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BACKGROUND: In June 2020, the National Academies of Sciences, Engineering, and Medicine hosted a virtual workshop focused on integrating the
science of aging and environmental health research. The concurrent COVID-19 pandemic and national attention on racism exposed shortcomings in
the environmental research field’s conceptualization and methodological use of race, which have subsequently hindered the ability of research to
address racial health disparities. By the workshop’s conclusion, the authors deduced that the utility of environmental aging biomarkers—aging bio-
markers shown to be specifically influenced by environmental exposures—would be greatly diminished if these biomarkers are developed absent of
considerations of broader societal factors—like structural racism—that impinge on racial health equity.

OBJECTIVES: The authors reached a post-workshop consensus recommendation: To advance racial health equity, a “compound” exposome approach
should be widely adopted in environmental aging biomarker research. We present this recommendation here.
DISCUSSION: The authors believe that without explicit considerations of racial health equity, people in most need of the benefits afforded by a better
understanding of the relationships between exposures and aging will be the least likely to receive them because biomarkers may not encompass cumu-
lative impacts from their unique social and environmental stressors. Employing an exposome approach that allows for more comprehensive expo-
sure–disease pathway characterization across broad domains, including the social exposome and neighborhood factors, is the first step. Exposome-
centered study designs must then be supported with efforts aimed at increasing the recruitment and retention of racially diverse study populations and
researchers and further “compounded” with strategies directed at improving the use and interpretation of race throughout the publication and dissemi-
nation process. This compound exposome approach maximizes the ability of our science to identify environmental aging biomarkers that explicate
racial disparities in health and best positions the environmental research community to contribute to the elimination of racial health disparities.
https://doi.org/10.1289/EHP8392

Introduction

A Pandemic, a Movement, and a Workshop
In June, 2020, with the concurrent backdrop of a global COVID-19
pandemic (that has disproportionately impacted racial/ethnic
minorities) (Sze et al. 2020) and growing national outrage over
unremitting racism (institutional and interpersonal) (Churchwell
et al. 2020), the National Academies of Sciences, Engineering, and
Medicine (NASEM) hosted a virtual workshop focused on inte-
grating the science of aging and environmental health research
(NASEM2020). NASEMconvened leading scientists—represent-
ing multiple disciplines—from across the United States to discuss
emerging findings integral to advancing our understanding of

aging and environmental exposures. Appropriately, current events
illuminated limitations in our conceptual and methodological
approaches that subsequently create shortfalls in our ability to use
our research to address health disparities. Recent events simultane-
ously spurred deeper reflection on how we as environmental
researchers can design and mobilize our future research to help
address the systemic marginalization of disenfranchised popula-
tions. Importantly, it is the authors’ opinion that achieving a more
equitable health future involves instituting changes in our field that
address andmitigate the disparities stemming from our past behav-
iors and inaction, while remaining ever-vigilant of how current
research and innovation in environmental research potentially cre-
ates, sustains, and exacerbates the disparities we are trying to
eliminate.

In the specific circumstance of biomarkers reflecting environ-
mental exposures (i.e., exposure biomarkers) and nonmutually
exclusive biomarkers reflecting physiological changes in human
aging (i.e., aging biomarkers), it is the authors’ view that there
remains a need to consider the utility of these biological measures
across race and ethnicity and in the broader contexts of structural
factors, such as racism. Research on the various single-cell, epige-
netic, omics, and telomere biomarkers discussed at the NASEM
workshop undoubtedly provide novel opportunities for under-
standing the biological and phenotypic relationships between envi-
ronmental toxicants and aging processes. However, the authors
maintain that it is simply insufficient to ask whether new exposure
and aging biomarkers can substantially improve our ability to
understand these interconnected relationships. The authors believe
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that the field must also consider “for whom” these relationships
apply, ensure that the “whom” is as inclusive as possible, and
understand the contexts that shape such relationships.

