the
future.

Mentor’s leveraging of power and positionality: The onus of

ensuring the relationship is equitable falls largely on the mentor,
whose power can be used to improve conditions within the
academy (via influencing institutional culture) or can be used
to maintain the status quo or perpetuate harm. Respondents
identified several forms of harm within cross-identity mentoring
relationships including: gatekeeping, performative allyship,
tokenism, and exploitation of labor. One respondent shared
about their mentor:

They were also way more advanced in their career and as a
result served in a number of leadership roles and had power and
influence at the institutional level. As a result of this, they wielded
their power in harmful ways and sometimes impacted the upward
mobility of me as a mentee via their positionality and status in
academia. They were essentially an academic gatekeeper.

Theme 2: allyship and management of power imbalance

This theme focuses on the mentor’s status within academia, and Central to a positive relationship is a sense of trust that the
society at large, and how the power afforded by the intersections of  mentor will act with the mentee’s best interest in mind. The mentor
the mentor’s identities can be used in ways that impact the mentees  should be willing to use their power to advance the interests of

experience in neuroscience. the mentee and to disrupt oppression within the academy. For
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example, this may look like intervening when a mentee is asked
to perform invisible, uncredited labor that is disproportionately
assigned to historically marginalized persons (e.g., community
outreach, mentoring other marginalized persons, recruitment of
other marginalized persons into the department). Other examples
include providing mentees professional opportunities to build skills
or academic networks, amplifying their mentee’s work on public
platforms and in professional circles, and supporting or speaking up
for their mentees in spaces where mentees may not be present (or
invited).

Belongingness: Respondents shared the desire to be in
community with people who value their existence and
contributions. The ability to connect over shared experiences
contributed to feelings of validation and being seen in spaces
where they are the minority:

My one mentor who is a Black woman in STEM greatly
impacts me by providing me with advice on how to navigate
academia being a Black woman. She is able to directly relate to
problems I face and share her experiences and how she overcame
them. She helps me feel validated and seen in ways that I cannot
even begin to explain, so she has been very impactful in that
realm.

Theme 3: academic sponsorship

Academic sponsorship was encapsulated by respondents’ desire
for resources to promote their advancement in neuroscience.
Respondents wanted their mentor to leverage existing networks to
help them build their own network. Respondents additionally desired
to learn specific skills that will make them competitive in academia
(e.g., grant writing, statistical analysis, publishing manuscripts) but
also how to manage critical transitions, such as becoming the
Principal Investigator of a research lab. One respondent desired
mentorship on:

Transitioning into a mentor/supervisor role: what to look for
when hiring Research Assistants (RAs), navigating the transition
from mentee to mentor, and becoming the “manager” of a lab
group/small scientific team.

They also noted the importance of nomination for awards and
introduction to new opportunities as a form of sponsorship.

Theme 4: institutional barriers impacting navigation of
academia

This theme describes academia as an institution that upholds and
recapitulates systems and practices of society at large, particularly
those that thrive by the oppression and invisibility of minoritized and
diverse beings. Respondents raise the need for specific resources (e.g.,
securing accommodations for a disability, funding for historically
marginalized groups), but often having mentors who are unfamiliar
with these options or how to support their mentee in securing them.
One respondent recommended mentors:

Get additional training in disability resources for mentees and
how mentors can help trainees secure those resources.

Supplemental mentors who are more familiar with how to support
their mentee in securing resources may be necessary; however, a
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number of respondents shared the challenges of having a mentor who
is unwilling to acknowledge their shortcomings or unwilling to permit
co-mentorship.

Mentorship needs by developmental stage

It is critical to emphasize that the needs of a mentee may
change as they progress through the academic pipeline. Accordingly,
mentorship styles should evolve and adapt as the mentee advances in
their educational and professional career and increasingly gain greater
independence in their research program. The following outlines
mentorship needs identified by survey participants of varying training
or early career stages.

Graduate students

When seeking mentorship, graduate students rated sponsorship
as top priority. Provision of opportunities for financial supports
(personal expenses or project-based needs), is particularly important
given the limited funds offered by graduate student stipends:

To their credit my mentor helped me secure a
prestigious position and continued to nominateme for many
awards/professional development opportunities. (I wrote my own
recommendation letters for these awards/applications). They
also helped me contact student financial services when I was
considering dropping out due to family financial struggles and
even offered to give me a small [dollar amount] loan to purchase
groceries.

The second priority was having a mentor who is willing
to consider their perspective and have open conversations about
lived experiences. Responses highlighted how establishing mutual
understanding did not require congruence across mentor and mentee
identities alone, but necessitated appreciation of the complex ways
identities intersect to create a power structure that differentially
impacts access in academia. One graduate student acknowledged that
having some shared aspect of identity with their mentor created
an important common ground, but this did not always guarantee
understanding:

I felt initially comfortable that she was a queer woman
but honestly that was almost a redherring. Just because you
share an identity with someone doesn’t mean that they have an
intersectional understanding of accessibility and equity within
academia.

Postdoctoral fellows

For postdoctoral fellows, most important was a mentor’s
willingness to consider their perspective and understand their lived
experience. One respondent shared the importance of considering
whether the mentee is a first-generation student and the financial
burden of pursuing an academic career:

Sometimes my mentor assumes I know things about the
institution of academia that I don’t because my first exposure to
grad school/academia was when I started my PhD. My mentor
(along with most of the other faculty) also went to school at a
time where student loans weren’t so predatory and overwhelming,
so they don’t necessarily understand how big a financial burden it
can be.
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Mentorship at this juncture may also focus on providing
validation and encouragement to mentees with the goal of increasing
their sense of self competency to build an independent program
of research following fellowship. Given the brevity of many
fellowship programs, open communication surrounding satisfaction
with mentorship was identified as a tool to strengthen the relationship.

Early career

Junior faculty rated sponsorship as most important in what they
seek from a mentor. Given early career scientists need to build an
academic network and demonstrate high productivity in a relatively
short probationary period, their inclusion in pertinent research and
professional development opportunities (e.g., grants, collaborations,
access to databases) is central to retention. One junior faculty shared:

At my stage of career, I would value the personal
connections that my mentor can provide (e.g., connecting me to
potential collaborators), informing or sponsoring me in unique
opportunities (e.g., co-investigator or collaborator on research
projects/grants, editorial opportunities, etc.), and support in
grant-writing.

Second in priority was having a mentor who provides coaching
of career skills and individualized time and attention. Faculty who
did not receive guidance on their science were forced to identify
mentorship elsewhere.

Additional identity considerations

While the primary focus of analysis was mentorship experiences
and needs across career phase, we considered other aspects of
participants identities and the intersections of these identities,
when appropriate, keeping in mind our limited sample size and
a desire to maintain participant anonymity (which influenced the
intersectional categories examined). We analyzed the existing themes
and subthemes by intersectional categories to highlight some of the
salient narratives from the data, but also acknowledge the need for
a larger sample to offer a more comprehensive overview of lived
experiences. Of particular importance is how a participant’s social
locus within society and the academy, based on the intersections
of their identities, shapes their experience as neuroscientist mentee.
Originating from Black feminist thought (Truth, 1951; Combahee
River Collective, 1995), an intersectionality framework extends
beyond analysis of a single aspect of a person’s identity (e.g., race,
class, gender), acknowledges the multidimensionality of their lived
experience, and considers how this experience is influenced by
societal power structures (Crenshaw, 1989; Collins, 2000).

Participants in our study living with a disability most frequently
identified challenges around navigating identity differences with their
mentor. Specifically, they described a culture of ableism that is
especially prevalent within STEM fields, which makes advocating for
their needs and resources to support their success in neuroscience
a challenge and emotionally taxing. Respondents with a disability
rarely encountered mentors in neuroscience who also have a
disability. They shared that some senior neuroscientists may have
non-visible disabilities but opt for nondisclosure due to the stigma
and discrimination they may experience. This speaks to how the
culture of academia (known to reward high productivity/output,
competition, and perfectionism) is not conducive to the psychological
safety or vulnerability necessary for this type of personal disclosure.

Integrative Neuroscience

Consequently, this may limit rich opportunities for mentees to
connect over shared experiences with a more senior neuroscientist
living with a disability. Respondents also shared that cross-identity
differences within mentoring relationships can be leveraged in a way
that are supportive and introduce new ways of being. For example, one
woman living with a disability credited her advisor with helping her to
present herself in strongest light possible in an application, countering
the social norms and socialization of women to be modest and not
self-promote or share accomplishments (Diekman et al., 2010; Smith
and Huntoon, 2014).

There was qualitative evidence that racially and ethnically
minoritized women in the sample were more likely to discuss an
aspect of their identity in relation to their family (e.g., one participant
described themselves as a daughter and provider to their mother), to
share the challenges of navigating work-family life as an academic,
and to disclose some of their personal values about family that may
conflict with their mentor’s and the academy at large. For example,
academia reinforces values that align with the dominant white male
majority and reward academics who adhere to these values and
uphold social norms within the academy (Brauer et al., 2022). Greater
appreciation is needed of the differences in family structure and
caregiving responsibilities, the double duty of motherhood while
working as an academic, and the unequal distribution of academic
labor—many times invisible—that disproportionately impact racially
and ethnically minoritized women (Moore, 2017; Social Sciences
Feminist Network Research Interest Group, 2017).

Discussion

The results of the present study amplify and extend numerous
efforts within the neuroscientific community aimed at identifying
and dismantling oppressive structures and processes that lead to
the systemic exclusion and marginalization of diverse people in
neuroscience. We stand in solidarity with organizations, such as
(Singleton et al., 2021; Black in Neuro, 2022; SPARK Society,
2022), and the BRAINS program (Brains, 2022) which create
visibility for the invisible and/or erased neuroscientists, and uplift
perspectives that deviate from the mainstream. Our findings resonate
with many other accounts that highlight how race and ethnic
identity are reified and reinforced in dynamic ways that feed
into the preservation of whiteness, power, and dominance of the
majority. Additionally, findings provide rich context and situate
the intersectional experiences of neuroscientist mentees from other
marginalized and historically excluded backgrounds (e.g., sexually
minoritized, disabled, economically disadvantaged, immigrant).
Figure 1B provides a conceptual model that illustrates the layered,
complex dynamic of a mentor-mentee relationship within academia.

We specifically seek to highlight the individual-level factors that
both the mentor and mentee separately bring to the relationship,
as well as the clear power differential that is inherent to the
interpersonal dynamic. This relationship offers a set of experiences
that are nested within a larger ecosystem of the academic institution
as well as society and social values (Sambunjak, 2015; Vargas
et al, 2021). Both participants of the mentorship dyad bring
their own set of worldviews, lived experiences, and biases which
influence the discourse and behaviors within the mentorship
relationship (DiAngelo, 2018). Interpersonal factors such as degree
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of individualism vs. collectivism, expectations for the relationship,
and social justice orientation (Clutterbuck, 2007; Vargas et al,
2021) vary across culture and other aspects of identity but are
important factors that influence the nature of engagement particularly
when there is identity incongruence. For mentors, their past
experiences as a former mentee, current encounters within the
system of academia, willingness to acknowledge their power and
privilege, and general openness to identity differences may shape
their approach to mentorship (Vargas et al.,, 2021). For historically
marginalized mentees, feelings of imposter syndrome, social isolation,
and experiences of discrimination or identity-based stress may impact
help-seeking within the relationship (Williams et al., 2018; Muradoglu
et al., 2022). Full appreciation of the mentorship dynamic requires
careful consideration of individual attributes and experiences within
the dyad as well as contextualization within a broader macrosystem of
and will likely, at points, require participating in difficult dialogues as
a means of engagement in equitable mentoring relations (Madore and
Byrd, 2022).

Many of the academic barriers identified by our group are by
design in that they recapitulate social hierarchy within the academy
and have unfortunately led to a mass exodus of some of the
most talented minds (see Flaherty, 2021; Matias et al, 2021 for
examples). We acknowledge “the master’s tools will never dismantle
the master’s house” (Lorde, 1984) as the foundations of academia
are deeply flawed and designed to maintain these inequities. True
institutional change will require a multi-tiered approach including
implementing change at the policy level. However, engaging in
effective mentorship practices offers the opportunity to deconstruct
oppressive systems via investing in the mentee’s success, nominating
them for leadership roles, creating a sincere environment of inclusion
and belongingness, and intentionally changing the demographic
landscape of neuroscience even if primarily at the local (laboratory)
level. As a mentor, embarking on the ongoing, life-long process
of critical self-reflection and education (e.g., developing language
to discuss inequities, recognizing one’s role in maintaining and/or
perpetuating inequities within academia, naming and calling out
epistemic exclusion)-is a crucial first step. Additionally, culturally-
responsive mentorship education should be a component of faculty
onboarding, and training should be routinely required throughout
one’s career in the academy. Mentorship training that is process
oriented and moves beyond the theory or strategy of mentorship
and delves into personal mentorship experiences, reflections, and
application would be especially beneficial (Balmer and Richards,
2012).

The themes in our study underscore the importance of a
mentor’s awareness of their status within the larger social hierarchy,
acknowledgment of the structural factors that impact diverse mentees
(i.e., structural racism and power), and engagement in active
allyship, emphasizing elements of academia that extend beyond
those that put the onus on diverse mentees. Inaction to address
these bare minimums in the face of persisting structural barriers
implies complicit endorsement of the processes that cause harm to
minoritized people. We offer a list of recommendations for cross-
identity mentorship relationships in Figure 1C based on the collective
knowledge gleaned from our group survey.

Our
neuroscientists about diverse neuroscientists, challenges research

qualitative  investigation, conducted by diverse

epistemology that prioritizes Eurocentric approaches to the
production of knowledge, while highlighting the artificial distinction
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between the “researcher and the researched” (Probst, 2016; Holmes,
2020). We hope this examination of cross-identity mentorship
in diverse early-career neuroscientists will inspire future efforts
that elevate the diverse voices of those experiencing the effects of
structural oppression, as those perspectives hold the transformative
and radical insights needed for change.
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Introduction: Stressful childhood experiences are associated with unique brain
activity patterns during emotional processing. Specifically, pediatric stress is linked
to activation in the insulae, superior temporal and parahippocampal gyri, and the
amygdalae, as well as differential activation in the dorsal anterior cingulate cortex
when viewing emotional faces. Gender diversity is broadly associated with higher
victimization and mental health disparities in children aged 9/10, but whether it is
associated with stress-like alterations in brain function (BOLD signal during task-
based fMRI) remains unknown. We investigate the functional brain correlates of
this relationship to determine if gender-diverse youth show patterns of functional
activity during an emotional task consistent with those of other populations that
experience heightened stress.

Methods: We used data from the Adolescent Brain Cognitive Development
(ABCD)® study. First, we identified a subset of 4,385 participants aged 10/11 years
with gender diversity data and quality-controlled fMRI data from the EN-Back
(emotional n-back) task. The EN-Back is a working memory task that presents
emotion faces as well as pictures of places as control stimuli. We regressed BOLD
signal associated with emotion faces (faces minus places contrast) on gender
diversity. Next, we tested if parental acceptance or youth perceptions of their
school environment moderated the relationship between gender diversity and
activation in the insulae or fusiform gyrus. Finally, we used structural equation
modeling to investigate gender diversity’s association with parental acceptance,
perceptions of school environments, internalizing and externalizing problems.

Results: Gender diversity was associated with widespread increases in BOLD
signal during the faces condition of the EN-Back task. Youth's report of parental
acceptance and school environment did not moderate the relationship between
gender diversity and BOLD signal in the insula or fusiform gyrus. Gender diversity
was related to greater parent and school-related stress, which was associated
with elevated mental health problems.
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Conclusion: Patterns of functional activity were consistent with those reported
in prior literature on childhood stress. Gender diversity was associated with
increased emotional and behavioral problems, as well as parent and school-
related stress. These findings indicate the importance of the home and school
environments for supporting the wellbeing of gender diverse youth.

fMRI, BOLD (blood oxygenation level dependent) signal, gender diversity, stress, ABCD

1. Introduction

Gender is multifaceted and includes how someone identifies,
expresses, and feels about their gender. Gender is not just a
categorical identity (e.g., cisgender/transgender or boy/girl/non-
binary/agender etc.), but rather a constellation of dimensional
constructs (see Table 1 for definitions). Internal dimensions of
gender include felt-gender, which describes the extent to which
someone feels gender, and contentedness, the degree to which
someone is content with their gender. External dimensions of
gender include expression, behavior, clothing, or mannerisms
aligned (or not) with cultural expectations of femininity or
masculinity. All facets of gender are relevant for all people.
The degree to which an individual does or doesn’t align with
societal expectations based on their sex assigned at birth—
gender diversity—can vary independently along each construct. For
instance, a person may describe themselves as feeling somewhat like
the gender that aligns with their sex assigned at birth (felt gender)
while mostly dressing, acting, or choosing activities similar to the
gender associated with the opposite sex (gender non-conformity).
Gender diverse refers to youth who experience some aspect of
gender that does not match society’s stereotypes regarding their sex
assigned at birth (American Psychological Association Division 16
and 44, 2015).

Gender minority youth (youth with transgender and/or non-
binary identities) face overwhelming rates of discriminatory and
harmful legislation, institutional discrimination in schools, the
justice system, health systems, and public accommodations (e.g.,
Greytak et al.,, 2016; Bortz and Safer, 2018; Kosciw et al., 2020), as
well as higher rates of peer and family rejection and victimization
(e.g., Landolt et al., 2004; Roberts et al., 2012; Gordon et al., 2018).
Subsequently, gender minority youth have elevated mental health
problems compared to their peers (e.g., Spivey and Prinstein, 2019;
Potter et al,, 2021). In fact, over 50% of gender minority youth in a
2021 national survey reported considering suicide (Paley, 2021).

Although recent estimates suggest gender minority youth
represent approximately 1.8% of the population (Johns et al,
2019), gender diversity is common. One study found that 27% of
adolescents in the California school system reported that their peers
would describe their gender expression as non-conforming (Wilson
etal,, 2017). Potter et al. (2021) found that in the Adolescent Brain
Cognitive Development (ABCD) study, 33.2% of youth ages 10—
11 (approximately 1/3 of a sample of 4,935 participants across
21 sites in the United States) endorse some gender ratings that
are not fully aligned with assigned sex. Further, this dimensional
gender diversity in this community sample was associated with
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increased mental health symptoms. Suggesting that level of gender
diversity, regardless of minority identity status, is associated with
disproportionate negative health outcomes as early as 10 years of
age. Higher levels of distress among gender diverse youth continues
through high school. Findings from a study conducted by Lowry
etal. (2018), suggest that one dimension of gender diversity, gender
non-conformity, was associated with greater feelings of sadness and
hopelessness among a group of high school students.

While gender diversity is not the same as a gender minority
identity, intersocial stressors from non-conformity with dominant
culture can significantly impact health and wellbeing. Indeed,
previous literature has shown that youth who do not conform
to gender conventions are at higher risk of peer victimization
and rejection (e.g., Aspenlieder et al., 2009; Toomey et al., 2012).
Utilizing data from the ABCD study, our recent research has
found that gender non-conformity was associated with increased
family conflict and poorer perceptions of school environment such
that greater gender non-conformity was associated with elevated
total behavioral and emotional health symptoms, increased family
conflict and poorer perceptions of the school environment (Loso
etal., 2023). Further, family and school stress significantly mediated
the relationship between gender non-conformity and mental health
problems. Taken together, emerging literature demonstrates that
youth who, even slightly, violate cultural expectations regarding
gender, experience more mental health problems, and that positive
school and family environments can buffer this relationship.

Heightened distress associated with victimization and
discrimination among gender diverse youth can be conceptualized
with the minority stress model. The minority stress model was
first coined by Ilan Meyer (Meyer, 1995, 2003; Meyer and Dean,
1998) to describe the experiences of individuals in the gay, lesbian
and bisexual community and was later adapted for application to
transgender and gender non-conforming individuals (Hendricks
and Testa, 2012). Meyer defines minority stress as the stress
that arises when the experience of an individual in a minority
group is in contradiction to the majority culture. Minority stress
operates through three major processes to create negative health
outcomes. (1) Distal stressors are larger, objective, institutionalized
discriminations that do not rely on a person’s perceptions of their
oppression, whereas proximal stressors are subjective, individual
stressors that are based on how an individual appraises a stressful
event. Meyer proposed two distinct forms of proximal stress: (2)
expecting to experience victimization or discrimination and (3)
internalizing negative societal attitudes related to one’s minority
status. Proximal and distal stressors are inextricably linked. For
instance, if a gender non-conforming child is bullied at school
for the way that they dress and the school does not address the
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TABLE 1 Definitions of terms used in this manuscript.

Term Definition

Gender diverse

Any degree of variation from societally defined expectations or stereotypes regarding male or female gender norms

10.3389/fnint.2023.1084748

Gender identity An individual’s internal definition of their gender

Gender non-conformity

individual’s sex assigned at birth

Dressing or acting in a way that does not completely conform to the traditional gender stereotypes that society has ascribed to the

Felt gender
birth

The extent to which one feels like the gender aligned with their sex assigned at birth and like the gender not aligned with their sex assigned at

Gender non-contentedness

Not feeling content with the gender aligned with one’s sex assigned at birth

Transgender

An umbrella term that describes someone whose gender identity does not align with their sex assigned at birth

Cisgender

This term describes an individual whose gender identity is wholly aligned with the gender society associates with their sex assigned at birth

harassment (distal stressors) they may become anxious to go
to school due to anticipation (proximal stress) that they will be
bullied and victimized by their peers and that school personnel
will not protect them. Although the expectation of being bullied
is a subjective experience, it is in reaction to a real, external threat
and may be an accurate expectation. Although minority stress
is defined as stress related to having a minority identity (e.g.,
transgender, non-binary), a minority stress framework can still
inform heightened distress experienced by youth who endorse
some level of gender diversity.

Research suggests that minority stress gets “under the skin”
and is associated with inflammatory biomarkers and poor physical
health outcomes (e.g., McQuillan et al, 2021). A single study
comparing clinic-referred transgender adults to a cisgender group
found altered amygdala processing that was associated with levels
of choline (measured with magnetic resonance spectroscopy;
Kiyar et al, 2022). While research on the neurobiology of
gender diversity-based minority stress is relatively new, hasn’t
yet extended to younger samples, and has only been conducted
with individuals with a minority identity (as opposed to some
level of gender diversity), there is a deep literature on other
forms of childhood stress (e.g., maltreatment, poverty, anxiety
disorders). For example, a meta-analysis found that maltreated
youth have greater activation in the insulae, superior temporal and
parahippocampal gyri when viewing emotional faces compared to
non-maltreated peers (Hein and Monk, 2017). Other studies of
children who experience stress have shown increased activation in
the amygdalae when viewing emotional faces (Etkin and Wager,
2007; Hein and Monk, 2017; Miller et al., 2020). Studies have found
a relationship between elevated stress and alterations in the dorsal
anterior cingulate cortex (Keding and Herringa, 2016; Weissman
et al,, 2020), however the direction of these effects are mixed.
Taken together, pediatric stress may be detectable in brain regions
associated with social perception and cognition (superior temporal
gyrus); processing subjective feelings and uncertainty (insula); and
processing emotion (amygdalae, OFC).

To our knowledge, previous studies have not examined the
relationship between gender diversity, environmental stressors,
neurobiology, and mental health in a community sample of
younger children. To fill this gap in the literature, we first aimed to
investigate if levels of gender diversity among a community sample
of early adolescents were associated with patterns of functional
brain activation consistent with childhood stress. Based on existing
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literature and our previous behavioral work, we hypothesized that
gender diversity would be associated with greater activation in
the insula, superior temporal and parahippocampal gyri, and the
amygdalae as well as differential activation in the dorsal anterior
cingulate cortex when viewing emotional faces compared to when
viewing places. Our second aim was to determine if distal factors
(parental acceptance and school environment) act to moderate
the relationship between gender diversity and neural correlates of
stress (the insula and fusiform gyrus). We hypothesized that these
relationships would be weaker with higher parental acceptance and
positive perceptions of school environment, and thus be targets
for intervention. Finally, we aimed to examine the relationship
between gender diversity, parental acceptance, perceptions of
school and emotional and behavioral health concerns. We
hypothesized that gender diversity would be associated with lower
parental acceptance, poorer perceptions of school environment,
and elevated mental health problems.

2. Materials and methods

2.1. Participants

Data from the Adolescent Brain Cognitive Development Study
(ABCD)® study, obtained from the National Institute of Mental
Health (NIMH) data archive (release 4.0) was used for this
project. ABCD is a large, longitudinal study of 11,875 adolescents
enrolled at ages 9-10 across the United States. Parent and
child participants were primarily recruited through schools, with
minimal exclusion criteria (Garavan et al., 2018). All participants
provided consent/assent and the University of California San
Diego’s Institutional Review Board approved the study protocol.
The demographics of the ABCD study participants approximate
the demographics of 9-10-year-old youth from the 2015 American
Community Survey. ABCD’s inclusion/exclusion flag was utilized
to remove subjects who did not pass imaging quality control
(Hagler et al, 2019 for more information on ABCD fMRI
processing and quality control). To better balance the sample
(many participants did not endorse gender diversity), maximize
variability associated with gender diversity, and attempt to
eliminate confounding that may impact neurobiology, a 1:1 nearest
neighbor propensity score without replacement case matching
technique was used. This technique used a propensity score
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estimated utilizing logistic regression of the group (participants
that endorsed gender diversity n = 2,196 vs. participants that did
not endorse any gender diversity; total sample = 4,392) on the
covariates which included scanner, age, race, puberty, sex, and
highest household education (HHE). See Figure 1 for inclusion
criteria and the number of participants remaining after each
exclusion.

2.2. Behavioral measures

2.2.1. Gender diversity

Gender diversity was measured using four-items (each on a 5-
pt scale) that assess felt-gender, contentedness with sex assigned
at birth, and gender expression (see Table 2 for gender questions;
Potter et al,, 2021). A sum score (range 4-20) of the addition of all
four items was recoded with higher scores indicating greater gender
diversity. Therefore, participants with a score of four endorsed
no gender diversity and those who endorsed some amount of
gender diversity had scores ranging from 5 to 20. Participants were
excluded if they were missing more than two items, for participants
missing one to two items, other items were averaged and then used
as the value for the missing item(s). Given that many children at this
developmental age do not have a clearly defined gender identity or
expression, a summary score was used (as opposed to examining
the dimensions separately) in order to maximize the variability of
the data. Additionally, the items that assess contentedness, gender
expression and felt-gender are highly correlated with each other.

2.2.2. Stress-school

The School Environment subscale from the PhenX School
Risk and Protective Factors protocol originally derived from the
Communities That Care Youth Survey (Arthur et al, 2007)
examines youth’s perceptions of their school climate and school
engagement. Statements are endorsed on a scale from 1 (definitely
not true) to 4 (definitely true). The items “I feel safe at my
school,” “I get along with my teachers,” and “The school lets my
parents know when I have done something well” were used in
the behavioral analysis as indicators for a latent factor with higher
scores indicating more positive perceptions of school environment.
The school environment subscale was used as a moderator in the
moderation analysis.

2.2.3. Stress-family

The Child Report of Behavior Inventory (CRPBI; Schaefer,
1965; Barber, 1997) is a measure of youth’s perceptions of caregiver
acceptance. Higher scores indicate greater warmth/acceptance.
Participants report on both the parent or caregiver who is
participating in the study (most often biological mothers) and a
second caregiver (e.g., grandfather, other mother, father). Mean
scores for each caregiver were used in the behavioral analysis as
indicators of a latent factor with higher scores indicating greater
acceptance. For the moderation analysis, mean scores for each
caregiver were averaged and used as a moderator.

2.2.4. Mental health problems
2.2.4.1. Child behavior checklist (CBCL)

The Child Behavioral Checklist (CBCL) is an empirically
driven, standardized, dimensional parent-report measure that
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examines emotional and behavioral problem items (Achenbach and
Rescorla, 2001). In the current study, we used raw scores from
the broadband Internalizing and Externalizing scales as indicator
variables for a latent factor that we labeled mental health problems.
Higher scores indicate more problems.

2.2.4.2. Brief problem monitor-youth form (BPM-Y) for
ages 11-18

The Brief Problem Monitor-Youth (BPM-Y) is a short-form
based on the Youth Self-Report Form, a complement to the
CBCL (YSR; Achenbach et al, 2011). The BPM-Y Internalizing
and Externalizing raw problem scores were used as indicators for
latent mental health problems, with higher scores indicating more
problems.

2.3. Covariates

Covariates used in this study were used to account for factors
associated with gender diversity; neuroimaging signal; and stress.
Age in months, pubertal status, and sex assigned at birth have
been previously associated with gender diversity in the ABCD
study (Potter et al., 2021). Race and highest household education
were included to account for effects of systemic racism and
discrimination related to income level. Scanner number accounted
for differences between scanners across sites. Finally, family ID
nested within site was used to account for the sibling relationships
in ABCD. All covariates except scanner ID and puberty were
reported through the parent-reported demographics survey (Barch
et al,, 2018). Parent-reported pubertal status was collected with the
Pubertal Development Scale (Petersen et al., 1988) which yields five
categories (1 = pre-pubertal, 2 = early pubertal, 3 = mid-pubertal,
4 = late-pubertal, and 5 = late-pubertal).

2.4. Functional MRI acquisition

The ABCD scanning protocol is harmonized for use across
three 3T scanner platforms [Siemens Prisma, General Electric (750)
and Phillips] and uses multi-band imaging across 21 sites. The
ABCD scan protocol includes collection of structural, diffusion and
functional MRI (fMRI; both resting state and task-based fMRI)
images. The fMRI acquisitions (2.4 mm isotropic, TR = 800 ms)
utilize multiband EPI with slice acceleration factor six. The T1lw
acquisition (1 mm isotropic) is a 3D T1lw inversion prepared RF-
spoiled gradient echo scan that uses prospective motion correction
(currently only on Siemens and GE scanners). The T2w acquisition
(1 mm isotropic) is a 3D T2w variable flip angle fast spin echo
scan. The T2w also uses prospective motion correction (but only
on Siemens and GE scanners). For further details on the ABCD
imaging protocol see Casey et al. (2018) and Hagler et al. (2019).

2.5. EN-Back task

The EN-Back task is a working memory task with a block design
consisting of two working memory conditions (0-back and 2-back);
and two stimuli conditions (emotion faces and places). The task
is administered in two runs each containing eight blocks of trials
and four 15-s periods containing a fixation cross. There are 160
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fMRI data that passed fMRI
quality control
n=6,827*

Data available on independent
variable (gender diversity)
n=6,479

Y

Participants with scanner
number
n=6,359

Y
Participants with gender
diversity (n=2196) 1:1 case
matched with participants who
endorsed no gender diversity
(n=2196)
n=4392

\ 4

fMRI data available
n=47385

FIGURE 1
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*Quality control steps
outlined in Chaarani et al.,
2021

Inclusion criteria and number of participants remaining after each step of exclusion. *Quality control steps outlined Chaarani et al. (2021).

TABLE 2 Multi-dimensional assessment of gender.

How much do you feel like a < boy/girl >?
How much do you feel like a < girl/boy >?
How much have you had the wish to be a < girl/boy >?

How much have you dressed or acted as a < girl/boy >during play?

trials in total with 96 unique stimuli of four types (happy faces,
fearful faces, neutral faces, and places). Participants completed the
EN-Back in a high spatial and temporal resolution simultaneous
multi-slice/multiband echo-planar imaging (EPI) scanner with fast
integrated distortion correction. Further information on fMRI
quality control and processing pipelines have been previously
described by Casey et al. (2018) and Hagler et al. (2019). EN-
Back data used in these analyses included individual subject level
GLM beta coefficients and s.e.m. (calculated from the ratio of
the beta and f-statistic) calculated for each voxel and vertex.
The faces vs. places contrast (collapsed across working memory
conditions) from the baseline neuroimaging session (when youth
were ages 9-10) were analyzed. The faces vs. places contrast
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is activation when viewing emotional faces (happy faces, fearful
faces, and neutral faces) minus activation when viewing places
stimuli.

2.6. Analytic strategy of aim
1—Characterize the association between
patterns of brain activation during
emotional face stimuli and gender
diversity

The first aim of this study was to examine the relationship
between gender diversity (collected at the year 1 time point,
Mage = 10.93) and patterns of activation (collected at ages 9-10
at the baseline timepoint, Mage = 9.93) while participants were
viewing emotion faces (minus activation when viewing places)
to investigate if gender diverse youth have patterns of activation
similar to other populations that experience stress. Freesurfer’s
Permutation Analysis of Linear Models' (PALM; Winkler et al,
2014). General Linear Model (GLM) was used to generate a cortical
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and subcortical map that regressed gender diversity (sum score)
on the faces minus places contrast (collapsed across working
memory load). Permutation testing was utilized to improve
reproducibility and robustness of findings. To better balance the
sample (many participants did not endorse any gender diversity),
maximize variability associated with gender diversity, and attempt
to eliminate confounding that may impact neurobiology, we used
a 1:1 nearest neighbor propensity score without replacement
case matching technique using the Matchlt package (Ho et al,
2011). This technique used a propensity score estimated utilizing
logistic regression of the group (participants that endorsed gender
diversity n = 2,196 vs. participants that did not endorse any gender
diversity; total sample = 4,392) on the covariates which included
scanner, age, race, puberty, sex, and highest household education
(HHE). Covariates used in the fMRI model were from the baseline
timepoint. Case matching yielded good balance as evidenced by
all the standardized mean differences for the covariates being
below 1. Seven participants in the sample were missing data on
highest household education (0.1% of the sample prior to case-
matching) and 149 (2.3%) were missing parent reported pubertal
status. Prior to case matching, missing values for these participants
were median imputed based on the participants sex and site.
Seven more participants were excluded due to not having available
fMRI data (final sample = 4,385). Because pubertal status and
sex assigned at birth are inextricably linked to the independent
variable (gender diversity), and the dependent variable (fMRI
activation) these variables were case-matched, but not included
as covariates. Although case matching yielded good balance, the
standardized mean difference for race and household education
were greater than the standardized mean difference of puberty and
sex assigned at birth. Further, race and household education do
not have a biological basis and are ways in which to categorize
how individuals are differentially impacted by social institutions
and systems that enact harm due to racism and classism. Thus,
race and household education were included as covariates in the
model (Buchanan et al., 2021). Scanner number was included as
a dummy coded covariate to account for the effects of different
scanners on the neuroimaging results. To account for statistical
dependency of family structure of participants in the study, PALM’s
exchangeability blocks were used, which allows for modeling of
the dependence of siblings in the requested 1,000 permutations
(Winkler et al.,, 2015). Gender diversity and all the covariates were
mean centered, consistent with PALM program requirements and
previous methods (Chaarani et al., 2021). FDR corrected p-value
maps thresholded at <0.05 were used to determine statistically
significant areas of activation.

2.7. Aim 2—Examine if stress factors,
parental acceptance and school
environment, moderate the relationship
between gender diversity and
heightened activation in the insula and
fusiform regions

Four regions of interest were extracted from the task activation
map: the fusiform (left and right hemisphere) and the insula
(left and right hemisphere) and the ROIs were averaged across
hemispheres. Next, four moderation models were run. For the
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first analysis, youth’s report of their parents acceptance and their
caregiver’s acceptance were averaged. The average score was used as
a moderator to determine if overall parental acceptance moderated
the relationship between gender diversity and insula activation.
This analysis was repeated but with fusiform activation (averaged
across hemispheres) as the dependent variable. In addition to
examining the moderating role of parental acceptance, we also
investigated if perceptions of school environment moderated the
relationship between gender diversity and insula activation. The
analysis was then repeated but with the fusiform ROI as the
dependent variable. See proposed models in Figure 2.

2.8. Strategy of aim 3—Examine the
relationship between parental
acceptance, perceptions of school
environment, gender diversity and
mental health symptoms

We examined the relationship between gender diversity and
mental health problems using a structural equation modeling
framework (see Table 3 for proposed stress and mental health
indicators and Figure 3 for proposed SEM model). All variables
used in the behavioral model were collected at the year 1 time
point (Mage = 10.93). Participants used in the fMRI analyses were
used in the behavioral analyses. Data were used from the year 1
timepoint when children were ages 10-11 (the participants’ second
in-person visit; n = 4,385). All behavioral analyses were conducted
in R version 4.0.0 (RStudio Team, 2020) using the lavaan package
(Rosseel, 2012). Prior to analyzing the path models, measurement
models were conducted to determine if better model fit would be
achieved through modeling stress as one or two factors (parent-
related and school-related stress). To scale the latent factors, the
first indicator of each latent factor was fixed to one. To account
for the statistical dependency of family, cluster robust standard
errors were utilized. To account for missing data and positive skew
of some of the indicator variables, Maximum Likelihood Robust
estimation was used which allowed for the entire sample of 4,385
to be analyzed. For the SEM model, covariates (sex assigned at
birth, race, age in months, and highest household education) were
included as exogenous predictors with one-headed paths to each
variable in the model.

3. Results

3.1. Participants

See Table 4 for demographics of participants.

3.2. Results—Aim 1

Cortical and subcortical p-value maps were generated to model
activation patterns of recoded gender diversity on emotional
faces (activation when viewing faces—neutral, happy, and fearful,
minus activation when viewing places, collapsed across working
memory load) and are displayed in Figure 4. On the cortical
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hemispheres hemispheres
FIGURE 2
Moderation models.
TABLE 3 Latent construct and indicators.
Latent construct Items/Scale Measure

School-related stress Item 3 "I get along with my teachers”

Item 6 “I feel safe at my school”

School risk and protective factors Arthur et al. (2007)

something well”

Item 7 “The school lets my parents know when i have done

Parent-related stress Mean report of parent by youth

Child report of parent behavior inventory (CRPBI; Schaefer, 1965;
Barber, 1997)

Mean report of secondary caregiver by youth

Mental health Parent-reported total externalizing problems

Child behavior checklist total problems Achenbach and Rescorla (2001)

Parent-reported total internalizing problems

Youth-reported total externalizing problems

Brief problem monitor (BPM) total problems Achenbach et al. (2011)

Youth-reported total internalizing problems

map, gender diversity was associated with wide-spread greater
bilateral activation in task-related areas. Specifically, the fusiform,
orbitofrontal (lateral and medial) areas, rostral middle frontal
region, occipital and parietal regions. Consistent with our
hypothesis, the cortical map showed greater activation of bilateral
insula, superior temporal gyrus, and parahippocampal gyrus with
more gender diversity when viewing emotional faces compared to
places (p < 0.05, FDR-corrected). The subcortical map suggested
gender diversity associated with right amygdala, as predicted by
the stress literature, as well as activation in the right putamen. No
differential activation was detected in the dorsal anterior cingulate
cortex in either map.

3.3. Results—Aim 2

Results from the four moderation models were not significant.
Perceptions of the school environment did not moderate the
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relationship between gender diversity and heightened insula
or fusiform activation. Similarly, parental acceptance did not
significantly moderate these relationships.

3.4. Results—Aim 3

See Table 5 for descriptive statistics and bivariate correlations
of the indicators used in aim 2.

3.4.1. Confirmatory factor analyses

We first examined the fit of a model with one latent stress
factor. The overall goodness of fit statistics (as recommended by
Hu and Bentler, 1999) for the one factor model indicated poor
model fit, x2 (26) = 1,678.69, p < 0.001, RMSEA = 0.13 (90%
CI=0.12,0.14), SRMR = 0.07, TLI = 0.61, CFI = 0.72. Examination
of the factor loadings revealed that parent-reported Internalizing
and Externalizing Problems from the Child Behavior Checklist
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SRPF SRPF SRPF
Item 3 Item 6 Item 7
= BPM BPM CBCL CBCL
Minority External Internal Internal External
Stress -
School
Gender Diversity -
MH
Minority
Stress -
Parent
CRPBI Mean CRPBI Mean Report
Report of of Secondary
Parent Caregiver
Acceptance Acceptance

FIGURE 3

Proposed behavioral model. SRPF, school risk and protective factors; Item 3 = "I get along with my teachers”; Item 6 = “| feel safe at my school”; ltem
7 = "The school lets my parents know when I've done something well”; BPM, brief problem monitor (ASEBA brief problem monitor—youth form for
ages 11-18); CBCL, child behavior checklist [child behavior checklist for ages 6-18 (CBCL/6-18)]; CRPBI, children’s report of parent behavior

inventory.

loaded poorly onto the mental health latent factor compared to
youth Externalizing and Internalizing Problems (R = 0.49; R = 0.44,
respectively). Dropping the parent-reported indicators from the
one factor model improved model fit, X2 (13) =265.55, p < 0.001,
RMSEA = 0.07 (90% CI = 0.06, 0.08), SRMR = 0.03, TLI = 0.93,
CFI = 0.89.

Next, the fit of a two-factor model (labeled parent- and school-
related stress) was analyzed using confirmatory factor analysis.
Goodness of fit indices indicated that the two-factor solution
provided good fit to the data, )(2 (11) = 122.43, p < 0.001,
RMSEA = 0.05 (90% CI = 0.04, 0.06), SRMR = 0.02, TLI = 0.95,
CFI = 0.97. Thus, the two-factor solution was used for the
structural equation model.

3.4.2. Structural equation model

Figure 5 shows the model predicting the factor labeled mental
health. Fit indices suggest that the model was a good fit to
the data y2 (47) = 223.77, p < 0.001, RMSEA = 0.03 (90%
CI = 0.03, 0.04), SRMR = 0.02, TLI = 0.93, CFI = 0.96. All factor
loadings were statistically significant (p < 0.001) and ranged from
0.44 to 0.59 for school-stress, were 0.70 and 0.56 for primary
and secondary caregiver parental acceptance (respectively), and
0.62 to 0.70 for mental health problems. Examination of the
structural model revealed that gender diversity was associated
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with poorer perceptions of school environment, lower reports
of parental acceptance and increased mental health problems.
Positive perceptions of school environment and higher parental
warmth were associated with reduced mental health problems. To
determine if school environment and parental acceptance exert an
equal effect on mental health problems, we constrained the paths
from school environment to mental health and parental acceptance
to mental health. A chi square difference test was significant, ¥2
(48) = 187.98, p < 0.001, suggesting that the model fit benefits from
having separate paths from school environment to mental health
problems and parental acceptance to mental health problems.

4. Discussion

4.1. Conclusion and implications

The current study found that greater gender diversity in a
community sample of youth is associated with increased BOLD
signal in task-related brain regions. Specifically, the fusiform,
orbitofrontal (lateral and medial) areas, rostral middle frontal
region, occipital and parietal regions known to be active during
recognition, visual/sensory perception, emotion, and memory.
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TABLE 4 Demographics of participants used in analyses.

Baseline visit demographics

10.3389/fnint.2023.1084748

Demographics second in-Person visit (year 1)

Variable Percentage | Variable Percentage
Sex assigned at birth N/A sex and race remain constant

Female 2,896 66

Male 1,489 34

Race/ethnicity

White 2,588 59

Black 470 10.7

Latino/latine/latinX 818 18.7

Asian 96 2.2

Other 413 9.4

Highest household education Highest household education ‘
<High school diploma 143 33 <High school diploma 147 3.4

High school diploma/GED 282 6.4 High school diploma/GED 266 6.1

Some college 976 22.3 Some college 1,002 22.9
Bachelors degree 1,206 27.5 Bachelors degree 1,194 27.2

Post graduate degree 1,757 40.1 Post graduate degree 1,767 40.3

Not answered/Declined to answer/Do not know 21 0.4 Not answered/Declined to answer/Do not know 9 0.2
Combined income Combined income ‘
<50 K 965 22 <50 K 902 20.6
50-100 K 1,176 26.8 50-100 K 1,127 25.7

>100 K 1,949 44.4 >100 K 2,090 47.7

Not answered/Declined to answer/Do not know 295 6.7 Not answered/Declined to answer/Do not know 266 6.1

Consistent with our hypothesis, gender diversity was also associated
with areas commonly activated in populations that experience
stress such as the superior temporal gyrus (e.g., De Bellis et al,
2002; Hein and Monk, 2017), parahippocampal gyrus, amygdala
and insula (e.g., Hein and Monk, 2017). Inconsistent with our
hypothesis, gender diversity was not associated with activation in
the dorsal anterior cingulate cortex. This may suggest that the
dorsal anterior cingulate cortex is not associated with stress related
to gender diversity. An additional reason we may not have found
significant findings in the dorsal anterior cingulate is because
gender diversity and fMRI imaging data were collected at different
time points. The effect may have been stronger had gender diversity
and brain imaging been collected at the same time. Our results
support our hypothesis that gender diversity is associated with
brain activation patterns that are consistent with other types of
childhood stress (e.g., Etkin and Wager, 2007; Hein and Monk,
2017; Miller et al., 2020).