A Compound Exposome Scope
Environmental aging biomarkers—that is, current and future
aging biomarkers shown to be specifically influenced by environ-
mental exposures—remain an active area of research because
they offer the possibility of detecting adverse changes in human
physiology before the development of clinical diseases like can-
cer (Bell et al. 2019; Dhingra et al. 2018). Although research is
still emerging as to whether all these markers are truly precursors
of disease or simply noncausal correlates of disease processes,
these markers maintain promising utility even in the latter cir-
cumstance as a means of monitoring disease progression or
response to interventions and treatments (Hägg and Jylhävä
2020). Still, we must proactively ensure that the research working
to develop and involving these biomarkers—especially in the
context of racial disparities in health—is carried out with the
understanding that race is primarily a social construct and a poor
proxy for genetic and geographic diversity (Keita et al. 2004).
The evolution of research on telomeres [nucleoprotein structures
at the ends of chromosomes that shorten over time with cell divi-
sions (Lulkiewicz et al. 2020)] provides a notable example of
how environmental aging biomarkers can be better leveraged to
characterize the cumulative impacts of environmental and social
stressors that disproportionately affect communities of color. In
particular, studies that previously stopped at describing telomere
length differences across races are now being met with evidence
that these differences may in fact be related to socioeconomic sta-
tus (SES; Needham et al. 2019) and neighborhood characteristics
(Thierry 2020). In other cases, structural factors like institutional
discrimination are now being linked to telomere length (Thomas
et al. 2020) and further suggest that similar social elements may
be driving factors for previously reported “racial” differences.

The aforementioned literature on telomeres provides added im-
petus for research efforts that deemphasize race while simultane-
ously emphasizing racism and other structural factors. However,
one important caveat for environmental aging biomarkers is that, at
present, there is no single so-called gold standard for biological
aging (Bell et al. 2019). Hence, all racial health equity concerns
need to be integrated broadly for the numerous environmental
aging biomarkers being explored. Different biomarkers are known
to reflect different aspects of aging (Nwanaji-Enwerem et al. 2017,
2020) andmay also have different relationshipswith racism, social,
and environmental factors.

After the NASEMworkshop, the authors acknowledged that the
utility of environmental aging biomarkers would be greatly dimin-
ished if proportionate attention were not placed on incorporating the
many factors that hinder racial health equity. Specifically, develop-
ing relevant environmental aging biomarkers (and clinical or envi-
ronmental interventions based on these biomarkers) without the
explicit consideration of their function in, validity for, and benefit to
populations disproportionately affected by health disparities will
only maintain existing disparities and possibly create new ones for
one primary reason: Namely, those in most need of the benefits
afforded by a better understanding of environmental aging bio-
markers will be the least likely to receive the benefits because the
biomarkers may not encompass impacts from their distinct, unique
lived experiences and cumulative environmental conditions. In an
effort to advance racial health equity, the authors reached a consen-
sus recommendation that a compound exposome approach should
be adopted in environmental aging biomarker research.

The exposome represents the cumulative environmental influ-
ences throughout the human lifespan that include exposures and

factors from the physical, social, and natural environment (Miller
and Jones 2014). We recommend the adoption of a compound
exposome approach to address methodological challenges of
characterizing complex relationships between multiple chemical
and nonchemical stressors and biomarkers of aging. This
approach involves compounding robust exposome frameworks
with efforts aimed at increasing the recruitment and retention of
racially/ethnically diverse study populations along with clearly
theorizing and interpreting the use of race throughout the analyti-
cal, publication, and dissemination processes. An analogy to con-
trast a traditional vs. a compound approach to exposome and
aging biomarker research is shown in Figure 1, which compares a
simple light with a compound light microscope. A compound
exposome microscope reveals the complexity of environment and
aging relationships better than the simple exposure microscope
does. Furthermore, we believe that taking a compound exposome
approach will improve the identification of clinical and public
health intervention targets and best position research findings to
help address racial disparities in aging and environmental health.
Still, before unpacking our recommendation, we first take time to
acknowledge the existing disproportionate burden of adverse
aging experiences, poor health outcomes, and environmental
injustices endured by various racial groups in the United States.