Parental acceptance nor youth perceptions of their school
environments moderated the relationship between gender diversity
and elevated activation in the insula or fusiform. This may be due
to several factors. The first is that the school environment and
parental acceptance measures ask youth about parental acceptance
and their experience at school generally, and not in relation to
their gender diversity. It will be important for future studies to
replicate this study using measures that specifically assess parental
acceptance and school environment as it relates to youth’s gender
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diversity. Another potential reason that school environment and
parental acceptance did not moderate the relationship between
gender diversity and elevated activation is that fMRI activation
while viewing emotional faces may have been more related to
expectation or fear of rejection (a proximal minority stressor)
as opposed to more distal stressors like parental acceptance or
school environment. Finally, it is possible that the stress factors did
not moderate the relationship between gender diversity and task
activation due to the developmental age of the participants. Further
cumulative experiences of stressful home and school environments
may strengthen their modifying effects.

Finally, we found that in a sample with mostly minor levels
of gender diversity, this variability is associated with decreased
parental acceptance, poorer perceptions of school environment
and elevated mental health problems such that the more gender
diverse a child is the less parental acceptance they experience,
the poorer their perception of school and the more elevated their
behavioral and emotional symptoms. Positive perceptions of school
environment and higher parental acceptance were associated with
fewer behavioral and emotional health problems; and school
environment and parental acceptance were found to be separate
contributors to behavioral and emotional health problems. This
suggests that the more supportive and positive a child’s school
environment, the more protective these factors are against the
emergence of mental health problems. It is important to note
that gender diversity in this study was measured dimensionally
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FIGURE 4

FDR corrected P-value maps.

and that most participants in the sample do not have a gender
minority identity.

The findings of our study are important as they suggest that
even minor levels of gender diversity in community youth are
associated with markers of stress in the brain. Our behavioral
findings provide further support for stress experienced by gender
diverse youth by demonstrating the relationship between gender
diversity and lower parental acceptance as well as poorer
perceptions of the school environment. Our study underscores
the importance of policies and legislation to ensure that school
environments protect and celebrate gender diverse youth and
highlights the importance of funding to provide support to families
of gender diverse youth. It is also significant that school and
family environments contribute uniquely to outcomes, suggesting
multiple gateways for improving outcomes for youth. Promoting
acceptance and protection of gender diversity within school and
family environments may have important preventative effects.
Extant literature suggests a relationship between minority stressors
such as gender-based victimization, bullying, lack of parental or
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familial support, and suicidal behaviors (e.g., Bochicchio et al,
2021). Further, minority stress is associated with behavioral
dysregulation, an important mediator of the relationship between
minority stress and elevated suicidal ideation (e.g., Drescher et al,,
2023). Although these studies were conducted with youth and
adults with a gender minority status, our findings suggest a broader,
generalizable relationship that extends to youth who endorse some
level of gender diversity.

4.2. Limitations and future directions

4.2.1. Measurement considerations

It is important to consider the limitations of this study when
interpreting the results. A notable limitation of the current study
is that the brain analyses and gender diversity data were collected
at different time points. This is due to the ABCD study design
as gender diversity was not measured at the study baseline visit
(Potter et al,, 2021). However, we believe, if anything, that this
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TABLE 5 Bivariate correlations and descriptive statistics for aim 2.

Indicator variables

1. SRPF item 3 3.67 (0.55) 1

2. SRPF item 6 3.71 (0.56) 0.34** 1

3. SRPF item 7 3.20 (0.84) 0.24** 0.26** 1

4. Gender diversity 18.8 (1.94) —0.10%* | —0.13"* | —0.06** 1

5. Highest household Ed. 3.96 (1.08) 0.06** 0.09%* | —0.02* | —0.05** 1

6. Sex assigned at birth 0.66 (0.47) 0.12%* 0.06** 0.07** 0.10** | —0.03 1

7. Black 0.11 (0.31) —0.10** | —0.08** | —0.01 0.06* —0.23** 0.07** 1

8. Latine/LatinX/Latino 0.19 (0.39) —0.01 —0.04* 0.01 0.01 —0.31** 0 —0.15** 1

9. Asian 0.02 (0.14) 0 0.01 0 —0.03 0.09** 0.01 —0.05"* | —0.07** 1

10. Other Race 0.09 (0.29) —0.03* —0.04* —0.01 0.02* 0.02** 0.01 —0.10** | —0.15** | —0.05* 1

11. Puberty score 2.27(1) —0.01 —0.04* —0.01 0.10%* | —0.14** 0.56** 0.19** 0.08** | —0.02 0.01 1

12. Age in months 131.2(7.74) —0.08"* | —0.06"* | —0.04* | —0.03* 0.01 0.02 0 —0.02* | —0.01 0.02 0.29** 1

13. BPM-youth externalizing 1.89 (1.92) —0.30"* | —0.21"* | —0.19** 0.23** | —0.10** | —0.11** 0.06** 0.02 —0.03* 0.03* 0.01 0.05* 1

14. BPM-youth internalizing 1.75 (2.08) —0.18"* | —0.28"* | —0.17** 0.24** | —0.08** | —0.03* 0.02 0.05* —0.02* 0.03* 0.06** 0.04* 0.43** 1

15. CBCL externalizing 3.62 (5.03) —0.16"* | —0.11*"* | —0.06** 0.06%* | —0.09** | —0.11** 0.04* 0.01 —0.06** 0.01 0 0 0.30** 0.14** 1

16. CBCL internalizing 5.03 (5.40) —0.10"* | —0.10** | —0.04** 0.08** | —0.03 0.01 —0.04** 0.01 —0.05* 0.04* 0.06** 0.02 0.15** 0.27** 0.56** 1

17. Caregiver acceptance 2.77 (0.31) 0.21** 0.18** 0.22%* | —0.13** 0.05* 0.07** | —0.01 —0.04 —0.01 —0.04* —0.01 0.03* —0.23** | —0.20** | —0.09** | —0.08** 1
18. Parental acceptance 2.81(0.28) 0.26** 0.25%* 0.23** | —0.12** 0.09** 0.05** | —0.07** | —0.04* —0.01 —0.04* —0.02 0.04 —0.31** | —0.26** | —0.15** | —0.07** 0.39**

*p <0.05,*p < 0.001.

72

‘|e 19 0507

87/¥807°¢202UIU/685S 0T


https://doi.org/10.3389/fnint.2023.1084748
https://www.frontiersin.org/journals/integrative-neuroscience
https://www.frontiersin.org/

Loso et al. 10.3389/fnint.2023.1084748
SRPF SRPF SRPF
Item 3 Item 6 Item 7
.59 .57 .45
Minority Stress BPM BPM
- School External Internal
Environment 6%y
x¥
S \ /‘
b .70 .62
3 2%
Gender Diversity
MH
‘.{["‘
Minority g ,'5'5“’
Stress -
Parental
Acceptance
.70 .56
4 A\
CRPBI Mean CRPBI Mean Report
Report of of Secondary
Parent Caregiver
Acceptance Acceptance
FIGURE 5

Final model. SRPF, school risk and protective factors; Item 3 = | get along with my teachers”; Item 6 = “| feel safe at my school”; Item 7 = “The
school lets my parents know when I've done something well”; BPM, brief problem monitor (ASEBA brief problem monitor—youth form for ages
11-18); CRPBI, children’s report of parent behavior inventory; MH, mental health. **p < 0.001.

underestimates the relationships we report. Stress related to gender
diversity-based bullying or victimization is likely not as prevalent
at ages 9 and 10. Existing developmental literature suggests that
teasing and victimization related to gender diversity emerges
in early adolescence. Early adolescence is a time of “gender
intensification” where peers exert pressure to conform to gender
stereotypes (Hill and Lynch, 1983) and children who do not follow
gender norms are more likely to be rejected or teased (e.g., Thorne,
1993; Martin and Ruble, 2010). Nevertheless, due to the reverse
temporality of gender diversity, results of the study should be
interpreted cautiously. Despite the limitation of the temporality
of the measures, gender diversity within the sample appears to be
stable across time. For instance, 77.8% of youth with data at year
1 (when gender diversity data was first collected) and year 2 either
became more gender diverse or maintained the same level of gender
diversity. While this was a cross-sectional study that used data from
two time points, it is noteworthy that the data used is part of an
ongoing study that will allow for future longitudinal assessment.
It will be important for future studies to examine longitudinal
associations between gender diversity, stress and fMRI activation
during an emotion faces task.

Another important limitation is that the stressors in our
behavioral model were not specifically assessing parental
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acceptance and perceptions of school environment as they
relate to gender diversity. Although our findings suggest that there
is a relationship between gender diversity, mental health, school
perceptions, and parental acceptance in the behavioral model, our
findings do not indicate that these outcomes are caused by youth
gender diversity. Further studies should examine the relationship
between school perceptions and parental acceptance related to
gender diversity and mental health outcomes.

4.2.2. Intersectionality

Our study did not examine intersecting identities such as
race, income, or ability. Intersecting bias and prejudice toward
gender diverse youth may confer additional or unique risk and
protective factors. Future research should examine how gender
diversity-related stress uniquely impacts the neurobiology and
mental health of youth with intersecting identities. Another notable
limitation is that we did not examine sex differences in this
study. There is some research that suggests males assigned at
birth are more heavily penalized for gender diversity, specifically
gender non-conformity, compared to females (e.g., van Beusekom
et al.,, 2020). Future research should examine sex differences in
gender diversity-related stress using both behavioral and fMRI
methods.
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5. Conclusion

Despite the above limitations, our study has important
implications for our understanding of the relationship between
parental acceptance, perceptions of school environment, brain
function, and mental health among youth who endorse some level
of gender diversity. This is the first study to examine the neural
underpinnings of gender diversity and stress in a community
sample of children. Our results suggest that gender diversity
is associated with patterns of brain activity that are consistent
with other populations who experience stress—a finding that may
help to understand the consequences of expecting discrimination
and/or peer victimization related to gender. While parental and
school stressors did not moderate heightened fMRI activation,
the current study contextualized the heightened fMRI activation
by demonstrating a relationship between gender diversity, peer
and family related stress, and elevated behavioral and emotional
problems. Further, our findings suggest a relationship between
gender diversity, family and school stressors, neurobiology and
mental health even among youth who are not non-binary or
transgender. Our fMRI and behavioral findings suggest that there
are mental health consequences and neural underpinnings of
external stress factors experienced by gender diverse youth. Our
findings underscore the importance of creating school and family
environments that serve as a buffer against gender diversity-related
stress.
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Exclusion of racialized minorities in neuroscience directly harms communities
and potentially leads to biased prevention and intervention approaches. As
magnetic resonance imaging (MRI) and other neuroscientific techniques
offer progressive insights into the neurobiological underpinnings of mental
health research agendas, it is incumbent on us as researchers to pay
careful attention to issues of diversity and representation as they apply in
neuroscience research. Discussions around these issues are based largely
on scholarly expert opinion without actually involving the community
under study. In contrast, community-engaged approaches, specifically
Community-Based Participatory Research (CBPR), actively involve the
population of interest in the research process and require collaboration
and trust between community partners and researchers. This paper outlines
a community-engaged neuroscience approach for the development of
our developmental neuroscience study on mental health outcomes in
preadolescent Latina youth. We focus on “positionality” (the multiple
social positions researchers and the community members hold) and
“reflexivity” (the ways these positions affect the research process) as
conceptual tools from social sciences and humanities. We propose that
integrating two unique tools: a positionality map and Community Advisory
Board (CAB) into a CBPR framework can counter the biases in human
neuroscience research by making often invisible—-or taken-for-granted
power dynamics visible and bolstering equitable participation of
diverse communities in scientific research. We discuss the benefits and
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challenges of incorporating a CBPR method in neuroscience research with
an illustrative example of a CAB from our lab, and highlight key generalizable
considerations in research design, implementation, and dissemination that we
hope are useful for scholars wishing to take similar approaches.

community-based participatory research (CBPR), community advisory board (CAB),
community-engaged research, developmental neuroscience, latino/a/x families

Equity, diversity, and inclusion in
developmental neuroscience:
practical lessons from
community-based participatory
research

Mental health concerns account for a considerable
percentage of the United States (U.S.) disease burden
(Substance Abuse and Mental Health Services Administration,
2020) and are highly prevalent among ethnically and racially
minoritized adults and youth (Dankwa-Mullan et al., 2010). As
magnetic resonance imaging (MRI) and other neuroscientific
techniques offer progressive insights into the neurobiological
underpinnings of mental illness and become more incorporated
into the mental health research agenda, it is incumbent on
us as researchers that we pay careful attention to issues
of diversity and representation as they apply in neuroscience.
Problematically, many discussions around these issues are based
on academic expert opinion without involving the community
under study. In contrast, community-engaged approaches,
such as Community-Based Participatory Research (CBPR),
actively involve the population of interest in the research
process and depend on collaboration between community
partners and researchers (Mikesell et al., 2013). Community
partners provide opportunities for open conversation about
lived experiences that can guide efforts for promoting inclusion.
This article outlines a community-engaged approach to
neuroscience that intentionally includes community members
in the research process. Our goal is to share our lab’s experiences
with incorporating CBPR approaches into developmental
neuroscience protocols so that researchers can assess the
opportunities afforded by such approaches and consider
including them in their own work. We use our efforts to
incorporate CBPR methods into our ongoing study on mental
health and neurodevelopmental outcomes in preadolescent
Latina youth as an illustrative example and provide specific
tools, materials, and guidelines for future neuroscience research
that aims to incorporate a community-engaged agenda.

Many neuroscience studies focus either intentionally on
race and ethnicity (i.e., racialized perceptions or cognition)
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or study local samples with shared cultural, ethnic, or
racial experiences and backgrounds. However, despite the
diversity of the populations we study, an intentional focus on
representing diverse voices in our research is often neglected by
neurosciences. In fact, most neuroimaging studies do not even
report the racial and ethnic demographic composition of their
samples (Goldfarb and Brown, 2022). Equitable science should
be a leading motive for neuroscience as we navigate a racialized
terrain that disproportionately excludes historically stigmatized
and oppressed groups from research. If our inferences aim
to reflect generalizable conclusions that benefit basic science
and clinical goals, all groups should be included in the
scientific process.

Three leading factors contribute to equity issues plaguing
human neuroscience research: (1) lack of diversity in the
neuroscience workforce leading to unacknowledged bias
in scientific assumptions and scientific agendas that are
often not aligned with the goals of the community under
study; (2) lack of diversity in research samples and over-
representation of Western and highly educated societies
relative to the global population resulting in biases favoring
white research participants (Henrich et al, 2010); and
(3) insufficient transparency about participant demographics
in neuroscience research prohibiting demographic group
comparisons across samples. Addressing these issues requires
neuroscientists to become more culturally competent if they
intend to work with specific marginalized populations, focusing
on sensitivity in research questions, hypothesis formation,
and especially research methods (Henrich et al, 2010;
Webb et al,, 2022a). Because demographic factors, including
sex, race, ethnicity, and socioeconomic status affect (either
directly or through associated mediators) neural structure,
function, and related behaviors, overlooking diversity has major
implications for scientific reproducibility, generalizability, and
the development of prevention and intervention efforts. We
contend that a community-engaged approach can help address
the unacknowledged bias and lack of diversity and inclusion in
neuroscience research.

In the following sections, we first highlight the ways in
which human neuroscience research has historically ignored the
experiences of marginalized groups and led to biased knowledge
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generation in neuroimaging. Next, we describe features of
interdisciplinary methods that may be adopted to actively
counter these biases in neuroscientific research. Specifically,
we describe “positionality” as a tool for acknowledging
contextualized social positions of the researchers and the
community they study, and CBPR from sociology and public
health as mechanisms for community-engaged research. Within
the CBPR framework, we detail how to build a Community
Advisory Board (CAB, a group of community members that
collaborates with and advises the researchers) as a practical
tool for collaborating with the community in an effort
to promote diversity, equity, and inclusion. We conclude
by discussing the benefits and challenges of incorporating
a CAB in neuroscientific community-engaged research and
highlight key generalizable considerations in research design,
implementation, and dissemination that we hope are useful for
scholars wishing to take similar approaches.

Bias in neuroscientific research

Marginalized communities, particularly those who have
experienced historical oppression due to their race and
ethnicity, have not only been disproportionately excluded from
neuroscientific research but have also been actively harmed
by intentional and unintentional biases (Webb et al., 2022a).
Importantly, the conclusions drawn from such biased research
find their way back to the communities under study, which
further escalates systemic biases and mistrust against scientists.
As neuroscientists, it has taken us far too long to realize
that our research questions, hypotheses, and methods can
introduce biases if we single-mindedly focus on our own (often
prejudiced) assumptions. If we do not open communication
channels and check in with our research participants, we
will invariably continue to exacerbate the problem. In extant
research, certain subsets of the population, including Black
and brown people, have been too often viewed as not worthy
of studying scientifically, or too “challenging” to recruit,
leading to severe underrepresentation of marginalized groups in
neuroscientific research.

Black, Latina, and other women of color, who are further
marginalized by the interaction of gender and race, are
particularly absent in neuroscience research (Spates, 2012;
Gatzke-Kopp, 2016). For example, a systematic literature
review reported that women and racial/ethnic minorities were
underrepresented in functional magnetic resonance imaging
(fMRI) studies of cardiovascular disease (Jones et al., 2020).
This is especially problematic as certain ethnically and racially
minoritized groups, like Black people, experience elevated rates
of cardiovascular disease compared to their white counterparts
(Loehr et al., 2008; Leigh et al., 2016). Similarly in the mental
health domain, Latina girls, who are also underrepresented
in neuroscientific research, demonstrate higher levels of
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untreated anxiety relative to their Black and white peers
(McLaughlin et al., 2007). This exclusion of racialized minorities
in neuroscience research directly harms communities and
potentially encourages the development of biased prevention
and intervention approaches.

Many electrophysiological devices that inform physical
and mental health treatments were not designed to handle
phenotype variability, contributing to a systemic exclusion
of and erasure of data from people with darker skin and
coarse or curly hair (e.g., Afro-Latino/a/x identifying) (Parker
and Ricard, 2022; Webb et al.,, 2022a). Taking the technology
used by our lab as an example, MRI uses a head coil that
restricts big, afro-textured hair and sew-in hair extensions can
have metal tracks that prevent an individual from entering
an MRI bore (Thompson, 2009). The MRI machine itself also
places great demands on participants, particularly children.
Children must approach a very large, gray, loud, and strange
machine, lie down on a table, and allow the experimenter to
slowly glide them into the confined space of the scanner bore,
where their head is restricted. Any of these things alone may
induce worry, stress, and negative affect, and MRI procedures
have been demonstrated to elicit feelings ranging from minor
apprehension to severe panic, to increase cortisol levels, and
to activate the sympathetic nervous system. The experienced
stress during an fMRI experiment can potentially profoundly
influence baseline neural activity; the perception of task stimuli,
task engagement, and performance; as well as the physiology
leading to functional activation patterns (Michalska et al.,
2020). The degree to which the scanner environment influences
MRI data varies with dispositional traits and demographic
variables, which, depending on the study population and design,
can lead to inaccurate interpretations of the resulting MRI
data. For minoritized children, who have not previously been
exposed to medical or research environments, experiencing
such a novel and scary procedure might prove particularly
daunting. In addition, MRI-induced negative affect will likely
be amplified in children exposed to lifelong racialized stressors,
including distrust of medical services, exhibiting signs of threat
hypervigilance. Therefore, what neuroscientists might deem as
“atypical” or “problematic” responses in minoritized youth, may
instead be driven by chronic stress experiences that potentiate
pre-scan anxiety.

Mounting evidence shows the effects of lived experiences
on psychological processes (Torres et al, 2011; Berger and
Sarnyai, 2015; Harnett et al.,, 2019; Mekawi et al., 2020; Bird
et al., 2021; Fani et al., 2021, 2022; Webb et al., 2022b).
As such, methodological tools can both be subject to bias
against certain phenotypes shared by marginalized races and
capture individual differences resulting from experiences that
may co-vary with those phenotypes. For example, mental
health symptoms that can arise from the experiences of racism,
such as post-traumatic stress disorder, anxiety, hypervigilance,
and anhedonia, may be reflected in psychophysiology data
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(Martinez et al., 2014; Harnett et al.,, 2019). Racial differences
in the neural and behavioral responses to threats have been, at
least in part, attributed to exposure to negative life experiences
(Harnett et al,, 2019), which occur at disproportionately higher
rates in communities of color (Slopen et al, 2016) and may
provide new insight into the mechanisms underlying racial
disparities in mental health.

Approaches to counter bias

Although no coding schema is perfect at encapsulating
the rich and diverse identities of our research populations,
researchers should be mindful and explicit of their selected
operationalization of race and ethnicity. When testing group
differences by gender, race, ethnicity, socioeconomic status,
and their intersections, researchers should consider including
measures developed from the perspective of the identified
population, including measures that characterize larger systems
of inequity and oppression. For example, measures quantifying
experienced racism, life events, or neighborhood characteristics
rather than (or in addition to) ethnic or racial categories can
be incorporated to better identify why any observed differences
exist and ascertain the structural systems that perpetuate
them. This type of bottom-up thinking and operationalization
in neuroscience has been termed “situated neuroscience” by
feminist neuroscience scholars (Einstein, 2012; Walsh and
Einstein, 2020), who argue that research findings must be
contextualized within lived experiences. Whereas the traditional
approach to science views the scientist in the role of the
“observer” or the “outsider;,” a situated neuroscience approach
instead urges the scientist to consider their own social situation
as well as that of the people they study. The multiplex of social
locations (social group membership, geographical location,
cultural background, age, etc.) from which the researcher sits
in and their relative position with respect to others influences
the way they experience their environment. Arguably, those at
the top of social hierarchies can easily lose sight of the nature
of social reality in their scientific pursuits and consequently
miss critical questions about the social world (Harding, 2015).
The practice of intentionally acknowledging how one’s social
position shapes the generation of knowledge, or “positionality,”
is a practice frequently employed by ethnographers (e.g., Rose,
1997; Reyes, 2020) and feminist theorists (Harding, 2004,
2015). We believe that positionality is not only useful for
ethnographic and feminist research but also for neuroscience
research (or in general all research). Through the practice
of positionality and contextualizing the persons involved in
research (including the researcher), we are able to “situate”
our study and make the invisible relationships and taken-for-
granted assumptions visible. One way to delineate positionality
in a research study is by creating a so-called “positionality
map,” sometimes also referred to as a “social identity map”
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or “standpoint map” (Jacobson and Mustafa, 2019). This map
organizes in a diagram the standpoint of the scientist or
knowledge-producer, making people more aware of the power
inherent in positions of scientific authority. We elaborate on
our own positionality mapping in forthcoming sections (see
Figure 1 for our positionality map).

Whereas identifying
researchers’ social positions relative to the population under

positionality involves explicitly
study, “reflexivity” is the process of critically examining how
these positions affect the research process and resulting data
(Chiseri-Strater, 1996). Reflexivity, alongside positionality, is
an inductive approach favored by qualitative researchers and
ethnographers conducting community-engaged field research.
This approach aspires to reduce the power relations inherent
in research and empower the community by facilitating their
involvement in the design, implementation, and outcomes of
research. Even though it might seem counterintuitive or even
antithetical to combine such an inductive method with the
often deductive objectives of neurosciences, emerging examples
from a situated neuroscience approach indicate otherwise. For
example, an influential community-engaged neurobiological
study on the effects of female genital circumcision on the central
nervous system and chronic pain in Somali Canadian women
centered women’s experiences via a CAB that gave input and
guidance on the study (Einstein, 2012). By reflecting on her own
position as a white female immigrant American neuroscientist
in Canada and co-producing knowledge using the definitions,
standards, and perspectives of the community, Einstein (2012)
portrayed the lived experiences of the community she studies
alongside the neurophysiological data. This blended approach
empowers both researchers and study participants as persons
embedded in their environments and experiences and counters
the frequently reductionist views of the brain. After all, isn’t
the goal of neuroscience to reveal what experiences are “like”
for people (ie., neurobiological mechanisms for thinking,
affect, behavior, development, etc.)? Below we outline our
own approach to CBPR via the formation of a CAB in our
neurodevelopmental study of Latina girls and their families.

Community-engaged research

A “community” is an interdependent group of people that
share sets of characteristics, culture, values, and norms and come
together by a sense of overall care for what happens to one
another, understanding that what happens to one individual
affects many others as they navigate similar relationships
within a social structure and specific geographical location
(Nutbeam and Kickbusch, 1998; MacQueen et al.,, 2001). As
researchers, we recruit from communities and study people
who belong to communities, if not the whole communities
themselves. Importantly, even though all human research is
in fact the study of people embedded in communities, limited
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work considers the impact of this research on the community.
For instance, qualitative social sciences traditionally have
an interest in the communities they study and emphasize
building relationships with the people who are studied,
taking into account the community members perspectives
and researchers’ own positionality (Jacobson and Mustafa,
2019). This approach is particularly useful when the research
is focused on “hard to reach” populations who are socially
excluded from sectors in society, which limits their access
to resources and inhibits their motivation to seek resources
(Flanagan and Hancock, 2010). Individuals with mental health
disorders or children with anxiety or conduct problems can
be considered hard-to-reach populations. Due to numerous
and compounding structural barriers, people who belong to
marginalized communities are often reluctant to participate in
research, limiting generalizability of research findings on mental
health outcomes.

In response to escalating demand at multiple societal
(e.g.
agencies) calling for the broadening of methodological

levels community leaders, policymakers, funding
approaches and involvement of impacted communities in
research, we are experiencing a gradual (albeit slow) shift

in public health research agendas (Ahmed and Palermo,
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2010). Community-engaged research, conceptualized as an
avenue through which the complex cultural issues that
affect health disparities in underserved communities can be
addressed (Michener etal., 2012), is defined as the process of
working collaboratively with groups of people affiliated by:
(a) geographic proximity, (b) special interest, or (c) similar
situations, to address issues affecting the wellbeing of those
people and encourages community-academic partnerships
(Drahota et al., 2016). One of the most important aspects of
community-engaged research is the condition that community
members work with researchers as equal interested parties and
actively shape the research they are a part of Andrews et al.
(2013). There are several types of community-engaged research
aimed at empowering the community under study (Annett and
Rifkin, 1995; Fetterman et al., 1996; Rifkin, 1996; United States
Environmental Protection Agency, 2015). In this article, we
focus on CBPR, which takes a partnership approach to research
by involving interested community partners in all facets of
the research process (Cornwall and Jewkes, 1995; Faridi et al,,
2007). In other words, CBPR asks: how will the lives of people
in communities be impacted by a specific piece of research and
do those people have a voice in whether and how the research
will be conducted?
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CBPR dates to the early 1930s and is predominantly
used by public health researchers in generating health-
enhancing programs that evolve through community
members (Lewin, 1947; Faridi et al, 2007; Freire, 2018).
This framework is embedded within public health education,
but has
departments of sociology, psychology, and more (Medicine,
1997; Sun et al.,, 2022). As noted above, CBPR is a collaborative
research approach that actively involves communities directly

become increasingly interdisciplinary, entering

affected by the issue under study in every aspect of the research
process, from design to dissemination. This brings about
mutual ownership of the products produced from research
(Viswanathan et al., 2004). CBPR aims to improve health and
well-being via a reciprocal transfer of expertise between the
research team and community partners with an overarching
goal of bi-directional learning, equal exchange of knowledge,
and shared power in decision making (Castille, 2018). CBPR
initiatives such as CABs include community members as
research partners at multiple steps in the research process.
This relationship offers researchers the opportunity to situate
themselves and the people they study and provides a baseline
for reflexivity. The researcher learns about and acknowledges
shared and distinct experiences and social locations of persons
involved in the study.

CBPR is employed by first identifying a key population
or geographic location of interest, which takes place in the
planning stages of research. As is the case for our work, this
population might be connected to the local sample of a research
study. CBPR is one of the most intensive community-engaged
research approaches, in which researchers and community
members share power in the identification of research topics and
questions, the application of results, and the dissemination of
findings (Minkler, 2010; Yuan et al., 2016). Of note, partnerships
systematically embedded in the research process maximize
the applicability of the research findings (Pasick et al., 2010).
Overall, CBPR aims to enhance the interpretation of an issue
via collaboration with those most affected and subsequently
integrate that knowledge for the improvement and wellbeing of
the community of focus (Green et al., 1995; Israel et al., 2001).

All of a CBPR project
knit collaboration and a strong foundation for mutual

phases involve a close-
understanding, respect, and trust between the participating
members. Community collaborators act as informational
liaisons between scientists and community, typically forming
a group of approximately 6-12 people. These individuals
can be interested parties in the community, members of the
community themselves, or under-represented individuals. They
make up the CAB and agree to this position with full awareness
of what participation in this capacity entails. This means that
there must be mutually agreed upon goals and a co-generated
governance structure, including rules of conduct, ensuring
continued collaboration from the beginning to the end stages
of a research project. In the following section, we provide a
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concrete example of a neuroscience study conducted by our
research team that integrates a CBPR research strategy.

An illustration from a
community-engaged
neuroscience approach

The Kids Interaction and Neurodevelopment (KIND)
Laboratory at the University of California Riverside (UCR)
leverages MRI and psychophysiological methods to study
the neurodevelopment of emotion understanding in typically
developing children as well as children with pediatric anxiety
and disruptive behavior problems. The primary ongoing
longitudinal study at the KIND Lab, the KIND Lab Girls Study
(KLG Study), focuses on preadolescent Latina girls and their
families. Around the end of 2019, shortly before the start of
the COVID-19 pandemic, the KIND Lab began a collaboration
with colleagues from the UCR sociology department (SLS and
RBF) to center the voices of the local community (Latino/a/x
families in the Riverside catchment area) and better understand
the cultural experiences shaping their mental health.

UCR is situated in the two-county area in Southern
California, referred to as the Inland Empire (IE). This rural
area encompasses the largest county in the United States, San
Bernardino county, characterized as a major warehousing
and distribution hub for global corporations (Ebner, 2020).
Although immigration and emigration have undergone
transitions in recent years, the IE remains home to a large
population of Latino/a/xs experiencing elevated levels of
psychological distress that raises mental health concerns
(Barragan et al., 2020). This population also significantly under-
utilizes mental health services compared to non-Hispanic
white Americans, making them a priority at-risk community
(Rao et al, 2007). Underutilization of services potentially
stems from experiences of stigma and discrimination (Link
and Hatzenbuehler, 2016). Although there has been an
overall shift in mental health services, cultural stigmas
persist and serve as barriers to attitudes toward help-seeking
(Vogel et al., 2006; Wei et al, 2015 Zhou et al, 2022).
These barriers around mental health stigma also affect the
participation of these historically underserved communities
in scientific research studies on mental health, particularly
in adolescents.

The KLG Study did not start out with a CBPR empbhasis,
instead, it began with a focus on the neural bases of disruptive
behavior disorder and conduct problems in Latina youth based
on our prior work (Michalska et al.,, 2015, 2016). However,
in the process of collecting data and informally speaking with
families, we learned that what girls in our community were
instead struggling with was elevated panic, and separation and
social anxiety, exacerbated by social stressors. Problematically,
Latina adolescents experience more internalizing symptoms
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and higher rates of untreated anxiety than their white, Black,
and Latino peers (McLaughlin et al., 2007; Tran et al., 2014;
Kann et al, 2018; Stafford and Draucker, 2020). Indeed,
to date, even though we did not specifically recruit KLG
Study participants for anxiety symptoms, 28.3% of child
participants meet diagnostic criteria for anxiety disorder based
on parental reports on the Screen for Child Anxiety Related
Emotional Disorders (SCARED; Birmaher et al,, 1997), and
30.8% have levels of anxiety in the subclinical range. In our
interviews, we were also struck by the unique socialization
experiences of Latinx communities that potentially impact
mental health outcomes. For example, Latino/a/x parents play
a pivotal role in shaping how their children process emotions
(Michalska and Davis, 2019) and understand experiences that
relate to ethnic-racial discrimination (Ayon, 2016), which may
play a protective role in the association between racialized
stressors and children’s mental health symptoms. Parents
influence the development of behavioral adjustments to help
or hinder their children’s emotion regulation in emotionally
charged encounters (Kochanska, 2002). Thus, our research
pays particular attention to the influence of ethnic-racial value
socialization practices among Latina mothers on their children’s
emotion expression, recognition, and regulation when they
engage in threat and safety learning, as well as mother-
child interactions during tasks. Based on this context and
with guidance from the UCR Center for Health Disparities
Research, we re-evaluated the aims of our study to prioritize
families’ concerns on our research agenda and center their lived
experiences. We began by creating our own positionality map as
a platform for self-reflexive analysis (see Figure 1).

Researcher positionality mapping

As reviewed above, a positionality map allows us to
critically examine our research roles as they pertain to identity,
power, and privilege, and develop attitudes that embrace
cultural humility (Collins et al, 2018). Because researchers
are primary vessels through which information is filtered to
generate data, our social identities affect how we interpret
this information (Leibing and McLean, 2007; McLean, 2007;
Day, 2012; Jacobson and Mustafa, 2019). Identities can include
race/ethnicity, sexual orientation, ability, age, and citizenship
(Dhamoon and Hankivsky, 2011; Collins, 2015; Jacobson and
Mustafa, 2019). Because identities are fluid and ever-changing,
identifying them is a complex process, particularly in the context
of developmental research where participants are followed
longitudinally over extended periods of time. Here (and in
general), we believe that positionality mapping should be a
routine and regular practice. Our positionality map represents
an initial step in reflecting on how our current identities
shape our perspectives as researchers (Day, 2012; Jacobson
and Mustafa, 2019) and we intend to return to it regularly as
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the KLG Study progresses. We have shared our positionality
maps with select CAB members during a workshop series and
we intend to incorporate them in future meetings with the
entire CAB.

Informed by previous work on positionality (Jacobson and
Mustafa, 2019), our research team reflected on the identities
that were most relevant for the focus of the KLG Study on
Latina girls and their families. Per prior guidelines, we focused
on facets of our social identity that help us better understand
the power relations imbued in our research, as well as those
uniquely impacted by the social and political climate our KIND
Lab is located in. Tier 1 (white boxes) represents the following
selected social identities: social class, race/ethnicity, ability,
parental status, gender, age range, and immigration status. The
research team that completed the positionality mapping exercise
included two faculty and two graduate students (in addition to a
larger research group comprised of graduate and undergraduate
trainees in the KIND Lab) who participated in CAB meetings.
The two faculty members included: (1) a white Polish-Austrian
woman with expertise in developmental neuroscience and
pediatric anxiety; (2) a Brown Turkish woman with expertise
in inter-group relations and racial health disparities. The two
graduate students included: (1) a Latina mother and doctoral
student in sociology with training in school and medical
sociology, who had also completed coursework in community-
engaged research, and (2) an Asian-American woman and
doctoral student in developmental psychology with training in
the neurodevelopment of anxiety in underrepresented youth
and their parents. Tier 2 (green boxes) specifies how each of
these identities impact our lived experiences and Tier 3 (blue
boxes) further elaborates on the nuances of these identities.
As an example, we discussed our team’s parental status and
ethnic composition due to our focus on maternal parenting
among Latina mothers. One of our four research team members
is also a Latina mother, making them uniquely equipped
to empathize with community members parental demands,
whereas other team members acknowledge they have more
free time and personal income or may benefit from racial
privilege due to European ancestry. Mapping identities can
shed light on our explicit and hidden identities, which can
strengthen a study (i.e., shared gender identities among the
research team and our participants in our study) or reveal
our hidden assumptions and worldviews (i.e., racial privilege,
social class advantages, and ableism). The positionality map
fosters awareness of our positions and the way they shape the
production and interpretation of knowledge (Campbell and
Wasco, 2000; Jacobson and Mustafa, 2019). For example, it
has allowed our research team to better identify our “blind
spots” and expand our group to include and recruit members
whose identities were previously inadequately represented. It
has also created an opening for eliciting counternarratives
that deprivilege researcher expertise and enable us to ask
questions that were initially not on our research agenda but the
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community considers urgent. Doing so as a collaborative process
allows for multiple interpretations from a variety of entry
points and perspectives. Our plan is to sustain an awareness
of these multiple perspectives as we continue to collect and
analyze our data.

Community-researcher partnership

With guidance from the UCR Center for Health Disparities
Research, the research team partnered with Latina mothers
residing in the IE and participating in the KLG Study to
form the project’s CAB, named the “Emotional Learning
Research Community Advisory Board”. Following prior
al., 2011) our research
advisors. All CAB-related

procedures were approved by the Institutional Review Board at

recommendations (Newman et

team targeted 10-15 community

UCR. In our submission for protocol approval, we described
the CAB meetings as a series of community outreach discussion
meetings that would be conducted with a subset of our
participants who had consented to be re-contacted by the lab.
We specified that these meetings would take the form of an
informal discussion in a neutral location outside the institution
(e.g., a local library) to make everyone feel comfortable in
the discussion space. We note that due to the COVID-19
pandemic, these meetings were ultimately carried out in
a virtual format via Zoom. Aligning with CBPR research
orientation, meetings provided a space for CAB members to
give feedback on our research efforts, specifically, as well as how
we might be of service to the community more generally. Even
though participation was voluntary, we thought it important for
participants to be compensated for their time, that we would not
engage in formal data collection, and that meetings would not
be used for data collection purposes, but rather an evaluation of
the laboratory’s current functions and operations.

Informed by previously established criteria (Newman et al.,
2011) as well as our continued working relationships with
our participating families, we identified specific community
members of diverse socioeconomic backgrounds and age
groups who might serve as community representatives. These
representatives included mothers who had participated in
previous studies conducted by our lab, and whose participating
children ranged in anxiety symptoms from non-anxious to
clinically anxious thresholds. We contacted these individuals
via phone and email, and those who expressed interest were
sent a virtual consent form (see Supplementary material) in
which they agreed to attend two 60-90-min virtual Zoom
meetings, scheduled approximately 6 months apart (June 2020
and December 2020), with subsequent meetings planned. We
had a 100% retention rate across the two meetings, with the
same eight mothers who attended the first CAB meeting also
attending the second. Meeting dates and times were determined
based on the general availability of the CAB members who were
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compensated at a rate equal to what the lab pays traditional
research participants per meeting ($50-$100). We took creative
measures during COVID stay-at-home rules, and to express
our appreciation for their time and effort, our research team
had pizzas delivered to each representatives home address
(with their consent) in the hour prior to the first meeting.
Each of the two meetings are explained in detail in the
proceeding section, drawing from our meeting agenda script
(see Supplementary material for an outline of the first meeting).

Community advisory board
meetings

CAB meetings were led by the first author and attended
by all three co-authors, as well as other KIND Lab trainees.
Meetings were scheduled for 1 hour. Prior to each meeting,
the first author created an agenda that was distributed to the
CAB members along with materials to be discussed. The agenda
tentatively included topics in a specific order, with the first
meeting focused on our laboratory recruitment efforts (e.g.,
traction of our recruitment fliers) and research protocols (e.g.,
comfort with fMRI) and the second focused on members’
experiences of sociodemographic determinants of mental health
(e.g., race/ethnicity, political ideology). It was agreed that if time
ran out we would roll topics over to the next meeting.

Our priority was to build rapport between our research
team and the community representatives (Alvarez et al,
2006). For Latino/a/x families, structural barriers such as lack
of transportation, need for childcare, costs of participation
related to lost time at work, competing family responsibilities,
and limited language-appropriate recruitment and informed
consent processes can all engender anxiety and mistrust of the
scientific community. One way the team established trust was
via a CAB facilitator, the first author, who identifies as a Latina
mother and who led the CAB meetings. We began the meeting
with a light icebreaker asking people to share their names
and favorite sandwich. After introductions and the icebreaker,
questions from the agenda were guided by a facilitator and the
co-principal investigators (KM and RBF) (see Supplementary
material). The first set of questions asked about the clarity of our
KLG Study consent forms. CAB members shared that there was
sufficient information and they appreciated the straightforward
language. They also noted that they felt comfortable asking
questions if anything was unclear. Building rapport had a
positive impact on outcomes for researchers and community
members simultaneously, and some research suggests that
rapport holds unique promise for community transformation
as it involves community members themselves, in contrast with
traditional research retrieval methods (Sousa, 2022).

The next set of questions centered around any worries
and anxieties about CAB members’ overall research experience
in the KLG Study, specifically regarding clinical interviews
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and MRI scanning. To elicit constructive feedback on our
protocols, we primed CAB members with neutral rather
than valenced questions. Our aim was to establish a neutral
starting point for the conversation, and allow members
to guide the direction of the discussion based on their
personal experiences with our procedures. Most mothers
shared how they and their daughters had positive interactions
with KIND Lab researchers, and some mothers revealed
that their daughters were initially anxious and overwhelmed
in anticipation of the MRI, due to their unfamiliarity
with the equipment.

Next, community members reflected on the ongoing
experiences of Latina girls in the community and their
motivation to participate in the KLG Study. One member
described the dearth of psychological services, asserting that
youth were disadvantaged by the lack of investment in
mental health practitioners in the IE region. Another member
articulated their motivation to elevate the perspectives of women
of color to science. They discussed the impact of generational
experiences and cycles of trauma they were trying to break and
their desire to expose their daughters to institutions of higher
education and scientific inquiry centered around mental health
and wellbeing. Some mothers disclosed that one of the factors
motivating them to participate in the study was the opportunity
to show their daughter what a university campus looks like.

Another set of questions covered the recruitment process.
Our research team asked about members motivations for
participating in the KLG Study. We shared our current
recruitment flier and solicited feedback from CAB members.
Among other observations, CAB members pointed out that
the language did not reflect the community values or the way
they thought about their children’s behaviors, concluding that
the flier seemed targeted toward college students, rather than
families. All members noted that the flier did not appear child-
friendly or family oriented, adding it did little to capture their
attention. They then brainstormed ways to modify the flier so
that it could speak to the specific needs of children in their
community, recommending more colors, different wording,
and additional information about resources and payment.
Ambiguity was generally viewed as a deterrent to potential
participation. CAB members also shared recommendations
on possible recruitment venues, and thoughts about engaging
families in different spaces. Among the recommendations were
guest speaking at schools, university tours of the lab to demystify
the research and environment, and joining forces with other
health networks in the IE. Engaging the community and
offering training for members of the community align with
one of the guiding principles of community-engaged research
(Battaglia et al., 2020).

CAB members were invited to suggest how the KIND Lab
could better serve their families, to which they responded by
requesting resources that might act as a gateway to services
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like counseling and therapy. Members viewed their participation
in our research as an entry point for conversations with their
children about mental health. They also proposed ways we
might earn the trust of community members who were more
hesitant to participate in our research (e.g., via partnering
with community health centers). These conversations sparked
a discussion about what we as researchers of socioemotional
development might be able to provide participating families,
given our available resources. One CAB member expressed
interest in art therapy, and several other members chimed in
with enthusiasm agreeing that their children could benefit from
such an approach. Thanks to this suggestion, the KIND Lab
decided to design and implement an art therapy workshop
series. Three Saturday morning workshops were hosted on
campus, each lasting approximately an hour and a half,
scheduled approximately 2 weeks apart. The goals of the
workshops were to connect with community members and
provide children with tools they could use to manage stressors
through artistic expression.

The first art therapy workshop was facilitated by a
professional art therapist, who invited participants to visually
explore their emotions using paper, color markers, gel pens,
glue, scissors, and magazines. The therapist guided children
in exercises that prompted them to identify and challenge
unhelpful thoughts, and use art as a coping strategy to regulate
and overcome these thoughts when they arise (see Figure 2
for an illustrative example). Participants completed minor
assent forms and parents completed consent forms, indicating
permission for photographs to be taken by a professional
photographer while they participated in the lessons. The second
art workshop was facilitated by a professional dance artist, who
led children through a series of movement and dance exercises
that provided them with non-verbal, embodied tools for coping
with anxiety and other challenging emotions. This workshop
was held in a university theater and dance space that enabled
ample freedom of motion. The third and final workshop of the
year was facilitated by a self-published children’s author, who
was also a CAB member. She shared how her journey of writing
a book allowed her to cope with a difficult life circumstance
and then led children in conceptualizing and creating their own
storybooks using illustrations and narrative. Attendance at each
workshop ranged from two children and their caregivers to
ten children and their caregivers. At the end of the series, the
team compiled participants’ artwork and workshop photos into
customized printed books for each participant. Even though
each child received a book to take home, all three workshops
emphasized the healing quality of the creative process itself. It
was thanks to our CAB members that we were able to provide a
resource the community would find valuable.

The theme of the second CAB meeting centered around
race, ethnicity, identity, and how to appropriately address
participants, as well as the impact of ethnic-racial discrimination
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FIGURE 2
Art created by one of the participants in the art therapy workshop series.
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on children’s daily lives. The research team asked CAB members
about their ethnic-racial identity and their preferred terms
(e.g., Latinx vs. Latina/o). This generated lively discussion, with
responses reflecting varied use of identity labels, with some
CAB members expressing misgiving about the term “Latinx” as
they are not of Latin descent while acknowledging differences
in adoption depending on generation, geography, and even
political orientation. One member disliked the term “Latinx”
saying it felt too scholarly and did not accurately represent her
identity as a Mexican-origin Latina woman. Others agreed that
they did not identify with this term, adding that it sounded
like an English-based construct and unnatural in Spanish.
Based on this feedback and to center the voices of community
members, our research team decided to adopt the community’s
preferred ethnic identity labels for any communication with
parents. However, in recognition that gender is not binary,
we have also added the Latino/a/x in the current manuscript.
A planned youth panel will similarly ask youth about their
attitudes and preferences.

The second topic focused on political climate and
immigration experiences. Because of the U.S. immigration
policy context and surrounding anti-immigrant sentiment at the
time of the second meeting (i.e., the Trump presidency), our
research team asked about members’ attitudes toward disclosing
immigration and discrimination experiences in a laboratory
setting. Mothers generally felt that discussing immigration
status might hinder participation due to fear of questions about
legality, although some mothers shared that they would be
willing to disclose their status if their identity were protected.
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Several CAB members also discussed the stigma of being a
Latina immigrant in this country and the toll it can take
on the mental health of the community. Comments in the
meeting focused on how to incorporate these experiences into
the team’s research agenda and regional mental health services
more broadly, while protecting anonymity. U.S. immigration
policy has grown more restrictive in recent decades subjecting
Latino/a/x immigrant families to inequitable treatment on the
basis of their actual or perceived immigrant status. Restrictive
policies directed toward immigrants who are undocumented
have untoward effects on the health of Latino/a/xs, regardless
of their status. Being an immigrant and being undocumented
have become conflated with being Latino/a/x; more specifically,
assumptions about a person’s origin and legal status are based
on racial markers (Ayon and Philbin, 2017). The KLG Study
will be among the first to leverage neuroimaging to examine
how associations between immigration threat and mental health
shape brain development during transitions to adolescence.
The final theme of the meeting captured the notion
that political ideology also influences emotional wellbeing,
particularly given the tumultuous political divide during
the time of the meeting. Mothers hinted at the toll the
political climate was having on them and their daughters.
We closed our meeting with a conversation about how the
political atmosphere may interfere with people’s trust in
science and subsequently impact participation rates. In response
to the community members’ emphasis on the primacy of
sociocultural context in shaping emotional health in their
families, our research team substantially expanded existing

frontiersin.org


https://doi.org/10.3389/fnint.2022.1007249
https://www.frontiersin.org/journals/integrative-neuroscience
https://www.frontiersin.org/

La Scala et al.

KIND Lab protocols. For example, our team partnered with Dr.
Cecilia Ayon, a faculty member in the Department of Public
Policy with specific expertise in community-based research
with Latino/a/x immigrant families at the intersection of
sociopolitical context, immigrant health, family wellbeing, and
ethnic-racial socialization. Dr. Ayén has engaged in research
aiming to inform and assess the effectiveness of culturally and
contextually grounded interventions. Guided by CAB member
feedback and in consultation with Dr. Ayon, KLG Study
data collection was modified to adapt a Latino/a/x parental
ethnic-racial socialization questionnaire to a child-appropriate
version that would be administered to children, among
several additional questionnaires probing discrimination and
socialization experiences.

The KLG Study data analysis has been significantly impacted
by the CAB meetings, with our biases and positionality
informing the lens through which results are interpreted,
disseminated, and communicated. Had our research team not
incorporated a CBPR approach, many of our ongoing research
directions would not exist. Beyond data and with community
needs in mind, we share a biannual KIND Lab Newsletter
with participating families (Figure 3), where we share any
papers or conference proceedings that have been published
with our sample, highlighting results in easily accessible
language. We also keep a running tab of free or low-cost
community mental and physical health resources that we update

regularly.

10.3389/fnint.2022.1007249

In the following section, we want to leave other scientists
in the neuroscience community with some considerations for
building their own CAB and embarking on inclusivity within the
scope of their work. Table 1 outlines the steps of consideration
in developing the CAB and the purpose as a brief explanation.
Labs may also want to consider the following:

Before the CAB meeting/considering population of
interest:

e Who is a part of the community you are considering a
collaboration with?

e Who are the interested parties in the community?

e Who in your research team will take the lead to
communicate with community members?

e What are the community members’ positionalities?

e What is your research team’s positionality?

e How will you recruit community members to become CAB
members?

e What types of topics will be discussed at the CAB meeting?

e When will agreements, consent, and agendas be shared with
CAB members?

During the CAB meeting:
e Where will the meeting take place to ensure equal grounds

for CAB members and researchers?
e How will CAB members be compensated for their time?

<P KINDLAB

Kids ion and NeuroDevel

HELLO EVERYONE! WELCOME TO THE LATEST EDITION OF OUR NEWSLETTER!
KEEP ON READING TO SEE SOME OF OUR NEWEST UPDATES, RESOURCES,
AS WELL AS SOME GAMES AND RECIPES! OUR
RESEARCH WOULD NOT BE POSSIBLE WITHOUT YOU, THANK YOU FROM THE
BOTTOM OF OUR HEARTS. HAVE A FUN AND SAFE SUMMER!

What's New

@ THE KIND LAB

‘The KIND Lab, along with 12 other ,.,\
research groups (10 from the U.S,,
1 from the Netherlands, 1 from
Peru), collected data from 1,339
adolescents to examine changes in
anxiety and depression symptoms
during the early months of the
COVID-19 pandemic. We found
that while depression symptoms
increased, anxiety symptoms
decreased. Both of these trends
‘were impacted by lockdown
restrictions, such that depression
symptoms increased more and
anxiety symptoms decreased less
for participants in regions under
the strictest stay-at-home orders.
Read more about the study here!
en
x‘;':.v? CONTACT US
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Email: kindlabucr@gmail.com
Phone Number: (851)790-2047

Instagram: @kindlabucr
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FIGURE 3
Excerpted pages from our KIND Lab Newsletter.
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Win $100 worth of back to school supplies!

To Enter: Please contact our lab via email, text, or phone to confirm
your contact information by August 26th.

To earn up to 3 additional entries: share the contact information

of someone who may be interested in participating in our study!

Workshop Recap

The KIND Lab was happy to host a three-part art & mental health workshop
series this year! We were joined by an art therapist, dance teacher, and
self- thor to lear how of art can be great tools
for exp ping. You can by clicking
on their names in the descriptions below!

Workshop 1

Workshop 3

Workshop 2

Our third session was led by self-
published author Yesenia Rodriguez.
Yesenia read her book, Lani Rae's

, and led the children
through making their very own stories!
The children created their stories by
hand and our lab was happy to

Our first session was led by art therapist,
We spoke about

Our second session was led by dance artist
Milssa Payne. Through movement and
emotions, combatting negative thoughts, breathing exercises, we learned that dance
codoiedopberealsiacitics can be a tool for everyone, regardless of

designed to express our feelings e

transform their pages into actual
physical books made up of their own
words and ilustrations!
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TABLE 1 CAB considerations and purpose.

Consideration

Purpose

Schedule a team meeting
to discuss topic options
and logistics.

Discuss positionality at the
team meeting.

Reach out to potential
CAB members via
whatever communication
is appropriate and
accessible (e.g., email,
telephone, written mail,
social media).

Formalize CAB member
participation with consent
and agreement.

Secure compensation for
CAB member
participation.

Schedule a team meeting
to finalize the CAB
meeting agenda, draft
conversational questions
for the CAB members, and
elect meeting note takers
and facilitators.

Distribute meeting
information to CAB
members.

Hold the CAB meeting.

Hold a brief team meeting
following the CAB
discussion.

Send thank you notes to
CAB members and share
meeting notes.

Repeat steps to discuss the
last meeting and plan for
the next meeting.

Determine how the CAB
meeting information will
be incorporated into the
research and impact the
community you are
collaborating with.

Ensure the team is on the same page of
identifying 6-12 potential CAB members to
meet with and topics to focus on.

Become aware of team’s working identities and
privileges that may affect the research by
completing a positionality map individually
and as a group.

Begin rapport and provide information on
what CAB participation entails.

Safeguards transparency, accountability, and
follow-through.

Ensure the compensation amount for the CAB
members’ time and effort is fair.

Establish clear roles for each member of the
research team and have a list of
questions/topics prepared for the CAB
members (e.g., what are current issues in your
community? what types of questions should be
considered in the research?) This will ensure
the meeting time is spent as efficiently as
possible.

Give CAB members a chance to reflect and
prepare for the topics your team is planning to
discuss.

Ensure the meeting works with your CAB
members’ schedules and is considerate of their
time. Progress through the planned questions
and topics in a manner that is sensitive to the
natural flow of the conversation (i.e., CAB
members may prefer to spend more time on
some topics than others). Allow CAB members
to speak freely and only interject to break
moments of silence or shift away from topics
that have run their course.

While the meeting and feelings about the
meeting are still fresh, briefly discuss what
went smoothly and what needs adjusting in
future CAB meetings.

Build and maintain as much transparency with
the CAB members as possible. This is
foundational to CBPR.

Each meeting should inform the topics to be
covered and adjustments to be made in the
following meeting.

Ensure information obtained during the CAB
meeting is implemented into your research in
concrete ways (e.g., consider topics the
community has deemed especially important,
offer resources the community would find the
most helpful, etc.).

e How will conversation during the meeting be navigated?

e How many team members will be present during the

meeting?
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e Who will lead the meeting? Who will take notes during the
meeting?

e How will rapport be built with CAB members?

e How many and how often will meetings be?

After the CAB meeting:

e When, if any are planned, will the next meeting be?

e How will CAB members be retained?

e When will previous meeting notes be shared with CAB
members?

e How will the information and knowledge shared in the
meeting be of use to the community?

Conclusion and implications

In this paper, we briefly highlighted the ways in which
human neuroscience research has overlooked historically
marginalized groups, reproducing systemic inequities. We
propose that these biases can be revealed through practices
and tools from interdisciplinary and qualitative research, such
as positionality and reflexivity, and actively countered through
a community-engaged research approach, particularly CBPR.
In a pursuit to offer a detailed roadmap for integrating CBPR
into neuroscience research, we outline the ways our lab has
incorporated two specific CBPR methodologies, a positionality
map and a CAB, into an ongoing, longitudinal neuroimaging
study on the mental health outcomes of preadolescent Latina
youth. We provide a thorough overview of our positionality
map, the development of our CAB and our CAB meetings,
and the benefits and challenges of incorporating a CAB in
neuroscience research.

In order for a just and fair neuroscience that represents
the voices from all segments of the population, human
neuroscience studies need an interdisciplinary lens that not
only includes diverse samples but also takes into account the
perspectives and positions of the community members under
study. Historically, communities under study, and particularly
ethnically and racially minoritized communities, have been left
out of the conversations that shape the agenda and direction
of neuroscience studies (Mikesell et al, 2013). Even if its
an unintended consequence, such exclusion promotes the
development of biased prevention and intervention approaches,
such as medical protocols, mental health recommendations,
and governmental policy creation. Our paper outlined how
representing the voices of our community partners provide
opportunities for bi-directional learning and incorporating
their lived experiences to guide approaches for co-created
science. As can be seen from our example, the KIND Lab
CAB has offered us unique ways for shaping our research by
providing substantial feedback for our research design (e.g.,
inclusion of the questions or topics in our survey modules),
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recruitment and our outreach (e.g., through the community
art workshops we have designed) for our developmental
affective neuroscience study on mental health outcomes in
preadolescent Latina youth. There is still much work to
be explored to reach a true co-created neuroscience; but
our team is intentionally working toward expanding this
interdisciplinary work into our lab as we continue our dialogue
with our CAB members.

Community-engaged research can also have a positive
impact on science by increasing public trust in the scientific
process. Including communities in the design and interpretation
stages of research can serve as a powerful learning opportunity
for community members to experience first-hand how research
is conducted. This could be especially empowering for young
people, given that agency and purpose are central to achieving
the developmental tasks of this formative period (Fuligni, 2019).
Additionally, including communities in the interpretation and
dissemination of the research can also help researchers to
identify the aspects of the results that are meaningful to the
target populations and—given that communities are rarely the
intended audience of scientific publications—provide insights
into the alternative ways through which to communicate the
study results to those who may be impacted.

Our study also has several limitations. For example, we
coincidentally began our CBPR efforts roughly around the same
time the COVID-19 pandemic started. Due to the ambiguity
and anxiety around this rapidly emerging global pandemic
and the new social distancing measures, we carried all our
research and community engagement efforts remotely. We
held all of our meetings online, which posed challenges to
building rapport and trust with the community. However,
by remaining in regular contact with our CAB members,
maintaining rapport during meetings, and providing food
options and compensation for their time, we put effort into
creating a trusting meeting environment. As a result, we had
full engagement from our CAB members and a willingness
to continue participating in future CAB meetings. Some
other limitations of our CBPR approach included funding,
time, and training constraints. Launching our CBPR approach
required that we secured supplementary funding (via an NIH-
funded Center Grant from the Center for Health Disparities
Research at UCR), spent significant time in revising our
methodology, building rapport with community members, and
training our research team on best community-engaged research
practices. These efforts were substantial and we acknowledge
that working within these parameters might pose barriers for
other researchers attempting to incorporate CBPR methods
in their research.

Finally, we would like to acknowledge the ethical
dimensions of CBPR and community-engaged research,
particularly power imbalances and inter-cultural sensitivity.
Even though CBPR methods aim to empower the community

Frontiers in Integrative Neuroscience

88

10.3389/fnint.2022.1007249

by giving a voice to community members in shaping the
research processes or dissemination, in reality a complete
leveling of the field is elusive. Power imbalances between
researchers and community members- both due to their
often more advantaged social locations such as education
or social class and institutional affiliation- might create
undue influence on the participating community members,
shaping CBPR interaction dynamics or outcomes. Similarly,
when researchers and the community members are from
different social and cultural backgrounds (e.g., in our case,
whereas all CAB members were Latina and many of our
Research Assistants were Latino/a/x, the majority of our senior
research team was not), this can create issues of insufficient
inter-cultural sensitivity. The positionality map that we offer
in this paper is particularly useful in making these power
imbalances and cultural differences visible. Through this
exercise, researchers will better be equipped to identify and
challenge these ethical issues.

As we outlined in this paper, community-engaged research,
and CBPR, is an opportunity to facilitate impactful change via
long-term community-academic partnerships in the realm of
neuroscience. The mutual cultivation of trust and sharing of
cultural and scientific knowledge can bring tangible resources
and information to those outside the academic community who
are most impacted by the outcomes, propelling toward a just,
equitable, and diverse neuroscience.
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Investigation of health inequities tend to be examined, in human neurosciences,
as biological factors at the level of the individual. In actuality, health inequities
arise, due largely in part, to deep-seated structural factors. Structural inequality
refers to the systemic disadvantage of one social group compared to others
with whom they coexist. The term encompasses policy, law, governance, and
culture and relates to race, ethnicity, gender or gender identity, class, sexual
orientation, and other domains. These structural inequalities include but are not
limited to social segregation, the intergenerational effects of colonialism and the
consequent distribution of power and privilege. Principles to address inequities
influenced by structural factors are increasingly prevalent in a subfield of the
neurosciences, i.e., cultural neurosciences. Cultural neuroscience articulates
the bidirectional relationship between biology and environmental contextual
factors surrounding research participants. However, the operationalization of
these principles may not have the intended spillover effect on the majority of
human neurosciences: this limitation is the overarching focus of the present
piece. Here, we provide our perspective that these principles are missing and
very much needed in all human neuroscience subdisciplines to accelerate our
understanding of the human brain. Furthermore, we provide an outline of two
key tenets of a health equity lens necessary for achieving research equity in
human neurosciences: the social determinants of health (SDoH) framework and
how to deal with confounders using counterfactual thinking. We argue that
these tenets should be prioritized across future human neuroscience research
more generally, and doing so is a pathway to further gain an understanding of
contextual background intertwined with the human brain, thus improving the
rigor and inclusivity of human neuroscience research.

human neuroscience, health equity, social determinants of health (SDoH), health
inequities, confounders, counterfactual

1. Introduction

Human neuroscience research has experienced remarkable growth, particularly due to
technological advancements such as magnetic resonance imaging over the past 50 years.
Despite methodological progress, a pressing challenge remains: understanding the impact of
historically entrenched policies and principles on neuroscience research, from the inception
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of scientific inquiries to the dissemination of findings. Cultural
neuroscience, a burgeoning field within the human neurosciences,
investigates the relationship between human culture and
neurobiological processes (Chiao et al, 2010). However, the
practices within this branch of neuroscience have not yet led to a
spill-over effect on the majority of human neuroscience research,
leaving them as exceptional approaches rather than standard
procedures in study design and publication. Currently, there is
a limited focus on understanding how broader systemic factors
influence outcomes related to the human brain. As straightforward
as this critique may be, it remains a significant blind spot in today’s
current mainstream human neuroscience efforts and perpetuates
an on-going barrier in our pursuit to fully understand the human
brain. The present perspective presents a call for significantly
more attention toward leveraging a health equity lens in human
neuroscience research. In doing so, we hope to contribute to the
growing literature that echoes this call (Ricard et al., 2022; Webb
etal., 2022; La Scala et al., 2023). Once a critical mass sharing these
goals among neuroscientists is achieved, we believe a new era of
accelerated understanding of the human brain will follow, creating
a novel path divergent from the exclusionary practices in scientific
history (Rutherford, 2021b).

An overarching aim of human neuroscientific research is
to understand how the human brain works. A benefit of this
increased understanding is to help people with these novel
discoveries. Through increased understanding of the brain, we can
better support optimization of neurobiological pathways and their
function to promote health and wellbeing while decreasing the
prevalence of diseases and disorders. As scientists uniquely situated
at the intersection of public health and developmental human
neurosciences, we seek to contribute to the accumulating critique
of human neuroscience research that clear and problematic blind
spots exist and offer our value of leveraging a health equity lens to
begin to address these blind spots. In doing so, we acknowledge and
operationalize the health equity lens for use in human neuroscience
research. We recognize that implementing health equity-focused
investigations in the realm of human neuroscience presents
considerable challenges, primarily due to the absence of relevant
variables within extant neuroscientific data sets. Furthermore, the
scarcity of funding opportunities for the creation of new, inclusive
data sets and the inherent difficulties in challenging prevailing
norms compound these obstacles. Consequently, our current
understanding is not exemplary; nonetheless, it represents the most
advanced knowledge available at present, and serves as a foundation
for initiating individual trajectories aimed at accelerating and
broadening the scope of human neuroscience research. The equity
lens seeks to embrace the biology-environment interaction of
human health and disease. The current challenge in human
neurosciences is in expanding to these biology-environment
interactions to uncover potential blind spots (Bendesky and
Bargmann, 2011). This perspective seeks to give the reader brief
examples of societal constructs within the past that contribute to
these persistent blind spots in human neuroscience. In doing so,
we hope to offer a starting point to human neuroscientists who
desire to employ a health equity lens in their research. We write
this as both an amendment to the field, as well as encouragement
to neuroscientists to consider the intersection of neuroscience and
health equity in their own research and be part of the much-needed
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change in our neuroscience field for the embedment of equitable
human neuroscience research.

2. Societal constructions of human
research

A health equity lens is quick to recognize and elucidate
how large proportions of health issues stem not solely from
the individual, but also from the structures surrounding the
individual. Current structures that drive ongoing inequities
were laid by imperialist roots (Roy, 2018). Historical structural
factors set the tone for the present-day environment in which
human neuroscience research operates: mainly intergenerational
wealth- and privilege- dominated (Abiodun, 2019). One such
example of historical context leaving lasting impact on today’s
structural resources is colonialism, which has resulted in lasting
changes in power and resources for entire communities that
pesrist today (Czyzewski, 2011; Sherwood, 2014; Araujo et al,
2020). These historical structural factors continue to influence
current contextual factors surrounding brain health and may have
implications for neurodevelopmental and psychiatric disorders
in later life (Gajwani and Minnis, 2022). Thus, attributing
an individual’s neurobiological outcome solely to individual-
level factors (e.g., genetics, biological vulnerabilities, or personal
decisions) misses critical contributions of the more significant
systemic factors at play, such as resources, power, intergenerational
factors, discrimination and autonomy (Gee and Ford, 2011). Most
efforts in neuroscience to go beyond individual-level factors tend
only to reach intermediary measures (Figure 1 in orange boxes)
and is limited in the examination of the surrounding structural
factors’ (i.e., governance, macroeconomic policies, social policies,
public policies, race and ethnicity, income) impact on the brain.
For instance, neuroscience often attributes individual brain health
outcomes to individual-level risk (e.g., material circumstances,
behavioral and biological factors, psychosocial factors, genetics),
yet, here, we challenge this pitfall by demonstrating that
structural factors shape these same individual-level risk factors
as well as the individual brain health outcomes. Thus, without
substantial consideration of these structural factors, we may have
erroneously overemphasized the significance of individual-level,
and underemphasized structural factors when understanding the
human brain.

Progress in human neuroscience depends on understanding
these structural factors, so often shaped by imperialist policies and
principles. A paradigm shift toward this goal is the remembrance
of past injustices and cultivating a “Just Memory.” A Just Memory
is memory work that recalls both one’s own, as well as, the other’s
historical background (Nguyen, 2013). Research has demonstrated
the detrimental effects of intergeneration trauma, and so, we are
a product of generational osmosis (Bezo and Maggi, 2015; Danieli
et al., 2016; O’Neill et al., 2016; Berckmoes et al., 2017; Costa
et al,, 2018; Williams et al., 2018). The implications of integrating
health equity with human neurosciences are significant, as it serves
to acknowledge the various contextualizing intergenerational
structural factors that may lead to neurobiology that underlie
risk and resilience for psychological and mental health outcomes.
However, this shift requires a complex roadmap: one that we
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OF HEALTH

The World Health Organization (WHO) social determinants of health framework structural factors, deeply rooted in imperial policies, influence

individual-level factors. Neuroscience often attributes individual brain hea

lth outcomes to individual factors (highlighted in orange boxes in the

modified figure to emphasize where the majority of factors examined in the human neuroscience research fall; e.g., behaviors and biological factors,
psychosocial factors), yet this diagram demonstrates that individual factors are only a small piece of the story. Individual factors are shaped, in part,
by the larger socioeconomic and political context; thus, these larger contextualizing structural factors are largely missing from human

neuroscientific research at present. Originally published by the World Hea

lth Organization (Solar and Irwin, 2010) on page 6 in A conceptual

framework for action on the social determinants of health. Permission was granted to reproduce this diagram.

suggest should first be guided by the epistemic deconstruction
of population stereotypes. To contextualize the inheritance of
inequities within scientific hegemony and offer two key tenets
of health equity that may add to the human neurosciences, we
invite readers to be an active part of the expansion of inculcating
macrolevel structural factors using two key tenets outlined further
to begin the needed shift in human neurosciences.

One reason contemporary neuroscience today continues to
perpetuate this limited scope in investigation of how structural
factors influence neurobiological processes may be due, in part, to
epistemic injustices. Here, we define scientific epistemic injustice as
a cultural injustice that occurs when the concepts and categories
by which research participants understand themselves and their
world, are replaced by the concepts and categories by the researcher
and the research world. In other words, a pitfall for all researchers
is to falsely impose their own worldviews in their scientific
methodology, viewing the participating community members
through assumptions and therefore, often overly narrow lens.
With this pitfall, research can end up biased, with worldviews
and values held by the research team being falsely emphasized,
while those held by the participating community members are
misunderstood or overlooked. The prevailing state perpetuates
the risk of drawing erroneous and detrimental conclusions in
contemporary human neuroscience literature. This persistence may
be attributed to the predominance of privilege and power within the
field, which originates from historical systemic factors that continue
to influence current practices of wealth and privilege establishment
and preservation. The broader academic milieu, where research is
primarily conducted, reflects these enduring impacts of historical
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systemic factors (Stewart and Valian, 2018). Unlike other STEM
disciplines, human neuroscience delves into the study of the human
condition, which is profoundly shaped by present contextual factors
related to historical structural determinants. Indeed, numerous
scholars have underscored the significant ethical obligations
associated with disseminating findings on biological aspects, such
as the human brain, as opposed to non-biological research
domains, given that public perceptions of brain discoveries tend
to be less amendable (Tolwinski, 2019). Those who have benefited
from historical systemic factors that continue to drive privilege
today tend to hold administrative control over human neuroscience
studies (Kim and Sasaki, 2014; Abiodun, 2019). Human brains
develop not merely based on individual molecular or genetic
events: cultural and structural factors also influence the brain in
parallel. As with all things human, inequality and inequity are
important, yet under studied, drivers of human brain outcomes,
and their functional outcomes such as behavior, cognition, and
mental health.

Brain outcomes result from a constellation of factors: some
of which are unknown by the researcher, creating blind spots in
our attempt to uncover how the brain develops, functions, and
retains resilience to disease and disorder. If neuroscience is to
address current blind spots, then our discipline needs to effectively
recognize epistemic injustices in our research studies. When all key
factors remain uncertain, researchers tend to revert to their own
worldviews to help scaffold their understanding of the complex
research findings on the human brain. When in a position of not
knowing how to model these uncertainties in research, it is human
nature to experience the tendency to revert to imposing our own
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worldview onto the population under study or disregard essential
factors in the structure and parametrization of our models that
are related to the participant (Saini, 2020). Intergenerational forces
shape the structure of human societies, partially or wholly defining
the outcomes we study. Thus, it is of great importance to factor
in the social and environmental drivers present in our society,
which often result from downstream and lasting effects of historical
structural factors.

2.1. Health equity tenet 1: the social
determinants of health (SDoH)

There are communities of people that experience the world
differently, and these lived experiences are relevant to scientific
progress. After studying the social environment of the African-
American communities in 1899, Dr. W. E. B. Du Bois recognized
the role of sociohistorical contextual factors that played into the
daily life of the community and how they defined health behaviors
and diseases (Du Bois and Anderson, 2014). In other words, events
that are unwitnessed in the present, still define our research today.
As Dr. Du Bois summarized it; “A complete study must not confine
itself to the group but must especially notice the environment:
the physical environment of the city, sections and houses, the far
mightier social environment—the surrounding world of custom,
wish, whim and thought which envelopes this group and powerfully
influences its development” (Du Bois and Anderson, 2014). So,
the question arises: Are we accounting for sociohistorical contextual
factors embedded in a community when conducting our own
neuroscientific research? For this, neuroscientists will benefit by
thinking about their research through a Social Determinants of
Health (SDoH) lens. Thus, we challenge fellow neuroscientists to
think beyond bio-physiological measures on the individual level.
SDoH requires considerations beyond the individual level, and
incorporates the conditions where people are born, live, learn,
work, and play (Braveman and Gottlieb, 2014). Application of the
SDoH lens more regularly into the neurosciences is needed because
neural correlates extend to and from the SDoH. As illustrated by the
World Health Organization (WHO) SDoH framework (Figure 1),
SDoH (e.g., social protection and socioeconomic resources) can
influence our individual-level research findings (Solar and Irwin,
2010). Therefore, it is a disservice to think of neurobiological
pathways without integrating these outcomes to socio-historical
events that are still relevant in shaping our neurobiology today. The
following hypothetical presents a neuroscientific claim in order to
demonstrate limited applicability, threats to internal and external
validity of the study and violation of epistemic virtues. We posit
that this example represents a recurrent pattern in both historical
and current human neuroscientific literature:

Neuroscientists, aware that exposure to “X” adversely affects
adult  neurophysiological health, seek to investigate the
consequences of prenatal exposure to “X” on fetal brain
development. They examine brain volumes in children with
prenatal exposure to “X” and recruit participants from
“high-risk” and
disproportionately impacted by exposure to “X.” In doing so,
they believe this approach enhances the statistical sensitivity

a population stereotypically considered
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of their experimental design to detect a real lasting impact
of exposure to “X” on childhood brain development if one
truly exists. Study findings reveal reduced brain volumes and
lower IQ scores in children with prenatal exposure to “X”
compared to unexposed children. Thus, the researchers conclude
that their study demonstrates that prenatal exposure to “X”
causes lasting harm on childhood neurological development.
The recommendations made from their study include more
targeted interventions to specific populations to better protect
pregnancies from the potential harm of exposure to “X,” so that
individuals can better protect their pregnancies from “X.”

This hypothetical scenario highlights the limited applicability
of the study’s findings due to inadequate generalizability, as it
targets a specific population with a historical reputation for being
“high-risk.” However, the origin of this historical reputation (e.g.,
systemic oppression, discriminatory stereotypes, or a history of
scientific publications labeling the community as highly impacted
by exposure to “X”) is not considered. Thus, the researchers
cannot definitively demonstrate that exposure to “X” is the
primary cause of brain and cognitive outcomes, as they fail to
conceptualize exposure to “X” within broader contextual factors.
The targeted “high-risk” population demonstrates potential flaws
in experimental design stemming from unchallenged stereotypes
and researchers’ epistemic views, leading to bias in study design
and interpretation of findings. In doing so, neuroscientists
inadvertently create publishable “evidence” that reinforces pre-
existing stereotypes and epistemic views rather than challenging
them, as advocated in this perspective piece. The narrow focus
on “X” can lead to amplified and false conclusions about the
magnitude of harm caused by “X.” Contextual factors may partially
or entirely account for prenatal exposure to “X” and brain
alterations. Further, the widespread use of cognitive correlates
to demonstrate the functionality of brain alterations remains
problematic when following the status quo in using IQ data,
given the known cultural insensitivities of IQ scores (Frisby
and Henry, 2016; Hood et al, 2022). Despite the glaring
problematic nature of this approach, it is often the current
status quo today among neuroscientific investigation in human
neuroscience. The outlined issues become even more harmful
when exposure to “X” is viewed as the responsibility of the
individual, such as a behavioral choice (e.g., lifestyle causing
hypertension during pregnancy, or substance use as a teratogen,
or obesity), effectively causing such neuroscientific publications
to drive shame, blame and stigma toward entire communities.
This masks the parallel narrative of historical and current SDoH
factors that also impact pregnancy, health, and brain development.
Incorporating SDoH conceptualization in human neuroscience
can begin to challenge many of these blind spots and harmful
practices within today’s status quo. By conceptualizing exposure
to “X” as a “symptom” of SDoH factors, it is viewed as a
correlate or symptom reflecting SDoH factors, rather than the
sole cause of brain outcomes. Here, our example illustrates how
adopting SDoH conceptualization can more accurately point to
historical and cross-generational roots with on-going impact.
Without a SDoH framework, the magnitude of the effect of
exposure to “X” is erroneously overemphasized, resulting in false
conclusions.
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2.2. Health equity tenet 2:
counterfactuals, contexts, and
confounders

“Genetics loads the gun but the environment pulls the
trigger” (Stern and Kazaks, 2009). Counterfactual theory involves
comparing scenarios related to the occurrence of an outcome
under contrasting exposure states (Bours, 2021). It seeks to
answer whether the outcome would remain the same or differ
if an exposed individual had not been exposed. Counterfactual
thinking contrasts contextual factors surrounding the outcome,
indicating that the exposure under study may be associated with
the outcome in one scenario but not in another. This approach
seeks to equalize the background risks associated with research
participants, ensuring comparability. To illustrate the application
of counterfactual thinking to, for example, colonialism and its
downstream effects, requires one to employ a Just Memory. This
involves understanding the research participants’ sociohistorical
background to adequately adjust for confounding variables.
Historical contexts can still influence current contexts, making
them vital for interpreting results from human neuroscience
research. Utilizing a counterfactual framework can help integrate
historical and current contextual factors in neuroscience research.
For example, within the counterfactual framework, considering
colonialism in human neuroscience involves contrasting the
lived intergenerational experiences of research participants under
colonialism and its oppressive policies against the experiences they
would have had without the exposure to coloniality. Quantifying
this contrast necessitates understanding confounding variables
within the study design.

Confounding refers to outcome differences resulting
from variations in the baseline risks of comparison groups
(Brooke and Finlayson, 2022). Confounding variables affect
the primary relationship under study, leading to spurious
ambiguity

within counterfactual scenarios. Accounting for confounding

associations. Essentially, confounding introduces
partially addresses the lived experiences of health inequities
among research participants. Moreover, employing an SDoH
framework is crucial to satisfactorily account for participants’ lived
experiences. By examining counterfactuals and confounders in
the context of socially constructed determinants, we can better
integrate basic sciences to understand and translate meaningful
results for our communities. We emphasize the importance of
studying both neurobiological outcomes and the participants’
environment, not in isolation but in conjunction with prevalent
social fissures. For example, when investigating the impact of
parenting on childhood brain outcomes, not only do parallel
and co-occurring confounders likely play a role (e.g., current
experienced stressors, racism, resources), but also historical factors
that have led to current co-occurring confounders and may
serve as counterfactuals (e.g., historical slavery, structural racism
like redlining, discrimination-based incarceration, race-based
incarceration of a co-parent, geographical food deserts, experienced
parenting styles under historical extreme trauma/stressors, among
others). Consider the following intuition pump, revolving around
counterfactuals and confounders, envision two hypothetical
scenarios: Scenario A, in which colonialism played a significant
role in shaping the course of history and the development of

Frontiers in Integrative Neuroscience

10.3389/fnint.2023.1035597

human neurosciences, and Scenario B, in which colonialism never
occurred. In Scenario A, colonial powers exerted control over
vast territories, imposing their scientific paradigms, language, and
culture on colonized populations. Consequently, the development
of human neurosciences was heavily influenced by the dominant
scientific paradigms and methodologies of the colonizers. In
Scenario B, societies developed independently, with diverse
cultures and knowledge systems contributing to the growth
of human neurosciences. This scenario would feature a more
equitable distribution of scientific contributions and a richer
understanding of the human brain and its functions, derived from
various cultural perspectives and intellectual traditions. Some
aspects influenced by colonialism include but are not limited to:

e Eurocentric perspectives: Colonial powers promoted
their own scientific paradigms and methodologies, often
disregarding or undermining the knowledge systems

and practices of colonized populations. As a result, the
development of human neurosciences has largely been shaped
by Eurocentric perspectives, which may have limited the
inclusion of diverse viewpoints and methodologies.

e Language and communication: The colonizers imposed their
languages on colonized territories, leading to the dominance
of these languages in scientific research and communication.
Consequently, human neuroscience research conducted in
non-European languages may have been overlooked or
undervalued, resulting in a potential loss of valuable
insights and knowledge.

e Access to resources and funding: Colonial powers often
controlled the allocation of resources and funding for scientific
research, favoring their own scientific agendas and priorities.
This has led to the development of human neurosciences
being heavily skewed toward the interests and perspectives of
the colonizers, while neglecting or marginalizing the research
interests of the colonized populations.

e Education and training: Colonizers established educational
institutions and training programs in the colonized territories,
often modeled after their own systems. These institutions
and programs emphasized the scientific paradigms and
methodologies of the colonizers, further reinforcing their
dominance in the field of human neurosciences.

e Research ethics and practices: The development of human
neurosciences under colonial influence may have been
accompanied by ethical issues and questionable research
practices, including the exploitation of colonized populations
as research subjects without proper informed consent or the
disregard for cultural sensitivities and values.

e Dissemination of knowledge: The scientific knowledge
generated by the colonizers was often disseminated through
their own channels, such as scientific journals and conferences,
which may have limited the accessibility and visibility of
research conducted by non-European scientists or those from
colonized territories.

Now, consider the confounders—factors that may influence
the relationship between colonialism and the development of
human neurosciences. These factors could include economic
systems, access to resources, technological advancements, and
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socio-political dynamics, among others. In both scenarios, these
confounders might lead to disparities in the development and
dissemination of scientific knowledge.

By comparing Scenario A and Scenario B, we can better
understand the impact of colonialism on human neurosciences and
the potential benefits of integrating diverse knowledge systems.
This thought experiment highlights the importance of considering
counterfactuals and confounders when examining the complex
relationship between colonialism and scientific development. It
encourages reflection on the biases and limitations present in
our current understanding of human neurosciences and urges
consideration of how we might move toward a more inclusive and
representative approach to scientific inquiry. By acknowledging
these influences, the scientific community can work toward a
more inclusive and representative approach to human neuroscience
research, which recognizes the value of diverse knowledge systems
and encourages collaboration among researchers from varied
research disciplines.

3. Conclusion

While human experiences are dynamic, it is grounded in
persistent structural factors largely related to imperialist policies
and principles, which continue to have a strong hold on human
neuroscience, and our pursuit to study it. Historical eugenic policies
are rooted in present-day human neuroscience methodology,
mislabeled but still trickle down to the principles in how we
measure the human brain, accounting for covert misinterpretations
[For further reading, we highly recommend the works of Gould
(1978), Gee et al. (2019), Ford (2020), and Rutherford (2021a)].
For example, a theory conceptualized by Samuel Morton in the
19th century that anthropometric cranial measurements determine
intelligence persists today despite wide opposition (Mitchell, 2018).
Human neuroscience has largely overlooked decades-to-centuries
of mismeasurement born out of oppression, power, and privilege,
and how these have impacted the context in which human
neuroscience research is conducted, by whom, with whom and
for whom. Moving the needle in human neurosciences will need
intentional and collaborative effort to effectively avoid epistemic
injustices, apply a SDoH lens, and address counterfactuals and
confounding variables as they arise in our own neuroscience
research (Carter et al,, 2022). Along with these two key tenets
of health equity and the growing literature (Carter et al., 2022;
Girolamo et al., 2022; Green et al.,, 2022; Ricard et al., 2022;
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Systems Thinking (ST) can be defined as a mental construct that recognises
patterns and connections in a particular complex system to make the “"best
decision” possible. In the field of sustainable agriculture and climate change,
higher degrees of ST are assumed to be associated with more successful
adaptation strategies under changing conditions, and “"better” environmental
decision making in a number of environmental and cultural settings. Future
climate change scenarios highlight the negative effects on agricultural
productivity worldwide, particularly in low-income countries (LICs) situated in
the Global South. Alongside this, current measures of ST are limited by their
reliance on recall, and are prone to possible measurement errors. Using Climate-
Smart Agriculture (CSA), as an example case study, in this article we explore:
(i) ST from a social science perspective; (ii) cognitive neuroscience tools that
could be used to explore ST abilities in the context of LICs; (iii) an exploration of
the possible correlates of systems thinking: observational learning, prospective
thinking/memory and the theory of planned behaviour and (iv) a proposed
theory of change highlighting the integration of social science frameworks
and a cognitive neuroscience perspective. We find, recent advancements in
the field of cognitive neuroscience such as Near-Infrared Spectroscopy (NIRS)
provide exciting potential to explore previously hidden forms of cognition,
especially in a low-income country/field setting; improving our understanding
of environmental decision-making and the ability to more accurately test more
complex hypotheses where access to laboratory studies is severely limited. We
highlight that ST may correlate with other key aspects involved in environmental
decision-making and posit motivating farmers via specific brain networks would:
(a) enhance understanding of CSA practices (e.g., via the frontoparietal network
extending from the dorsolateral prefrontal cortex (DLPFC) to the parietal cortex
(PC) a control hub involved in ST and observational learning) such as tailoring
training towards developing improved ST abilities among farmers and involving
observational learning more explicitly and (b) motivate farmers to use such
practices [e.g., via the network between the DLPFC and nucleus accumbens
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(NAc)] which mediates reward processing and motivation by focussing on a
reward/emotion to engage farmers. Finally, our proposed interdisciplinary theory
of change can be used as a starting point to encourage discussion and guide
future research in this space.

Global South, Systems Thinking (ST), climate change, mobile data collection, Climate

Smart Agriculture (C

1. Introduction

Systems Thinking (ST) can be defined as a mental construct
that recognises patterns and connections in a particular system
to make the “best decision” possible given a particular goal. In a
number of environmental fields including sustainable agriculture
and fisheries management, higher degrees of ST are thought to be
associated with “better” (e.g., optimal given preferred outcomes and
understood constraints environmental decision making in a variety
of country settings (e.g., Gray, 2018; Lalani et al., 2021; Aminpour
et al,, 2022). For example, recent studies in a North American
setting have shown that higher degrees of ST correlate with the
use of conservation practices, including pest management practices
(e.g., Bardenhagen et al., 2020), holistic management/agricultural
practices (Mann et al, 2019) and cover crops (Church et al,
2020). Higher degrees of ST have also been associated with the
use of Conservation Agriculture (CA) in Mozambique (e.g., Lalani
et al, 2021) and more recently with sustainable groundwater
management in India (Sanga and Koli, 2023). Social science
methods have often measured degrees of “systems thinking” by
exploring the qualitative and quantitative attributes of individual
mental models often through analysing concepts or cognitive maps.
Methods used to elucidate mental models through cognitive maps
such as Fuzzy Cognitive Mapping (FCM), rely upon participants
to represent their thinking process. Yet defining and measuring
“systems thinking” remains challenging (Gray, 2018). Thus, tacit
knowledge, and subconscious cognitions remain inaccessible, even
though they may play important roles in systems thinking and/or
environmental decision making especially since such decisions rely
on: (1) understanding a system’s composition and (2) incorporating
and adapting to new changing conditions as they happen to make
both short term and long term strategies for human behaviour.
Additionally, complexities have been found in other areas of
sustainable behaviour which rely on self-reports which are prone
to biases. Leeuwis et al. (2022) suggest that neuroscience tools can
provide an additional implicit measurement, for instance, when
the verbalised attitudes/intention reported may not be consistent
with actual behaviour. Moreover, studies that look at neuroscience
and sustainability are scarce and fragmented (Leeuwis et al,
2022). Furthermore, digital mobile technologies whilst not novel
in the field of cognitive neuroscience and/or cognitive psychology
have mostly been utilised in highly controlled settings and in
higher-income countries (Bhavnani et al., 2022). Sawe (2019) has
further argued that the benefits of neuroscience tools in the area
of environmental policy research provide a number of benefits
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including improving our understanding of how decision making
differs among individuals; the specific behavioural nudges that can
have an influence on decision making and the ability to make
population level inferences by looking at what types of decision
making processes are predictive of national behaviour. All of these
may overlap and interact depending on the scale/population of
interest (ibid). Furthermore, engaging lower-income countries in
such research will be important given the majority of the world
resides in lower-income countries and these are the populations
most likely to benefit from such research as such “thinking” is
culturally embedded (Valdes-Sosa et al., 2021).

1.1. Other examples of social science
frameworks used to explore environmental
decision making:

A number of social science frameworks and methods have
been used to explore environmental decision making (including
farmers’ decision making) more broadly. Some examples include
Multi-Criteria Decision Analysis (MCDA) (e.g., Kiker et al,
2005) and the utilisation of Agent-Based Modelling (ABM) such
as Zolfagharipoor and Ahmadi (2021) who employ the ABM
approach to simulate a local groundwater market in central Iran
and incorporate the theory of planned behaviour to explore the
agents’ intention of participating in the market. Similarly, Streefkerk
et al. (2023) also used ABM and coupled a spatially distributed
hydrological model to a human behavior-centered ABM and
found agropastoralists in Kenya respond differently to drought
due to differences in perceptions of their environment. Benhangi
et al. (2020) recently employed an interesting methodological
framework to assess the “learning capacity” (incorporating the
learning process and learning outcomes) of water users in Iran
and found that water users’ responses were associated with factors
such as social memory which negatively impacted water use. Other
authors have developed a socio-cognitive conceptual framework
that explicitly considers feedback from ecosystems to land use

1 We have used environmental decision making, human decision making
and farmers’ decision making interchangeably. However, there is a large
body of literature on farmers' decision making and other forms of
environmental decision making. We have only provided a few examples

for the purpose of this perspective piece.
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systems and how changes in ecosystems services then reflect in land
management decisions. The authors’ found farmers’ behaviours
were not always synonymous with their attitudes towards ecosystem
services (i.e., their decisions on changes in ecosystem services
were not reflective of their underlying beliefs towards ecosystem
services) and other factors including topographic constraints or
farmer individual and household characteristics also played a part
in land-management decisions (Lamarque et al., 2014). Finally in
a review article, seeking to understand how people make decisions
and analyse social-ecological systems, Binder et al. (2013) analysed
10 established frameworks for analysing social-ecological systems
and found that there are three types; those exploring the social
impact on the environment, others focussed on the environmental
impact on social domains and those that incorporate both social
and environmental impacts with feedback loops.