Disparate Health, Aging, and Environmental Exposures
As defined by the National Institute onMinority Health and Health
Disparities (NIMHD), health disparities represent differences in
health outcomes that adversely affect disadvantaged populations
(Duran and Pérez-Stable 2019). At present, racial and ethnic
minorities, socioeconomically disadvantaged communities, sexual
and gender minorities, and rural underserved communities are
among the NIMHD-designated health disparity populations
(Alvidrez et al. 2019). Racial disparities in health, in particular, are
created and sustained by past and current interlocking systems of
racial oppression that systematically constrain the economic, polit-
ical, and social engagement of racial and ethnic minorities at insti-
tutional, interpersonal, and individual levels (Daftary 2020). The
unequal burden of toxic environmental exposures across race and
ethnicity is a manifestation of racial oppression and only furthers
this process of health decline and increased mortality among racial
and ethnic minorities (Tessum et al. 2019). Moreover, experiences
of disadvantage accumulate over a lifetime and can be passed
down generationally through social, behavioral, and biological
mechanisms (Ferraro et al. 2017; Goosby and Heidbrink 2013)
such as epigenetics, which is also a basis for some environmental
aging biomarkers (Dhingra et al. 2018; Notterman and Mitchell
2015). For this reason, healthy aging in the United States is a privi-
lege not afforded to all. In 2017, the average life expectancy at birth
in the United States was 78.6 y. However, that number was one or
more years lower for Black and Native American infants (Arias
et al. 2019; The Office ofMinority Health 2018). By adulthood, the
observed difference in the life expectancy for Blacks and Native
Americans compared with whites was greater than 3.5 y (Arias
et al. 2019). Similarly, notable differences in life expectancy are
also observed by geography, a factor that is often tied to the physi-
cal distribution of environmental exposures (Colmer et al. 2020;
Hill et al. 2019; Thind et al. 2019; Vierboom and Preston 2020) as
well as the spatial distribution of racial and ethnic groups and SES
due to residential segregation (Beyer et al. 2019; Nardone et al.
2020; Williams and Collins 2001). When one considers healthy
aging, the disparities are equally as troubling. Empirical evidence
demonstrates that even among age-matched individuals, diseases
accumulate disproportionately across race and ethnicities and that
distinct differences exist in the total volume and kinds of
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comorbidities that different races and ethnicities acquire (Lee et al.
2018; Quiñones et al. 2019).

From our perspective, to simply document the presence and
magnitude of these disparities in environmental exposures, aging,
and health should not be the main goal of the research commu-
nity. Instead, understanding the etiologies, determinants, and con-
sequences of such disparities and intervening (through policies
and practice) to address these disparities should be the ultimate
goals. This moment calls for intentional and explicit research-
based strategies, from environmental scientists, that mobilize the
research community towards producing work grounded in health
equity considerations.

Discussion

Contextualizing Race by Operationalizing the Exposome
In contemporary environmental aging biomarker research and in
broader epidemiological and biomedical studies, race is often ill-
defined and used as a surrogate for an unspecified combination of
mainly genetic ancestry components but also of environmental and
behavioral factors (Gravlee 2009; Lin and Kelsey 2000). The
notions of genetic ancestry and the social construct of race must be
intentionally and explicitly disentangled to fully understand the
effects of the environment, including the impacts of systemic rac-
ism in producing aging and health disparities (Dressler et al. 2005;
Non and Gravlee 2015). When considering “race-based” dispar-
ities, it becomes even more important to avoid simplified reduc-
tionist approaches to identifying exposures, given that disparities
exist across all domains of the exposome (e.g., physical-chemical,
social, lifestyle) (Juarez et al. 2020; Senier et al. 2017). This point
is illustrated by studies of epigenetic aging (i.e., biological clocks),
which are widely viewed as predictors of health and lifespan
(Horvath 2013; Levine et al. 2018; Lu et al. 2019) and have been
associated with a wide range of physical and social environmental
exposures (e.g., air pollution, trauma) (Dhingra et al. 2018). Racial
differences in these markers have been reported (Horvath et al.
2016; Tajuddin et al. 2019). The work by Horvath et al. (2016) dif-
ferentiated “groups according to ‘race/ethnicity,’ mindful about