But how can current social science frameworks and
advancements in cognitive neuroscience be used to better
understand culturally embedded knowledge or ways of thinking,
ST, and human decision making, especially since climate change
and human thinking and responses are critical for all human
societies?

We posit that in addition to traditional social science
methodologies of measuring ST, integrating cognitive neuroscience
approaches that measure brain activity, can detect neural correlates?
of these otherwise inaccessible cognitive patterns. By pairing
cognitive neuroscience methods with social or psychological
measures of systems thinking, we can not only access hidden
forms of cognition, but we can also begin to outline the neural
mechanisms and corresponding psychological processes involved
in improved environmental decision making. The following uses
Climate Smart Agriculture (CSA) as a case study with the backdrop
of the importance of applying these tools/approaches to low-income
country (LICs) settings.’

1.2. A case study of environmental decision
making: the case of climate smart
agriculture

Agricultural production contributes substantially to climate
change: yearly greenhouse gas (GHG) emissions from agriculture
account for 11% of total anthropogenic GHG emissions, not
including land use change from natural vegetation/forests to
agriculture (Poeplau and Don, 2015; De Pinto et al., 2020). The
significant role that agriculture plays in contributing to climate

2 By neural correlates we use the broad definition: “brain activity that
“corresponds with and is necessary to produce a particular experience”

(Dingman, 2019).

Whilst this perspective essay has broader relevance for other
countries/LICs in the Global South we have mainly focussed on
Sub-Saharan Africa and Southern Africa in particular (e.g., Malawi and
Mozambique). We envisage piloting the approach in one of these
countries where the research team has prior experience of working on
this topic and living in the region. Where relevant we have referred to

other countries.
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change has increased the importance of Climate Smart Agriculture
(CSA) both from the potential of contributing to mitigation and
also more importantly to climate change adaptability. CSA is an
approach based on three main objectives: (i) sustainably increasing
agricultural productivity and incomes; (ii) adaptation and building
of resilience to climate change; and (iii) reducing and/or removing
greenhouse gas emissions, where possible (FAO, 2022a). A CSA
practice is considered to be context-specific and dependent on a
range of factors (e.g., local, socio-economic, and environmental
factors) and implemented at the field level (FAO, 2022a).

CSA practices have been associated with improvements in
natural resource sustainability (e.g., soil and land) and preservation
of vital ecosystems which contribute to enhancing resilience and
climate change induced vulnerabilities both at the farm/household
level and wider landscape level (Saran et al., 2022). Future climate
change scenarios have increasingly highlighted the negative effects
on agricultural productivity worldwide (e.g., Nelson et al., 2014)
and this is likely to be especially acute in low-income countries
(LICs), particularly for those situated in the Global South (e.g.,
Morton, 2007).

1.3. CSA in Africa

Two-thirds of the world’s poorest people reside in rural
areas (76% are located in Africa) and are primarily engaged in
agriculture (World Bank, 2014; IFAD, 2020). Although Africa
has had the largest annual rate of net forest loss (3.9 million
hectares) over the period 2010-2020 (FAO, 2020) and this has
steadily increased in recent decades; Africa is still the smallest
contributor to global greenhouse gas emissions though the most
vulnerable to the impacts of climate change (Gonzalez-Sanchez
et al, 2019). Some authors have suggested there exists limited
scope for carbon sequestration via certain CSA practices such as
crop residue retention due to the “sink saturation effect” ie., a
point being reached when no net carbon sequestration takes place
beyond this; the authors do point out that improving the organic
matter in soils is still desirable given changing conditions (e.g.,
Berthelin et al,, 2022). Moreover, recent studies at a regional level
in Africa (Gonzalez-Sanchez et al, 2019) and modelling at a
global scale have suggested that these practices can increase food
production for millions of people and reduce GHG emissions (De
Pinto et al, 2020). For example, CA has been associated with
an increase in productivity, improvements in household income,
and enhanced food security at the household-level in Mozambique
(e.g., Nkala et al, 2011; Lalani et al.,, 2021). Others have found
that CA usage in Zambia, for instance, has substantially increased
maize production and reduced household poverty (Abdulai, 2016)*.

4 For the purposes of this article sustainable agriculture is used
interchangeably with CSA. In short, Conservation Agriculture (CA) is
defined as the simultaneous application of three principles: (i) minimum
soil disturbance (i.e., no-tillage); (i) maintenance of a permanent
soil cover such as through the retention of crop residues, and;
(iii) diversification of plant species via crop rotations and/or crop

sequences/associations. Although context-specific and locally adapted,
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However, farmers must identify what is considered “climate-smart”
in their own contexts (e.g., biophysical, socio-economic, etc.)
(De Pinto et al, 2020). Whilst there have been many successes
(e.g., Kassam et al,, 2017), CSA practices are often perceived as
“knowledge-intensive” and notwithstanding other constraints it has
been suggested this can deter farmers from using such practices
(e.g., De Pinto et al,, 2020). In a number of LICs (including in
Sub-Saharan Africa), the use/local adaptation of practices remains
low® (Makate, 2019). Practices such as crop burning and tillage are
widely used which have led to widespread soil degradation further
limiting the potential for agriculture production (Rockstrom et al,,
2009). It is important to note, however, that elements of “modern”
agriculture and the application of science and technology have
been historically linked to colonial structures in Africa (Moyo,
2010). For example, the focus on monocultures and subsequent
investment in the processing of sugarcane and other crops (e.g.,
tobacco) in Malawi stemmed from white settlers in the 1800s
(Buchanan, 1885; Woods, 1993; Moyo, 2010). Moreover, settlers
were amazed to find local people cultivating crops such as maize
and beans in mixtures (e.g., intercropping which is considered to
be among the oldest indigenous agriculture production techniques
in tropical Africa) as well as the practice of minimum tillage as
local farmers tilled the land at a very shallow depth (less than
25 cm deep) which was described as a “mere scratching of the soil
surface” (Buchanan, 1885 cited in Moyo, 2010; Rogé et al., 2016)
It has thus been argued that land degradation is in part attributed
to a legacy of colonial policies which discouraged these indigenous
practices (Rogé et al., 2016). Thus, Moyo et al. (2022) have recently
advocated for the co-creation of knowledge which includes farmers’
indigenous knowledge (local knowledge) and scientific knowledge
thereby leading to more holistic knowledge®. Our focal point is
thus SSA where both culture (ways of thinking) and environmental
conditions (regional and local) are immensely diverse; farmers’
indigenous knowledge has historically often been discarded (e.g.,
Kerr et al.,, 2022; Moyo et al, 2022) and demand for food and
nutrition security/climate change adaptation remains constant if
not increasing (FAO, 2021). Recently, neuroscience researchers
have also called on the neuroscience community to conduct more
work globally on environmental conservation including the use of
no-tillage (i.e., forms part of CSA practices) (Keifer and Summers,

2021).
But do farmers that use CSA practices have individual thinking

patterns that are unique from those that do not (e.g., increased or
decreased ST or not) and how do we know what types of thinking
lead to better human adaptations to a changing climate?

CA is considered to be the core production system component of CSA
which is, however, broader in scope and includes other domains (e.g.,
De Pinto et al,, 2020; for a more detailed description see FAO, 2022a and

FAO, 2022b; Mkomwa and Kassam, 2022).

5 There are many examples, however, where farmers indigenous
knowledge are climate smart by nature. For example, the indigenous Zai
pit system used to improve soil fertility and conserve water in many parts

of Africa.
6 Itis beyond the scope of this article to discuss the extensive literature on

this topic. For a good overview see Sumane et al. (2018).
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This perspective essay outlines a research agenda to explore
systems thinking from both a social science perspective and
a cognitive neuroscience lens in order to help elucidate key
mechanisms of decision making with respect to CSA practices.
The article is structured as follows: (i) ST from a social science
perspective; (ii) cognitive neuroscience tools that could be used to
explore ST abilities in the context of LICs; (iii) an exploration of
the possible correlates of systems thinking: observational learning,
prospective thinking/memory and the theory of planned behaviour
and (iv) a proposed theory of change highlighting the integration of
social science frameworks and a cognitive neuroscience perspective
that can be used to enhance our understanding of ST and farmers’
decision making.

2. Systems thinking—a social science
perspective

Measures of ST have indicated decision-makers that show more
evidence of ST/indicators correlate with more desirable human
and environmental outcomes (see Aminpour et al, 2022) given
competing outcomes and depending on what the decision-maker
needs wants to optimise. However most of this research has been
limited to social science disciplines. While ST has been a popular
approach for decades to understand “better” and value-laden
decision making (Stave and Hopper, 2007; Skaza and Krystyna,
2009), there remain significant gaps in understanding how ST is
promoted and how to assess and measure ST understanding. The
popularity of promoting ST across disciplines is based on two major
benefits. First, ST relies on the notion that if decision-makers,
formally or informally, can develop skill sets that allow them to
think deeply (and demonstrate that through cognitive mapping
empirical evidence) about the complex dynamics of systems, they
are better prepared to predict a system’s behaviour, and engineer
solutions that lead to more favourable outcomes (see identifying
“leverage points” discussed in Meadows, 2008). Additionally, since
ST is a highly generic, synthetic, and generalizable construct, it
can also be a useful way for decision-makers to integrate and
synthesise knowledge across domains (Arnold and Wade, 2015).
Such systemic thinking generates habits of mind (Kay and Foster,
1999; Steinkuehler and Duncan, 2008) that are useful frameworks
for reasoning about and abstracting over a range of systems that
underlie personal or global problems (Tabacaru et al., 2009). For
example, Sterling et al. (2010) have argued that a systems view
of the interacting biophysical and cultural systems at the core of
biological diversity can result in more effective conservation targets
and strategies.

2.1. The importance of understanding
individual mental models

To understand individual farmers’ perceptions, research has
traditionally focused on understanding and measuring their
“mental models” as they relate to CSA and behaviours. The
notion of mental models, which was first introduced by Craik
(1943), has been widely used to study how individuals and groups
understand the world and make decisions within it (see review
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by Jones et al,, 2011). These internal models are often elicited and
represented through concept or cognitive mapping. A cognitive
map can be thought of as a graphical map that reflects mental
processing, which is comprised of collected information and a
series of cognitive abstractions by which individuals filter, code,
store, refine and recall information about physical phenomena
and experiences into an external representation (Vanwindekens
et al,, 2013; Vuillot et al, 2016; Levy et al,, 2018). Therefore,
understanding variation in farmer mental models, and indeed
in some cases how consistent these perceptions align with
measurements of external “reality”, can shed light on human
decision making and subsequent behavioural intentions and
behaviours (Halbrendt et al., 2014).

2.2. Concept mapping to represent mental
models

Concept mapping is often used to externally represent
individual mental models and as an additional tool to explore
dimensions of ST. For example, knowledge of a specific topic is
represented graphically with directional lines used to illustrate
relationships between concepts (Novak and Canas, 2006). It
has also been used in prior research exploring students’ ST
with respect to sustainability issues (Brandstidter et al, 2012).
Concept generation is a process of first-order thinking involving
memorization and knowledge combination, and also higher-order
thinking involving memorizing, reasoning, relational thinking, and
knowledge organization (Zvacek et al,, 2012; Taura and Nagai,
2013).

2.3. Using Fuzzy cognitive maps to
represent mental models

One recent and semi-quantitative way to measure individual
mental models has come through Fuzzy Cognitive Mapping (FCM).
FCM has been used in many contexts ranging from fisheries
management to agricultural development to generate graphical
models of complex systems that are useful for decision making,
illuminate the core presumptions of local stakeholders, structure
complex problems for scenario development, and understand
degrees of ST (e.g., Halbrendt et al, 2014; Lalani et al,
2021). FCM has become popular because it takes a bottom-up
approach and can incorporate a range of individual, community-
level, and expert knowledge into an accessible and standardized
format to better understand individual mental model variation
among communities or stakeholder groups but also elucidate
more the more “community-level” understanding that to some
extent highlights societal understanding and their associated
behaviours (see Aminpour et al,, 2022). FCMs are semi-quantitative
instantiations of graph theory, the structure between state space
variables can be represented mathematically. These structural
measures are generated by converting cognitive maps into an
adjacency matrix filled with positive or negative values that define
relationships between variables on a scale between +1 and —1.
Representing the structural relationships of these concepts in a
matrix allows each variable to be categorized in one of three ways:
(1) as a driving variable, i.e., forcing component; (2) receiving
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variable, i.e., impacted component; or (3) an ordinary variable,
i.e., intermediate component (Nayaki et al,, 2014). A variable’s
relative importance for the system can be determined by the
strength of its incoming and outgoing edges using centrality
measurements common to network analyses (see Ozesmi and
Ozesmi, 2004). FCMs can also be characterized by a range of other
quantitative metrics, including density, which allows models to be
compared with each other based on their overall structure (see Gray
et al,, 2015 for a review of structural metrics). Importantly, FCMs
can run “what-if” scenarios (Kosko, 1986; Ozesmi and Ozesmi,
2004). That is, FCM computation can show the relative changes
in the state of the system’s components given a particular input or
combination of inputs (i.e., a forced manipulation in the state of the
system, also known as system “activation”). When one component
is activated (i.e., sends a signal), it triggers a cascade of changes
to other system components based on how they are connected
and in this way represents the dynamics of a personal scenario
in an individual’s mental model. This process continues in several
iterations until the initial signal has passed through the entire FCM
and all components reach a steady state. By comparing the system
state at the beginning with that at the end of the process, we can
assess the direction and strength of impact that the change has had
on all other components. Such FCM simulations provide the toolset
for a dynamic analysis of mental models and have been used by
many researchers to represent belief-based predictions (e.g., Jones
et al., 2011; Halbrendt et al., 2014; Stier et al., 2017; Cholewicki
et al,, 2019). For more information about the scenario analysis
and equations see Ozesmi and Ozesmi (2004) and Aminpour et al.
(2020).

2.4. Measuring degrees of systems thinking
using network analysis

Systems thinking is an important skill that helps humans
understand and manage complex systems (Senge and Sterman,
1992) and because of FCMs semi-quantitative and dynamic
analytical capabilities, research has recently begun to define
network-based metrics with degrees of ST. In particular, the
ability to define components and understand the dynamics of
a system in a systematic way can improve farmers engagement
with sustainability issues, because these are always complex
with intertwined social, environmental, and economic aspects
(Aminpour et al, 2022). Farmers who use higher degrees of
systems thinking can better understand the complex dynamics
of a system: they are more likely to better predict a system’s
behaviour, identify leverage points (Meadows, 2008), and evaluate
the trade-offs between different decisions made within the system.
In addition, Levy et al. (2018) have shown that the degree of
“systems thinking” can be measured using network analysis of
mental models that represent perceived causal structures between
system components. As such, network metrics that measure the
degree of complexity, non-linearity, non-hierarchical causation,
cyclic (closed loop) interdependence, and feedback representation
may exemplify higher levels of systems thinking. So-called “micro-
motifs” allow for the clustering of cognitive maps on a spectrum to
indicate the degree of systems thinking in decision making mental
models.
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3. Measuring systems thinking through
the use of mobile tools in LICs and a
cognitive neuroscience lens

While FCM and related network approaches have made some
strides in measuring systems thinking, they are limited by their
reliance upon participants’ meta-cognition, recall, honesty, and
ability to articulate their thoughts and possible measurement errors
given the complexity of the task. This leaves early, subconscious,
tacit, and socially-undesirable patterns of thinking inaccessible,
even though those may play important roles in environmental
decision making. In contrast, neuroscience measures of brain
activity can access these kinds of cognition by observing their neural
correlates by pairing the network measures from concept mapping
with brain activity (e.g., Hu et al., 2019).

Systems thinking relies on efficiency, effectiveness, and
reliability (Grohs et al,, 2018) of a complex neuroarchitecture.
The neural activity that governs our everyday lives involves an
intricate coordination of many processes that can be attributed
to a variety of brain regions. At best, the numerous dynamic
networks underpinning systems thinking can be understood using
a systems-level approach such as neuroimaging (Hu and Shealy,
2018; Hu et al, 2019) which enables the collection of objective
physiological data during cognitive activity. Hu et al. (2019)
used functional near-infrared spectroscopy (fNIRS) to measure
and compare BOLD response among engineering students during
concept generation and concept listing exercises, to measure
systems thinking, for grand challenges to sustainability. The authors
showed that engineering students generated significantly more

FIGURE 1

The frontoparietal network, indicated by the arrow, extending from
the dorsolateral frontal (DLPFC) cortex to the parietal cortex (PC)
is a control hub involved in Systems Thinking (ST), observational
learning. This region also overlaps with the putative mirror neuron
system extending from the inferior frontal gyrus (IFG) to the
inferior parietal lobule (IPL). The network between the DLPFC
and nucleus accumbens (NAc) mediates reward processing and
motivation which is important for observational learning. DLPFC
is also linked with pro-environmental behaviour. Source: Image of
Brain produced using 3D Brain (brainfacts.org).
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concepts when using concept maps than making linear lists. During
tasks of mapping and listing concepts, the BOLD response which
is a measure of cognitive activation, was significantly different in
two brain regions: the dorsolateral prefrontal cortex (DLPFC) and
parietal cortex (PC) (Figure 1). This is a significant finding because
both the DLPFC and PC are brain regions known to be involved
in higher order executive functions, adaptive thinking (Bembich
et al,, 2014), and sequence processing (Kohler et al., 1995), all key
components of concept mapping.

To measure systems thinking in “field” settings in LICs, the
field neuroimaging protocol needs to outline considerations for
travelling with and setting up a portable neuroimaging laboratory
in low-resource contexts.

3.1. What are the appropriate tools that can
be used in a LIC setting?

When considering the appropriate neuroimaging tool, it is
worth bearing in mind that electroencephalogram (EEG) provides
temporal resolution in the milliseconds range while functional
magnetic resonance imaging (fMRI) provides a high level of
spatial resolution. Recent methodologies such as functional Near
Infrared Spectroscopy (fNIRS) provide better temporal resolution
than fMRI and better spatial resolution than EEG (Lloyd-Fox
et al,, 2010). Researchers use fNIRS to study experimental tasks
related to thinking (Pike et al, 2014), decision making (Cazzell
et al, 2012), and problem-solving (Leff et al, 2009) because
it is more ambulatory compared to EEG and allows for the
flexibility to study human cognition in “real life” settings compared
to fMRI (Irani et al, 2007). Both fNIRS and fMRI measure
changes in oxygenated blood, or oxygenated haemoglobin, and
deoxygenated haemoglobin to give a readout of brain activity. fNIRS
neuroimaging is well-suited for field research (Baker et al,, 2017).
A key advantage of fNIRS is its portability (i.e., some systems
may fit in a suitcase), ease of use, and the fNIRS system also
tolerates movement well compared to fMRI. fNIRS have superior
temporal resolution to fMRI and also has good spatial resolution;
the fNIRS’ depth of recording in the human cortex is less than
fMRI, measuring about 3-4 cm in depth, which is well-suited for
studying cortical functions (Jasinska and Guei, 2018). A limitation
of using NIRS is that the spatial resolution is limited compared
to fMRI and therefore considered less appropriate when deeper
brain structures (such as the nucleus accumbens) are of primary
interest (Kopton and Kenning, 2014). This could be a limitation
of using the technology, but in the absence of better portable
technology fNIRS could offer a reasonable solution. Mobile EEG
tools are also available for recording brain activity and have
field recording potentials. However, these are more applicable to
consumer applications. While recent research has demonstrated
the accessibility, feasibility, and usability of Electroencephalography
(EEG; e.g., EMOTIV +) in a rural area (predominantly agricultural
area) of India. Similar research using EEG has been conducted in
Malawi, The Gambia, and Bangladesh (Bhavnani et al., 2022), and
further work is required to establish mobile EEG methodologies
for neurodevelopmental research (Lau-Zhu et al., 2019). Compared
to more traditional research-grade high-density EEG systems,
mobile EEG has been used in a limited number of research
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studies and has better applications in sports, neurofeedback, and
motor rehabilitation. For this type of research (e.g., exploration of
neural correlates of ST) neuroscience experts from the University
of Geneva have recommended using Near-Infrared Spectroscopy
(NIRS) (e.g., https://neurolite.ch/en/products/nirs/portalite-mkii;
University of Geneva, Personal Communication). Advantages
include better spatial coverage, rapid onboard data collection, and
the ability for a non-specialist with relatively limited training
to gather data (ibid). Whilst it has been noted that EEG and
fNIRS have excluded participation among participants due to hair
structure, skin pigmentation, etc. (e.g., Green et al,, 2022; Webb
etal, 2022), these alternative designs allow for the ability to engage
a wide variety of participants irrespective of skin pigmentation’
(University of Geneva, Personal Communication).

4. Correlates of systems thinking:
observational learning, prospective
thinking/memory and the theory of
planned behaviour?

We have highlighted in the previous section how such
methodologies may be incorporated in an “in-the-field” setting
particularly in an LIC context. The task ahead is to then explore to
what extent these neural correlates of ST are associated with other
aspects involved in environmental decision making. The following
makes the case for including observational learning, prospective
thinking/memory, and constructs that form part of the theory
of planned behaviour that have played important roles in our
understanding of environmental decision making including CSA
practices/other pro-environmental behaviours in a wide variety of
country settings (e.g., Kondylis et al, 2016; Lalani et al.,, 20165
Maertens et al., 2020; Doell et al., 2021).

4.1. Observational learning

Observational learning occurs through the observation of
others even when this may happen in the context of other
activities (Fryling et al, 2011). It requires observing the actions
of others which is also known to vicariously recruit brain
regions traditionally associated with action execution (Rizzolatti
and Craighero, 2004; Gazzola and Keysers, 2009; Caspers et al,,
2010). Several studies have reported that the fronto-parietal human
mirror neuron system (hMNS) is strongly recruited while observing
actions during the learning of new motor patterns through
imitation of other’s actions (Buccino et al., 2004; Vogt et al., 2007;
Fabbri-Destro and Rizzolatti, 2008; Cross et al., 2009). The same
hMNS is also activated when participants simply view the actions
of others without needing to replicate them, or when they simply
execute these actions (Gazzola and Keysers, 2009).

The hMNS was found to be strongly activated while participants
were observing others’ actions during the acquisition of motor

7 We envisage using NIRS given these specific advantages and its

portability/ease of use.
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patterns (Caspers et al,, 2010). Traditionally, cognitive neuroscience
has therefore focussed on the hMNS (Ramsey et al., 2021).

More recently, this has extended beyond the hMNS and
involved the extended motor network. Whilst there are a number
of types of observational learning (see Ramsey et al,, 2021 for a
comprehensive review) we refer to the subtype of observational
learning (observational motor learning) that requires: (i) an action
being observed; and (ii) an enduring change to motor performance
must occur (Ramsey et al., 2021). Two types of tasks are involved,
namely: (i) sequence learning (e.g., learning to dance or ride a
bike) usually measured by serial reaction time, and (ii) motor
adaptation (concerned with maintaining consistent performance in
light of bodily/environmental changes) studying using visuomotor
adaptation tasks (Ramsey et al., 2021).

Calvo-Merino et al. (2006) showed that mirror neuron
development relates to the previous motor experience of
performing that action; importantly highlighting there are
differences by gender. In this study, expert dancers were shown
videos of ballet moves that were familiar to both genders.
Interestingly, when dancers viewed moves from their “own motor
repertoire” (i.e., in this case gender) higher premotor, parietal, and
cerebellar activity was found (Calvo-Merino et al., 2006). It is also
argued that sensorimotor experience enables mirror neurons to be
created by the experience of observing and practicing the action
(Heyes, 2009). Interesting parallels can be made with the knowledge
and use of sustainable land management techniques. Kondylis
et al. (2016) found in communities that were randomly selected
to have a trained female extension officer in Mozambique (and
encouraged to train other women) that higher levels of knowledge
and adoption of pit planting (CSA practice) were found among
women farmers.

4.2. Current observational learning
research methods

Three main types of task design are currently used in
observational learning research (Kang et al,, 2021). Monfardini
et al. (2008) employed a visuomotor learning task design where
participants were tasked to watch an actor making motor responses
according to the stimulus presentation with post-response feedback
(i.e., a binary response regarding whether the actor made the
right choice where their reaction times were also recorded).
One advantage of this design is that it allows the detection of
brain activity when participants retrieve rules (Kang et al., 2021).
Monfardini et al. (2013) later built on this design by introducing
the learning by observation task (LeO) whereby participants
(whilst being scanned by fMRI) were asked to learn stimulus-
response associations by watching a video demonstration of an
expert performing the correct visuomotor associations which
enabled the identification and comparison of brain networks
“mediating processing of errors and successes during individual
and observational learning” (Monfardini et al., 2013). Burke et al.
(2010) employed an observational learning task “two-armed bandit
problem” where participants had to make a choice based on
two abstract stimuli to either gain a stochastic reward or avoid
a stochastic punishment. Of the two stimuli one provided a
consistently good outcome (reward or absence of punishment 80%
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of the time) and the other a consistently bad outcome (punishment
or absence of a reward 20% of the time) whilst being scanned
by fMRL

4.3. A systems approach to understanding
observational learning

Various researchers have suggested that direct simulation of
observed social events through mirror-like mechanisms are at the
heart of this experiential understanding of others by activation
of matching neural substrates in the observer through which
the action can be understood (Rizzolatti et al,, 2001; Gallese,
2003; Wicker et al., 2003; Goldman and Sripada, 2005; Keysers
and Gazzola, 2006). While some researchers focus on the role
of motor areas in social cognition (e.g., motor theory of social
cognition, Jacob and Jeannerod, 2005), others describe a more
embodied simulation that involves a linkage between the first
and third person experiences of actions, sensations, and emotions
(Keysers and Gazzola, 2006). Although there is no doubt that one
can understand others’ emotions via inferential mental processes
(as during the observation of emotions), there is clear evidence
that brain structures involved in the integration and control of
emotions, like the insula and the anterior cingulate, respond
both when one feels an emotion (e.g., pain or disgust) owing
to natural stimuli, or when one observes that emotion in others
(Carr et al,, 2003; Gallese, 2003; Wicker et al., 2003; Singer et al.,
2004). This is a relevant mechanism which could be hypothesised
to allow a direct first-person understanding of others’ emotions,
especially in the context of positive emotions (e.g., Doell et al,
2021). Doell et al. (2021) showed that observational learning
played a key role in commitment to pro-environmental behaviours.
More specifically, those with higher levels of positive trait affect
(those that tend to experience positive emotions with respect to
positive environmental outcomes) were found to commit more
pro-environmental behaviour and achieve greater shifts in positive
state. These shifts occurred for pro-environmental behaviour that
was committed by the individual and for those that were learned
from others (observed).

Thus, it has been argued that the process of learning by
observation is mediated by brain regions encompassing the
dorsal fronto-parietal, the fronto-striatal, and the cerebellar
networks. It partly exploits the same neural system mediating
individual learning, visuomotor transformations, and the control
of goal-direct attention (Monfardini et al., 2013). As a flexible hub
of cognitive control, the frontoparietal network carries information
about the items stored in working memory and governs the cascade
of attentional processes that underlie complex cognitive functions
and fluid intelligence (Duncan, 2010, 2013; Stoewer et al.,, 2010).
Functional connectivity between the frontoparietal network and the
nucleus accumbens which is involved in reward processing and
motivation may also be involved in learning by observation. Hence,
we hypothesize that ST leverages the same cognitive flexibility of the
prefrontal cortex, involving either the dorsolateral prefrontal cortex
(DLPEC) or the parietal cortex, that drives observational learning
(Kang et al., 2021) (Figure 1).

For example, Maertens et al. (2020) found that farmers
that participated in season-long farmer-led demonstrations in
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Malawi formed beliefs about the usefulness of the specific CSA
practices though these were dependent in part on how similar
their own conditions were to the demonstration plot and how
well the demonstration plot performed. The authors suggest that
the learning process is a two-stage process by which farmers
first formulate beliefs based on their own “first-hand and local
experience” which then provides an impetus to invest time in
learning about the specific practices. These observations seem
to indicate a strong link between the ability to recruit higher
cognitive networks to learn from observations and execute action
subsequently. Thus, this may go beyond the hMNS to include areas
of reward and cognitive control as with respect to social learning,
reward centers coordinate learning by direct experience (Ramsey
et al., 2021).

Learning about sustainable behaviour (e.g., CSA practices)
through observation of peers is critical to encourage farmers
This aspect of
observational learning and storing the information as part of

towards sustainable agricultural practices.
the brain’s executive functioning, and retrieving the information
later to improve future behaviour, supports prospective memory.
Successful prospective thinking (described in the next section)
enables a person to anticipate a future intention. When evaluating
sustainable practices, especially when thinking prospectively, it
is important to shift from thinking about individual parts and
to adopting a more systems approach by focusing more on the
linkages and interactions of each action. Ramsey et al. (2021)
have also argued for more research using fNIRS; integrating
observational learning with motivations, goals, and intentions and
exploring how learning occurs in groups and in real-life situations.

4 4. Prospective thinking/memory

Another important factor that determines the likelihood of
farmers adopting pro-sustainable behaviour is their ability to
project themselves adopting the behaviour in the future, referred
to as prospective thinking (Schacter et al, 2012). It requires the
ability to flexibly retrieve and recombine information from past
experiences into simulation and mental imagery related to future
events (Szpunar, 2010; D’Argembeau et al.,, 2011; D’Argembeau
and Demblon, 2012; Schacter et al,, 2012). This involves a core
network of brain regions, featuring the hippocampus (HC) and the
ventromedial prefrontal cortex (vmPFC) (Schacter et al.,, 2017). The
HC plays an important role in recombining memories to mentally
simulate future events (Wu et al, 2015). The vmPFC provides
contextual details and imagines the future situation (Barron et al,,
2013; Benoit et al., 2014).

Brevers et al. (2021) showed that prospective thinking about
sustainable behaviours activates a brain network involving the
vmPFC, HC, and parahippocampal gyrus. Additionally, activation
of vmPFC was triggered during prospective thinking of highly
feasible sustainable behaviours. Increasing sustainable behaviours
were rated as more feasible suggesting that forming sustainable or
“good habits” might be more efficient (Galla et al.,, 2015; Wood,
2019) or less effortful (Inzlicht and Schmeichel, 2012; Inzlicht et al.,
2014) compared with reducing unsustainable or “bad” ones.

Implicit memory interventions have also been suggested that
can be further strengthened by neuroscientific tools to monitor
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processes before behaviour change occurs (e.g., Leeuwis et al,
2022). However, it is argued that only when action is regularly
performed does habit emerge which can be defined as automatic
responses from memory that led to behaviour in the past
(Verplanken and Orbell, 2022). Possible measures have included
self-reports of habitised behaviour (Verplanken and Orbell, 2003),
reaction time measures of context-response associations (e.g., Neal
etal,, 2012) or speed of response switching (e.g., Luque et al., 2020).

The following section outlines the most common model
used to wunderstand human behaviour. Notwithstanding
this, other authors have also highlighted that more research
and habits is warranted

on attitudes, intention behaviour,

(e.g., Gardner et al,, 2021).

4.5. The theory of planned behaviour

The Theory of Planned Behaviour (TPB) is the most common
social-psychological theoretical framework used to understand
the dynamics of decision making and human behaviour (Ajzen,
1991; Brosch et al, 2014). It posits that human behaviour
is guided by three specific considerations: behavioural beliefs
such as the advantages and disadvantages associated with the
behaviour; the opinions of significant others towards the behaviour
(normative beliefs), and beliefs about possible factors that may
hinder or facilitate the performance of the behaviour (control
beliefs) (Ajzen, 2019). Moreover, the aggregated beliefs produce a
positive or negative attitude, subjective norm (i.e., social pressure
to conform to the respective behaviour as a result of normative
beliefs), and perceived behavioural control (i.e., to what extent
the individual perceives to have control over engaging in the
behaviour based on control beliefs) (Ajzen, 2006). These together
shape an individual’s behavioural intention. Moreover, the stronger
the attitude, subjective norm, and perceived behavioural control the
stronger one’s intention is likely to be to perform the behaviour
under study (Davis et al, 2002). It is also proposed that an
individual will act on their intention where there exists actual
behavioural control (perceived behavioural control can act as a
proxy) and the opportunity presents itself (Ajzen, 2006). The type
of instruments used to measure these constructs are based on
elicitation of beliefs in a free-response format (e.g., to understand
accessible behavioural beliefs such as advantages and disadvantages
of the behaviour which in theory are important determinants of
attitude) and then implementation of a questionnaire using self-
reports (see e.g., Ajzen, 1991). Extensions to the framework have
been proposed such as the incorporation of appraisal-emotion
variables which helped to explain additional variance in the
intention that is not explained by the current variables (i.e., emotion
is only considered as a background factor in the current TPB
model) (see Brosch et al.,, 2014). The authors posit that alongside
the TPB variables both the pattern of an individual’s appraisal
and an individual’s emotional reactivity in certain situations allow
for enhanced understanding of an individual’s intention, especially
with respect to engaging in energy-saving behaviours (Brosch et al.,
2014). Lalani et al. (2016) found the TPB model explains a high
proportion of variation in intention to use CA (a component
of CSA) for smallholder farmers in a district of Northern
Mozambique. Farmers™ attitude was found to be the strongest
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predictor of intention followed by perceived behavioural control
and subjective norm. More positive environmental beliefs and
pro-environmental behaviour have also been linked to brain activity
within the DLPFC (e.g., Baumgartner et al., 2019) (Figure 1).

In this section, we have outlined that specific brain activity
associated with ST may correlate with other key aspects involved
in environmental decision making in this case CSA. Key brain
regions/networks of interest include the frontoparietal network
extending from the DLPFC to the parietal cortex (PC) a control hub
involved in ST and observational learning. Moreover, the network
between the DLPFC and nucleus NAc mediates reward processing
and motivation which is important for observational learning and
pro-environmental behaviour. We posit that it would be important
to engage these brain structures to: (a) enhance understanding of
CSA practices (e.g., via the frontoparietal network) such as tailoring
training towards developing ST (e.g., Gray et al, 2019) among
farmers and involving observational learning explicitly and (b)
motivate farmers to use such practices (via the network between
the DLPFC and NAc which mediates reward processing and
motivation by focussing on a reward/emotion to engage farmers.
The following section outlines an interdisciplinary approach to
measuring ST, possible correlates of ST, and the use of CSA practices
by farmers.

5. Proposed theory of change (TOC)
and limitations

Figure 2 proposes a Theory of Change (TOC) that will allow
us to measure the mechanisms behind systems thinking, correlates
with other important aspects of environmental decision making and
to what extent this is associated with the use of CSA practices.
We have highlighted the possible links/correlations that exist
(highlighted by the lines but because the directionality is unknown
we have not sought to propose what the effects are in the figure).
The numbered nodes from each box/theme highlight possible
indicators/metrics that we feel are worth considering. Background
factors and the Adoption of Sustainable Practices Index used
by Bardenhagen et al. (2020) which provides information on
the practices used by farmers and the participation in social
learning activities will help to explore to what extent such factors
mediate ST/observational learning and use of CSA practices
(Figure 2).

Whilst there are clear examples of studies exploring ST with
cognitive neuroscience tools (i.e., through concept mapping and
the use of fNIRS) in a laboratory setting (e.g., Hu et al, 2019)
to our knowledge there is no research to date exploring the
relationship between ST and observational learning and/or the use
of CSA practices involving mobile neuroscience tools/measures in
an LIC. A recent systematic literature review on systems thinking
in engineering found that the triangulation of ST via multiple
assessment types such as the use of concept mapping and fNIRS
(Hu and Shealy, 2018) is likely to be beneficial (Dugan et al., 2022).
To this end, we have proposed using NIRS and concept mapping
similar to the approach taken by Hu and Shealy (2018) and the
use of FCM which therefore provides several forms of triangulation
(Figure 2).

frontiersin.org


https://doi.org/10.3389/fnint.2023.1145744
https://www.frontiersin.org/journals/integrative-neuroscience
https://www.frontiersin.org/journals/integrative-neuroscience#articles
https://www.frontiersin.org

1. Dorsal fronto-parietal

1. Hippocampus

2. Fronto-parietal

2. Ventro-medial Prefrontal Cortex

3. Cerebellar

Mirror Neurons

Learning by
Observation

v

Memory

rospective
Thinking/

3. Parahippocampal Gyrus

Climate Change

Adaptation

3. More efficiency between PFC & PC
f
2. Lower BOLD in Parietal Cortex
I

1. Higher BOLD in dorso-lateral Prefrontal Cortex
f

FIGURE 2

1 Adoction of Sustainable (7 Climate Smart
. option o ustainable il -
Pracices Index Ffarmers tKnoth_edg/eb/uske q Agriculture (CSA)/ _| Climate Change
2. Background factors anc(‘igl:'sen practices/backgroun Conservation Mlt'gatlon
O gt - - Agriculture (CA)
) . Climate
. ? Resilient
(SgStemstTh'“k'“g ? Systems Livelihoods
oncep Thinking (FCM
Mapping/fNIRS) inking (FCM)
1 2 3

2. System Function

1. System Structure

Theory of change. Please note some of the indicators/brain regions highlighted in Figure 2 are based on a scan of the literature and/or the use of
fNIRS (e.g., under concept mapping). This might be slightly different with the use of NIRS (focus on the prefrontal cortex).

4. Trade Offs

3. Leverage Points

We propose that higher forms of ST are associated with an
enhanced ability to respond to observational learning (e.g., Zonca
et al,, 2021%) and further posit that this correlates positively with
prospective thinking/memorys; attitude, subjective norm, perceived
behavioural control and thereby intention to perform the behaviour
(theory of planned behaviour constructs referred to as planned
behaviour in Figure 2). Whilst the observational task designs
mentioned in the previous section have utilised fMRI we envisage
that it would be possible to adapt methodologies by Burke et al.
(2010) and Monfardini et al. (2008, 2013) whilst participants are
monitored by NIRS and performing tasks using a tablet. For
example, observational task designs (e.g., Burke et al., 2010) could
be adapted to ask farmers to choose the “best” set of practices
to achieve a reward (positive harvest) and avoid a punishment
(crop failure) in anticipation of a dry season/drought (with stimuli
showing certain CSA practices if employed providing a much
higher probability of avoiding crop failure) compared to another
set of stimuli with a set of practices less likely to achieve a positive
outcome. Another option could be to adapt the approach taken by

8 Although Zonca et al. (2021) did not look at ST abilities they found
that individuals with a low initial level of strategic sophistication did not
succeed in learning from observation compared to those with a higher

level of strategic sophistication.
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Monfardini et al. (2008) who compared brain responses in relation
to the retrieval of visuomotor associations learned by observation
or by trial and error (individual learning). It may also be possible
to adapt current visuomotor associations to show farmers a video
of a farmer/actor performing a set of agriculture practices (motor
responses) and gather post-response feedback (e.g., binary response
based on whether the farmer made the “right” choice or not).

Equally, it could be possible to adapt cue-exposure paradigms
(e.g., Brevers et al, 2021) to study prospective thinking and
context-response associations (e.g., Neal et al., 2012) or speed of
response switching (e.g., Luque et al, 2020) for exploration of
prospective memory/habit. Cue-exposure paradigms have explored
brain activity patterns in response to different cues on “doing more”
sustainable behaviours or on “doing less” unsustainable behaviours
and the perceived feasibility of performing these practices (Brevers
et al,, 2021). Likewise, one can imagine a similar cue-exposure
paradigm exploring CSA practices and perceived feasibility. For
example, more sustainable practices such as minimising soil
disturbance, planting a diversity of crops, application of soil cover
(“do more”), and unsustainable practices such as crop burning,
tillage, and leaving the land bare (“do less”).

Although perceptions of climate change/vulnerability provide
useful background factors to include; affective/emotional reactivity
is considered an important consideration in providing a better
understanding of observational learning in the context of
pro-environmental behaviours (e.g., Doell et al, 2021) and
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the theory of planned behaviour (e.g., Brosch et al, 2014)
thus could be incorporated/tested more explicitly using self-
reports/questionnaires which can be done in tandem/repeated
measurements. We acknowledge the literature on habit (action
regularly performed) (e.g., Verplanken and Orbell, 2022) and
thus propose a possible feedback from the use of CSA practices
to prospective thinking/memory (Figure 2; for a more detailed
description of the proposed indicators see Supplementary Table
A1, Explanation of key themes and respective indicators).

One of the major challenges in studying environmental decision
making more broadly relates to the fact that behavioural changes
(e.g., sustainable behaviours/use of certain agriculture practices) are
often those which take place in the long-term (Leeuwis et al., 2022).
Thus, there are limitations to “one-shot” neuroimaging studies
(Sawe, 2017). Whilst the lack of longitudinal is cited as a common
limitation of pro-environmental behaviour studies (e.g., Leeuwis
etal,, 2022), short-term studies may provide a proof of concept such
as identifying potential brain regions/networks involved in specific
pro-environmental behaviours (e.g., certain agricultural practices)
and lead to longer-term studies.

Though some of the studies may be challenging to administer
in practice (e.g., observational learning tasks and/or cue/exposure
paradigms to study prospective thinking) another option would
be to utilise the approach by Baumgartner et al. (2019). The
authors use the neural trait approach which explores task-
independent, brain-based differences between people and links
these differences to a behaviour of interest. The study involved
recording task independent EEG at resting before measuring
participants’ attitudes regarding environmental behaviour several
days later and participants’ everyday pro-environmental behaviour
over five days (via Smartphone) conducted several weeks later to
reduce any carry-over effect (via Smartphone). A similar study
could be used prior to land preparation and several weeks into
the agricultural season, for instance. Similar predictive modelling
studies have been done with fNIRS (e.g., see Burns et al,, 2018).

Thus, the use of field-based experiments (e.g., Doell et al,
2021) and other trait-based approaches (e.g., Baumgartner et al.,
2019) may be more feasible to implement. This would allow
for a more nuanced understanding of the indicators that reflect
neural and behaviour change at the respective individual level
that could support wider population-level studies (Sawe, 2019;
Leeuwis et al., 2022). Moreover, nudge theory/choice architecture
could also be utilised to investigate the specific “behavioural
nudges” that can influence decision making and whether this is
associated with higher degrees of ST and exploration of what
might be predictive of national behaviour (e.g., Sawe, 2019)°.
Recent research has found farmers that watched Edutainment TV
programmes (e.g., Shamba Shape-up in Kenya) on sustainable
agriculture practices had a higher probability of implementing
these practices (Areal et al,, 2020). The authors concluded that

9 Nudging aims to increase the attractiveness of the behaviour whilst
freedom of choice still exists by alteration of the choice architecture
(i.e. presenting choices in different ways that will impact decision
making) and has been shown to positively influence pro-environmental

behaviours (Leeuwis et al., 2022; Mertens et al., 2022).
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Edutainment TV can effectively “nudge farmers” to implement
sustainable agriculture practices and that this highlights a viable
approach to addressing challenges such as adaptation/mitigation to
climate change (Areal et al., 2020).

6. Concluding remarks

The majority of the world’s poorest people reside in rural areas,
primarily engaged in agriculture and located in the Global South.
Future climate change scenarios have highlighted the negative
effects on agricultural productivity worldwide, particularly for LICs
in the Global South, highlighting the need for climate change
adaptation (e.g., CSA practices) that will contribute to more resilient
livelihoods dependent on agriculture. ST has been associated
with “better” environmental decision making in a number of
environmental and cultural settings, however, to what extent
does ST correlate with other important aspects of environmental
decision making and improve human adaptive behaviour? Current
measures of ST (e.g., cognitive mapping methods such as Fuzzy
Cognitive Mapping) are limited in scope (e.g., reliance on
recall on participants’ meta-cognition) highlighting the need for
triangulation and integration of other approaches to elucidate
previously hidden forms of cognition.