existing controversies over rigid racial definitions” and recognized
that “the term race/ethnicity thus combines elements of genetic
ancestry, population history, and culture.” Tajuddin et al. (2019)
performed analyses exploring poverty as a modifier of the associa-
tion of race with epigenetic aging. Although the authors should be
recognized for their efforts, making such concessions about the use
of simplified race correlations and singular measures of SES (e.g.,
poverty solely based on income), in our opinion, is insufficient
when one considers the implications that these studies can have on
policy and clinical practice. An additional impetus for requiring
more from simplified race correlations comes from more recent
studies of epigenetic aging that demonstrate race-based DNA
methylation array biases (Philibert et al. 2020), and studies that
report associations of increased epigenetic aging with exposure to
violence (Jovanovic et al. 2017) and early life socioeconomic dis-
advantage (Austin et al. 2018). To overcome these challenges,
researchers need to collect data that sufficiently include informa-
tion beyond these simplified constructs and include information on
experiences of racism, social stress, and marginalization that are
implicit and explicit within built environments.

Moving forward, we believe that biomarker studies involving
race should be required to employ a more integrated exposome
approach that broadens the definition of environment to include
social and other contextual factors that shape physiological
responses and could confound or modify associations. Along
with data on race and chemical environmental exposures, studies
should incorporate more robust measures of societal stress expo-
sure, including perceived stress from life and everyday discrimi-
nation. The online Stress and Adversity Inventory (STRAIN)
represents one example of a quick and comprehensive means of
measuring lifetime exposure to more than 50 types of acute and
chronic stressors across major domains (e.g., education, relation-
ships, finances) (Slavich and Shields 2018). An important benefit
of using STRAIN is the finding that cumulative stress measured
via STRAIN has been associated with worse health (Epel et al.
2018). Area-based socioeconomic measures and metrics of indi-
cators that operationalize structural racism through changing
neighborhood dynamics, economics, and growth over time
should also be included in the broader social exposome construct

Figure 1. A “compound” exposome approach. A compound exposome approach for environmental aging biomarker studies joins operationalizing the expo-
some framework in research study design with efforts aimed at increasing the recruitment and retention of racially diverse study populations and researchers.
This approach is further compounded with strategies directed at improving the use of race throughout the publication and dissemination process. With a simple
(or reductionist) exposure approach (A), researchers may fail to appreciate the true connections among exposures, environmental aging biomarkers, and dis-
ease. In some instances, they may even falsely attribute relationships to race. Similar to how a compound light microscope (when compared with a simple light
microscope) improves the detail that the operator is able to observe in his or her subject of study, the compound exposome approach (B) maximizes the ability
of our research to appreciate the true and complex relationships of environmental aging biomarkers with physical (e.g., pollution) and social (e.g., racism) fac-
tors. In the authors’ opinion, this approach better positions the environmental research community to contribute to the elimination of racial health disparities.
Note: SES, socioeconomic status.
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when considering health disparities (Gravlee 2009; Krieger et al.
2003, 2005). For instance, neighborhood segregation is an exam-
ple of a well-appreciated form of structural racism (Khazanchi
et al. 2020; Kramer and Hogue 2009). Measures like area and
neighborhood deprivation indexes are likely to outperform a sim-
ple poverty score when it comes to capturing the impact of struc-
tural racism because these indexes incorporate data on housing
quality, education, and employment in addition to income (Kind
and Buckingham 2018).

The power of including such variables in analyses as part of an
exposome approach is exemplified by a recent study examining
racial disparities in human immunodeficiency virus viral suppres-
sion in a population from Omaha, Nebraska (Khazanchi et al.
2020). Initially, the researchers observed significantly lower rates
of viral suppression in Black persons in comparison with their
White counterparts. However, after adjusting for neighborhood de-
privation and other social factors, this differencewas no longer sig-
nificant. Additionally, neighborhood deprivation and lower
incomewere both found to be directly associated with a lower odds
of viral suppression (Khazanchi et al. 2020). In a study of air pollu-
tion in Milwaukee, Wisconsin, one of the most segregated com-
munities in the United States, air pollution was associated with
worse lung function specifically in individuals experiencing neigh-
borhood stress, perceived threats to safety, and crime (Malecki et al.
2018). These findings further highlight the importance of context
and lived experiences in shaping the exposome. At present, only a
few studies of epigenetic aging have incorporated such variables
and have reported significant associations of epigenetic aging with
neighborhood deprivation (Lawrence et al. 2020) and other neigh-
borhood factors like nonart graffiti, poor streets, and abandoned
cars (Ward-Caviness et al. 2020). Importantly, each of these stud-
ies demonstrate that area-based variables as well as social and
structural factors should not only be included as covariates to be
adjusted for in models or variables to be used for stratified analy-
ses, but they should also be considered in the mechanisms leading
to racial health disparities as the primary drivers of harmful biolog-
ical consequences.

Better Recruitment/Retention of Diverse Study Populations
and Researchers
We believe that any attempts to address current health disparities
andmitigate the emergence of new ones—even with the application
of an exposome approach—are diminished without the inclusion of
diverse populations in the implementation of environmental aging
biomarker research. Although novel methods for assessing the bio-
logical and environmental determinants of aging are rapidly evolv-
ing, their usefulness in the growing population of aging adults is
stymied by the insufficient representation of communities of color
in research (Oh et al. 2015). The impact of the underrepresentation
of diverse populations in research is evidenced in genome-wide
association studies that are primarily based on cohorts with
European ancestry and therefore lack validity and reproducibility
across non-European populations (Haga 2010). What use are these
studies and advances in genomic and biomarker research if their
application and usefulness are restricted to one segment of a larger
population? What advances toward health equity can be achieved
when disparities exist in the populations (the “for whom”) to which
our novel technologies apply? The reality is that if diversity in scien-
tific research remains at its present state, the widely impacting deci-
sions of scientists, medical professionals, policy makers, and many
others will remain informed by research extrapolated from a mostly
homogenous segment of society, usually males and White persons
(Oh et al. 2015).

For the sake of achieving a health understanding that works for
all persons, we must actively work toward identifying and

addressing impediments to inclusivity. Although the legacy of the
Tuskegee Syphilis Study (Brandon et al. 2005)—and the numerous
other ethical violations committed against racial and ethnic minor-
ities (especially African Americans)—has rightfully contributed to
high levels of community mistrust and limited participation in
research studies, the broader enduring legacy of racial, social, and
economic injustice is also a significant deterrent to participation
(Scharff et al. 2010; Washington 2006). Racism and discrimina-
tion, whether implicit or explicit, experienced in academic, medi-
cal, and government settings further impede the recruitment and
retention of diverse populations into research studies, while also
directly harming their health and well-being through increased
stress exposure and limitations in the access to and receipt of qual-
ity health care (Brandon et al. 2005). Overcoming these structural
barriers to the engagement of diverse populations in biomarker,
aging, and environmental research requires deliberate solutions
that acknowledge past indiscretions and rebuilds and earns the trust
of communities being studied.

Community-based participatory research (CBPR) approaches,
developed and advanced in the field of public health, have been
successful in this regard and offer concrete strategies for repairing
the broken trust between research institutions and marginalized
communities (O’Fallon and Dearry 2002). The foundation of
these approaches includes a) acknowledging past and current
traumas committed against racial and ethnic minorities; b) build-
ing a shared understanding of the historical context of research in
a community; c) being consistently present in the community and
actively listening to its members throughout the research process;
d) acknowledging and valuing the expertise that community
members bring to the table; e) being upfront about expectations
and intentions; and f) training and educating community students
(K–12, community college, and local four-year college) about
science and scientific research (Christopher et al. 2008). Through
this process of trust-building and the creation of more equitable,
transparent, and mutually beneficial community partnerships,
environmental researchers can better recruit and retain diverse
populations to improve the development and validation of envi-
ronmental aging biomarkers.