Using CSA, as an example case study (with a focus on SSA
where the majority of the world’s poorest live') in this perspective
essay, we have explored: (i) ST from a social science perspective;
(ii) cognitive neuroscience tools that could be used to explore
ST abilities in the context of LICs; (iii) an exploration of the
possible correlates of systems thinking: observational learning,
prospective thinking/memory and the theory of planned behaviour
and (iv) a proposed theory of change highlighting the integration of
social science frameworks and a cognitive neuroscience perspective
that can be used to enhance our understanding of ST and
farmers’ decision making. We find, recent advancements in the
field of cognitive neuroscience such as Near-Infrared Spectroscopy
(NIRS) provide exciting potential to explore previously hidden
forms of cognition, especially in a low-income country/field
setting; improving our understanding of environmental decision
making and the ability to more accurately test more complex
hypotheses where access to laboratory studies is severely limited.
We posit that it would be important to engage farmers via
specific brain networks to: (a) enhance understanding of CSA
practices (e.g., via the frontoparietal network extending from the
DLPFC to the parietal cortex (PC) a control hub involved in
ST and observational learning) such as tailoring training towards
developing ST (e.g., Gray et al., 2019) among farmers and involving
observational learning explicitly and (b) motivate farmers to use
such practices (via the network between the DLPFC and NAc which
mediates reward processing and motivation) by focussing on a
reward/emotion to engage farmers.**

10
11

See World Bank (2022).
Although we have focussed on specific CSA practices we feel that this

approach could also be used to explore environmental-decision making

in similar/related domains and in different regions/countries.
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A more nuanced exploration of how contextual factors such as
gender and educational efforts such as TV programs might affect
these mechanisms would be fruitful. For example, different stimuli
(e.g., farmer demonstrations, Farmer Field Schools) combined with
different modes of information communication/ social referents)
and “behavioural levers” (e.g., nudging) can be important in this
regard and warrant further research, particularly from a cognitive
neuroscience perspective.
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Functional near-infrared spectroscopy (fNIRS) promises to be a leading non-
invasive neuroimaging method due to its portability and low cost. However,
concerns are rising over its inclusivity of all skin tones and hair types (Parker and
Ricard, 2022, Webb et al., 2022). Functional NIRS relies on direct contact of light-
emitting optodes to the scalp, which can be blocked more by longer, darker, and
especially curlier hair. Additionally, NIR light can be attenuated by melanin, which
is accounted for in neither fNIRS hardware nor analysis methods. Recent work has
shown that overlooking these considerations in other modalities like EEG leads to
the disproportionate exclusion of individuals with these phenotypes—especially
Black people—in both clinical and research literature (Choy, 2020; Bradford et al.,
2022; Louis et al., 2023). In this article, we sought to determine if (Jobsis, 1977)
biomedical optics developers and researchers report fNIRS performance variability
between skin tones and hair textures, (2a) fNIRS neuroscience practitioners report
phenotypic and demographic details in their articles, and thus, (2b) is a similar
pattern of participant exclusion found in EEG also present in the fNIRS literature.
We present a literature review of top Biomedical Optics and Human Neuroscience
journals, showing that demographic and phenotypic reporting is unpopular in
both fNIRS development and neuroscience applications. We conclude with a
list of recommendations to the fNIRS community including examples of Black
researchers addressing these issues head-on, inclusive best practices for fNIRS
researchers, and recommendations to funding and regulatory bodies to achieve
an inclusive neuroscience enterprise in fNIRS and beyond.

fNIRS (functional near-infrared spectroscopy), inclusion, neuroimaging, melanin,
biomedical optics

1. Introduction

Functional near-infrared spectroscopy (fNIRS) promises to be the leading non-invasive
human neuroimaging method of the next few decades due to its portability, low cost, motion
tolerance, and usability in special populations. This light-based modality was first ideated for
blood-oxygenation estimation and has grown in its popularity, with publication counts doubling
every 3.5years (Jobsis, 1977; Boas et al., 2014). fNIRS is indispensable in many cognitive and
psychological science settings, but especially in child development, hyperscanning,
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brain-computer interfacing, and other areas where movement and
portability are challenges and which preclude EEG and fMRI as the
leading non-invasive modalities (Crosson et al., 2010; Yiicel et al.,
2017; Girolamo et al., 2022).

As fNIRS increases in popularity, concerns over its inclusion of all
skin tones and hair types are rising (Parker and Ricard, 2022; Webb
etal, 2022). While it has long been established that the physics of hair
color, hair thickness, and skin pigmentation affect the detection of a
NIRS signal (Pringle et al., 1999), a systematic study is still missing
that directly addresses the limitations of modern-day NIRS for
different phenotypes. With these limitations, we are in danger of
perpetuating bias against the darker skinned and thicker haired people
of the world—individuals who already face racism and oppression
worldwide. Here, we are careful to distinguish between phenotype and
race: while phenotype refers to heritable physical characteristics such
as hair and skin color, race is a social construct based on a collection
of phenotypic, cultural, and regional indicators that hold power in
society and affect the lived experiences of individuals who are
minoritized and marginalized based on these indicators.

In this article, we briefly define technical limitations in biomedical
optics for marginalized phenotypes and explore how they lead to
disproportionate exclusion of people of marginalized races through a
literature review. We sought to examine racial and phenotypic
reporting specifically as compared to gender reporting, an established
reporting category over the last few decades due to NIH mandated
reporting. Although most guidelines combine “women and
minorities,” we hypothesized that gender is reported at much higher
and treat it is a

rates than racial/ethnic demographics

reporting exemplar.

2. Bias in fNIRS
2.1. Phenotypic bias

NIRS is used to measure real-time hemodynamics in the brain
and is a proxy for brain activity. Red and near-infrared light is
illuminated onto the scalp by a source optode and undergoes
scattering and absorption throughout the underlying brain tissue until
the attenuated light is detected at another optode some distance away
from the source (see Figure 1). Two phenotypic “challenges” have
emerged from this. The first is in accessing the scalp on individuals
with coarse, dense, and curly hair; present-day optodes do not ensure
that light sufficiently reaches the brain when thick hair occludes the
scalp. The second challenge is in acquiring quality NIRS signals once
the scalp is reached. Accurate measures of hemodynamics are
impacted by the light absorption and scattering properties of the layers
of tissue between the scalp and the brain, namely the dermis, skull,
and blood vessels, and their particular tissue chromophores, including
melanin (Kharin et al., 2009; Jacques, 2013). Because darker, i.e., more
melanated, skin is not accounted for in fNIRS techniques, phenotypic
bias is perpetuated against darker skin, darker hair, and curlier hair as
discussed below.

2.1.1. Hair type

One source of bias in fNIRS is its easier usability with short,
straight, thin, and lighter-colored hair. Optodes must be as flush to the
scalps surface as possible to get an optimal signal, and securely in
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place. Any optical obstruction between the fiber and the scalp,
especially hair, can dramatically reduce the number of photons
penetrating the scalp and ultimately the surface of the brain.
Conventional NIRS systems cause concern for those with coarse, curly
hair because the density and thickness of the hair may obstruct the
fiber and because the caps may not accommodate the larger hair
volume. Even thoughtful researchers who are knowledgeable about
coarse and dense hair types may struggle with maintaining
participants’ optode-scalp contacts over time; for example, coarse hair
tends to revert or “turn back” to its normal, unmanipulated state over
time, which can move the optodes or occlude them in experiments
longer than a few minutes. Or, in special populations such as children
or neurodivergent people, movement and stimming may easily shift
hair to suboptimal positions with respect to the optodes. Additionally,
dark colored hair (of any texture) is another contributor to varying
absorption properties; dark colored and thicker hair can reduce the
light intensity from 20 to 50% (Koizumi et al., 1999) while light
attenuation improves with lighter hair. Etienne et al. (2020) found that
traditional electrodes fail to maintain low impedance on individuals
with coarse, curly, and dense hair leading to exclusion of Black
participants (Choy et al., 2022), so too might fNIRS optodes fail to
maintain physical contact with the scalp, since they are attached in the
same fashion. Even with spring-loaded grommets and tension tops on
NIRS caps, anecdotally, the signal quality for participants with coarse
and/or curly hair is poor. As a result, individuals with coarse, curly,
and dark hair—often people of African, African-American, and
Caribbean descent—are excluded from fNIRS studies (Loussouarn
et al., 2007; Takahashi, 2019; Bradford et al., 2022). Therefore, INIRS
datasets tend to underrepresent Black and Brown individuals, which
supports the need for our review, as well as other individuals with this
hair type. As a field we must ask: does the density, length, texture, or
even the color of hair impact signal-to-noise ratio of the
hemodynamics response inferred from fNIRS?

2.1.2. Skin pigmentation

Another source of bias in fNIRS is its better usability with lighter
skin tones. Three key underlying assumptions in using the Beer
Lambert Law are that: (1) hemoglobin is the main absorber in the
dermis, (2) that the tissue is optically homogeneous, and (3) that the
differential pathlength is invariable across skin tones. In reality, several
layers of the skin are optically heterogeneous, with melanin the
dominating absorber of NIR light in the epidermis, and hemoglobin
in the dermis. Functional NIRS devices assume that given a constant
source-detector distance, there is a fixed light pathlength through the
brain for all users. However, since melanin is a highly absorbing
chromophore, higher concentrations render more absorption, thus
decreasing the differential pathlength of the light, which is
unaccounted for in current devices estimations of absolute
hemoglobin. Even though fNIRS measures relative changes in
hemoglobin, a systematic, nonlinear attenuation of the signal due to
higher melanin concentrations may lead to inaccurate estimations
(likely underestimations) of relative changes in oxygenation. These
oversimplifying assumptions particularly bias against data from
individuals with skin pigmentation darker than a two on the
Fitzpatrick scale, a spectrum of skin tones ranging from 1 (lightest) to
6 (darkest).

The field has not done enough investigation into the effects of
melanin on NIRS broadly. We do know that in both
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Photon loss due to hair

Photon loss due to melanin "~~~

Near infrared light

Example Participant A
Dark skin
Dark hair
Coarse and dense hair

FIGURE 1

Source
Detector

Example Participant B
Light skin
Blond hair
Fine and thin hair

A combination of red and near-infrared (NIR) light at an optical source is shone into the brain non-invasively. From the source, light travels through the
skin and into the brain surface before resurfacing at a detector or array of detectors elsewhere on the scalp. Using the scattering and absorption
properties of NIR light in brain tissue, the relative amounts of oxygenated and deoxygenated hemoglobin present in the underlying brain region are
calculated using the modified Beer-Lambert Law. We depict an individual with both dark skin and curly hair (left) and an individual with light skin and
straight, blond hair as two extremes of phenotypic disparity. In the left individual, both mechanical blocking due to hair texture and increased light
absorption due to melanin attenuates the NIR signal, potentially leading to bias in the oxygenation estimation.

transmission-based NIRS such as pulse oximetry and reflectance-
based NIRS like cerebral oximetry, there is evidence of larger oxygen
saturation estimation error for darker skin overall and increasing
error with darker pigmentation (Sun et al., 2015). Further,
reflectance-based NIRS, which requires light to interact with larger
bulk tissue areas, results in larger error (8% compared to
transmission-based error of 2-3%) (Jubran and Tobin, 1990; Bickler
et al,, 2013). Simulation work for cerebral oximetry, which uses the
same reflectance-based setup as fNIRS, shows that at low oxygen
saturation levels—levels when patients need the most attention—the
error can be up to 15% (Afshari et al., 2022). Additionally, depending
on the source-detector distances, melanin might have a larger effect
on data quality: larger distances would allow light to penetrate larger
brain tissue volumes, decreasing the relative amount of “noise”
introduced by the melanin layers in the light path. However, the
influence of the amount of bulk tissue traversed has yet to
be investigated with respect to skin pigmentation.

While pulse oximetry and cerebral oximetry are similar to {NIRS,
one key difference is that they measure absolute hemoglobin rather
than relative changes in hemoglobin. We do expect less error type in
estimates of relative hemoglobin concentration changes, like those
measured in continuous wave fNIRS setups. However, systematic bias
in the spectroscopy technique may still exist as a function of melanin
in ways that have yet to be quantified, for example, due to
nonlinearities in the absorption estimations that render the relative
changes in hemoglobin unreliable. Therefore, in functional NIRS,
there is likely inaccuracies in calculating the hemodynamic response
due to similar reasoning.
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This inaccurate estimation of optically derived measures in
different skin pigmentation levels is not new. The first clinically
adopted NIRS device was the pulse oximeter, or pulse ox, used for
non-invasive measurements of arterial oxygen saturation through the
finger (Severinghaus and Honda, 1987). Developed during WWII in
the racially homogeneous Japan (Millikan, 1942; Bickler and Tremper,
2022), the first pulse oximeter was adopted into clinical anesthesiology
workflows in the 1980s (Severinghaus and Honda, 1987). While it has
been long established that its accuracy is dependent on the calibration
population (Ralston et al., 1991), its design has not been reconsidered
for darker skin. Recently, COVID-19 increased hospital and home-
based pulse ox monitoring (Greenhalgh et al., 2021) leading to
reporting that suggest skin tone may negatively affect accuracy
(Sjoding et al., 2020; Keller et al., 2022). These limitations are currently
under review by the FDA (Food and Drug Administration, 2022).

2.2. Exploring exclusion

Methodological, experimental, and cultural limitations in current
fNIRS practices contribute to what is called “convenience sampling”
in brain imaging research. To accurately pinpoint convenience
sampling in neuroscience research, we must assess the current
phenotypic reporting practices in the theoretical and empirical
neuroscience literature (Girolamo et al., 2022). In the following
section, we present a literature review to determine current phenotypic
and demographic reporting practices in {NIRS literature and conclude
with a list of solutions to achieve an inclusive neuroscience enterprise.
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3. Literature review

3.1. Methods

In May and June 2022, we conducted a literature review of
demographic and phenotypic reporting from articles in top English-
language Biomedical Optics and Human Neuroscience journals. The
three optics and two neuroscience journals were chosen to represent
a range of articles covering fNIRS hardware and algorithm
development and fNIRS as a tool in basic or clinical neuroscience
research, respectively. Using PubMed, we saved a catalog of all articles
in the given time range, selected journal name, and the keyword
“fNIRS” For the biomedical optics articles, we selected a 15-year time
range; for the human neuroscience articles, we selected a 5-year time
range. This time difference is because fNIRS adoption into basic
research has understandably lagged fNIRS development; in all, both
time ranges include the present day. Articles were retrieved on the
open web or via subscription at the authors’ institution. For each
article, we documented the number of participants, country of testing,
any quantitative or qualitative reports of data exclusion, and
participant demographics including: mention of sex or gender;
mention of race, ethnicity, or nationality; mention of melanin,
pigmentation, or Fitzpatrick scale; and mention of hair type. Animal
and in silico studies were reported as “N/A” We intentionally included
sex/gender reporting in the analyses to compare as a baseline exemplar
of “good” demographic reporting, since the NTH and many publishing
bodies have encouraged or mandated reporting increasingly in the
past 3 decades (National Academies of Sciences, Engineering, and
Medicine, 2022).

4. Results

From three top optics journals, we identified 110 articles from
2007 to 2022. We excluded in silico studies or those using animals,
leaving a total of 90 articles with human volunteer participants
(Figure 2A). While most studies reported gender (84.4%) as
we predicted, nearly all articles failed to report phenotypic
characteristics about participants being race/ethnicity (98.9%), skin
pigmentation (96.7%), or hair type (93.3%). Over time, this trend does
not seem to be improving (see Supplementary Figure 1).

We then repeated this analysis for two top human neuroscience
journals that together publish a large proportion of basic science
NIRS articles. We identified 87 papers from 2017 to 2022 that used
fNIRS as a tool (Figure 2B). Again, the vast majority of studies report
gender (90.8%), but do not report race/ethnicity (97.7%), skin
pigmentation (100%), or hair type (96.6%).

Lastly, we looked at the types of exclusion that were reported from
all five journals. Only 69 of the 177 total articles (39.0%) mentioned if
any participants were excluded for any reason. Of these 69, eight
(11.6%) explicitly mention hair and four (5.80%) cite it as the main
reason for the exclusion or withdrawal. The majority of the articles
shared general reasons for dismissing a participant like “noisy data
across channels,” “poor light shielding,” “technical issues... or low
quality fNIRS data...;” “Bad fNIRS signal and technical issues,” and
“poor cap fit” The four articles cited thick or dark hair as being the
reason for why a participant may have been excluded saying “poor
data quality resulting from the subject’s relatively thick, black hair,”
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“unable to collect effective signals from fNIRS due to the participant’s
thick, strong hair,” “had a lot of hair to obstruct light,” and “presumably
due to dense and/or dark-colored hair” No articles mention skin tone
as being the primary source of signal noise. Race/ethnicity was the
second least reported demographic and was typically reported by
country of origin (e.g., “All participants were Chinese”). A list of all
the reasons for exclusion from the 69 articles are provided in
Supplementary Table 1.

Unfortunately, because of the low level of demographic reporting,
we were not able to present data comparing the relative exclusion of
marginalized and majority phenotypes.

5. Discussion

Our results point to two distinct issues: the under-reporting of
exclusion and the potential, but unconfirmed, disproportionate
exclusion of marginalized phenotypes. While recruiting diverse
participants can prove challenging, simply reporting the participant
makeup should be straightforward (see section 5 for more discussion
and recommendations). It is hard to disentangle the contributing
factors toward exclusion of marginalized groups in neuroimaging:
there is phenotypic bias, but also less access, lower interest and
response rates (due to perceived racial bias), claims that data is
“unusable;” and health disparities (Rad et al., 2018; Louis et al., 2022;
Webb etal., 2022; Ricard et al., 2023). There is a long literature about
these issues, especially medical mistrust among African-Americans,
as well as how to alleviate these issues (see introduction in Otado
et al., 2015). However, when comparing to the representation of
Black/African-American identifying individuals in the United states
(13%) and that of NIH-funded neuroimaging studies generally (7%),
the anecdotal indications that there are not nearly any Black
participants in fNIRS is alarming and points to phenotypic bias
contributions beyond the typical exclusion factors that lead to
underrepresentation of Black participants (NIH stats from public
access database).

In surveying biomedical optics journals, we sought to target work
by the engineers who design fNIRS systems, those responsible for
inclusive design practices. In surveying human neuroscience journals,
we targeted work by end users. In both pursuits, we found that gender
was reported in the vast majority of articles. This is likely due to the
widespread adoption of gender reporting from NIH mandates that
touched the animal research world as well as human research (and to
our knowledge, other animals do not observe the social construct
of race).

While four articles did report hair type and should be commended,
there was only one article that explicitly mentioned hair type, hair
color, and Fitzpatrick skin color. We especially commend that group
for being transparent about the influences on their results and believe
it should be the standard.

6. Recommendations

In the absence of adequate reporting of demographic data to
determine exclusion trends in fNIRS literature, we think its important
to highlight ways that the community—both developers and
practitioners—can be more inclusive and more upfront about the
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FIGURE 2
(A) Demographic reporting for 90 articles with empirical human fNIRS dat:

pigmentation, and hair type are overwhelmingly not reported ("no”").
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a in three top biomedical optics journals. Overwhelmingly, gender is reported

("yes") whereas race/ethnicity, skin pigmentation, and hair type are overwhelmingly not reported ("no"). (B) Demographic reporting for 87 articles with
empirical human fNIRS data in two top human neuroscience journals. Overwhelmingly, gender is reported ("yes”) whereas race/ethnicity, skin

inclusivity of their data. Based on our results, there is unequivocally
exclusion based on, at minimum, the curliness and darkness of hair.
To address this embedded bias, fNIRS tools and practices must change
to accurately represent a heterogeneous population. The transition of
fNIRS technology to more inclusive methodologies will require
concerted efforts from engineers, scientists, clinicians, and imaging
professionals following the example of groups already developing
creative solutions.

6.1. Engineering solutions

Some groups are actively addressing phenotypic bias limitations
of NIRS while maintaining other design requirements such as direct
and prolonged contact with the scalp, maintenance of good signal-to-
noise ratios, and increasingly higher spatial resolutions:

* A Texas-based group designed brush-type optodes to improve
photon transmission and demonstrated its applicability with dark
hair colors and high hair density by estimating power attenuation
through a derived analytical model (KKhan et al., 2012).

More recently, a team led by Sossena Wood began developing
both novel inclusive optodes for curly hair and better algorithms
to account for skin pigmentation (see award announcement
here). The novel optode adapters anchor onto the scalp using the
strength of strategically placed braids and improve the optical
contact onto the scalp compared to commercially available flat
optodes. An alternative to strategic braiding is to have the hair
pre-braided before the visit into very small braids (which allow
for more scalp contact options) or to have the hair fully washed,
detangled, and dried while in a “stretched” state (via a loose
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ponytail, braids, twists, etc.). To achieve these specifications,
volunteers must be given reasonably advanced notice, just as
fMRI volunteers are given notice about piercings that need
healing or larger hairstyles that might not fit into head coils. The
team, which includes some authors from the aforementioned
EEG work (Etienne et al., 2020), has recently expanded to create
novel pulse ox as well.

A few studies mention personalized approaches to inclusive
fNIRS setup, especially cap interfacing and design, a critical
element to achieve quality optical contact. Sun et al. mounts light
sources and detectors on a custom silicone cap to maintain
contact (see Supplementary Figure 2; Sun et al., 2022). The same
group at the University of Michigan uses crochet hooks with LED
lights to gently move hair during the optimization process before
inserting optodes. While cap customization improves optode
contact for different hair lengths and some hair types, the design
may not be universal. For example, using crochet hooks can
be painful for black hair as it tangles, and research assistants must
be trained to do it.

6.2. Best inclusive practices for fNIRS
researchers

There are feasible approaches that researchers may consider to
curb phenotypic exclusion and increase equity in the field. We also
point to other work specific to recruitment practices outlined in our
supplement section 1 (Dancy et al., 2004; Auksztulewicz and Friston,
2015; Habibi et al., 2015; Otado et al., 2015; Garavan et al., 2018;
Wieland et al., 2021).
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6.2.1. Report demographics and phenotypes

We commend the one group in our sample that provided all
demographic information upfront as well as the other groups that
were honest about their exclusion of thick and coarse hair. Researchers
involved in neuroimaging should explicitly report the racial and
gender breakdown of their sample and, especially when there is
exclusion of certain participants, describe the phenotypes such as hair
color, hair type, and skin tone (Yiicel et al., 2021). Data about hair type
and skin tone can be surveyed or judged by an experimenter familiar
with the Fitzpatrick scales and hair typing scales such as the Andre
Walker System or the LOreal system (Loussouarn et al., 2007).
Researchers should also consider the benefit of systematically
quantifying the association of hair type, density, and melanin content
of the scalp with fNIRS measurements. Formally defining these
limitations through a systematic review will enable engineers to
approach future advancements driven by these factors.

6.2.2. Adopt inclusive methodologies and hire a
diverse research team

Although fNIRS systems need improvements, there are other
reasons why darker skinned and curlier haired individuals are
excluded from psychological research and design solutions. Many
standard procedures foster an unpleasant environment and result in
voluntary participant withdrawal from marginalized backgrounds
especially for special populations in which fNIRS is beneficial. For
example, children with darker pigmented skin and curlier hair textures
(and their parents) may get frustrated and lose trust in the researchers
because of the complex setup process, which involves repeatedly
moving the cap and hair. Moreover, individuals with intellectual
disabilities—a large proportion due to fNIRS’ portability and motion
tolerance—may not be able to handle the inconvenience.

To improve participant experience, researchers should train to
work with a range of hair types as standard practice. Adverse outcomes
of unpreparedness include longer setup times, microaggressions,
participant discomfort, and participant dropout. fNIRS researchers
should consider developing guidelines for preparation that will serve
as standard operating procedure. Given some similarities in
configuration and setup between EEG systems and fNIRS equipment,
following Etienne et al’s suggestion for adopting braiding techniques
to separate hair might be a good solution. For higher spatial resolution
setups, labs can consider application of (or development of)
suggestions as outlined in A Guide to Hair Preparation for EEG Studies,
available online (Richardson et al., 2021).

Aside from building trust with marginalized communities, hiring
and training a research team with diversity in mind can bring in
practitioners who can effectively relate to marginalized participants
before, during, and after laboratory visits. With better familiarity of
marginalized communities, researchers can identify and prevent
barriers to participation, making their studies more accessible.
Similarly, allocating grant money to hire a hair consultant while
considering custom setups is ideal.

6.3. IRBs, journals, governing, and
foundations: mandated reporting

The responsibility of race and gender reporting does not simply
fall on individual researchers, but also on the funding, publishing, and
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ethics bodies to which they are beholden. Each of these entities have
a responsibility to mandate reporting of demographics and question
any researchers who include race- or phenotype-based exclusion
criteria in their studies. As highlighted in Webb et al. (2022), IRBs are
in place to ensure that institutional research is both rigorous and
ethical. IRB personnel should receive ongoing training on the presence
of racial bias in research devices and offer institutionally mandated
inclusive best practices to researchers.

Similarly, funding bodies and journals should require
demographic reporting and data demographic disaggregation.
Foundations should invite research proposals explicitly asking the
questions of the present article: who is being excluded and why, both
technologically and culturally? Finally, foundations should fund
innovative and equitable technologies, like the work of the team led
by Sossena Wood at Carnegie Mellon University and the team led by
Meryem Yiicel at Boston University, both funded by Meta Reality Labs.

Pressure for change will mount with the help of concerted action-
based efforts. More scientific organizations and foundations should
provide support for neuroscientists and engineers via resources like
the Neuroethics Framework formed by IEEE. At the Federal level,
passing the Diverse and Equitable Participation in Clinical Trials
(DEPICT) Act and similar legislature would help, provide the FDA
with the authority to require diverse representation in clinical trials.

Though the onus of progress is collective, the authors herein embolden
the entire fNIRS community to assume individual responsibility for
conducting inclusive work within their own realms of influence, including
as researchers, journal editors, manuscript and grant reviewers, IRB
members, and leaders in their own scientific and social circles.
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Introduction: Salivary bioscience has found increased utilization within pediatric
research, given the non-invasive nature of self-collecting saliva for measuring
biological markers. With this growth in pediatric utility, more understanding
is needed of how social-contextual factors, such as socioeconomic factors
or status (SES), influence salivary bioscience in large multi-site studies.
Socioeconomic factors have been shown to influence non-salivary analyte levels
across childhood and adolescent development. However, less is understood
about relationships between these socioeconomic factors and salivary collection
methodological variables (e.g., time of saliva collection from waking, time of day
of saliva collection, physical activity prior to saliva collection, and caffeine intake
prior to saliva collection). Variability in salivary methodological variables between
participants may impact the levels of analytes measured in a salivary sample, thus
serving as a potential mechanism for non-random systematic biases in analytes.

Methods: Our objective is to examine relationships between socioeconomic
factors and salivary bioscience methodological variables within the Adolescent
Brain Cognitive Development Study© cohort of children aged 9-10 years old
(n=10,567 participants with saliva samples).

Results: We observed significant associations between household socioeconomic
factors (poverty status, education) and salivary collection methodological
variables (time since waking, time of day of sampling, physical activity, and
caffeine intake). Moreover, lower levels of household poverty and education were
significantly associated with more sources of potential bias in salivary collection
methodological variables (e.g., longer times since waking, collections later in the
day, higher odds of caffeine consumption, and lower odds of physical activity).
Consistent associations were not observed with neighborhood socioeconomic
factors and salivary methodological variables.

Discussion: Previous literature demonstrates associations between collection
methodological variables and measurements of salivary analyte levels,
particularly with analytes that are more sensitive to circadian rhythms, pH
levels, or rigorous physical activity. Our novel findings suggest that unintended
distortions in measured salivary analyte values, potentially resulting from the
non-random systematic biases in salivary methodology, need to be intentionally
incorporated into analyses and interpretation of results. This is particularly salient
for future studies interested in examining underlying mechanisms of childhood
socioeconomic health inequities in future analyses.

socioeconomic status, salivary bioscience, child and adolescent development,
methodology, health inequities
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1. Introduction

Socioeconomic factors or status (SES) that drive health inequities
are well established (1-3). However, a thorough understanding of
SES-driven health inequities is needed within pediatric populations to
elucidate early-life biological antecedents of adult health inequities.
Previous studies among pediatric populations demonstrate multiple
salivary biomarkers implicated in associations between the broader
social environment and physiology, including neuroendocrine
markers (e.g., alpha-amylase, cortisol, DHEA), metabolic markers
(e.g., insulin, glucose), and immune markers (e.g., c-reactive protein,
cytokines) (4-7). However, a number of these biomarkers rely on
invasive sampling techniques, particularly blood draws, risking harm
to participant-researcher rapport and overall willingness of
communities to participate in biomedical research, particularly among
pediatric populations. One approach to address this research gap in
biological measures among pediatric studies is the use of
salivary biosciences.

Salivary biospecimen technologies have grown in popularity over
the last decade within research studies and clinical testing to
non-invasively measure levels of analytes within diverse human
populations (8). This utility is primarily due to its contextual
practicality, allowing for sample collection outside of laboratory or
clinical settings, as well as the non-invasiveness and feasibility of saliva
sampling relative to more invasive techniques, such as phlebotomy
(9-11). The many advantages of collecting salivary samples over other
types of biospecimens in research include (1) being a low-cost option
particularly for studies requiring multiple samples, (2) the ability for
a participant to self-sample, and (3) adaptability to various field
settings (10, 12-14). This method offers increased feasibility to
measure physiological correlates of SES and related factors given the
non-invasive nature, ease of collection of salivary samples, and
reduced cost of sampling (10). These cost-saving benefits afford
strengthening of study design such as sampling from more
participants, increased number of collections within participants, or
increased number of biomarkers assayed from each saliva sample.
Further, salivary bioscience demonstrates great potential for
diagnostic capability including pediatric endocrine dysfunction,
cardiometabolic disease (15), monitoring lithium levels for psychiatric
disorders (16), and diagnosing COVID-19 at home (17).

Additional methodological strengths of salivary sampling allow
for the inclusion of communities that have been traditionally
underrepresented in research and eases the burden of participation for
families, improving adherence (13, 18). Certainly, a history of

scientific injustices exists, disproportionately affecting low
socioeconomic  status and racially/ethnically —minoritized
communities, and driving historical and current-day

underrepresentation in biomedical research that has often resulted in
varying degrees of distrust of researchers (19-21). These historical and
current injustices often occur when the cultural appropriateness of
biological sample collection is not adequately considered (19, 22).
Salivary collection is a tool that can minimize cultural insensitivities
inherent in the collection of biological data, given its acceptance
among diverse adolescent communities (23, 24). However, it is
important to note that any biological collection can be precarious and
warrants culturally and equity guided investigations. Some potential
examples include: (a) some cultures or communities may feel averse
to producing a saliva sample, particularly when observed by an
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experimenter, and may prefer other biological methods over saliva; (b)
age of study sample matters, with children generally exhibiting
aversion to blood sampling but willingness to produce saliva; and (c)
certain cultures may perceive discarding unused saliva into waste as
disrespectful. It is our recommendation that the community
preferences for or against saliva collection be well understood before
leveraging salivary biosciences.

Given these advantages, feasibility, and promising diagnostic
future of salivary biosciences it is essential to first understand how the
experimental design and saliva collection methodology should
be standardized to ensure precision of measured analyte levels,
particularly for the investigation of health inequities, and for increased
application within pediatric research or clinical utility. Without this
deeper methodological understanding, spurious differences in
experimental design and methodological implementation of salivary
biosciences may undermine the interpretability, accuracy, and utility
of salivary analytes.

Several decisions in the experimental design can directly influence
the methodology of salivary sample collections. For example, a design
that rigorously standardizes collection of salivary samples can reduce
or eliminate unintentional biases due to variations in collection
methodological variables. These methodological decisions include
how much time should be allowed between a participant’s waking
time to their saliva collection time, the time of day the saliva sample
is collected, the amount of physical activity allowed prior to sampling,
if caffeine is consumed prior to sampling, or other oral considerations
that can impact measured analyte levels (5, 8, 12, 25, 26). Standardized
collection practices help eliminate unintended experimental noise,
where non-biological factors may influence the composition or
volume of whole unstimulated saliva (27). Without stringent
standardized collection practices of how and when saliva samples are
collected, leveraging salivary biosciences on a large scale may result in
unintended methodological variations, which can impact the analyte
levels measured in the collected saliva sample and thus take a detour
from true biological levels, warranting caution (28).

Many adrenal steroid analytes demonstrate diurnal/circadian or
seasonal rhythms, marked by patterns of varying levels over an
extended period of time. For example, cortisol, a marker of
psychological stress, fluctuates throughout the day, peaking
approximately 30-45min after waking followed by tapering levels in
the evening (e.g., 3-12h after waking) (11, 29). In addition, the
amount of sunlight at various points of the day drives circadian
rhythms (30). Waking later in the day when sunlight is different than
morning light may shift circadian phases and thus alter typical
patterns of analytes.

Not only is the time since waking important, the time of day when
the sample is collected is also a source of experimental variation. For
example, salivary dehydroepiandrosterone (DHEA) and testosterone
levels are typically highest in morning samples and drop continuously
throughout the day to produce lower levels in evening samples (31-34).
In addition, DHEA is implicated in physiological responses to acute
stress (35, 36). Thus, saliva sampled later in the day may represent
different hormonal profiles compared to morning collections given
fluctuating levels with circadian patterns, or greater opportunity to
experience acute stressors as the day goes on. Given these considerations,
minimizing variations in collection practices or pre-collection exposures
are important for making accurate conclusions about the source of
differences in analyte levels. Variations in methodological factors may
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become increasingly problematic for obtaining precise measured
analyte levels in maturing adolescent populations, especially where
pubertal maturation is underlying the biological systems producing the
analytes of interest.

Further, methodological variables related to lifestyle such as
rigorous physical activity and caffeine intake prior to salivary sample
collection may introduce bias in analyte levels by altering physiological
states or the integrity of the saliva sample. Rigorous (>20 min) physical
activity can alter levels of DHEA or testosterone (37), particularly in
saliva samples taken during early stages of pubertal maturation when
hormone levels are very low (38). Salivary DHEA levels among
adolescent males have been documented to increase post-exercise, yet
with varying slopes according to pubertal development (35). Caffeine
intake prior to saliva sampling can impact analyte levels through a few
different mechanisms, including shifting the salivary pH, increasing
sample acidity, and therefore impacting the performance of certain
pH-sensitive assays (5, 39), or promote bacterial growth, thereby
compromising the integrity of salivary fluid (40). In addition, caffeine
intake may risk dehydration in the participant that would reduce
salivary flow rate, and/or activation of physiological pathways that
overlap with origins of the analyte of interest, such as caffeine
activating the adrenergic pathway and increasing urine concentrations
of metanephrine (41-43). Although these observations are in serum
or urine samples, unclear evidence on correlations of serum/urine
metanephrine with salivary levels as a function of caffeine intake
warrants consideration of caffeine exposure in salivary collections.

Standardized collection practices can minimize differences
between and within participants in these methodological variables by
regulating time of day when the saliva sample is collected, prohibiting
participants from consuming caffeine or performing rigorous exercise
beforehand, and standardizing the duration of saliva sampling
between and within participant sampling (25). Analytes closely
connected to circadian patterns may be particularly sensitive to
variability in sampling times, or alterations in pH levels due to caffeine
consumption. The present analysis examined relationships with
several salivary methodological collection variables in a large
US-based, representative pediatric cohort participating in the
Adolescent Brain Cognitive Development Study®© (44). In the ABCD
Study, detailed data was collected on methodological variables
mentioned above, but was not standardized in the collection protocol
allowing for our evaluation of potential non-random methodological
variation relating to saliva collection and key socioeconomic factors.

Socioeconomic factors have been of central focus for
understanding health inequities. Socioeconomic factors reflect access
to economic or social resources and are often represented by
individual or composite measures of household income level, poverty
status, parental education attainment, or occupation (45). These
factors have been described in the literature to influence child
developmental outcomes. Low SES has been associated with poor
school readiness and academic achievement, more frequent adverse
experiences, structural brain differences, and altered executive
functioning (46-50). Studies investigating the relationship with SES
using salivary samples among children from low SES households have
noted higher baseline neuroendocrine profiles and steeper
neuroendocrine trajectories over time relative to children from high
SES households (51, 52).

SES has been purported to operate as a function of resource
availability for a study participant (53). If collected at the home,
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participants may have limited access to freezers to store salivary
samples, mailing resources to mail collected saliva, technology, such
as text messages or phone, that would facilitate reminders to collect
samples at consistent timings or more accurate collection time records
without the aid of digital tools (25). Possible limited availability and
access to social and economic resources may influence salivary sample
collection variables when participants self-schedule throughout the
day when to come into the laboratory for sampling. Thus, collections
performed at a laboratory or at a study site issue the question whether
collection methods differ as a function of participant
resource availability.

Relationships between SES and other variables important in
salivary collection, namely physical activity and caffeine consumption,
have been demonstrated. Positive relationships between SES and the
amount of physical activity performed among adolescents have been
reported, such that low SES tends to be associated with less physical
activity compared to those with a high SES (3, 54, 55). However,
variations in the measurement of both SES (e.g., income-to-needs
ratio, household income, parental occupation, parental education) and
amount of physical activity (e.g., time or duration, frequency, school-
based or extracurricular) may contribute to some null findings (55).
Despite overall reductions in the amount of caffeine consumption
among children and adolescents since 2000, those living at 0-99% and
100-199% of the federal poverty level have consistently consumed
caffeine at higher rates compared to those living at greater than 200%
of the federal poverty level (56). Particularly among children ages
6-11years old, rates of caffeine consumption in households with low
or very low food security and income-to-poverty ratios below 2.0 are
significantly higher compared to households with income-to-poverty
ratios above 2.0 (57). Thus, child/adolescent physical activity and
caffeine consumption are a possible source of methodological
variation in saliva collection when not standardized in the
collection design.

Given that many analyte levels fluctuate on a circadian rhythm,
patterns of saliva collections earlier or later in the day among one
socioeconomic context relative to others in the study sample would
suggest potential non-random systematic errors in salivary analyte
values due to broader social determinants. Similarly, socioeconomic-
related differences in physical activity or caffeine consumption prior
to salivary sampling may serve as another mechanism for non-random
systematic errors in salivary analyte levels. Without disentangling
these contributors, the inclusion of these salivary analyte values in
analyses would bias conclusions regarding differences in biological
outcomes. Thus, it remains important to capture a greater
understanding of socioeconomic influences on salivary bioscience
methodology before leveraging salivary data for accurate investigation
of health inequities. The present analyses will inform how special
considerations need to be made when leveraging salivary analyte
levels from large multi-site studies in childhood, a critical period of
development when inequities during early life developmental periods,
“get under the skin”

Investigations of the relationship between salivary collection
methodological variables and socioeconomic factors among child
populations are limited. However, with the emergence of salivary
technology we are observing widespread utilization of salivary
biosciences in large cohort studies. The objective of this study was to
examine the association between key socioeconomic factors (e.g.,
poverty status, household education, neighborhood deprivation) and
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key salivary sample collection methodological variables (e.g., time
since waking, collection time of day, and caffeine intake and physical
activity within 24 h of sampling) among a diverse and large sample of
US-based children aged 9-10years old.

2. Materials and methods

2.1. Background on study sample and
sample characteristics

This analysis was performed using a sample of children aged
9-10years at enrollment participating in a 21-site study in the
United States from the Adolescent Brain Cognitive Development
(ABCD) Study®© Release 3.0. This dataset was selected given that it is
a large-scale longitudinal (e.g., annually over the course of 10 years)
pediatric collection of whole saliva via passive drool for analysis of
several hormonal analytes (e.g., estradiol among females only, DHEA
and testosterone among males and females). Although there have been
three collection timepoints to-date in this dataset (e.g., enrollment/
baseline, year 1, and year 2), this current analysis focuses on baseline
measures collected in 2016-2018 only. Longitudinal change was not
the focus of the a priori aims, and any existing methodological
variation observed at baseline are most likely repeated and similar in
future waves of saliva collection in this cohort.

Participants reported to the study site for salivary sample
collection, where one salivary sample was collected via passive drool
from each participant at each annual timepoint (58). Participants and
their guardian/parent did not receive prior instruction to prepare for
the saliva collection during the study visit (e.g., participants were not
instructed to abstain from eating, caffeine, or vigorous exercise prior
to study visit). Upon arrival at the study site, a minimum of 30 min
time passed between participants’ arrival and starting the saliva
collection. During this time, participants were instructed to not eat or
drink anything other than water (including no mints/gum), then
asked to rinse their mouth out with water 10 min prior to providing
the saliva sample. If participants were given a lunch break, or arrived
immediately after lunch, the protocol allowed for minimum of 60 min
before sampling. Thus, the majority of saliva samples occurred ~ 60 min
after a large meal (38, 58). Participants and their guardian/parent
arrived at the study site for collection based on when the study site and
participant schedules aligned. Current guidelines for optimal
utilization of salivary bioscience recommend the notation of time of
recent meal, oral health or injuries, braces, or recent loss of deciduous
teeth (5). However, many of these variables were not controlled or
collected in the ABCD Study given considerations for reducing
participant burden, and experimentally prioritize the central aims of
the ABCD study including multi-modal MRI, comprehensive profiles
of adolescent substance use, and mental health assessments.

When present at the study site, a research assistant (RA)
documented the arrival time of the participant, presence of parent or
guardian, and the time the participant reported waking. After the RA
instructed the participant to passively drool into a sample collection
tube, the RA then documented the timing of the salivary sample,
duration of sample collection, discoloration, or visible imperfections,
as well as duration from collection to placement into a ~20°C to —80°C
freezer. Guardians/parents were compensated for their participation
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in the ABCD study, with the level of compensation being varied
between study sites to account for differences in cost of living (44).
Salivary samples were then shipped from study sites on dry ice,
confirmed for frozen state upon arrival, and assayed by an external
laboratory (59).

To reduce statistical noise within the analytic sample unrelated to
sampling methodological variables, we removed participants whose
biological sex at birth was not collected (n=7), reported unable to
complete (n=59), and refused (n=19) from analyses. We further
cross-referenced each participant’s biological sex at birth with the
biological sex reported at the time of salivary sample collection and
removed those with mismatched sex (n=23). We adopted this
decision to cross-reference reported sex at birth with biological sex
reported at Baseline collections because early ABCD protocol
indicated that a participant’s sex at birth would determine which
hormone panel (e.g., being inclusive or exclusive of estradiol) would
be analyzed at the study visit. Only 2 participants were marked as male
at birth but had missing entries at salivary sample collection. Those 2
participants were reclassified as male for analyses. We also reclassified
the 4 participants reported as intersex (I) at birth (Figure 1) with the
sex reported at salivary sample collection. In addition, participants
with a gestational age less than 28 weeks and a reported birthweight
less than 1,200 grams were removed from the analytic sample. These
participants were erroneously included in the study given that the
exclusion criteria required gestational age to be 28 weeks or greater.
The final analytic sample consisted of n=10,567, of which 5,534 were
male and 5,033 were female at baseline (Figure 1).

2.2. Measures

2.2.1. Demographic and socioeconomic variables

The inclusion of child age in statistical analyses (in months) was
informed by evidence of differential sleep habits, caffeine intake, and
physical activity habits between children ages 7 to 10years old. Sleep
habits including sleep duration, which may inform waking time before
salivary collection, is significantly associated with child age around
9-and 10-year-olds (e.g., sleep duration decreases as child age
increases) (60, 61). Further, documented significant declines in
physical activity with increases in child age between ages 9 and
15years (62-64) demonstrates a need to control for child age as a
precision variable due to independent relationships with the outcome
in these analyses. Regarding caffeine intake, inconsistent relationships
in the literature warrant investigation in our analyses. While previous
evidence demonstrates general increases in caffeine intake with
increases in age, several studies (65) observed lower caffeine intake
between 9- and 10-year-olds, while other studies observed similar
caffeine intake among 9-10-year-olds (66). Given these existing
associations, bivariate relationships were examined between child age
and salivary methodological variables. After observing significant
bivariate relationships (Table 1), multivariate models were adjusted for
child age as a precision variable to isolate effects due to independent
relationships between each predictor and the outcomes.

To examine relationships between salivary collection methods
with socioeconomic factors, we constructed the following measures.