Furthermore, we believe that one specific domain that will merit
very close attention in environmental aging biomarker CBPR
approaches is the dissemination of research findings in formats that
communities find meaningful. The importance of sharing research
findings with communities is becoming better appreciated in all
CBPR contexts, but there are unique considerations for biomarker
researchers (Yusuf and Elsabbagh 2015). Among the primary con-
siderations is the fact that many of the biomarkers being explored
are still preclinical in nature and should not—at this stage—be used
for anymedical decision-making. Consequently, researchers should
take care in how they communicate that these markers may indicate
disease risks that are potentiallymitigablewith the appropriate inter-
ventions (Sae-Lee et al. 2018). Researchers should maintain humil-
ity in recognizing that both they and the community are in a
perpetual state of learning from each other. Hence, one suggestion is
that scientists express that they “can envision a future where these
biomarkers can help shape human health practices; however, it is
only through partnerships with the community that enough knowl-
edge can be gained tomake such a future possible.”Moreover, keep-
ing with the basic tenants of CBPR, the researchers should aim to
establish bidirectional communication that fosters an environment
for colearning (Minkler et al. 2008). The North Carolina-based
Preventing Agricultural Chemical Exposure (PACE) CBPR initia-
tive is among many environmental health CBPR initiatives that
have been successful in achievingmeaningful bidirectional commu-
nication by developing approaches that promote active participation
from the community (O’Fallon and Dearry 2002). Their action plan
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for building community engagement includes having community
members on their project steering or advisory committee, formative
data collection interviews to acquire social network insights and gar-
ner community member perceptions about environmental health
concerns, community forums tailored to more active community
residents, and public presentations tailored to less-active residents.
We suggest that these strategies and others should at the least be
considered in environmental aging biomarker CBPR initiatives.

A complementary line of thinking about the recruitment and
retention of diverse study populations can be extended to the
recruitment and retention of diverse researchers. There remains a
significant need to identify new talent and to promote existing
scholars from diverse racial and ethnic backgrounds in all aca-
demic, industry, nonprofit, and government research enterprises
(Sierra-Mercado and Lázaro-Muñoz 2018; Trejo 2017). As part of
these efforts, institutions must be willing to restructure their
recruitment, hiring, promotion, and tenure practices in ways that
systematically value community engaged research and scientific
initiatives aimed at promoting racial health equity (Campbell et al.
2020; Lewis 2020; Mahoney et al. 2008). This commitment to
improved racial diversity and representation is particularly critical
for the advancement of environmental aging research—and of
environmental health as a whole—given the disproportionate bur-
den of adverse environmental exposures borne by minority com-
munities and the potential for communities of color to prefer
working with researchers who reflect their community and possess
needed cultural humility (Frierson et al. 2019; Fryer et al. 2016).

These systematic changes can be further extended to the grant
review practices and guidelines of funding institutions. Research
has shown that Black scientists are more likely to perform
research on community-focused topics and that topic choice
accounts for more than 20% of the funding disparity between
Black applicants for National Institutes of Health (NIH) grants
and their White peer applicants (Hoppe et al. 2019). We believe
that it is only through concerted efforts that recognize the impor-
tance of such research—for instance, revising grant review crite-
ria and prioritizing the funding of such topics—that these
disparities can be addressed. A recent work has highlighted addi-
tional steps that federal funding bodies like the NIH can take to
help mitigate these racial funding disparities (Taffe and Gilpin
2021). Their recommendations include greater data transparency
(including the publishing of standing study section racial/ethnic
data annually), making discretionary funding decisions with
attention to racial equity, and top-down quota-based affirmative
action procedures similar to those used to address disparities in
early stage investigator grant funding (Taffe and Gilpin 2021).

Improved Use of Race throughout the Publication Process
As part of our recommendation for a compound exposome
approach in environmental aging biomarker research, we call for
new standards for publishing research on racial health inequities
(e.g., defining race within a sociopolitical framework and as a
construct rather than a proxy for inherent biological difference).
This change would emphasize that aging biomarkers are best
used to assess the biological consequences of factors like racism
as the primary determinants of racial and ethnic health disparities
(Boyd et al. 2020). To make this point more compelling, let us
consider the dangerous impact on population health that a flawed
marker can have when it is not met with the appropriate publica-
tion checkpoints and is allowed to shape race-specific clinical
care practices (Vyas et al. 2020). Research supporting a “race
correction” or adjustment in algorithms estimating glomerular fil-
tration rate (eGFR) (Levey et al. 1999) (the rate at which the kid-
neys remove waste and fluids from the body) failed to
acknowledge and account for the contribution of social processes

in racial and ethnic differences in health and has been scrutinized
for a lack of supporting evidence for the correction (Norris et al.
2020; Vyas et al. 2020; Waddell 2020). The correction results in
a higher eGFR—estimated renal function—among African
Americans. Consequently, African Americans may be less likely
to be diagnosed with and treated for kidney disease, which may
contribute to race-based disparities that we observe in kidney dis-
ease and related outcomes like dialysis utilization (Ahmed et al.
2021). Again, the fatal flaw in this body of research and other
research touting race-specific physiological processes is the belief
in race as biology and the seemingly intentional disregard of the
social and political construction of race. One could imagine a
similar situation occurring where aging biomarkers inappropri-
ately attribute differential aging to biology or genetic ancestry
rather than broader societal or structural factors.

In recent months, we have observed a backlash on Twitter and
other social media platforms calling for more accountability from
journals and editors after the publication of inherently flawed stud-
ies that inappropriately make assertions about race. In the event
that grant reviewers and funding agencies do not call attention to
these flawed methodologies (including interpretations) and in the
event that researchers fail to recognize inappropriate study designs
and produce harmfully misguided manuscripts, we believe that
journals and editors must step forward as additional checkpoints to
safeguard the integrity of published science. As such, we recom-
mend that journals publishing environmental aging biomarker
studies—and biomedical research broadly—establish or revise
publication guidelines to ensure that findings pertaining to race are
contextualized within sociopolitical frameworks such as Critical
Race Theory (Ford and Airhihenbuwa 2010), the Exposure-
Disease-Stress Model for environmental health disparities (Gee
and Payne-Sturges 2004), and, more broadly, the Fundamental
Causes Model for health disparities (Phelan et al. 2004; Williams
and Collins 2001). To facilitate this process, journal editors should
recruit reviewers with expertise in the social and pathophysiologi-
cal mechanisms of racism when evaluating such manuscripts.
Reviewers should be critical of and request rigorous explanations
for research defining race in a biological context or positing a
genetic basis for racial differences in health outcomes. It is the
authors’ belief that this approach will help mitigate the confound-
ing of racism—rather than race—with other societal factors when
elucidating the observed relationships between race and environ-
mental aging biomarkers in biomarker studies. This distinction is
critical for promoting greater biomarker utility and societal change,
given the implications that racial health inequities research has for
broader public policy and clinical practice.

Conclusion
In summary, it is our belief that the exposome provides an avenue
forward and outlines an approach in which racism, racial dispar-
ities, and contributing factors can be a valid component of envi-
ronmental aging biomarker development and research. If they
can be properly identified, natural, built, and social environmen-
tal determinants stand out as critical public health intervention
targets for mitigating and preventing health disparities (Nelson
et al. 2020; Satcher and Higginbotham 2008). Furthermore, we
believe that a) establishing diverse study populations; and b)
ensuring that the publication process incorporates more profound
considerations of race will reinforce (compound) exposome study
designs and help facilitate the identification of environmental
aging biomarkers that explicate racial disparities in longevity,
health, and disease. In the end, the overall compound exposome
approach is aimed at synchronously pushing the environmental
research community toward the creation of a more equitable
health future through the production of sound research that
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addresses racial disparities of the past and safeguards against any
unfortunate racial disparities in the future.
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