Poverty status represents the household’s socioeconomic position
relative to the federal poverty level (FPL). This was indexed according
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=11,798
M (male) =6167
F (female) = 5627
| (intersex) = 4
Remove those with sex at birth:
Iy Refused (n=19), Not collected (n=7), Unable to complete (n=59)
A Remove mismatched sex at birth with sex at saliva collection (n=23)
=11,690
M 6099
F= 5591
N Gestational age before 28 weeks
n=44
Y
=11,646
M 6076
F= 5570
——>» Collection start before 7AM or end after 9PM
Y n=10
=11,636
M 6070
F= 5566
N Collection duration greater than 900 seconds or NA
\ n=856
A
~
=10,780
M 5653
F= 5127
J
Time from wake to saliva collection time
—>» less than 30 minutes, greater than 15 hours, or NA
A n=84
~
=10,696
M 5607
F= 5089
J
Duration to freezer less than zero seconds or NA
> n=128
Y
e ~N
n=10,568
M = 5534
F=5034
- J
Iy Physical activity less than 20 minutes
) 4 n=1
e N
n=10,567
M = 5534
F=5033
J
FIGURE 1
Depiction of decision tree to obtain final analytical sample. M, Male; F, Female; |, Intersex.

to the reported combined household income and the reported number
of family members living from that combined income in the
household. Poverty status was categorized relative to the FPL
according to the following: Deep Poverty (<50%), Poverty (50—
<100%), Near Poverty (100- <200%), Mid Income (200- <400%),
High Income (>400%). Although group membership across poverty
status levels is imbalanced (Table 1), we made an evidence-informed
decision to distinguish Deep Poverty from Poverty. From 1996 to 2011
the percentage of households living in Deep Poverty has grown
129.6% while the percentage of households in Poverty has grown
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80.4% (67). Children living in Deep Poverty are at greater risk of
adverse physical health and intellectual outcomes compared to
children in poverty but who are not deeply poor, and children not
living in poverty (68-70). Therefore, Deep Poverty is an important,
unique construct of experienced poverty.

The participant’s guardian/parent self-reported their level of
education, and if partnered, also reported the partner’s level of
education. Household education in our analyses represents the highest
level of education in the household reported by the parent. If the
parent reported having a partner, then the highest level of education
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TABLE 1 Descriptive statistics between socioeconomic variables and salivary methodological variables.

Time since waking

(hours)

Collection time of

day (hours since

Physical activity

10.3389/fpubh.2023.1088043

Caffeine intake

Range: 0.60-14.63

midnight)

Range: 7.02-20.70

Mean (SD) T pA T pA <20 >20 p® Yes No p®
Mean (SD) | Mean (SD) Mean (SD) | Mean (SD)
Child age 118.9 (7.5) —0.047 <0.001 —0.041 <0.001 119 (7.5) 118.8 (7.7) ns 119.3 (7.5) 118.9 (7.5) ns
(months)

Time since Collection time Physical activity Caffeine intake
waking (hours) of day (hours
since midnight)
Household N Mean p® Mean PE <20 >20 Pc Yes No Pc
poverty status (SE) (SE) N N NG N
Deep poverty 798 5.98 (0.11) 0.01 13.05 (0.11) <0.001 732(7.8) 64 (5.4) 0.03 84 (12.1) | 713(7.3) <0.001
Poverty 616 5.89 (0.13) 13.04 (0.13) 545(5.8) 69 (5.8) 57(82) | 557(5.7)
1,541 5.89 (0.08) 12.99 (0.08) 1,369 169 127 1,413
Near poverty
(14.7) (14.2) (18.4) (14.4)
2,358 5.84 (0.06) 12.96 (0.06) 2083 270 163 2,192
Mid income
(22.3) (22.8) (23.6) (22.3)
4,165 5.62 (0.05) 12.69 (0.04) 3,654 499 185 3,973
High income
(39.1) (42.0) (26.7) (40.4)
Household education
Less than HS 523 6.05 (0.13) 0.28 13.26 (0.13) 0.02 473 (5.1) | 47 (4.0) <0.001 59(5.8) | 461 (4.7) <0.001
1,004 5.78 (0.10) 12.96 (0.10) 897 (9.6) | 105 (8.8) 111 891 (9.1)
HS graduate
(16.0)
Some college or 2,748 5.78 (0.06) 12.88 (0.06) 2,466 273 241 2,503
associate (26.4) (23.0) (34.8) (25.5)
2,660 5.78 (0.06) 12.87 (0.06) 2,364 293 144 2,514
College graduate
(25.3) (24.7) (20.8) (25.6)
Graduate or 3,596 5.76 (0.05) 12.85 (0.05) 3,118 469 137 3,454
professional (33.4) (39.5) (19.8) (35.1)
Household marital status
Yes 7,082 5.87 (0.04) 0.78 12.86 (0.03) 0.05 6,216 848 0.001 392 6,680 <0.001
(66.6) (71.4) (56.7) (68.0)
No 3,377 5.81 (0.05) 12.96 (0.05) 3,037 332 292 3,079
(32.6) (28.0) (42.2) (31.3)
Area deprivation index
Quartile 1 (least 2,488 5.57 (0.06) 0.003 12.73 (0.06) 0.10 2,190 292 0.004 117 2,368 <0.001
deprived) (23.5) (24.6) (16.9) (24.1)
Quartile 2 2,484 5.87 (0.06) 12.96 (0.06) 2,147 328 131 2,347
(23.0) (27.6) (18.9) (23.9)
Quartile 3 2,482 5.87 (0.06) 12.97 (0.06) 2,215 260 177 2,303
(23.7) (21.9) (25.6) (23.4)
Quartile 4 (most 2,485 5.83 (0.06) 12.87 (0.06) 2,225 257 223 2,258
deprived) (23.9) (21.7) (32.2) (23.0)

Bivariate relationships between salivary collection variables and socioeconomic variables are represented in Table 2.

*P-values of Spearman Correlation tests reflect correlations between continuous salivary collection variables and continuous child age. "P-values of Kruskal-Wallis tests reflect associations

between child age and categorical physical activity and caffeine intake. value of ps of Kruskal-Wallis tests also reflect associations between continuous salivary collection variables and
categorical household poverty status, household education, household marital status, and Area Deprivation Index (ADI). “P-values of Chi-Square test of independent reflect associations
between categorical salivary collection variables and categorical socioeconomic variables. r,, Spearman correlation coefficient; SD, standard deviation; P, p-value; ns, non-significant.
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TABLE 2 Bivariate correlations between socioeconomic variables.

10.3389/fpubh.2023.1088043

Household education

Household poverty status

Household poverty status -

Household education 0.63%:* - - _
Household marital status 0.46%%* 0.42%:% _ _
ADI —0.46%* —0.39%%* —0.26%%* -

Spearman rank correlations coefficients (r,) between ordinal categorical socioeconomic variables are represented below. Values range from —1 to +1 reflecting strong negative to strong positive

correlations, respectively. ADI, Area Deprivation Index.
*#p<0.001.

by either the reporting parent or the partner was included in the
analyses. Otherwise, if the reporting parent did not have a partner, the
single-caregiver’s reported education level was used. Previous evidence
demonstrates strong positive correlations between reports of maternal
education, paternal education, and the highest education level of
either parent in household (71, 72). Thus, to leverage a single
operationalization of household education and to reflect inclusivity in
gender-neutral terminology (73), we used the highest level of
education in the household reported by the parent.

Household marital status was categorized as, “yes,” if the parent
reported being married. Otherwise, marital status was categorized as,
“no;” if the parent reported being widowed, divorced, separated, never
married, or living with partner.

Area deprivation index (ADI) was calculated as the scaled
weighted sum of 17 neighborhood-level characteristics within the
participant’s reported census block group. A detailed list of census
variables has been summarized in Kind et al. and adapted for use in
ABCD (74, 75). This includes proportion of population aged >25 years
with <9years of education; proportion of population aged >25years
with less than high school diploma; proportion of employed persons
age 16+ in a “white collar” occupation; median household income;
income disparity; median home value; median gross rent; median
monthly mortgage; percent owner-occupied housing; percent of
population age 16+ unemployed; percent of families below poverty
line; percent of population below 138% of poverty line; percent of
single-parent households with children <18 years; percent occupied
housing units without vehicle; percent occupied units without
telephone; percent occupied units without complete plumbing;
percent occupied units with more than 1 person per room (74).
Higher ADI scores, and thus upper quartile categorization, refer to
higher levels of area deprivation, while lower quartile categorization
refers to lower levels of area deprivation. Similar assessments of ADI
have been widely applied in pediatric developmental research and
support the validity of ADI for predicting child and family well-being
(76-78). Specifically, within the ABCD cohort, many childhood
outcomes such as brain structure and function, as well as body mass
index, are associated with the ADI measure used in this analysis
(79-81).

2.2.2. Methodological variables for salivary
collection

The following salivary collection variables were analyzed.

Time since waking reflects the duration of time from the
participant’s self-reported time of waking to the start of the salivary
sample collection documented by the RA. If a participant’s time since
waking was calculated to be less than 30 min, greater than 15h, or was
missing, values were assumed to be erroneous data, and therefore were
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excluded from the analyses (n=84). Samples with time since waking
less than 30 min were removed because due to ABCD protocol, it is
highly unlikely that saliva sampling occurred within this time frame.
Specifically, after participants arrived at the study site, the research
assistant preformed a series of pre-collection assessments, including
obtaining consent/assent, explanation of saliva sampling, and
conducting demographic and pubertal questionnaires before soliciting
a saliva sample (82). Given that the estimated time to complete these
steps was at least 30 min, samples documented to be collected within
30 min of waking are likely erroneous.

Collection time of day refers to the time of day the salivary sample
collection took place at the local study site laboratory. Collections that
were reported before 06:00 a.m. and after 9:00 p.m. were assumed to
be erroneous data, and therefore excluded from the analyses (n=10).

Physical activity was categorized dichotomously, reflecting
whether the participant was vigorously physically active (sweating,
breathing heavy) for at least 20 min within the 12 h prior to sampling.
Participants were classified into less than 20 min of physical activity,
or greater than 20 min of physical activity.

Caffeine intake was categorized dichotomously as a yes or no
response, referring to whether the participant reported consuming
caffeine from drink within the 12h prior to sampling. We categorized
affirmative responses coinciding with reports of non-zero milligrams
of caffeine as, “yes,” and denial responses coinciding with reports of
zero milligrams of caffeine as, “no;” for these analyses.

2.3. Statistical analyses

Associations between socioeconomic variables and salivary
collection variables were examined through a series of bivariate tests.
A Spearman test of correlation (r) was performed to examine
correlations between ordinally coded socioeconomic variables
(Table 2). Given that neither the participant’s age in months nor the
continuous salivary collection variables were normally distributed, a
Spearman test of correlation (r,) was performed to examine the
strength and direction of their relationship (Table 1). A Kruskal-Wallis
non-parametric test of equality (H test statistic) was performed to
identify differences in continuous salivary collection variables between
levels of categorical socioeconomic variables (Table 1). A Chi-square
test of independence (X?) was performed to identify associations
between categorical salivary collection variables and categorical
socioeconomic variables (Table 1).

A series of univariate and multivariate multi-level linear or logistic
mixed effects models were performed to examine potential
confounding effects among socioeconomic factors determining
salivary collection outcomes. To account for clustering effects by study
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site, random intercepts were specified according to study site as level
2 and subject ID as level 1 random intercepts. Time since waking
(skew=0.5, kurtosis = —0.81) and collection time of day (skew=0.40,
kurtosis =—0.92) were log-transformed due to non-normality prior to
analyses. Post-transformation skew and kurtosis for time since waking
(skew=-0.30 and kurtosis=—0.76) and collection time of day
(skew=0.08, kurtosis=—1.05) were improved. Due to log
transformation of continuous outcomes, beta coefficients in regression
models were exponentiated to improve interpretability. The
Bonferroni-corrected significance level was set to alpha=0.0125 for 4
outcomes. Bonferroni corrected p-values are reported.

All tests were performed in R Statistical Software Studio version
1.3.1073 utilizing the following packages: nlme (83), car (84),
piecewiseSEM (85), lubridate (86), Hmisc (87).

3. Results
3.1. Descriptive statistics

Within the entire sample, the mean number of hours between
participant waking and time of collection was 5.79h, and the average
time of collection was approximately 12h and 53 min after midnight
local time (not pictured). Time since waking and collection time of day
were significantly strongly positively correlated (r,=0.93, p <0.05). No
significant associations were observed between physical activity and
caffeine intake (X*=0.25, df=1, p=0.61). A descriptive summary of
salivary collection methods for the entire analytical sample, according
to income group, is presented in Figure 2. Correlations between
socioeconomic variables for the entire analytic sample are reflected in
Table 2. All socioeconomic variables were significantly correlated with
each other, albeit with ranging direction and strengths (p-values <0.05,

10.3389/fpubh.2023.1088043

Table 2). Household poverty status was strongly positively correlated
with household education (r,=0.63, p<0.05), yet moderately positively
correlated with household marital status (r,=0.46, p <0.05). Household
education was also moderately positively correlated with household
marital status (r,=0.42, p<0.05). ADI was negatively correlated with
household poverty status (r,=—0.46, p<0.05), education (r,=—0.39,
p<0.05), and marital status (r,=—0.26, p<0.05).

Child age (mean+SD=118.9+7.5months) was significantly
negatively correlated with time since waking and collection time of
day, albeit weakly (ps<0.05, Table 1). No significant bivariate
associations were observed between child age in months and physical

activity nor caffeine intake.

Significant bivariate associations were observed between
household poverty status and all salivary collection measures, but
varying relationships between other SES factors and salivary collection
measures. Mean time since waking was significantly different between
levels of household poverty status (Table 1; H=12.4, df=4, p=0.01),
yet it was not significantly associated with household education
(Table 1; H=5.04, df=4, p=0.28). Household marital status was also
not significantly associated with time since waking (Table 1; H=0.08,
df=1, p=0.78). Regarding bivariate associations at the neighborhood-
level with ADI, mean time since waking (H=13.9, df=3, p=0.003)
was significantly different between quartiles of neighborhood
deprivation (Table 1).

Additionally, while mean collection time of day was significantly
different between levels of household poverty status (Table 1; H=25.8,
df=4, p<0.001) and household education (Table 1; H=11.6, df=4,
p=0.02), it was not significantly associated with household marital
status (Table 1; H=3.8, df=1, p=0.05) nor ADI (Table 1; H=6.2,
df=3, p=0.10).

Lastly, categories of physical activity and caffeine intake were not
significantly independent (e.g., reject null hypothesis) of household
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Distributions of salivary collection variables. (A) The distribution of time since waking in hours is represented by (A). The distributions are further
depicted according to poverty status (Deep Poverty versus High Income groups). Within the Deep Poverty group, the range of time since waking is
0.77-14.38h and the median is 5.32h. Within the High Income group, the range of time since waking is 0.60-14.33h and the median is 4.85h. (B) The
distribution of collection time of day in hours since midnight is represented by (B). The distributions are further depicted according to poverty status
(Deep Poverty versus High Income groups). Within the Deep Poverty group, the range of collection time of day is 7.02-20.42h and the median is
12.46h. Within the High Income group, the range of collection time of day is 7.27-20.53h and the median is 11.92h.
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poverty status, household education, marital status, nor ADI (Table 1).
Whether or not a participant engaged in physical activity prior to
sampling appeared to be significantly associated with household
poverty status (X*=10.8, df=4, p=0.03), household education
(X*=19.7, df=4, p<0.001), marital status (X*=10.3, df=1, p=0.001)
and ADI (X*=13.3, df=3, p=0.004). In addition, caffeine consumption
prior to sampling was significantly associated with household poverty
status (X*=66.6, df=4, p<0.001), household education (X*=124.3,
df=4, p<0.001), marital status (X*=35.8, df=1, p<0.001), and ADI
(X*=45.8, df=3, p<0.001).

3.2. Child age

In univariate models, no significant independent relationships
were observed between child age in months and time since waking
and collection time of day. However, because of significant bivariate
associations between child age and these salivary collection methods
(Table 1), child age (months) was adjusted for in multivariate models
predicting the outcomes described below.

3.3. Time since waking

Time since waking refers to the timeframe between the
participant’s waking time and subsequent start of saliva

10.3389/fpubh.2023.1088043

collection. Univariate analyses demonstrated a significant 5.34%
longer time since waking among deep poverty households
compared to high income households (Table 3; beta=0.05;
p <0.0125). ADI was not significantly associated with time since
waking (Table 3).

3.3.1. Multivariate

When adjusting for child age or ADI in multivariate analyses,
significant relationships were observed between household poverty
status and a longer time since waking (Table 3; Model 1 and Model
2). Deep poverty households demonstrated a significant 2.06%
longer time since waking compared to high income households,
adjusting for only child age (Table 3; g =0.02; p <0.0125).
Moreover, when adjusting for both child age and ADI, time since
waking was significantly 5.88% longer among deep poverty
households compared to high income households (Table 3;
£ =0.057; p <0.0125).

3.4. Collection time of day

Collection time of day refers to the local time of day of the salivary
sample collection. In univariate analyses, deep poverty households
significantly demonstrated collection start times 2.43% later in the day
compared to high income households (Table 4; #=0.024; p <0.0125).
No significant differences were observed between marital status, levels

TABLE 3 Univariate and multivariate multilevel linear models of log transformed time since waking.

Time since waking (log)

Univariate

% inc or

dec Beta (SE) dec

% inc or

Multivariate

Model 1 Model 2

% inc or

Beta (SE) dec Beta (SE)

Intercept 1.684 (0.104) <0.001 1.684 (0.107) <0.001

Household poverty status

(Intercept) 374.85 1.558 (0.062) <0.001

Deep poverty 5.34 0.052 (0.02) 0.011 2.06 0.020 (0.020) 0.012 5.88 0.057 (0.022) 0.011

Poverty -2.07 -0.021 0.352 2.27 0.022 (0.022) 0.349 —-1.12 —0.011 0.645

(0.022) (0.024)

Near poverty 0.36 0.004 (0.016) 0.820 1.58 0.016 (0.016) 0.823 0.60 0.006 (0.017) 0.725

Mid income 0.42 0.004 (0.013) 0.750 1.34 0.013 (0.013) 0.780 0.52 0.005 (0.014) 0.713

High income Ref Ref Ref

Area deprivation index

Quartile 1 (least

deprived) Ref Ref Ref

(Intercept) 377.10 1.563 (0.062) <0.001

Quartile 2 1.35 0.013 (0.015) 0.385 - - - 1.30 0.013 (0.016) 0.431
—0.40 —0.004 0.796 —-1.06 —0.011 0.542

Quartile 3 (0.016) - - - (0.017)

Quartile 4 (most 0.55 0.005 (0.017) 0.755 —-1.28 —0.013 (0.02) 0.530

deprived) - - -

All models adjusted for child age (months). % inc or dec refers to exponentiated beta coefficient and reflect percent increase or decrease from reference group. Due to log transformation of the
outcome, beta coefficients were log transformed to improve interpretability. SE, standard error; P, p-value.
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TABLE 4 Univariate and multivariate multilevel linear models of log transformed collection time of day.

Collection time of day (log)

Univariate Multivariate
Model 3 Model 4
#INCor Beta (SE) #INCOr  Beta (SE) #INCOr  Beta (SE)
Intercept 1,143 2.52(0.042) <0.001 1,143 2.52(0.042) <0.001
Household marital status
1134.60 2.5133 <0.001

Intercept (0.0259)

0.77 0.0076 0.073 0.28 0.0028 0.582 0.28 0.0028 0.600
No (0.0043) (0.0052) (0.0053)
Yes Ref Ref Ref
Household poverty status
(Intercept) 1129.54 2.509 (0.026) <0.001
Deep poverty 243 0.024 (0.008) 0.003 241 0.024 (0.01) 0.016 2.60 0.026 (0.01) 0.013
Poverty 0.02 0.0002 (0.009) 0.985 0.08 0.001 (0.01) 0.940 0.50 0.005 (0.011) 0.633
Near poverty 0.54 0.005 (0.006) 0.375 0.77 0.008 (0.007) 0.274 0.90 0.009 (0.007) 0.222
Mid income 0.66 0.007 (0.005) 0.202 0.75 0.008 (0.006) 0.173 0.89 0.009 (0.006) 0.125
High income Ref Ref Ref
Household education
(Intercept) 1133.21 2.512 (0.026) <0.001
Less than HS 0.39 0.004 (0.01) 0.685 ~1.07 —0.011 (0.013) 0.409 —1.42 —0.014 (0.014) 0.299
HS graduate 1.23 0.012 (0.007) 0.090 0.64 0.006 (0.009) 0.493 0.77 0.008 (0.01) 0.434
Some college or 0.37 0.004 (0.005) 0.465 -0.75 —0.007 (0.006) 0.236 -0.79 —0.008 (0.007) 0.229
associate
College graduate 0.39 0.004 (0.005) 0.438 0.23 0.002 (0.005) 0.664 0.19 0.002 (0.006) 0.729
Graduate or
professional Ref Ref Ref
Area deprivation index
Quartile 1 (least
deprived) Ref Ref Ref
(Intercept) 1134.21 2.513 (0.026) <0.001
Quartile 2 0.75 0.008 (0.006) 0.210 - - 0.64 0.015 (0.016) 0.320

0.00 0.00002 0.997 -0.52 —0.007 (0.018) 0.446
Quartile 3 (0.006) - -
Quartile 4 (most 0.14 0.001 (0.007) 0.831 —0.88 —0.01 (0.021) 0.277
deprived) - -

All models adjusted for child age (months). % inc or dec refers to exponentiated beta coefficient and reflect percent increase or decrease from reference group. Due to log transformation of the

outcome, beta coefficients were exponentiated to improve interpretability. SE, standard error; P, p-value.

of household education, nor ADI and collection time of day in
univariate analyses.

3.4.1. Multivariate

In multivariate analyses adjusting for child age, marital
status, and household education, significant relationships
between household poverty status and collection time of day

Frontiers in Public Health

were maintained (Table 4; Model 3). Collection start times
among deep poverty households were 2.41% significantly
(marginal) later in the day compared to high income households
(Table 4; p =0.024; p =0.016). When including ADI in
multivariate analyses, marginal significant relationships between
household poverty status and collection time of day were still
maintained (Table 4; Model 4).
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3.5. Physical activity

Physical activity refers to any rigorous physical activity for 20 or
more minutes in the 12h prior to providing a saliva sample. In
univariate analyses, significant increases were observed in the odds of
physical activity with decreasing levels of poverty. Deep poverty
households demonstrated 42% lower odds of physical activity within
12h of salivary sampling compared to high income households
(Table 5, OR=0.58,95% CI [0.44-0.77]; p <0.0125). Despite a stepwise
increase in odds of physical activity with lesser impoverished
households, these households were still less likely to engage in physical
activity relative to high income households, albeit not significantly.

In univariate analyses, lower levels of household education
demonstrated a significantly lower odds of physical activity compared

10.3389/fpubh.2023.1088043

to households with Graduate/Professional educations (Table 5;
p <0.05). To note, univariate relationships between household
education (e.g., HS graduate and College Graduate) and physical
activity were not significant after Bonferroni correction. There was a
pattern of increasing odds of physical activity with higher education
levels. Households with a less than HS education demonstrated a 43%
reduced odds of physical activity 12h prior to salivary sampling
compared to Graduate/professional households (OR=0.57, 95% CI
[0.41-0.79]; p<0.0125). Households with a HS graduate, Some
College/Associate, or College education demonstrated a respective
26, 27, and 16% reduced odds of physical activity compared to the
reference group (Table 5).

ADI was not significantly associated with physical activity in
univariate analyses (Table 5).

TABLE 5 Univariate and multivariate multilevel logistic models of physical activity.

Physical activity
Univariate Multivariate
Model 5 Model 6
95% ClI 95% ClI 95% ClI
Intercept 0.13 [0.09, 0.18] <0.001 0.12 [0.09, 0.18] <0.001
Household marital status
Intercept 0.12 [0.08, 0.16] <0.001
No 0.78 [0.68, 0.90] 0.001 0.88 [0.75, 1.04] 0.140 0.85 [0.72,1.01] 0.073
Yes Ref Ref Ref
Household poverty status
(Intercept) 0.12 [0.09, 0.17] <0.001
Deep poverty 0.58 [0.44, 0.77] <0.001 0.71 [0.50, 0.99] 0.046 0.76 [0.54, 1.09] 0.134
Poverty 0.82 [0.62, 1.08] 0.156 0.95 [0.69, 1.30] 0.735 0.97 [0.70, 1.36] 0.876
Near poverty 0.83 [0.69, 1.01] 0.066 0.96 [0.77, 1.20] 0.711 0.98 [0.77,1.23] 0.848
Mid income 0.89 [0.76, 1.05] 0.175 0.98 [0.82,1.16] 0.793 0.99 [0.83,1.19] 0.943
High income Ref Ref Ref
Household education
(Intercept) 0.13 [0.09, 0.17] <0.001
Less than HS 0.57 [0.41,0.79] 0.001 0.66 [0.42, 1.04] 0.075 0.65 [0.40, 1.04] 0.074
HS graduate 0.74 [0.59, 0.94] 0.013 1.01 [0.75, 1.35] 0.969 1.01 [0.75, 1.38] 0.927
Some college or
associate 0.73 [0.62, 0.86] <0.001 0.79 [0.64, 0.97] 0.022 0.78 [0.63,0.97] 0.024
College graduate 0.84 [0.72,0.99] 0.034 0.87 [0.73, 1.03] 0.096 0.88 [0.74, 1.04] 0.131
Graduate or
professional Ref Ref Ref
Area deprivation index
Quartile 1 (least
deprived) Ref Ref Ref
(Intercept) 0.11 [0.08, 0.16] <0.001 - - -
Quartile 2 1.12 [0.93, 1.35] 0.227 - - - 1.23 [1.00, 1.50] 0.045
Quartile 3 0.83 [0.68, 1.01] 0.060 - - - 0.92 [0.73, 1.15] 0.443
Quartile 4 (most
deprived) 0.84 [0.67, 1.04] 0.111 - - - 1.04 [0.80, 1.35] 0.779

OR, odds ratio; CI, confidence interval; P, p-value.
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3.5.1. Multivariate

In multivariate analyses adjusting for household socioeconomic
factors and AD], relationships between household poverty status and
odds of physical activity became fully attenuated (Table 5; Model 5 and
Model 6).

Relationships between household education and odds of physical
activity became partially attenuated. Only households with Some
college/Associate education demonstrated 21% lower odds of physical
activity (OR=0.79, 95% CI [0.64-0.97]; p <0.05) within 12h of
salivary sampling compared to households with Graduate/Professional
educations (Table 5). This result however is not significant after
Bonferroni correction.

Despite univariate non-significance between ADI and physical
activity, a marginally significant relationship between ADI and
physical activity emerged in multivariate analyses adjusting for

10.3389/fpubh.2023.1088043

household marital status, household poverty status, and household
education. An ADI in quartile 2 (e.g., moderately deprived
neighborhood) was significantly associated with 1.23 higher odds of
physical activity compared to an ADI in quartile 1 (least deprived)
(OR=1.23, 95% CI [1.00-1.50]; p <0.05). These results are not
significant after Bonferroni correction.

3.6. Caffeine intake

Caffeine intake refers to the child’s self-report of any caffeinated
beverage during the 12h prior to providing a saliva sample. In
univariate analyses, significantly higher odds of caffeine intake was
observed among lower levels of household poverty compared to high
income households (Table 6; p <0.0125). Deep poverty households

TABLE 6 Univariate and multivariate multilevel logistic models of caffeine Intake.

Caffeine intake

Univariate Multivariate
Model 7 Model 8
95% ClI 95% Cl OR 95% ClI
Intercept 0.04 [0.03, 0.05] <0.001 0.04 [0.03, 0.05] <0.001
Household marital status
Intercept 1.10 [1.10, 1.10] <0.001
No 1.09 [1.09, 1.09] <0.001 1.01 [0.83, 1.23] 0.908 1.00 [0.82,1.23] 0.984
Yes Ref Ref Ref
Household poverty status
(Intercept) 0.05 [0.04, 0.06] <0.001
Deep poverty 2.15 [1.62,2.85] <0.001 1.14 [0.80, 1.64] 0.466 1.15 [0.78, 1.67] 0.483
Poverty 1.95 [1.42,2.68] <0.001 1.05 [0.72, 1.53] 0.799 1.00 [0.67, 1.48] 0.990
Near poverty 1.86 [1.46, 2.36] <0.001 1.20 [0.90, 1.58] 0.213 1.15 [0.86, 1.55] 0.348
Mid income 1.57 [1.26, 1.96] <0.001 1.21 [0.95, 1.53] 0.119 1.18 [0.92,1.51] 0.197
High income Ref Ref Ref
Household education
(Intercept) 0.04 [0.03, 0.05] <0.001
Less than HS 2.88 [2.07,4.01] <0.001 2.49 [1.58,3.91] <0.001 221 [1.36,3.57] 0.001
HS graduate 2.79 [2.14, 3.64] <0.001 2.78 [1.98,3.90] <0.001 2.61 [1.83,3.73] <0.001
Some college or <0.001
associate 2.33 [1.87,2.90] <0.001 2.11 [1.62,2.75] <0.001 1.94 [1.47, 2.55]
College graduate 1.50 [1.18,1.90] <0.001 1.39 [1.08, 1.79] 0.010 1.40 [1.09, 1.81] 0.010
Graduate or
professional Ref Ref Ref
Area deprivation index
Quartile 1 (least
deprived) Ref Ref Ref
(Intercept) 0.05 [0.04, 0.06] <0.001 - - -
Quartile 2 1.23 [0.94, 1.60] 0.129 - - - 0.99 [0.75, 1.31] 0.929
Quartile 3 1.59 [1.23,2.05] <0.001 - - - 1.09 [0.82, 1.45] 0.549
Quartile 4 (most
deprived) 1.89 [1.45, 2.46] <0.001 - - - 1.18 [0.87, 1.62] 0.293

OR, odds ratio; CI, confidence interval; P, p-value.

Frontiers in Public Health

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1088043
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Mariko and Uban

had a 2.15 higher odds of caffeine intake 12h prior to sampling
compared to high income households (Table 6; OR=2.15, 95% CI
[1.62-2.85]; p <0.0125). This same pattern was observed among
poverty (OR=1.95, 95%, CI [1.42-2.68]; p <0.05), near poverty
(OR=1.86, 95% CI [1.46-2.36]; p <0.0125), and mid income
households (OR=1.57, 95% CI [1.26-1.96]; p <0.0125) (Table 6).

Lower levels of household education demonstrated a significantly
higher odds of caffeine intake compared to households with Graduate/
Professional educations (Table 6; p <0.0125). Households with a less
than HS education demonstrated a 2.88 higher odds of caffeine intake
12h prior to salivary sampling compared to Graduate/professional
households (OR=2.88, 95% CI [2.07-4.01]; p <0.0125). There was a
pattern of decreasing odds of caffeine intake with higher education
levels. Households with a HS graduate or Some College/Associate
education demonstrated a respective 2.79, 2.33, 1.50 higher odds of
caffeine intake compared to the reference group (Table 6).

ADI was only significantly associated with caffeine intake in
univariate analyses (Table 6). Residing in highly deprived
neighborhoods (e.g., quartile 3 and 4) was significantly associated
with a 1.59-1.89 (p <0.0125) higher odds of caffeine intake compared
to participants residing in the least deprived neighborhoods
(quartile 1).

3.6.1. Multivariate

In multivariate analyses adjusting for household marital status,
education, and ADI, relationships between household poverty status
and odds of caffeine intake, as well as ADI and caffeine intake became
fully attenuated (Model 7 and Model 8). However, significant
relationships between household education and caffeine intake were
maintained (Model 7 and Model 8).

4. Discussion

The findings from this study demonstrate significant
associations between several key salivary methodological variables
(time since waking, collection time of day, physical activity, and
caffeine intake) with key socioeconomic factors (poverty status,
household education, neighborhood deprivation). In general, lower
levels of household poverty and education were significantly
associated with salivary collection methodological variables (e.g.,
longer times since waking, collections later in the day, higher odds
of caffeine consumption, and lower odds of physical activity).
Furthermore, household socioeconomic context and neighborhood
socioeconomic context were differentially associated with these
variables. This indicates multiple sources of socioeconomic factors
can independently introduce methodological biases when not fully
standardized across data collection sites and individual participants.
Together, present findings ultimately suggest that analyte levels
measured from these samples may be impacted by non-random
systematic methodological biases, particularly among analytes
sensitive to variability in pH levels (e.g., caffeine in sample),
physical activity/exercise, or circadian patterns. Leveraging this
large salivary data set will require additional care when leveraging
salivary analytes in future examination of early life antecedents of
health inequities. Finally, only a subset of key socioeconomic factors
and salivary sampling methodological variables were assessed in the
present analyses, therefore other factors that drive health inequities
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may impact additional salivary methodological variables in addition
to those examined in this current study.

Household poverty status was consistently significantly associated
with salivary methodological variables in univariate analyses, often
when comparing highly impoverished households with lesser
impoverished households. These relationships were maintained in
multivariate analyses when specifically predicting time since waking
and collection time of day. Significant relationships between
household poverty status and physical activity and caffeine intake were
attenuated in multivariate analyses when adjusting for household
marital status, household education, or ADI. To our knowledge, no
study has examined direct relationships between household poverty
status and salivary collection variables among pediatric populations.
Our measure of poverty status (e.g., household income as a function
of household size) may reflect more proximal measures of material or
economic goods that, when scarce in impoverished households,
facilitate longer durations between waking and arriving to the
laboratory to provide a saliva sample, as well as sampling later in the
day. With this, it may be that a reduction in economic goods associated
with an impoverished household leads to unique barriers preventing
an early arrival to the study site shortly after waking and earlier in the
day, thereby performing salivary collections in the “tail” of diurnal
rhythms when levels are low. Also, later sampling times among
participants from impoverished households may have been partially
or fully driven by site-specific differences in access (e.g., differences in
travel time and distance). Alternatively, given the semi-flexible
experimental design of the cohort study; it is possible households in
poverty self-selected for a later study start time over an earlier start
time in anticipation of additional barriers, such as prioritizing
employment responsibilities, geographical or transportation barriers,
or responsibilities of other children without funds for additional
childcare. Differential preferences to come into the laboratory on a
weekday versus a weekend may be another contributing source to this
variability and not investigated in the present analysis. Additionally,
attenuated relationships with household poverty status predicting
physical activity and caffeine intake after accounting for additional
socioeconomic factors, such as household education or ADI, suggest
that differences in likelihood of physical activity or caffeine intake may
be partially attributed to a complex interaction between several
socioeconomic constructs. It is possible that individual measures of
SES may be less apt to capture differences compared to composite
forms of SES that include income, education, and neighborhood
characteristics (53, 88). While these are only some explanations, these
differences in salivary sampling methodological variables may
partially, yet falsely, drive future SES-related health inequities, or null
findings, in observed salivary analyte levels that are sensitive to
variability in sampling methodological variables.

Household education was not significantly associated with time
since waking nor collection time of day but was significantly associated
with physical activity and caffeine intake in univariate and multivariate
analyses. Again, to our knowledge, no study has examined direct
relationships between household education and on-site salivary
collection methodological variables among adolescent populations.
Even with this, Krieger et al. reported weak associations between
education level and physical health status however only among those
living below the poverty line (89). While this study was performed
among adults and examined health status, this partially supports our
non-significant findings between household education and time since
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waking or collection time of day. In addition, relationships in our
study between household education and physical activity were only
significant when comparing households with Some College/Associate
education to households with a Graduate/Professional education and
adjusting for household poverty status. These findings are also in line
with those of Krieger et al. where level of education operates on health
differentially by poverty status (89). Nonetheless, this evidence may
explain why household education was sparsely related to salivary
collection variables. The inclusion of both household education and
household poverty status in the same statistical models potentiates
confounding, given evidence of strong positive correlations between
one’s education level and income (88). However, we checked variance
inflation factor (VIF) values for these models, and all were below 2.09,
indicating that these variables were not redundant in predicting the
outcomes in this study sample.

When examining neighborhood socioeconomic contexts,
significant relationships were observed with ADI when predicting
multivariate odds of physical activity and univariate odds of caffeine
intake, whereas ADI was not significantly associated with time since
waking nor collection time of day. Cerin et al. demonstrated complex
relationships between environmental factors and individual-level or
household-level factors (e.g., household income and education) that
impact participation in physical activity (90). Differences in
performing moderate to vigorous physical activity due to area-level
socioeconomic factors were significantly mediated by several
individual-level factors (e.g., social support from friends and self-
efficacy), but not significantly mediated by infrastructure nor area-
level crime (90). While ADI is a well-validated measure of
neighborhood-level socioeconomic context, there are other ways to
assess this construct beyond the current version (91, 92) that may miss
key characteristics that are important for understanding childhood
origins of health inequities. The measure of ADI used in this study is
a composite of multiple forms of area economic and resource
deprivation. This indicates that relationships between area-level SES
and physical activity may be partially explained by individual-level
factors not recorded as part of this study. While limited in the ability
to inform individual-level patterns (e.g., due to ecological fallacy), this
ADI measure includes factors of basic resources (e.g., plumbing,
telephone) that would not be captured by income and education alone.

4.1. Strengths and limitations

Despite evidence for potential non-random systematic bias in
salivary sampling methodological variables in the present cohort
study, several strengths of the study design were observed. First, the
ABCD Study®© achieved coordination among 21 sites for the successful
self-collection of saliva among a large pediatric cohort repeated
annually. This strength adds to both the salience of the observed
findings in this nationally representative pediatric study sample and
further highlights the utility of salivary bioscience research on large
scales and with pediatric populations. Second, the cohort sample of
children was successfully recruited from the general population,
rather than a convenience sample among those presenting to a clinical
site, thus adding to the heterogeneity of the cohort sample, and
thereby increasing the external validity of the present findings for
future large-scale salivary collections. Additionally, uncovering
socioecological relationships using data obtained in a non-invasive
way means that salivary biosciences are well-suited to understand
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public health issues, particularly among children from families
underrepresented in research (93). Salivary methodological variables
examined in this study are often applicable to other forms of biological
sample collection measuring acutely fluctuating levels (e.g., blood,
urine) for analytes that vary across time of day yet correlate with
salivary levels (94-98). Thus, our results may have increased
generalizability beyond saliva in this study and may occur in other
large biomedical research studies. Other biological methods
measuring chronic levels would not be impacted by these
methodological variations (e.g., hair, nails, teeth).

Nonetheless, there are several limitations to the current analyses.
First, part of the exclusion criteria for the current analytical sample
was a mismatch between parental report of “biological sex at birth”
and the participant endorsed a binary “biological sex/gender” at the
time of saliva collection from baseline (e.g., current analyses).
Unfortunately, given that sex at birth determined the hormone panel
for testing prior to Year 3, this protocol misrepresents associations
between estradiol and variants of male sex or gender expression by not
assaying saliva samples for the assumed “female” hormone. This
experimental strategy potentially excludes important dynamics in
gender identification throughout pubertal maturation (99) and may
limit our ability to fully understand how hormones emerge across a
diversity of gender identities in the current data set. In year 3, ABCD
protocol solicited the participant’s endorsement of any gender identity
at saliva collection however this is not part of the Release 3.0 dataset
used in these analyses. Additional gender identity specific assessments
were added to the study at this Year 3 timepoint as well. After Year 3,
biological males at birth endorsing a male gender identity were
assessed for testosterone and DHEA only, and all other possible
combinations of gender identity endorsement (including neither
gender) were assessed for testosterone, DHEA, and estradiol. Future
analyses using the ABCD dataset for year 3 and later should leverage
the gender identity data that better capture the dynamics of gender
identification with salivary hormones. Second, there are many ways
to capture socioeconomic status (SES), including measures of
employment or unemployment status, wealth, type or status of
occupation, or numeric income level (100). The variables used in this
study are mostly reflective of household economic resources and
household education. Previous evidence indicates that education and
poverty status represent just two of many overlapping yet distinct
dimensions comprising SES, rather than being entirely reflective of
SES (53). Given that SES is a dynamic, multi-dimensional construct,
the exclusion of other aspects of SES may only provide a partial
understanding of socioecological relationships on salivary collection
methodological variables.

Another limitation is the relative difference in smaller sample size
among the deep poverty and poverty groups compared to the high-
income group, given that larger sample sizes are more statistically
powered to detect small effect sizes. Thus, imbalances in sample sizes
can bias the findings of smaller effect sizes between groups, especially
where the comparison group (e.g., deep poverty or poverty) is a
smaller sample size relative to the reference group (e.g., high income).
The deep poverty and poverty groups are likely underpowered to
detect small effects and are the most at risk for null findings. Null
findings between deep poverty and poverty with salivary
methodological variables in the present study should be interpreted
with caution. However, the deep poverty and poverty sample size were
n=798 and n=616, respectively, which is relatively robust for pediatric
biomedical research. In addition, for many of the observed findings,
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the effect sizes of the significant results in this analysis are relatively
moderate to small. These results may not be observable within studies
with smaller sample sizes, as sample sizes may be underpowered to
detect small effect sizes. Without being contextualized to specific
analytes of interest, the practical application of current findings
is limited.

In addition, an area-level measure such as ADI is subject to an
ecological fallacy because aggregate-level patterns may not actually
reflect individual-level socioeconomic measures (53, 101). Although
we leverage multi-level models accounting for participant clustering
by study site, we observed different relationships to salivary collection
methodological variables between household income/education and
ADI. One potential explanation as to why ADI was not related to
time-dependent salivary collection variables is that ADI may not be as
proximal to household level factors, and thus would not reflect direct
relationships to time since waking or collection time of day.

Another limitation of this analyses is the focus on salivary
bioscience methodological variables only. The observed relationships
discovered in the present analyses were not examined further in
relation to specific salivary analytes that have been assayed in the
samples (e.g., DHEA, testosterone, estradiol). Associations of
socioeconomic-based differences in salivary collection methodological
variables with salivary analyte levels were not directly tested in the
present analysis. Further, our examination of baseline relationships
may also limit interpretability over time, especially with longitudinal
changes in SES for a participant, changes in salivary methodological
variables (e.g., sampling at different time of the day or different
physical activity/caffeine intake habits as participants age), and even
longitudinal changes in analyte levels. Given the breadth of research
questions and corresponding analytical approaches with this dataset,
associations between methodological biases and analyte levels could
vary across independent and longitudinal investigations. There are
important considerations for whether these relationships are stable
over time. We rely on existing literature that points to interference of
accurate analyte measurement due to collection methodological
variables (11, 29, 30, 35-37, 39, 40). Rather, this analysis encourages
researchers examining health inequities to conduct a thorough
examination of salivary collection methods prior to leveraging
analyte levels.

While we
socioeconomic and salivary sampling methodological variables,

observed significant relationships between
we cannot make conclusions about magnitude and directionality of
relationships to specific analytes. Based on previous literature of
neuroendocrine circadian patterns (30-34), we predict that these
differences in salivary sampling methodological variables will become
more problematic as participants continue to mature, as circadian
patterns become more pronounced with maturation, and differences
in exercise and caffeine intake may grow with age as a function of key
socioeconomic factors. However, not all salivary analytes demonstrate
a circadian rhythm or are sensitive to changes in pH of the sample, or
physical activity. Thus, some specific analytes may be relatively
unaffected by the observations discovered in these analyses.
Researchers should evaluate whether their salivary analytes of interest
reflect the observed patterns in their own analyses, and if so,
intentionally address them in analyses and interpretation of salivary
analyte results.

Examination of socioeconomic factors with other salivary
sampling methodological variables that were collected in ABCD were
out of scope for the current analyses, including cotinine levels from
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first and/or second-hand tobacco exposure in the children and
medications that may alter salivary flow rates. However, future studies
of bio-banked salivary samples could measure cotinine directly from
the sample to statistically control for these confounders. There are
additional salivary sampling methodological considerations that were
not fully collected in this large data set, such as participant reported
factors of the oral environment (e.g., blood from sores, lost teeth,
injury). Research assistants used a 5-point scale to document visible
alterations in the saliva sample, including presence of discoloration
from food dye or blood, and food particles. A visual inspection of the
salivary sample was also conducted by professional laboratory staff
during the time of assaying (e.g., Salimetrics, Carlsbad, CA,
United States) to note any abnormalities in the sample. Future studies
would benefit from a thorough oral health questionnaire at the time
of sample collection to account for salivary sample contamination. To
achieve the most rigorous use of salivary analytes, all of these
methodological factors should be controlled for either through
upfront experimental design in future studies, expansion of
questionnaires on oral health, or with careful and intentional statistical
analyses to fully understand how socioeconomic factors may drive
experimental noise and interfere with results. This includes
maintaining strict protocols for saliva sampling regarding time since
waking, time of day, sample collection duration, abstaining from
caffeine, smoking, and rigorous physical activity 12h prior
to sampling.

Lastly, the examination of race/ethnicity differences was outside
of the scope of this analysis; however, we encourage investigators to
consider intentionally integrating upstream measures when
investigating research questions pertaining to racial and ethnic
minoritized groups (102-104). For example, structural racism has
been identified as an important factor of adverse health among racial
and ethnic minoritized groups including adolescents (105-107).
Future salivary bioscience research studies must acknowledge root
causes of racial/ethnic differences in health, and should be integrated
in salivary bioscience research when examining race/ethnicity
particularly through collaboration with experts in structural racism.

4.2. Conclusion

Significant associations were observed between socioeconomic
factors and salivary collection methodological variables. Specifically,
lower levels of household poverty and education were significantly
associated with more sources of potential bias in salivary collection
methodological variables (e.g., longer times since waking, collections
later in the day, higher odds of caffeine consumption, and lower odds of
physical activity). These novel findings serve as a thorough cautionary
tale for future analyses leveraging analyte levels from these salivary
samples to examine early antecedents of health inequities, as results may
reflect variations in methodological variables of salivary collections
(e.g., time since waking to sampling, time of day of sampling, physical
activity, and caffeine intake) and not actual biological mechanisms.
Entangled contributions to biological functioning from socioeconomic
factors remain a potential source of non-random systematic biases.
Conclusions made about biological functioning using saliva while only
accounting for salivary collection methodological variables, without the
consideration of socioeconomic factors, may erroneously attribute
group differences to differences in biological functioning rather than the
broader upstream socioeconomic environment.
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These results advance salivary bioscience research by applying a
health equity perspective in considering socioeconomic factors on
standardizing salivary methodology. These findings highlight the
importance of developing an experimental design that standardizes
salivary collections, to prevent potential unintentional non-random
systematic biases in saliva sampling methodology. Specifically, our
results suggest that future studies ensure participants self-collect at the
same time of day, for the same collection duration, and in the absence
of rigorous physical activity or caffeine consumption 12h prior to
providing a sample. If stringent sample collection protocols are not
feasible, we recommend that future studies collect information on
potentially important salivary methodological variables (e.g., time
since waking, collection time of day, physical activity, caffeine intake,
oral health, medications), utilize post-hoc statistical techniques (e.g.,
adjustment) to cautiously disentangle effects, and target analytes that
are robust to variability in salivary methodological variables.
Nonetheless, salivary samples were collected effectively in participants
across 21 sites, demonstrating feasibility of guided self-sampling as a
non-invasive biological specimen in a large-scale pediatric study.
These samples have strong potential to be leveraged in investigations
of biological mechanisms across the entire sample, yet more cautiously
when leveraging factors in analyses that drive health inequities.
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Background: Alcohol and tobacco are known teratogens. Historically, more
severe prenatal alcohol exposure (PAE) and prenatal tobacco exposure (PTE) have
been examined as the principal predictor of neurodevelopmental alterations, with
little incorporation of lower doses or ecological contextual factors that can also
impact neurodevelopment, such as socioeconomic resources (SER) or adverse
childhood experiences (ACEs). Here, a novel analytical approach informed by a
socio-ecological perspective was used to examine the associations between SER,
PAE and/or PTE, and ACEs, and their effects on neurodevelopment.

Methods: N = 313 mother-child dyads were recruited from a prospective birth
cohort with maternal report of PAE and PTE, and cross-sectional structural
brain neuroimaging of child acquired via 3T scanner at ages 8-11 years. In
utero SER was measured by maternal education, household income, and home
utility availability. The child's ACEs were measured by self-report assisted by
the researcher. PAE was grouped into early exposure (<12 weeks), continued
exposure (>=12 weeks), and no exposure controls. PTE was grouped into exposed
and non-exposed controls.

Results: Greater access to SER during pregnancy was associated with fewer
ACEs (maternal education: Bp=-0.293, p = 0.01; phone access: B =
—0.968, p = 0.05). PTE partially mediated the association between SER
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and ACEs, where greater SER reduced the likelihood of PTE, which was
positively associated with ACEs (B =1.110, p = 0.01). SER was associated
with alterations in superior frontal (B =-1336.036, g = 0.046), lateral
orbitofrontal (B = —513.865, g = 0.046), caudal anterior cingulate volumes (8 =
—222.982, g = 0.046), with access to phone negatively associated with all three
brain volumes. Access to water was positively associated with superior frontal
volume (B = 1569.527, g = 0.013). PTE was associated with smaller volumes of
lateral orbitofrontal (3 = —331.000, g = 0.033) and nucleus accumbens regions
(B = —34.800, g = 0.033).

Conclusion: Research on neurodevelopment following community-levels of PAE
and PTE should more regularly consider the ecological context to accelerate
understanding of teratogenic outcomes. Further research is nheeded to replicate
this novel conceptual approach with varying PAE and PTE patterns, to disentangle
the interplay between dose, community-level and individual-level risk factors on
neurodevelopment.

socioeconomic resources, prenatal substance exposure, neurodevelopment, adverse

childhood experiences, prenatal alcohol exposure, prenatal tobacco exposure

1. Introduction

Alcohol and tobacco are established teratogens, as proven in
animal models, and consistent with findings in human pediatric
samples. Numerous studies have shown that prenatal alcohol
exposure (PAE) can lead to alterations in children’s physical,
cognitive, mental, behavioral and neural development (Glass et al.,
2014; Mattson et al., 2019). Since the original recognition of alcohol
as a teratogen in humans (Jones and Smith, 1973), the subsequent
50 years of original brain research on FASD has consistently
demonstrated structural brain alterations (Riley et al., 1995;
Mattson et al., 1996; Archibald et al., 2001; Sowell et al., 2001, 2002,
2008). PAE poses cumulative harm to global health and results in
significant economic burdens. PAE can increase demands on health
care, special education, justice system, morbidity and mortality,
and loss in productivity for both the affected children and their
caregivers (Greenmyer et al,, 2018; World Health Organization
[WHO], 2021). Fetal Alcohol Spectrum Disorders (FASD) refer
to a range of diagnoses following PAE. Recent estimates of the
collective prevalence of FASD suggest even higher rates than
historically reported at 3.1-9.9% in the United States (May et al.,
2018). A population-based study conducted in South Africa found
a prevalence of Fetal Alcohol Syndrome (FAS), one of 4 diagnoses
under the FASD umbrella term, to be between 5.9-9.1%, and a
collective FASD prevalence between 13.5-20.7% (May et al., 2013).

Prenatal tobacco exposure (PTE) is a common co-occurring
exposure with PAE (Cornelius and Day, 2009), and has been
associated with alterations in speech processing, attention,
internalizing and externalizing behavior, and brain development
(Cornelius and Day, 2009; EI Marroun et al., 2014). Despite our
understanding of the teratogenic effect of these substances, PAE
in conjunction with PTE continue to occur in substance-using
societies and pose significant public health challenges.

Existing literature has attributed brain alterations primarily to
the teratogenic effect of PAE, with limited consistent examination
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of other key and often upstream factors that may also shape brain
structural development. Likelihood of prenatal substance exposure
is closely associated with availability of socioeconomic resources at
individual and neighborhood levels (Karriker-Jaffe, 2013; Coleman-
Cowger et al., 2017). In general, socioeconomic resources, PAE
and PTE are associated with hardships in prenatal and postnatal
experiences, which can also alter a child’s developmental trajectory
(Gibson et al., 2009; Lange et al., 2013; Baglivio et al.,, 2017;
Breen et al., 2018; Kambeitz et al, 2019; Luby et al., 2019).
Limited recent research provides initial evidence that PAE may
interact with low socioeconomic resources (Coles et al., 2019; Uban
et al., 2020) to impact child developmental outcomes. With such
limited knowledge, more understanding of upstream factors that
contribute to teratogenic outcomes on childhood-adolescent brain
outcomes is needed.

Existing literature demonstrates that lack of socioeconomic
resources is a childhood adversity on its own that leads to
disadvantages in executive functioning, memory, and language
development (Noble et al, 2006, 2012; Noble and Farah,
2013), and 1is reflected in development of brain structure
(Gonzalez et al, 2020). The Adverse Childhood Experiences
(ACEs) framework incorporates factors such as emotional and
physical abuse, domestic violence toward the mother, household
substance use and mental illness, and household member with
a history of incarceration. Although conceptually limited access
to socioeconomic resources may be an ACE in and of itself,
socioeconomic resources and ACEs have distinct differences. ACEs
have been shown to be associated with greater risk for health
challenges in children, including risk for mental health challenges,
development of chronic medical conditions, and regional brain
development alterations (Teicher et al., 2012, 2016; Kerker et al.,
2015; Luby et al., 2019; Mall et al., 2020; Sevenoaks et al., 2022).

Less is known about how poverty may increase the likelihood
of other ACEs (Melchior et al., 2007; Finkelhor et al., 2013).
The conceptual model developed by Culhane and Elo (2005)
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FIGURE 1
Conceptual model.

hypothesized that socioeconomic resources can influence either
positive or negative individual health behaviors (including
substance use during pregnancy), through the availability of social
services, exposure to stress, and social norms. These individual
health behaviors may partially explain the association between
socioeconomic resources, childhood subsequent ACEs, and child
neurodevelopmental outcomes. In other words, low socioeconomic
resources, presence of PAE and PTE and more ACEs may tend
to cluster together, while each has its own impact on child
neurodevelopment.

Some support for the importance of considering socioeconomic
resources and ACEs in PAE exists within samples including
biological birthing parents. It is established in perinatal literature
that socioeconomic resources are associated with PAE, partly
via differential patterns and profiles of co-exposures. Lower
maternal income is associated with a higher odds ratio of prenatal
exposure to marijuana and tobacco (Coleman-Cowger et al., 2017).
Women with residence in disadvantaged neighborhoods were more
likely to experience substance exposed pregnancies to tobacco
and other drugs in comparison to women living in middle-
class neighborhoods (Karriker-Jaffe, 2013). Social capital of the
country in which women resided was significantly associated with
PTE (Shoft and Yang, 2013). Levels of neighborhood assistance
accounted for significant variances of type of PAE and PTE
after controlling for individual-level characteristics such as race,
age, public assistance, and prenatal care (Finch et al, 2001).
The potential bidirectionality between upstream socioeconomic
resources factors of prevalence of PAE/PTE is not understood well.

In addition to systemic factors, prenatal substance exposure
status may serve as indicators of other adverse circumstances within
the home environment that shape children’s living experiences.
For instance, alcohol use for women has been associated with
higher risk for experiencing intimate partner violence, which may
be associated with an unstable household environment for the
children (O’Connor et al., 2006). Literature shows that maternal
ACEs is associated with increased risk of PTE as well as adverse
experiences of offspring, such as intimate partner violence and child
maltreatment (Pear et al., 2017; Buffarini et al., 2022). It is possible
that maternal cumulative exposure to adversity, including ACEs
and poverty, increases the risk of prenatal tobacco exposure, which
links to a subsequent elevated ACEs in children.
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Expanding upon current understanding of how socioeconomic
resources and ACEs contribute to PAE- and PTE-related structural
brain alterations, we applied a novel conceptual model in the
present analyses to examine PAE and PTE as mediators of
socioeconomic resources and postnatal ACEs, and to examine the
effects of socioeconomic resources, PAE/PTE, and ACEs on brain
outcomes. Rather than framing prenatal substance exposure as
primary predictors of brain alterations, this intentional reframing
of prenatal substance exposure as a mediator is warranted,
given the commonly co-occurring of between prenatal substance,
socioeconomic resources (Bingol et al,, 1987; McLachlan et al,
2020) and ACEs (Kambeitz et al., 2019; Andre et al.,, 2020): all
factors known to individually impact brain development (Rivkin
et al., 2008; Dannlowski et al., 2012; Noble et al., 2012; Luby et al,,
2013; Bick and Nelson, 2016).

For the first aim, we hypothesized that fewer socioeconomic
resources would be associated with more ACEs, and presence or
absence of PAE or PTE would partially mediate this relationship
(Figure 1). The second aim examined whether socioeconomic
resources-related resources, PAE or PTE, or ACEs altered cortical
brain structural development among children and adolescents
(Figure 1). We hypothesized that lower socioeconomic resources,
the presence of PAE or PTE, and higher ACEs would be associated
with smaller cortical volumes.

2. Materials and methods

2.1. Study design and participant
recruitment

The current study involved a subsample of the existing birth
cohort of the Prenatal Alcohol in Sudden Infant Death Syndrome
(SIDs) and Stillbirth (PASS) Network recruited from Cape Town,
South Africa (Dukes et al., 2014). For the original PASS cohort,
pregnant women were recruited during their routine antenatal
care at the Belhar antenatal clinic and Bishop Lavis Midwife
Obstetric Unit between August 2007 and January 2015. Enrollment
of pregnant women started between the 6th week of gestation
and delivery day. Pregnant women within this cohort originated
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from Bishop Lavis and Belhar communities: both low-income
urban suburbs that developed as a direct result of apartheid in
of Cape Town, South Africa. Historically, both communities have
experienced high rates of prenatal alcohol exposure, SIDS and
socioeconomic inequalities (May et al., 2000). A detailed report on
the recruitment methodology of the original PASS study has been
published elsewhere (Dukes et al., 2014).

For the study reported here, birth parent/legal guardian
and their child were recruited from the PASS birth cohort
among those with surviving children 8-12 years later. This age
range was selected for the dynamic pubertal maturation that
occurs during the transition from childhood to early adolescence.
This period was hypothesized to be more opportunistic for
observing lasting brain alternations following prenatal conditions.
Further, the neuroimaging protocols were adapted from the
Adolescent Brain and Cognitive Development Study, designed
for collecting MRI data at this age range. Female birth parents
and their children were approached for neuroimaging and
other neuropsychological measures in the townships around
Cape Town, South Africa. This current analysis includes a
sample of 313 birth parent/legal guardian-child participant
dyads. The demographics of the study sample is presented in
Table 1.

Inclusion criteria for the birth parents were (1) at least 16 years
of age and (2) spoke either English or Afrikaans. Children were
between 8 and 11 years of age at the acquisition of the MRI brain
scan. Exclusion criteria were (1) history of traumatic brain injury,
(2) presence of major medical or central nervous system disorders,
and (3) MRI contraindications, such as orthodontic braces and
ferromagnetic metal implants.

2.2. Measurements

2.2.1. Structural magnetic resonance imaging
data acquisition

A 3-Tesla Siemens Skyra scanner at the Cape Universities
Imaging Center (CUBIC) was used to acquire whole-brain T1-
weighted images for all participants. The total acquisition time was
around 45 min, and only data from the structural scan was analyzed
for the current study. The image was acquired through a multi-echo
T1w MPRAGE sequence, with acquisition parameters as following:
1 x 1 x 1 mm voxel size, 176 slices, slice thickness 1.00 mm,
FOV 256 x 256, TR = 2,530 ms, TE = (1.61; 3.44, 5.27; 7.1 ms),
TI = 1,240 ms, flip angle = 7 degrees.

2.2.2. Image processing

FreeSurfer’S v5.3 recon-all pipeline was utilized as metrics for
volumetric segmentation. Briefly, the FreeSurfer pipeline includes
motion correction (Reuter et al., 2010), non-uniform intensity
normalization (Sled et al., 1998), skull-strip (Ségonne et al., 2004),
Talairach transformation and volumetric labeling of cortical and
subcortical regions (Fischl et al., 2002; Fischl, 2004), tessellation
of gray/white matter boundaries for topology correction and
cortical surface construction (Fischl et al., 2002; Fischl, 2004),
parcellation of white and gray matter and derivation of cortical
and subcortical matrices. A detailed description of all steps can
be found elsewhere: https://surfer.nmr.mgh harvard.edu/fswiki/
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FreeSurferMethodsCitation. The structural MRI sequence was
adapted from the US-based ABCD Study © that was designed
to optimize pediatric neuroimaging for similar age ranges (9.0-
10.99 years old): covering both late childhood and early adolescence
matching the age range and pubertal maturation of participants in
the present study.

2.2.3.ROIs

The overlapping cortical and subcortical regions that have been
historically shown to be impacted by PAE and PTE, socioeconomic
resources, and ACEs were selected as Regions of interests (ROIs)
(Cortical: superior frontal, medial and lateral orbitofrontal, rostral,
and caudal anterior cingulate regions; Subcortical: hippocampus,
thalamus, amygdala, caudate, nucleus accumbens, and putamen).
Volumes of ROIs were analyzed bilaterally across left and
right hemispheres.

2.2.4. Socioeconomic resources measures

Socioeconomic  resources measures included monthly
household income in South African rand (ZAR), the number
of school grades completed by the birth parent, dichotomous
(yes/no) utility variables that recorded the availability of electricity,
phone (landline and/or mobile phone), flushing toilet, and
running water in the household (Myer et al., 2008). Socioeconomic
resources measures were included individually in the analysis (e.g.,

household income, utility availability, and maternal education).

2.2.5. Prenatal substance exposure measures

The PASS study collected prospective information on PAE
and PTE using a modified Timeline Follow-Back (TLFB) during
pregnancy. The TLFB measure was modified to be administered
in the participants language of choice (Afrikaans in the current
analytical sample), and prompts to the researchers were inserted to
facilitate precision of administration among participants and across
repeated time points within participants during pregnancy (Dukes
et al., 2014).

Data on PAE and PTE was collected up to three times during
pregnancy (20-24, 28-32, and 344 gestational weeks) and 1 month
post-delivery using the TLFB. Detailed information to accurately
measure the total grams of alcohol consumed on a drinking day
were collected. Standard drinks were calculated based on the type
of alcohol consumed, whether the drinks contained ice, if drinks
were shared amongst others, and the volume potentially consumed
as measured by the size of container.

Timing data for PAE was grouped into three PAE categories:
(1) early PAE, (2) extended PAE, and (3) no PAE. The no PAE
group included children whose birth mothers reported consuming
no alcohol in all three trimesters. The early PAE group included
children whose mother reported having one or more drinks during
the first trimester (<12 weeks into pregnancy) but not in the second
or the third trimesters, while the extended PAE group included
children whose mother reported consuming one or more drinks
in two or all trimesters of their pregnancy. Available PTE data was
grouped dichotomously into (1) PTE at any time in utero or (2) no
PTE exposure throughout in utero development.

2.2.6. ACEs measure

Because no prior ACE questionnaires existed that were
validated for youth in the Cape Town Flats, validated ACEs
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TABLE1 Demographi

c information.

NoAlc (N = 98)

EarlyAlc (N = 58)

ContinuedAlc

Total (N = 269)

10.3389/fnint.2023.1104788
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(N =113)

PTE <0.001
NoTob 55 (56.1%) 23 (39.7%) 32(28.3%) 110 (40.9%)
Tob 43 (43.9%) 35 (60.3%) 81 (71.7%) 159 (59.1%)

Sex 0.403
Male 53 (54.1%) 27 (46.6%) 51 (45.1%) 131 (48.7%)
Female 45 (45.9%) 31 (53.4%) 62 (54.9%) 138 (51.3%)

Age in years 0.988
Mean (SD) 9.92 (1.27) 9.90 (1.33) 9.93 (1.28) 9.92 (1.28)
Range 8.00-12.00 8.00-12.00 8.00-12.00 8.00-12.00

Electricity 0.231
No 0 (0.0%) 0 (0.0%) 2 (2.0%) 2(0.8%)
Yes 95 (100.0%) 49 (100.0%) 97 (98.0%) 241 (99.2%)

Phone 0.022
No 7 (7.4%) 9 (18.4%) 21 (21.2%) 37 (15.2%)
Yes 88 (92.6%) 40 (81.6%) 78 (78.8%) 206 (84.8%)

Water 0.612
No 17 (17.9%) 9 (18.4%) 23 (23.2%) 49 (20.2%)
Yes 78 (82.1%) 40 (81.6%) 76 (76.8%) 194 (79.8%)

Toilet 0.387
No 31 (32.6%) 21 (42.9%) 40 (40.4%) 92 (37.9%)
Yes 64 (67.4%) 28 (57.1%) 59 (59.6%) 151 (62.1%)

Maternal education 0.077
Mean (SD) 10.03 (1.76) 10.38 (1.46) 9.73 (1.69) 9.98 (1.68)
Range 5.00-13.00 7.00-13.00 4.00-13.00 4.00-13.00

Household income in South African Rand (ZAR) 0.023
Mean (SD) 932.98 (590.83) 856.47 (617.28) 689.77 (443.20) 817.12 (547.94)
Range 142.86-3000.00 100.00-3000.00 50.00-1666.67 50.00-3000.00

ACE total score 0.003
Mean (SD) 3.39 (2.14) 3.36 (2.61) 4.37 (2.30) 3.80 (2.36)
Range 0.00-10.00 0.00-12.00 0.00-10.00 0.00-12.00

Parent-reported pubertal development 0.705
Pre 54 (71.1%) 27 (61.4%) 62 (68.1%) 143 (67.8%)
Early 14 (18.4%) 9 (20.5%) 18 (19.8%) 41 (19.4%)
Mid 7(9.2%) 5(11.4%) 9 (9.9%) 21 (10.0%)
Late 1 (1.3%) 3 (6.8%) 2(2.2%) 6 (2.8%)

Child-reported pubertal development 0.352
Pre 60 (69.8%) 26 (59.1%) 63 (65.6%) 149 (65.9%)
Early 18 (20.9%) 9 (20.5%) 20 (20.8%) 47 (20.8%)
Mid 4 (4.7%) 8(18.2%) 9 (9.4%) 21 (9.3%)
Late 4 (4.7%) 1(2.3%) 4 (4.2%) 9 (4.0%)

Birth weight 0.446
Mean (SD) 3031.11 (500.18) 2955.40 (413.57) 2948.57 (495.20) 2981.97 (481.42)
Range 1120.00-4905.00 2000.00-3940.00 1400.00-4200.00 1120.00-4905.00

(Continued)

frontiersin.org


https://doi.org/10.3389/fnint.2023.1104788
https://www.frontiersin.org/journals/integrative-neuroscience
https://www.frontiersin.org/

Xia et al.

TABLE1 (Continued)

NoAlc (N = 98)

EarlyAlc (N = 58)

ContinuedAlc

Total (N = 269)

10.3389/fnint.2023.1104788

(N = 113)
Prenatal Meth 0.041
Yes 96 (97.0%) 47 (87.0%) 94 (94.9%) 237 (94.0%)
No 3(3.0%) 7 (13.0%) 5(5.1%) 15 (6.0%)
Prenatal marijuana 0.256
Yes 94 (94.9%) 48 (88.9%) 89 (89.0%) 231 (91.3%)
No 5 (5.1%) 6 (11.1%) 11 (11.0%) 22 (8.7%)

Classification of pubertal development follows Cheng et al. (2021).

items from existing literature were compiled across several
questionnaires. Individual ACE items were selected in close
consultation with research staff in Cape Town to determine
which items were: (1) relevant to the lived experiences of the
youth participants in their culture; (2) did not require mandatory
reporting if endorsed to avoid harming rapport between researchers
and the community members within the Cape Town Flats;
and (3) retained original meaning after being translated and
back-translated into Afrikaans, as determined by the US and
South African researchers.

The final ACE questionnaire consisted of 14 dichotomous
questions (Supplementary Table 1). The children were asked
questions which related to whether they had witnessed sexual abuse,
or had experienced emotional and physical, neglect and parental
separation, substance use, incarceration and mental illness within
the household, homelessness or violence, and loss of a loved one.
Child participants completed the questionnaire with the research
assistant in their preferred language of either English or Afrikaans.
A summary score was calculated by counting the total number of
questions that the child endorsed.

2.3. Statistical analysis

CRAN R v.4.1 was used to perform statistical analyses (Bates
et al,, 2015; Kuznetsova et al., 2017; R Development Core Team,
2019; Wickham et al., 2019, 2022; Heinzen et al., 2021).

2.3.1. Mediation analysis

To test whether PAE or PTE were mediators between
socioeconomic resources and ACEs, we applied the Baron and
Kenny criteria for mediation analysis (Baron and Kenny, 1986).
The analytic flow is shown in Figure 1. For the first step,
we examined the association between socioeconomic resources
variables and ACE total score. A generalized linear model
(GLM) was fitted with ACE total score as the outcome variable
and household income, maternal education, phone, water, and
electricity availability as the explanatory variable with a link
function for the Gaussian distribution. For the second step,
we tested the association between the explanatory variable and
the mediator. A GLM was fitted with the same socioeconomic
resources variables as the explanatory variables, and PAE or
PTE as the outcome variable, with a link function for the
binomial distribution. If PAE or PTE was significantly associated
with socioeconomic resources variables, it was then included

Frontiers in Integrative Neuroscience

in the last step of the analysis. For the third and last step of
the mediation analysis, we examined the direct effect between
socioeconomic resources and ACE total score by adjusting for
the potential mediator. The condition for a partial mediation
was met if (1) the main outcome variable, ACE total score, and
the mediator, PAE or PTE, were significantly associated with
socioeconomic resources variables; (2) the mediator was significant
in the third step analysis; (3) the absolute values of the estimate
of the explanatory variables were reduced when the mediator was
included.

2.3.2. sMRI analysis

To examine whether PAE/PTE, socioeconomic resources, or
ACE were associated with brain volume alterations in the prefrontal
and striatum areas, we applied a linear mixed-effects model
using the Ime4 package in R (Bates et al, 2015; Kuznetsova
et al., 2017). Because PAE/PTE, socioeconomic resources and ACE
were significantly associated with each other, we examined the
effect of PAE/PTE, socioeconomic resources, and ACE on the
ROI volumes separately. Hemisphere was included as a within-
subject variable. Our models were constructed as follows: first, we
constructed a reduced model with only the primary relationship;
then, we built up from the reduced model by adjusting for
covariates, including child age and sex. In the case of PAE
and PTE, we constructed a third model with an interaction
term between PTE and PAE and the covariates. We used AIC
comparison and log likelihood ratio test to determine whether
including the covariates provided a better fit to the model and
whether an interaction was appropriate. Lastly, a false discovery
rate (FDR) correction was applied to all individual explanatory
variables across the 11 ROIs. The results were considered significant
if the g-value, the FDR analog of the p-value, was less than
0.05.

2.4. Ethics

The data collection was approved by the Human Research
Ethics Committee of the Faculty of Health Sciences of University
of Cape Town (HREC UCT REF 248/2014). The Human Research
Ethics Committee of the Faculty of Health Sciences of Stellenbosch
University gave their ethical approval (REF 248/2014). The
Institutional Review Board (IRB) at Children’s Hospital in Los
Angeles approved the processing of de-identified neuroimaging
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TABLE 2 Coefficients and 95% confidence intervals of mediation models.

ACE total score

10.3389/fnint.2023.1104788

Monthly household income

—0.001

—0.0004

—0.001**

—0.001

(—0.001, 0.00001)

(—0.001, 0.0002)

(—0.002, —0.0003)

(—0.001, 0.00003)

Maternal education

—0.293**

—0.235*

—0.248*

0.085

(—0.492, —0.093)

(—0.434, —0.037)

(—0.449, —0.047)

(—0.100, 0.270)

Phone access

—0.968*

—0.852

—0.523

—1.213*

(—1.913, —0.023)

(—1.778,0.074)

(—1.487, 0.441)

(—2.270, —0.156)

Water access

0.174

0.304

—0.581

—0.062

(—0.797, 1.144)

(—0.648, 1.255)

(—1.539,0.377)

(—0.995, 0.870)

Toilet access

—0.218

—0.274

0.271

—0.39

(—1.051, 0.615)

(—1.089, 0.540)

(—0.533, 1.075)

(—1.175, 0.396)

Prenatal tobacco exposure

1.108**

(0.403, 1.814)

Akaike inf. crit.

826.371

818.773

234.663

242.572

*p < 0.05,*p < 0.01.

data (CHLA-19-00228). The IRB at University of California, Irvine
approved the analysis of de-identified data (UCI #212354).

3. Results

Detailed demographic information is presented in Table 1.
Of the 313 enrollees, 229 participants (mean age: 9.91 years; 131
(48.7%) male) had available PAE and PTE data. Among them,
50 had early PAE (exposure during the Ist trimester), 100 had
extended PAE, and 95 had no PAE. A 110 had no PTE and 159 had
PTE. Fifty-five had only PAE, 43 had only PTE, and 116 had both
PAE (early or extended) and PTE. On average, the total number
of ACEs endorsed was 3.8. The average maternal education was
9.98 years, while the mean monthly household income was 817.12
ZAR (equivalent to $45.55 US dollars). Age, sex, parent-reported
and child-reported pubertal development scale did not differ by
PAE status (p > 0.05). Birth weight also did not differ by PTE and
PAE (p > 0.05).

3.1. Mediation analysis

In the first-step mediation analysis, we examined the primary
relationship between specific socioeconomic resources-related
resources and total ACE scores. Lower maternal education ( =
—0.293, p = 0.01) and no phone access (B = —0.968, p = 0.05)
were both associated with higher ACE total scores. For the second-
step analysis, socioeconomic resources was regressed against the
two potential mediators, PAE and PTE. Lower household income
(B =—0.001, p = 0.01) and lower maternal education (§ =
—0.248, p = 0.05) were associated with PTE, while no phone
access only (B = —1.210, p = 0.05) was associated with PAE
(i.e., early PAE, extended PAE, no PAE). In the third step of
mediation analysis, PTE (i.e., yes PTE, no PTE) and PAE were
included, respectively in the primary association models to test the
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direct association between socioeconomic resources and ACE after
adjusting for the mediators. PAE was not a significant explanatory
variable when the model included socioeconomic resources
variables, and therefore PAE did not fulfill the criteria as a mediator.
PTE remained significant when added to the socioeconomic
resources-ACE model (B = 1.110, p = 0.01), where the presence
of PTE was associated with higher ACE total scores. Moreover,
the absolute value of the effect estimates of household income and
maternal education were reduced after PTE was included in the
model (Table 2). Therefore, PTE fulfilled the criteria as a partial
mediator between socioeconomic resources and ACE, while PAE
did not fulfill the criteria as a partial mediator.

3.2. sMRI analysis

All models were adjusted for age (months) and biological
sex (at birth), as the covariates significantly improved model
fit as evident in log likelihood ratio tests (p < 0.05). The
PAE and PTE models did not include the interaction term
between PTE and PAE, as in all cases the interaction term did
not significantly improve model fit. After FDR correction, PTE
was significantly associated with the lower volumes of lateral
orbitofrontal region (B = —331.000, g = 0.033) and accumbens
areas (B = —34.800, q = 0.033) (Figure 2A). PAE was associated
with increased thalamus, accumbens area and caudate before
the FDR correction (p < 0.05), but these associations did
not carry on with the FDR correction (¢ > 0.05). ACE total
score was not significantly associated with the volumes of any
of the 11 brain ROIs. Phone access was associated with the
smaller volumes of superior frontal (B = —1336.036, g = 0.046),
lateral orbitofrontal (3 = —513.865, q = 0.046), and the caudal
anterior cingulate (B = —222.982, q = 0.046) (Figure 2B).
Water access was associated with larger volumes of the superior
frontal region (B = 1569.527, q = 0.013) (Figure 2C).
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FIGURE 2

Scatter plots showing significant regions post FDR correction. Error bars show 95% confidence interval. (A) Significant associations between prenatal
tobacco exposure and brain volume. (B) Significant associations between phone access and brain volume. (C) Significant associations between

water access and brain volume.

Uncorrected p-values and full model estimates are presented in
Supplementary Table 2.

4. Discussion

The present analyses examined a novel reframing of PAE
and PTE as mediators for the association between socioeconomic
resources and postnatal ACEs on cortical brain volumes. Within
a very low socioeconomic resources context, and with prospective
community-levels of prenatal substance exposure, we found that
PTE, but not PAE, partially mediated the association between less
in utero socioeconomic resources and subsequent more postnatal
ACEs for the youth. Lower socioeconomic resources during
pregnancy were associated with higher likelihood of PTE, and in
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turn PTE was associated with higher total number of endorsed
ACEs. Both socioeconomic resources and PTE were associated
with smaller volumes in prefrontal and striatum regions. Lower
socioeconomic resources during pregnancy were associated with
increased likelihood of subsequent PAE. However, given null brain
findings with community-levels of PAE in this cohort, whether PAE
plays a similar mediating role between socioeconomic resources,
ACEs and brain outcomes as PTE does remains unknown,
particularly for populations experiencing higher PAE known to
cause clinical FASD, or within higher resourced contexts.

Our results demonstrate that PTE, but not PAE, was
associated with lower cortical volume in the lateral orbitofrontal
region and nucleus accumbens. While lateral orbitofrontal
has been consistently associated with processing of rewards
and punishments, as well as emotional and social regulations
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(Kringelbach and Rolls, 2004), nucleus accumbens serves to
integrate information from frontal and temporal regions and
facilitate action (Floresco, 2015). These functional correlates of
lateral orbitofrontal cortex and nucleus accumbens are consistent
with the negative association between PTE and global cognition
in children between 9 to 12 years old found in the current
literature, suggesting a potential brain-behavior relationship (Fried
et al., 1998; Gonzalez et al., 2023). Our results are consistent with
prior studies from this same birth cohort representing community
patterns of PAE and PTE, showing more widespread cortical and
subcortical brain alterations with PTE compared to PAE at ages
6 years old (Uban et al, 2023) and ages 8-12 years (Marshall
et al., 2022). Compared to alcohol, tobacco use is less likely to be
cut back during pregnancy and more likely to be associated with
tobacco exposure after pregnancy (Leech et al,, 1999; Cornelius
and Day, 2000). Even among women who reduce their tobacco
use or quit spontaneously during pregnancy, postpartum relapse is
common (Crume, 2019). It is likely that children who had PTE were
also exposed to prolonged second-hand smoke perinatally [from
birth parent and/or others smoking around child (Paavola et al,,
19965 Scherrer et al,, 2012)], which has been known to increase
the risk of poorer neurodevelopmental outcomes in children (Chen
et al,, 2013). Therefore, it is possible that the structural brain
development differences observed in our analysis were the result
of accumulated tobacco exposure via maternal systems from both
maternal use as well as use from others via second-hand smoke
exposure during perinatal development. The potential for PTE
from others’ use may be a mechanism for reaching higher doses
of exposure, and/or longer durations of exposure across postnatal
developmental stages, unlike PAE. Together, these mechanisms
for PTE that are unique from those of PAE may explain the
more widespread effects on brain development at ages 6 (Uban
et al,, 2023) and 8-11 years as seen here and in Marshall et al.
(2022). Interestingly, PTE dose-response relationships did not
show significant results after corrections for multiple comparisons
(Marshall et al., 2022), suggesting that PTE exposure from the
postnatal period, or relating to perinatal tobacco exposure from
others around the pregnant person or baby may be driving
PTE outcomes more than maternal use in pregnancy alone.
Data on the existence of postnatal tobacco exposure was not
collected in our sample, which limited our ability to disentangle
prenatal from postnatal tobacco exposure. Future research may
investigate whether there is a dose-response relationship between
prenatal and postnatal tobacco exposure and structural brain
development.

While we are aware of the teratogenic effects of exposure to
substances in utero, there exist other mechanistic pathways by
way of hypoxia that might affect brain development, including
the presence of obstetric complications. Obstetric complications,
including preeclampsia, eclampsia, and gestational diabetes, can
affect brain volumes (Ritsep et al., 2016; Luo et al., 2022). Our
analyses are potentially limited by not accounting for obstetric
complications that may affect brain morphology in utero with
continuing effects seen in the growth trajectory of the developing
brain through adolescence. Additionally, PTE has been shown to be
associated with lower birth weight, smaller head circumference, and
shorter length in newborns (Cornelius and Day, 2000). Specifically
in our sample, birth weight did not differ by PTE or PAE
status, again suggesting that prospective data most likely reflects
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community-level patterns of exposure and not necessarily high
doses that are commonly seen in clinical FASD research samples.

Our analysis showed that phone access (landline and/or
mobile phone) and running water access in utero were associated
with volumes of the frontal regions in our sample of children
between 8 to 11 years old in Cape Town, South Africa.
Most of the existing literature on the impact of socioeconomic
resources on child brain development have included samples
from United States. How socioeconomic resources influence child
development may be substantially different in a community
where access to basic needs is inconsistent. Phone access is not
universal in Cape Town, South Africa, because the necessary
hardware to support phone service is expensive due to importation
and little domestic manufacturing, and cellular data prices are
exorbitantly high for lower resourced communities (Walton
and Donner, 2012). Running water access for the Cape Town
participants in this study is also negatively impacted by the
legacy of racial inequality, where restricted access to clean and
consistent water supply remains common (Enqvist and Ziervogel,
2019). Therefore, phone and water are likely proxies of the
physical environment, such as access to governmental supports
for maintaining utilities or exposure to environmental toxins or
nutrition. Together, these physical environmental factors may
impact child brain development and are potentially associated
with housing amenity-based factors impacting ventilation of
cooking, sanitation, and neighborhood safety. Given that our
sample was derived from a low-resource community, it is also
possible that the associations between utility access and structural
brain volume may not generalize to communities in developed
countries with more resources and infrastructure. Additionally,
access to socioeconomic resources has been intertwined with
cross-generational race/ethnicity-based oppression. Thus, the brain
alterations we found as a function of socioeconomic resources in
this sample may also reflect the impact of experienced racism,
in addition to environmental exposures and poverty. Further
research is needed to assess the interaction between racism,
environmental exposure and poverty, and their collective impact
on brain development.

Socioeconomic resources, but not ACEs, were related to
lower cortical volumes, and less socioeconomic resources were
associated increased likelihood of PTE and PAE. The presence of
PAE/PTE may be a symptom of existing socioeconomic inequities,
which may continue to independently and/or interactively impact
the postnatal experience of the child. It is possible that, in
this sample of participants, PTE and PAE are symptoms of
less access to resources. Substances, including tobacco and
alcohol, are commonly used to cope with stressors, including
those relating to additional economic and low resourced living
conditions (O’Connor et al.,, 2011; Peer et al., 2014; Watt et al,,
2014). PTE may be reflective of additional needs to cope with
stressors in a lower socioeconomic resources context in our
study. Indeed, tobacco use among women in low resourced
communities around Cape Town has been associated with poverty
and more psychosocial stress (Peer et al., 2014). Previously, more
adverse life events and a perception of lack of control over
one’s environment were found to be associated with an increased
risk of tobacco use among this population (Peer et al., 2014).
Thus, the present study provides evidence to extend established
socioeconomic resources and PTE associations to the period of
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pregnancy, and subsequent ACEs endorsed by their children.
With intentional incorporation of these factors in PAE brain
research, more can be understood about the complex interplay
between co-occurring contributing factors with PAE/PTE on brain
structure development. It is possible that teratogenic potential
of PAE/PTE may differ as a function of many factors, including
co-occurring exposures, socioeconomic resources, and variable
postnatal experiences.

We did not find an association between the total number of
ACEs and brain volume in the prefrontal and striatum regions.
While the 14-point ACE scoring system captures the grouped
experience of the adverse events, the cumulative score is not
specific to the three domains of neglect, abuse, and household
challenges scored on the ACE scale. Moreover, the scoring of
events such as this on a linear scale deprives us of the sensitivity
to the chronicity and intensity of the events. The screening
of ACEs may not fully capture the breadth of adverse events
experienced by children living in post-apartheid South Africa
and perhaps better serves as preliminary data on ACEs for the
PASS birth cohort. There are cultural differences in how people
experience, and express abuse, neglect, and household challenges
compared to the U.S. population with whom these ACE items
were first developed. We attempted to minimize the cultural
effects through forward- and back-translation, but there may be
persisted issues of cultural validity with the measure. In addition,
children may not remember adverse events that happened when
they were very young and therefore might not report these events
accurately, if at all. Given that early childhood is an especially
sensitive developmental period, the limitation of the child self-
report may also have contributed to our lack of findings. ACEs
requiring mandatory reporting were not assessed and may have
artificially created a ceiling effect on total ACE scores. Lastly,
resilience is known to be important as an interacting force to
ACEs and warrants further investigation to understand how it
relates to PAE and/or PTE, socioeconomic resources and ACEs for
these brain outcomes.

Although not directly tested, known mechanisms implicate
stress systems for underlying, in part, the impact of socioeconomic
resources and ACEs on brain development. The toxic stress
model hypothesizes that poverty and maltreatment influence
levels of adversity, which contribute to toxic stress and allostatic
load and thus affect brain and cognitive development (McEwen
and McEwen, 2017). In this model, toxic stress activates the
hypothalamic-pituitary-adrenal (HPA) axis and thereby alters brain
structures involved in neuroendocrine functioning, such as the
limbic system and the prefrontal cortex (McEwen and McEwen,
2017). Indeed, a substantial body of literature has demonstrated
associations between child maltreatment and altered structural and
functional connectivity of the fronto-limbic regions (Hanson et al.,
2010; Teicher et al., 2012; McLaughlin et al., 2014, 2016; Herzberg
and Gunnar, 2020). Similar HPA and brain alterations have been
found to associate with PAE. Animal models of implicate HPA-
dysregulation as a key mechanism of lasting harm of PAE on brain
structural alterations in prefrontal and the limbic regions (Uban
et al., 2010, 2013). Few studies to date have examined PAE, PTE,
socioeconomic resources, and HPA-function and warrant future
investigation.

Additional contextual characteristics of the present study
should be noted. Firstly, in the US, the majority of participants in
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historical PAE brain literature have been recruited from clinical
FASD populations and almost always raised as adoptees, outside
of their racial/ethnic/culture of origin (Uban et al., 2020). Here,
the birth cohort from South Africa was comprised of child and
adolescent participants raised by the biological mother, effectively
eliminating cultural mismatch or not being raised by the biological
mother as drivers of brain alterations observed with PAE. Second,
given the prospective nature, PAE and PTE patterns reflected
community-level patterns of PAE. The majority of PAE-focused
published work identified participants with established facial
dysmorphology or severe patterns of PAE, commonly associated
with diagnoses such as fetal alcohol syndrome (FAS) or partial
FAS (pFAS) (Coles et al., 2020). Community-patterns of PAE with
consideration of PTE may better capture FASD-related diagnoses
that have been historically underrepresented in FASD clinical brain
research, such as alcohol related neurodevelopmental disorder
(ARND).

The birth cohort data leveraged in this study is from a
low-resource community in Cape Town, South Africa, which
has experienced cross-generational stressors through displacement
and race/ethnicity-based oppression through historical apartheid.
Specific to the Cape Town Flats region where the study participants
reside, the physical environment is limited by lasting infrastructure
challenges, in part due to the legacy of Apartheid (Henri and
Grunebaum, 2005; O’Connell, 2018). Black communities were
displaced from the Cape Town city area and rendered to the
peripheral where basic infrastructure is lacking even today (Henri
and Grunebaum, 2005; O’Connell, 2018). Systemic race-based
oppression spanning generations combined with lack of resources
have often led to experiences of toxic stress and substance use (Watt
etal., 2014). This community has historically been labeled as having
high FASD prevalence in research (Croxford and Viljoen, 1999;
May et al., 2000; Olivier et al., 2016). Our study is contextualized
with this consideration of poverty and systemic race-based
oppression. Future research may further examine specific pathways
through which poverty and psychosocial stress during pregnancy,
as well as PAE/PTE, become associated with ACEs endorsed by
children, and whether interventions and community services may
disrupt the intergenerational transmission of adversity in this
population.

In summary, our findings support the hypothesis that
contextual factors, such as access to socioeconomic resources,
may impact brain development through multiple pathways,
including a direct pathway through the availability of certain
resources and an indirect pathway through increasing the risk
of teratogenic exposure (e.g., tobacco). These socioeconomic
resources are entangled with cross-generational race/ethnicity-
based oppression and poverty stemming from the legacy of
the Apartheid. Therefore, our findings may not necessarily
reflect differences in brain development due solely to poverty.
Future studies may conceptualize the teratogen exposure as
one factor embedded within a web of contextual factors that
also influence brain development. Intentional incorporation of
contextual factors that can also drive differences in brain
development are needed to expand future teratogenic research,
and to help destigmatize birth parents. Understanding varying
patterns of PAE and PTE in the context of broader socioeconomic
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resources influences and their connections with postnatal ACEs
can present novel policy-level and community-level interventions.
This broader understanding of PAE and PTE outcomes may lead
to support and awareness for affected individuals that is consistent
with current recommendations to address social determinants
of substance use.
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Brain morphological variability
between whites and African
Americans: the importance of
racial identity in brain imaging
research

Daniel Atilano-Barbosa and Fernando A. Barrios*

Institute of Neurobiology, National Autonomous University of Mexico, Juriquilla, Mexico

In a segregated society, marked by a historical background of inequalities, there
is a consistent under-representation of ethnic and racial minorities in biomedical
research, causing disparities in understanding genetic and acquired diseases as
well as in the effectiveness of clinical treatments affecting different groups. The
repeated inclusion of small and non-representative samples of the population
in neuroimaging research has led to generalization bias in the morphological
characterization of the human brain. A few brain morphometric studies between
Whites and African Americans have reported differences in orbitofrontal volumetry
and insula cortical thickness. Nevertheless, these studies are mostly conducted
in small samples and populations with cognitive impairment. For this reason,
this study aimed to identify brain morphological variability due to racial identity
in representative samples. We hypothesized that, in neurotypical young adults,
there are differences in brain morphometry between participants with distinct
racial identities. We analyzed the Human Connectome Project (HCP) database
to test this hypothesis. Brain volumetry, cortical thickness, and cortical surface
area measures of participants identified as Whites (n = 338) or African Americans
(n =56) were analyzed. Non-parametrical permutation analysis of covariance
between these racial identity groups adjusting for age, sex, education, and
economic income was implemented. Results indicated volumetric differences
in choroid plexus, supratentorial, white matter, and subcortical brain structures.
Moreover, differences in cortical thickness and surface area in frontal, parietal,
temporal, and occipital brain regions were identified between groups. In this
regard, the inclusion of sub-representative minorities in neuroimaging research,
such as African American persons, is fundamental for the comprehension of
human brain morphometric diversity and to design personalized clinical brain
treatments for this population.

KEYWORDS

brain volumetry, cortical thickness, cortical surface area, racial identity, MRI, Human
Connectome Project

1 Introduction

Human population studies are contributing to understand variability in the prevalence of
diseases, treatment response, risk factors, and relationships between genetic and environmental
outcomes between diverse societal groups (Falk et al., 2013; Batai et al., 2021). Accordingly,
human brain morphological variability has been robustly associated with individual genetic
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ancestry (Fan et al., 2015) and sociocultural influences (Holz et al.,
2014; Noble et al., 2015). One of the methodologies used for the
characterization of the human brain has been morphological
neuroimaging analysis, which consists of the implementation of
computational analysis methods of brain magnetic resonance imaging
(MRI), aimed to identify the structural characteristics of the brain,
highlighting analysis of volume and area, such as cortical surface area
and cortical thickness (Mietchen and Gaser, 2009). Brain volumetry
is a measure that includes surface area and cortical thickness
(Panizzon et al., 2009); the former being a parameter of cortical
folding and gyrification (Rakic, 2009) and the latter a parameter of
density and dendritic arborization (Huttenlocher, 1990).

Neuroimaging studies have been implemented to identify brain
morphometric differences due to educational level (Ho et al., 2011),
socioeconomic status (Farah, 2017), gender, and age (Smith et al,,
2007; Takahashi et al., 2011). Nevertheless, few neuroimaging studies
are designed to explore brain morphometric differences related to
racial identity. In this sense, it has been reported that African
American persons diagnosed with hypertension and cognitive
impairment, commonly referred to as a decline in memory and
cognition performance, have lower insular thickness compared to
White persons with the same diagnosis (Chand et al., 2017). Moreover,
Isamah et al. (2010) implemented a volumetric analysis using
magnetic resonance imaging (MRI) in neurotypical White and
African American persons. After controlling for variables such as age,
sex, years of education, and total brain volume, they reported that
African American participants had a greater brain volume of the left
orbitofrontal cortex than White participants. These authors agree that
morphometric studies in populations with diverse racial identifications
will reduce the under-representation of ethnic minorities as well as the
comprehension of the influence of these variables on the differentiation
in specific brain structures and the prevalence of neuropsychiatric
diseases among different populations.

Racial identity has generally been used as a demographic variable
and not as a variable of interest in neuroimaging research, which
contributes to generalization bias of brain findings based on persons
with high educational and socioeconomic status belonging to majority
racial groups (Falk et al., 2013; Rouan et al., 2021). Furthermore,
studies including minority racial groups are mainly implemented in
small samples and in populations with cognitive impairment (Isamah
et al., 2010; Chand et al., 2017). Thus, our study aimed to identify
morphological brain variability among distinct racial identities in a
representative sample of neurotypical young adults. We analyzed brain
morphometric data from the Human Connectome Project (HCP)
(van Essen et al., 2012). Our selection criteria indicate that White and
African American racial identities were the most representative
samples in the HCP database. In this regard, we expect to identify
differences in brain morphometry between people identified as Whites
or African Americans.

2 Methods

In order to access participants’ racial identity information, all
authors accepted the terms of data used to access restricted data of the
HCP database. After the request was accepted by the WU-Minn HCP
Consortium, the database from 1,206 participants was downloaded
from the ConnectomeDB, a web-based user interface from the HCP
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(Hodge et al., 2015). Apart from racial identity information, restricted
data included demographic, clinical, psychiatric, and morphometric
brain information for each participant. Data were filtered to exclude
participants with psychiatric symptoms, substance use and abuse
disorders, endocrine disorders, irregular menstrual cycles,
neurological abnormalities, and technical issues in the acquisition or
preprocessing of their structural brain images. In the filtered database,
participants identified as Hispanics were discarded due to unbalanced
sample representation between the selected racial identity groups
(Hispanic-Whites =22, Hispanic-African Americans n=1). Beyond
this classification, ethnic identity was not considered for further
analysis. Racial identity categories referred to Whites and African
Americans were taken from the HCP demographic data based on the
NIH Toolbox and U.S. Census classification.'

Three hundred thirty-eight participants identified as Whites
(Mg =29.12, SD=+3.60, Megyeaiony= 15.15, SD=+1.69] and 56
subjects identified as African Americans [M,gy)=29.25, SD=+3.62,
M.gucationyy = 14.41, SD = £1.90] satisfied the inclusion criteria from the
filtering process of the original HCP database. Although age
[t392=—0.2533, p= 0.800] was not significantly different, years of
education between groups resulted in significant differences
[t7096=2.760, p= 0.007]. Moreover, three participants identified as
Whites were excluded from the permutation analysis because of
missing education and economic income information (see Table 1).

Summary statistics of FreeSurfer morphometric measures
(volume, cortical surface area, and cortical thickness) from the HCP
database previously processed by HCP investigators were analyzed
(Glasser et al., 2013). These preprocessing methods consist of a
PreFreeSurfer pipeline, which was implemented to preprocess high-
resolution T1w and T2w (weighted) brain images (0.7 mm thickness)
for each participant to produce an undistorted “native” structural
volume space. The pipeline aligned the T1w and T2w brain images,
executed a B1 (bias field) correction for each volume, and co-registered
the participant’s undistorted structural volume space to MNI space.
Subsequently, a Freesurfer pipeline was executed to divide the native
volume into cortical and subcortical parcels, reconstruct white and
pial cortical surfaces, and perform the standardized FreeSurfer’s
folding-based surface mapping to their surface atlas (fsaverage)
(Glasser et al., 2013). Volumetric, cortical thickness, and surface area
brain measures were grouped by participants’ racial identity— Whites
or African Americans. Before applying statistical analysis, volumetric
results for each participant were standardized by dividing the raw
volumetric scores by intracranial volume (ICV). Due to unbalanced
samples between groups, ANCOVA permutation analyses adjusting
for age, sex, education, and economic income were implemented to
identify differences between groups for each brain morphometric
measure. The estimation of value of ps was based on the criterion in
which iteration stopped when the estimated standard error of the
estimated proportion of the value of p was less than one-thousandth
of the estimated value of p (Anscombe, 1953). A maximum of 5,000
iterations were selected for the analysis. Adjustment of value of ps for
multiple comparisons were implemented by the family-wise error
(FWE) rate method (Holm, 1979). Due to sample imbalance, a

1 https://www.humanconnectome.org/storage/app/media/documentation/
q3/HCP_Q3_Release_Appendix_VIl.pdf
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TABLE 1 Descriptive results between African Americans and Whites.

Racial identity

African Whites,
Americans, N =338t
N =56!
Age (years) 394 29.25 (3.62) 29.12 (3.60) 0.801
Sex 394
Male 23 (41%) 190 (56%)
Female 33 (59%) 148 (44%)
Education
392 14.41 (1.90) 15.15 (1.69) 0.007
(years)
Economic
391

Income (US$)
<$10,000 7 (12%) 12 (3.6%)
10K-19999 10 (18%) 22 (6.6%)
20K-29999 9 (16%) 34 (10%)
30K-39999 10 (18%) 32(9.6%)
40K-49999 5 (8.9%) 39 (12%)
50K-74999 8 (14%) 76 (23%)
75K-99999 1(1.8%) 53 (16%)
>=100,000 6 (11%) 67 (20%)
Missing 0 3

"Mean (SD) of age and education in years. Frequencies (1) and percentages (%) of economic
income ranges in US dollars. *Welch two sample t-test of age and education between African
Americans and Whites (p <0.05).

subsample selection from the filtered database was implemented,
based on the criteria that participants from the higher sample size
group (Whites) were similarly paired in age, sex, education, and
economic income to the low sample size group (African Americans)
(see Supplementary Table S4). ANCOVA permutation analyses
corrected for multiple comparisons (FWE) on the same morphological
parameters described above were implemented for this subsample.
The ordering of the database, data filtering, and statistical analysis
was carried out in the programming language R version 3.6.3 mounted
on the RStudio software version 1.2.5033. ANCOVA permutation
analysis was implemented by the aovp function of the Imperm package
in R (Wheeler and Torchiano, 2016). The pipeline used for the
statistical analysis can be consulted at https://github.com/Daniel-
atilano/HCP_structural_analysis.git.

3 Results

3.1 Brain volumetry differences between
groups

Volume comparisons resulted in significant differences in cortical
and subcortical brain structures (see Table 2 and Figure 1).

Volumetric measures were obtained from a volume-based stream
where MRI volumes are labeled to classify subcortical and cortical
tissues based on subject-independent probabilistic atlas and subject-
specific measured values of voxels. Anatomical visualization of brain
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regions with significant statistical volumetric differences is represented
in Figure 2.

Similar results were found on the paired subsample volumetric
measures; nevertheless, after multiple comparisons correction
(FWER), the bilateral and total cortical white matter, the left cerebellar
white matter, the bilateral thalamus, and the anterior section of the
callosum  maintain differences  (see

corpus significant

Supplementary Table S5).

3.2 Differences in cortical thickness
between groups

Cortical thickness results indicated significant differences in
frontal, temporal, parietal, and occipital brain regions (see Table 3 and
Figure 3).

Cortical thickness measures were obtained from the mean
distance between the white and the pial surfaces of the cortex.
Anatomical visualization of brain regions with significant statistical
cortical thickness differences is represented in Figure 4.

Similar results were found on the paired subsample cortical
thickness measures; nevertheless, after multiple comparisons
correction (FWER), the right banks of the superior temporal sulcus,
left cuneus cortex, the right middle temporal gyrus, the right
supramarginal gyrus, and the right lateral occipital cortex maintain
significant differences (see Supplementary Table S6).

3.3 Differences in cortical surface areas
between groups

Cortical surface results indicated significant differences in frontal,
temporal, parietal, and occipital brain regions (see Table 4 and
Figure 5).

Cortical surface measures were obtained from the sum of areas of
triangles from the tessellation of the brain surface. Anatomical
visualization of brain regions with significant statistical cortical
surface area differences is represented in Figure 6.

Similar results were found on the paired subsample cortical
surface area measures; nevertheless, none of the brain regions presents
significant differences after applying multiple comparisons correction
(FWER) (see Supplementary Table S7).

4 Discussion

Social, educational, and economic inequalities have impacted the
health and human rights of ethnic and racial minorities, causing their
under-representation in biomedical studies, leading to bias in the
effectiveness of clinical treatments and misconceptions of genetic and
environmental diseases affecting these groups (Konkel, 2015).
According to some estimates, reducing such disparities would have
saved the United States more than $ 1.2 billion in direct and indirect
medical costs (Laveist et al, 2011). Even though the White
non-Hispanic population has been steadily declining in recent years,
African Americans and Hispanic/Latinos only represent 5 and 1% of
participation in human research, while Whites represent over 70%
(Ricard et al., 2022). In this regard, racial/ethnic identity is essential

frontiersin.org


https://doi.org/10.3389/fnint.2023.1027382
https://www.frontiersin.org/journals/integrative-neuroscience
https://www.frontiersin.org
https://github.com/Daniel-atilano/HCP_structural_analysis.git
https://github.com/Daniel-atilano/HCP_structural_analysis.git

Atilano-Barbosa and Barrios

10.3389/fnint.2023.1027382

TABLE 2 ANCOVA permutation volumetric brain results between African Americans and Whites adjusting for age, sex, education, and economic

income.
Volumetric African Whites, Iteration Value of p p-adjust
measure Americans, N =335 value
(mm3/ICV) N=56 Mean (SD)
Mean (SD)
Subcortical gray matter 0.04055 (0.005034) 0.03834 (0.002698) 1 0.00011 5,000 2e-16 0.0000%**
Cortical white matter, L 0.1456 (0.01530) 0.1400 (0.01035) 1 0.00112 5,000 0.0004 0.0148*
Cortical white matter, R 0.148 (0.01591) 0.142 (0.01041) 1 0.00133 5,000 2e-16 0.0000%**
Total cortical white
0.2936 (0.03118) 0.2820 (0.02072) 1 0.00491 5,000 2e-16 0.0000%**
matter
0.005314
Thalamus proper, L 0.005662 (0.0007313) 1 2.97e-06 5,000 2e-16 0.0000%**
(0.0004950)
0.002389
Caudate, L 0.002561 (0.0003973) 1 6.66e-07 5,000 2e-16 0.0000%**
(0.0002699)
0.0006879
Choroid plexus, L 0.0007718 (0.0001564) 1 2.74e-07 5,000 2e-16 0.0000%**
(0.0001265)
Cerebellum white 0.009315
0.010071 (0.001618) 1 2.31e-05 5,000 2e-16 0.0000%#7#*
matter, R (0.001034)
0.002467
Caudate, R 0.002643 (0.0003947) 1 7.50e-07 5,000 2e-16 0.0000%#%#%*
(0.0002746)
0.000927
Pallidum, R 0.001005 (0.0001865) 1 1.76e-07 5,000 2e-16 0.0000%**
(0.0001037)
0.002673
Ventral diencephalon, R 0.002813 (0.0003966) 1 6.68e-07 5,000 2e-16 0.0000%3*
(0.0002312)
0.0007852
Choroid plexus, R 0.0008843 (0.0002290) 1 4.19e-07 5,000 2e-16 0.0000%**
(0.0001559)
0.0001423 (2.936e-
Optic chiasm 0.0001660 (3.156e-05) 05) 1 2.83e-08 5,000 2e-16 0.0000%**
Posterior corpus 0.0005998 (9.114e-
0.0006727 (1.129¢-04) 1 1.44e-07 5,000 2e-16 0.00007%**
callosum 05)
Anterior corpus 0.0005577 (8.614e-
0.0006323 (9.232e-05) 1 1.75e-07 5,000 2e-16 0.0000%**
callosum 05)

(**#%) Significant results at a value of p 0of <0.001 and (*) a value of p of <0.05 when multiple comparison correction test (FWER) was applied. R, Right Hemisphere. L, Left Hemisphere. MSS,
Mean sum of squares. Brain volumetry is standardized as the ratio of cubic millimeters / intracranial volume (mm*/ICV).

to contextualize neurophysiological and neuroimaging results on
structural inequities in society (Harnett et al., 2023). In neuroimaging
research, this under-representation bias may be responsible for the
reproducibility, generalizability, external validity, and inference crisis
in brain research, which exacerbates the disparities and inequalities of
minorities in neuroscience (Falk et al., 2013; Dotson et al., 2020). Data
sharing and open access to multimodal brain imaging in consortium
repositories have been proposed as research opportunities to diminish
racial disparities and methodological bias (Falk et al, 2013;
Weinberger et al., 2020). Consequently, some advantages of using the
HCP database are its public accessibility, a large ethnic/racially diverse
sample, preprocessing methods, high-resolution structural brain
imaging, and demographic and clinical information of participants
(Glasser et al., 2016).

Based on the HCP database, our results indicate volumetric brain
differences in white matter structures, subcortical regions, plexus
choroids, and total subcortical grey matter between participants
identified as African Americans and Whites. Differences in subcortical
brain volumetric regions were identified in the bilateral caudate, left
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thalamus, right globus pallidus, and right ventral diencephalon.
Moreover, differences were identified in other brain structures, such
as the optic chiasm, the white matter of the right cerebellum, and the
corpus callosum in their anterior and posterior portions. In contrast
with Isamah et al’s (2010) study, where differences in bilateral
amygdala and total cerebral volume between persons identified as
African Americans and White were found, we identified volumetric
differences in the bilateral caudate and total cortical white matter.
Differences in regional brain volumes in cortical and subcortical
structures, such as the bilateral caudate, have been identified between
White and Chinese populations (Tang et al., 2010). Moreover, brain
differences in total cortical gray matter volume, total cortical white
matter volume, total gray matter volume, estimated intracranial
volume, and cortical regional volumes have been reported between
Indian and White persons (Rao et al., 2017). Furthermore, our results
indicate surface area differences in frontal, parietal, temporal,
occipital, and frontal brain regions between African American and
White racial identities. Specifically, cortical thickness differences were
identified in the bilateral cuneus cortex, left fusiform gyrus, bilateral

frontiersin.org


https://doi.org/10.3389/fnint.2023.1027382
https://www.frontiersin.org/journals/integrative-neuroscience
https://www.frontiersin.org

Atilano-Barbosa and Barrios

10.3389/fnint.2023.1027382

CC Anterior CC Posterior

1e-03
8e-04
7e-04 8e-04
6e-04
5004 6e-04

4e-04
4e-04

3e-04

Left Cortical WM

il

Right Cerebellum WM

Left Choroid Plexus

0.00125 o
0.20
BT 018
B p 0.16
0.14

Right Caudate

0.0035 =
- 0.015
0.0030 : -
Tt - 0.012
0.0025 : It
ol 0.009
0.0020 .

Right Globus Pallidus
" 0.0045

- 0.0040

= 0.0035
< = 0.0030
x 0.0025

0.00100

0.00075

0.00050

0.00025

mm®/Icv

0.00150

0.00125

0.00100 G
¥
0.00075 2

0.00050

FIGURE 1

at a value of p of <0.001 and (*) a value of p of <0.05.

[ whites [@ African Americans

Permutational ANCOVA brain volumetric results between Whites and African Americans with significant differences after applying multiple comparison
correction test (FWER). Brain volumetry is standardized as the ratio of cubic millimeters/intracranial volume (mm?/ICV). CC anterior: anterior subregion
of corpus callosum. CC posterior: posterior subregion of corpus callosum. WM, white matter. GM, gray matter. Asterisks (***) indicate significant results
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occipital cortex, left pericalcarine cortex, bilateral lingual gyrus,
bilateral postcentral gyrus, right superior temporal sulcus, right rostral
anterior cingulate cortex, right supramarginal gyrus, right entorhinal
cortex, right middle temporal gyrus, and right transverse temporal
cortex. Moreover, cortical surface area differences were identified in
the bilateral cuneus cortex, left entorhinal cortex, left inferior temporal
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gyrus, bilateral occipital cortex, left lateral orbitofrontal cortex, left
lingual gyrus, bilateral parsopercularis, right parsorbitalis, right caudal
middle frontal gyrus, right frontal pole, right fusiform gyrus, bilateral
right superior frontal gyrus, and bilateral superior parietal cortex.
There are few studies that have reported differences in brain cortical
thickness and surface area due to ethnic or racial identity. Accordingly,
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TABLE 3 Permutational ANCOVA cortical thickness results between African Americans and Whites adjusting for age, sex, education, and economic

income.
Brain region African Whites, Iteration Value of p p-adjust
(mm) Americans, N =335 value
N =56 Mean (SD)

Mean (SD)
Banks of superior

2.744 (0.1603) 2.810 (0.1342) 1 0.21868 5,000 2e-16 0.0000%*
temporal sulcus, R
Cuneus cortex, L 2.040 (0.1011) 2.099 (0.1214) 1 0.20477 5,000 2e-16 0.00007%#*
Cuneus cortex, R 2.042 (0.1147) 2.099 (0.1105) 1 0.17220 5,000 2e-16 0.00007%**
Entorhinal cortex, R 3.313 (0.2290) 3.445 (0.2412) 1 0.64413 5,000 2e-16 0.00007%#*
Fusiform gyrus, L 2.850 (0.09736) 2.889 (0.12094) 1 0.06748 5,000 2e-16 0.00007%**
Inferior parietal

2.618 (0.09668) 2.657 (0.10264) 1 0.09692 5,000 2e-16 0.00007%**
cortex, R
Lateral occipital

2.234(0.1040) 2.312(0.1099 1 0.27342 5,000 2e-16 0.00007%#*
cortex, L
Lateral occipital

2.273(0.1102) 2.366 (0.1036) 1 0.35269 5,000 2e-16 0.0000%**
cortex, R
Lingual gyrus, L 2.125 (0.09406) 2.189 (0.11238) 1 0.14523 5,000 2e-16 0.0000%**
Lingual gyrus, R 2.132(0.1075) 2.208 (0.1101) 1 0.23351 5,000 2e-16 0.0000%3*
Middle temporal

3.013 (0.1111) 3.074 (0.1211) 1 0.13934 5,000 2e-16 0.00007%**
gyrus, R
Pericalcarine cortex, L 1.978 (0.1141) 2.020 (0.1170) 1 0.11471 5,000 2e-16 0.00007%**
Postcentral gyrus, L 2.176 (0.09014) 2.230(0.10179) 1 0.12848 5,000 2e-16 0.00007%**
Postcentral gyrus, R 2.204 (0.10093) 2.248 (0.09787) 1 0.08111 5,000 2e-16 0.00007%**
Rostral anterior

3.056 (0.1737) 2.996 (0.1853) 1 0.18686 5,000 0.0006 0.0312%
Cingulate cortex, R
Supramarginal gyrus,
R 2.668 (0.1017) 2.715(0.1152) 1 0.14505 5,000 2e-16 0.00007%**
Transverse temporal

2.653 (0.1645) 2.765 (0.1709) 1 0.50098 5,000 2e-16 0.00007%#*
cortex, R

(*#*) Significant results at a value of p 0of<0.001 and (*) a value of p of <0.05 when multiple comparison correction test (FWER) was applied. R, right hemisphere. L, left hemisphere. MSS,

mean sum of squares.

Jha et al. (2019) identified cortical thickness differences in the bilateral
postcentral gyrus, superior parietal lobules, precuneus, supramarginal
gyrus, right precentral gyrus, insula, inferior parietal lobule,
supplementary motor area, and rolandic operculum in a large cohort
of neonates of African American and White mothers. Furthermore,
in middle-aged cognitively impaired hypertensive persons, differences
in insular cortical thickness were identified between African
Americans and White people (Chand et al., 2017). Similar to our
results, Kang et al. (2020) identified differences in surface area and
cortical thickness in frontal, parietal, temporal, and occipital
subregions; however, these results were based on an analysis of brain
surface morphometry between older Chinese and White adults.

The U.S. Census has created racial categories that include White
and African American people, allowing the self-identification of
individuals in groups that represent their community and cultural
background (Anderson et al., 2004). In a segregated society, racial
identity has emerged as the sense of collective identity based on a
perceived common heritage with a racial group (Helms, 1995),
promoting wellbeing and protection against racism in African
Americans (Hughes et al., 2015). In this sense, Afro- American identity
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is constituted by an African conscience that establishes behaviors,
spirituality, and ancestral knowledge affecting self-concept, self-
esteem, and self-image. Moreover, racism and oppression, rooted in a
historical background of environmental and interpersonal adversity,
have caused a mental and physical pathologization of their identity
(Toldson and Toldson, 2001). In contrast, White American identity is
rooted in social and economic privileges (McDermott and Samson,
2005) that establish racial attitudes, beliefs, behaviors, and experiences
in a racially hierarchical society (Schooley et al., 2019). From this
perspective, racial identity is defined and addressed as a social
construct from which racial groups are socially created to attach
differences between groups (Anderson et al., 2004). In this sense, the
descriptive results in our sample related to years of education indicate
that participants identified as African American reported less years of
education than White participants; moreover, Whites tend to report
higher economic income than African Americans. These results may
reflect the inequalities in education (Johnson, 2014; Hill et al., 2017)
and socioeconomic status (Hardaway and McLoyd, 2008) between
White and African American people. Low socioeconomic status has
been associated with reduced cortical gray matter thickness in
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¢

RIGHT LEFT

Banks Superior
Temporal Sulcus

Transverse
Temporal Cortex

. Entorhinal Cortex

Postcentral Gyrus

FIGURE 4

(Marinescu et al,, 2019).

. Lateral Occipital Cortex . Middle Temporal Cortex
Lingual Gyrus

|:| Pericalcarine Cortex

. Cuneus Gyrus

Brain regions representing cortical thickness differences between Whites and African Americans. Brain images were created with BrainPainter software

Rostral Anterior
Cingulate Cortex

. Fusiform Gyrus

Supramarginal
Gyrus

Inferior Parietal
Cortex

middle-aged persons (Chan et al., 2018). In addition, diverse studies
have indicated that socioeconomic status and parental education
strongly influence cerebral cortical thickness, surface area, and volume
during childhood (Noble et al., 2015; Farah, 2017), particularly
average cortical thickness in neonates of African American mothers
(Jha et al., 2019). Although our analysis was adjusted for economic
income and education, these are only dimensions of socioeconomic
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status that also imply prenatal and postnatal factors such as biological
risks (e.g., nutrition and toxin exposure), psychosocial stress,
variability in cognitive and linguistic stimulation, and parenting
practices during childhood (Farah, 2017). Our results referred to
differences in volume, cortical thickness, and surface area in diverse
brain regions between distinct racial identities may be due to these
prenatal and postnatal factors anchored in racial inequalities. In this
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TABLE 4 Permutational ANCOVA surface cortical area results between African Americans and Whites adjusting for age, sex, education, and economic

income.
Brain region African Whites, Iteration Value of p p-adjust
(mm?) Americans, N =335 value
N =56 Mean (SD)
Mean (SD)
Caudal middle frontal
2031.68 (430.703) 2289.21 (412.912) 1 1,313,656 5,000 2e-16 0.0000%
gyrus, R
Entorhinal cortex, L 392.036 (79.9331) 442.269 (89.4814) 58,967 5,000 2e-16 0.0000%*%*
Frontal pole, R 255.232 (41.2782) 286.684 (46.4144) 22,534 5,000 2e-16 0.0000%*%*
Fusiform gyrus, R 3091.07 (409.400) 3385.21 (485.103) 979,123 5,000 0.0004 0.0208*
Inferior temporal
3151.93 (459.970) 3535.21 (514.899) 2,869,915 5,000 2e-16 0.0000%*%*
gyrus, L
Lateral occipital 4869.55
4432.77 (606.078) 4,366,717 5,000 2e-16 0.0000%**
cortex, L (621.979)
Lateral occipital
4281.59 (629.353) 4734.67 (607.326) 3,922,367 5,000 2e-16 0.00007%**
cortex, R
Lateral orbitofrontal
2511.55 (288.722) 2733.41 (318.287) 1 703,296 5,000 2e-16 0.0000%**
cortex, L
Lingual gyrus, L 2863.04 (396.938) 3190.75 (415.092) 1 2,569,762 5,000 2e-16 0.00007%**
Parsopercularis, L 1589.21 (246.493) 1777.46 (293.377) 1 774,206 5,000 2e-16 0.00007%*%*
1498.99
Parsopercularis, R 1292.12 (226.984) 1 1,301,307 5,000 2e-16 0.0000%:*
(265.773)
822.463
Parsorbitalis, R 745.054 (95.406) 1 90,705 5,000 2e-16 0.0000%*%*
(106.355)
4201.71
Precuneus cortex, R 3770.21 (527.036) 1 2,710,670 5,000 2e-16 0.0000%*3*
(609.588)
Superior frontal
6931.23 (868.670) 7610.22 (962.951) 1 7,349,511 5,000 2e-16 0.0000%##%*
gyrus, L
Superior frontal
6849.00 (828.756) 7445.82 (928.692) 1 4,132,493 5,000 2e-16 0.0000%*%*
gyrus, R
Superior parietal
5080.77 (565.338) 5680.33 (731.003) 1 6,302,632 5,000 2e-16 0.0000%**
cortex, L
Superior parietal
R 5100.62 (558.739) 5704.45 (699.319) 1 6,535,061 5,000 2e-16 0.0000%**
cortex,

(*#*) Significant results at a value of p of <0.001 and (*) a value of p of <0.05 when multiple comparison correction test (FWER) was applied. R, right hemisphere. L, left hemisphere. MSS,

mean sum of squares.

regard, it has been reported that African Americans, compared to the
White population, have a higher risk of developing Alzheimer’s
disease due to exposure to air pollutants (Younan et al., 2021), access
to healthcare (Cooper et al,, 2010) and educational disparities
(Peterson et al., 2020). Moreover, racism and discrimination have been
related to higher levels of blood pressure (Lewis et al., 2009), preterm
infant birth (Collins et al., 2011; Dominguez, 2011), and stressful life
experiences (Williams, 2018). Furthermore, the recent study by Fani
etal. (2021) identified that racial discrimination experiences of Afro-
American women were associated with functional activation of the
middle occipital gyrus, ventromedial frontal cortex, middle and
superior temporal gyrus, and cerebellum. Assari and Mincy (2021)
have reported that racism may impact the volume brain growth of
African American children. Accordingly, with these studies, the
morphological variability identified between White and African
American identities in our study may also be related to racism and
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oppression, mostly affecting the African American community, due
to historical racial segregation (Toldson and Toldson, 2001; Grigoryeva
and Ruef, 2015). In this regard, acknowledging inequalities in
education (Johnson, 2014; Hill et al., 2017), health (Monk, 2015;
Yearby, 2018), justice (Hetey and Eberhardt, 2018), and socioeconomic
status (Hardaway and McLoyd, 2008) between Whites and African
American people is fundamental to acknowledge that racial identity
implies social and environmental factors that can impact in human
development (Huston and Bentley, 2009) and brain morphology (Ho
etal., 2011; Holz et al., 2014; Noble et al., 2015; Gur et al., 2019).
Most studies in human cognitive neuroscience come from
majority identities, such as the White population, in contrast to
Hispanics, Asians, and African Americans, who have been
markedly underrepresented (Dotson et al., 2020). In this sense,
our results suggest brain morphological variability between
overrepresented and underrepresented samples, supporting the
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urgency to avoid the extrapolation and generalization of brain
findings based on WEIRD (Western, Educated, Industrialized,
Rich, and Democratic) population (Chiao and Cheon, 2010; Falk
et al., 2013). Accordingly, it is important to consider the human
brain as a multilevel ecological system that regards social and
biological factors from which it is necessary to develop cross-
cultural sampling methods and multidisciplinary collaboration
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to improve the generalizability of neuroscience studies and the
comprehension of individual differences in the human brain
(Falk et al., 2013). Neuroimaging research groups have developed
structural MRI brain atlas and templates based on specific
populations due to differences in brain morphology while
contrasting with WEIRD samples (Tang et al., 2010; Gu and
Kanai, 2014).
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The African Ancestry Neuroscience Research program has
emerged as an initiative to reduce health disparities in the African
American community and to promote focused brain research in this
population to treat brain disorders by developing personalized
therapies and treatments (Weinberger et al., 2020). The evidence of
morphological brain variability in our study could contribute to
understanding brain disorders and psychological factors affecting
African Americans and the prospect of developing brain templates for
this population.

Although our study was based on a large sample from the
HCP database, some limitations must be considered. First, the
sample is unbalanced due to the overrepresentation of persons
identified as Whites (n=2877) compared to persons identified as
African Americans (n=193) according to the original HCP
database.” Even though the HCP project is focused on neurotypical
young adults, this database includes participants with heavy
consumption of tobacco, alcohol, and recreational drugs (van
Essen et al., 2012). Moreover, we identified participants with
psychiatric symptoms, endocrine disorders, irregular menstrual
cycles, and neurological abnormalities, as well as technical issues
in the acquisition and preprocessing of their structural brain
images. In this sense, we consider implementing exclusion criteria
to discard these confounding variables that could affect
morphological brain results in large neuroimaging data (Smith
and Nichols, 2018). Nevertheless, these considerations maintain
the imbalance of our sample between Whites (n =338) and African
Americans (n=56) persons, which reduces the possibility to apply
parametric statistical analysis (Kaur and Kumar, 2015). In this
regard, we implement a method of sub-selection of persons
identified as White (n=56) and African American (n=56) paired
in age, sex, economic income, and education to overcome the
confounding bias. Finally, racial identity was defined from the
self-identification of participants. However, genetic ancestry
information could have contributed to a more careful
characterization of the sample from which specific genetic
sequences and gene/environmental interactions could be analyzed
to further interpret brain morphological results (Fan et al., 2015).

5 Conclusion

The human brain is constituted in a unique genetic, social, and
experiential domain that is embedded in global hardships such as
poverty and discrimination (White and Gonsalves, 2021). In this
regard, morphological brain differences in persons identified as
African Americans and Whites may be embedded in historical
inequalities, oppression, and racism in American society that may
impact brain structure. In this study, white matter, forebrain,
midbrain, and hindbrain structures display morphological variability
between racial groups which could be relevant for understanding
neurological or psychiatric disorders differentially affecting these

2 https://wiki.numanconnectome.org/display/PublicData/Summary+Demo

graphic+Data+for+HCP+Young+Adult
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populations. Due to the recurrent misrepresentation of ethnic and
racial minorities in neuroimaging research, their inclusion in further
studies is fundamental for the comprehension of human brain
morphometric variability.
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Introduction

There is growing evidence to suggest cognitive impairment and adverse brain health
outcomes are associated with chronic health conditions such as diabetes, hypertension, and
cardiovascular disease (Barnes and Bennett, 2014; Lock et al., 2023; National Academies
of Sciences et al., 2023). These conditions can contribute to cognitive dysfunction by
disrupting physiological feedback mechanisms that regulate oxidative stress (Pugazhenthi
et al., 2017), causing fluctuations in systemic blood pressure (Wanleenuwat et al., 2019),
or promoting vasoconstriction that impairs cerebral perfusion (Stephan et al., 2017). The
higher prevalence of these conditions in the Black population (Ajuwon and Love, 2020;
Musemwa and Gadegbeku, 2017; Wang et al., 2021) may be associated with an increased
risk of dementias, such as Alzheimer’s disease, increasingly seen in Black Americans (Basu
and Gujral, 2020; Rajan et al., 2019).

While the compelling scientific need for further evaluation of these connections may
be helpful in addressing Black health disparities, neuroscience studies have often been
slow to advance such contributions in the United States (U.S.) Black population (Burke
etal., 2017; Zuelsdorff et al., 2020). This may stem from underpowered Black participation
in neuroscience research (Rutten-Jacobs et al., 2024), which is commonly attributed to
historically rooted mistrust in medical research (Otado et al., 2015; Scharft et al., 2010;
Webb et al., 2022) or ineffective sampling (Abiodun, 2019; Awidi and Hadidi, 2021). An
often-overlooked factor that may further impact the inclusion of Black participants in
neuroscience studies is researchers’ decision-making processes for participants who report
forced hand use on screening assessments.

Handedness screening assessments are a common method for establishing hand
dominance in neuroscience studies (Scharoun and Bryden, 2014). Hand “dominance” is
characterized by a distinct affinity for the hand that demonstrates the highest proficiency
when performing manual tasks (Serrien et al., 2006), while hand “preference” is defined by
the hand an individual habitually selects for task performance, independent of proficiency
(Chatagny et al., 2013). Handedness is believed to influence an individual’s mental and
neuropsychological abilities (Johncy et al., 2021). Researchers, particularly in human
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neuroscience, may selectively analyze the data of right-handed
individuals to minimize variance in datasets (Bailey et al., 2019;
Willems et al., 2014). Unrealized biases embedded in handedness
screening tools may unknowingly facilitate misclassification error
for Black participants with a history of culturally influenced
handedness practices.

Researchers’ understanding of how cultural and religious
practices shape handedness in diverse Black communities could
affect the internal validity of handedness assessment tools that
assess forced hand use. We encountered this issue in a preliminary
study on racism and cognitive processing, where assumptions
about responses to forced hand use, and its potential link
to hand dominance, were susceptible to misunderstandings
of the cultural and religious factors influencing forced use.
Given the need for greater inclusion in neuroscience research,
an examination of the decision-making methods surrounding
Black participants’ employment of handedness warrants further
investigation. Examining how cultural and religious practices are
established within the Black population and their relationship to
handedness could serve as one intervention to increase researchers’
acceptance of Black participants who report a history of forced
hand use.

Understanding cultural/religious
right-hand practices of African
immigrant populations and their
descendants

When assessing handedness in culturally diverse populations, it
is useful to establish criteria for including or excluding individuals
based on the forced use of the right hand, given the historical
preference for right-handedness in formal and functional tasks (De
Kovel et al., 2019; Galobardes et al., 1999; Kloppel et al., 2010).
In some West African countries like Ghana, Nigeria, and Senegal
individuals can display a preference for the right hand when
performing tasks that require direct contact with others (Alhassan,
2018). Conversely, in these same regions, the left hand is perceived
as dirty or intolerable (Awidi and Hadidi, 2021) and relegated to
private tasks such as washing one’s body or using the bathroom.
In particular, the rare hereditary pattern of left handedness may
contribute to its cultural perception as an unlucky trait, leading
to public avoidance of left-hand use (Jing, 2020). In other words,
the use of the right or left hand for a particular activity may not
be a matter of dominance nor preference but an enforced practice
honored by one€’s culture.

The left hand is also subject to stigmatization within the
religious teachings of Christianity and Islam, commonly practiced
among African and African American communities (Agbiji and
Swart, 2015; Park et al., 2020; Simmons, 2008). Christian doctrines
have historically associated left handedness with the devil (Hertz,
2013), while Islamic scriptures have regarded the left hand as
a symbol of uncleanliness or impurity (Fagard and Dahmen,
2004; Singh and Kundu, 1994). Devoutly religious individuals may
therefore refrain from using their left hand during social activities,
even for simple gestures like handing over an object or receiving
money, as they can have significant social repercussions (Alhassan,
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2018). To avoid ostracism, adherents to religious customs must
often consciously use the right or left hand in a socially cued
manner. Consideration of such practices in the Black diaspora may
enhance the efficacy of screening protocols while allowing for the
appropriate determination of handedness (Shanunu et al., 2022;
Zverev, 2006).

This is important knowledge to incorporate in handedness
assessments as a longitudinal analysis of U.S. migration trends
revealed that the Black population grew by 20 million over the
last four decades (Tamir and Anderson, 2022). Additionally, Tamir
(2022) reported that the number of Black immigrants living in
the U.S. reached 4.6 million in 2019, a substantial increase from
the documented 800,000 in 1980. This growth represents nearly
a fifth of the total Black population and it is projected that
Black immigrants will contribute to approximately one-third of
the overall increase in the U.S. Black population’s growth by 2060
(Tamir, 2022). Presently, one in every ten Black Americans is
foreign-born and these immigrants often maintain strong religious
affiliations that underpin their handedness practices (Mohamed
et al, 2021; Shanunu et al,, 2022). While such ideologies may
originate in Africa, cultural socialization plays a significant role
in defining the identity of ethnic-racial populations (Wang et al.,
2023). Individuals of African ancestry may retain handedness
habits passed down from previous familial generations. With the
growing influx of African immigrants to the U.S. (Corra, 2023), an
effort to recognize their cultural handedness behaviors is essential
to effectively refining research screening tools to ensure the
integrity of scientific practices in neuroscience research. Further,
it would be worth investigating whether these socialized hand
preferences correlate to shifts in brain laterality.

Integration of cultural competencies
in handedness assessments

A primary goal of handedness screening assessments is to
determine an individual’s hand dominance based on their reported
hand preference across a variety of tasks. These assessments draw
from a basic inventory to evaluate hand dominance, with some
screening tools incorporating additional survey questions that
examine the influence of familial factors on handedness (Kloppel
et al., 2010). Inventories typically include questions about the
direction and degree of hand use for routine activities, such as
writing, eating, and throwing, while concurrently assessing how
frequently one hand is favored over the other (Oldfield, 1971).
While handedness inventories are generally regarded as a reliable
instrument for evaluating hand dominance, it is important to
heed the caution given by psychologist Richard Charles Oldfield,
inventor of the Edinburgh Handedness Inventory (EHI). Oldfield
acknowledged that the selection of tasks in such inventories
requires greater cultural sensitivity to be universally applicable to
participants of differing social groups, including variations in sex,
culture, nationality, and socioeconomic status (Oldfield, 1971). For
example, researchers translating an English version of the EHI
within a Chinese validity study identified tasks in the questionnaire
that could be revised to better model Chinese practices. Altering a
task description from “knife without a fork” to “knife to cut meat or
vegetables,” and replacing “spoon” with “chopsticks” ensured that
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the language used in the EHI was more aligned with Chinese culture
(Yang et al., 2018).

Our team’s experimental study on racism and cognitive
function among Black males revealed the potential for cultural
perspectives to influence handedness assessment responses.
Participants born to West African immigrants were more likely
to report mixed hand use or forced hand conversion. These
individuals were initially excluded from the study by us, resulting
in an overall decline in the number of eligible participants. To
better understand this occurrence, we asked participants to
provide more details about their responses to the questionnaire.
We discovered that our handedness assessment may not have
accounted for African cultural and religious practices where the
right hand is traditionally reserved for formal tasks and the left
hand for chores (Alhassan, 2018; Awidi and Hadidi, 2021).

Participants in our study frequently sought clarification on
a particular survey question about forced right-hand conversion
(see Supplementary material). Our team later identified two
distinct interpretations of this question by participants. The first
interpretation was perceived as whether a parent ever attempted
to convert the participants true handedness from left to right.
Meanwhile, the second interpretation was perceived as whether a
parent required the participant to temporarily use a preferred hand
during task performance. As a result, responses could have different
implications depending on participants’ comprehension of the
question. For example, marking “yes” to the latter interpretation
might indicate that the use of the right hand was enforced
short-term for specific tasks rather than as a permanent change
in handedness.

On the contrary, marking “yes” may lead researchers to
conclude that a participant has spent significant effort in converting
their handedness to the right side. This is a critical inference
because, if a serious attempt at hand conversion is assumed,
scientists may believe that permanent changes to brain laterality
have occurred (Siebner et al., 2002). Such an assumption could lead
to the potential dismissal of participants from a study. Given this
implication, further research is needed to examine how cultural
practices influence assessment responses across the broader Black
community and whether they impact hand dominance, leading to
long-term brain changes.

Potential culturally sensitive
modifications to handedness
screening assessments

To improve the internal validity of screening tools, adding
questions that address the role of culture and religion could
provide a more holistic understanding of handedness in ethnically
diverse populations. We suggest incorporating questions designed
to determine if a cultural or religious practice might account
for a dextral response. We recommend including questions that
examine whether:

e Participants experience forced changes in handedness based
on cultural or religious beliefs (i.e, were you forced to
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use your preferred hand for this task due to a cultural or
religious belief?).

e Hand preference deviates from hand dominance (ie., is
your preferred hand for this task different from your
dominant hand?).

e Frequency of the hand used in tasks is equivalent to the
assumption of handedness (i.e., how often do you utilize this
task in your daily routine?).

Adopting such changes may enlighten neuroscience researchers
about the sociocultural dimensions of handedness. A related
concern beyond the screening itself is the unavailability of a
scientific workforce that can and will drive a research agenda
inclusive of racial/ethnic/religious factors that may matter in
neuroscience research. Addressing this requires continued efforts
to diversify the workforce and incorporate varied perspectives
throughout the research process. One effective approach would
be for research teams studying culturally diverse populations
to enlist community advisory boards (La Scala et al., 2023).
These boards, composed of members representative of the
study population, can critically review screening tools, and
determine whether tasks and associated survey questions are
culturally appropriate.

Conclusion

To advance our knowledge of how cultural and religious
differences impact handedness screening tools, careful assessment
of handedness research protocols is needed. In the face of improved
tools for determining lateralization, neuroscience researchers
should consider including left-handed individuals as stratified
samples in cognitive studies, as this may help reveal the
impact of handedness on cognitive function. To improve the
internal validity of handedness research, future studies should
examine the effects of culture and religion on hand dominance
and its relationship to structure and function in the brain.
Researchers can help mitigate disparities in neuroscience research
by carefully evaluating tools for potential bias, and thoroughly
assessing study inclusion/exclusion criteria that may unknowingly
exclude those who bear a greater burden of health disparities.
Neuroscience research stands to benefit from reducing brain
health disparities in Black populations by driving research
agendas whose criteria and knowledge of diversity is based on
inclusive science.
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