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Deep learning techniques and whole-genome
sequencing promise to increase well-being but also
risk perpetuating psychological essentialism,
potentially justifying inequality. In thisComment,we
offer two much-needed systematic frameworks for
clinicians and researchers to avoid essentialist
inferences and unfair treatment: (1) a data-driven
method for detecting causal fairness in precision
health and (2) an ethical framework for determining
when it is morally permissible to use racial
classifications in population health research.

Systematic decision frameworks for the socially respon-
sible use of precision medicine
The simultaneous rise of powerful deep learning techniques and whole-
genome sequencing in humans promises to usher in a new era of precision
health. Clinicians and researchers are rapidly acquiring the ability to predict,
based on genomic data, both the prevalence of disease and the efficacy of
treatment. While these capabilities have the potential to drastically increase
human well-being, they also come with potentially troubling consequences.
These include reinforcing harmful stereotypes surrounding race and other
social categories, exacerbating existing health inequalities, and obscuring
data in ways that prevent efficient and effective medical interventions.

Perhapsmost concerning is the possibility that the use of genomic data
in healthcare settings could perpetuate psychological essentialism, or the
commonbias to treatmembership in a socially salient category (e.g., race) as
an inherent characteristic of an individual that is causally responsible for the
individual’s other features and attributes1–3. Essentialist beliefs have been
historically used to justify deeply unfair treatment and allocation of
resources, as well as blatant abuses of human rights from slavery to medical
experimentation4. This early-emerging and persistent psychological bias
continues to shape how people understand human health and behavior
today5,6, especially in the context of genetic attributions for various human
conditions7. Crucially, psychological essentialism among researchers and
practitioners can contribute to unfair medical treatment8,9 and lead to
undervaluing social and environmental determinants of health–key con-
tributors to health disparities10–13. Furthermore, recent research on human
genetic diversity has been increasingly used to support white nationalist
ideology and justify acts of racial violence14–16.

Given these psychological biases that shape human decision making,
and thedanger that genomics researchmaybemisinterpretedandmisusedby

the public, how can medical researchers and clinicians capitalize on the
advancements of precision health in a socially responsible way? Despite
recent increased attention to these issues17, the literature currently lacks
systematic frameworks and recommendations for how to address these
challenges. For example, a 2023 report by theNationalAcademiesof Sciences,
Engineering, and Medicine (henceforth, The NASEM Report) highlighted
the importance of addressing the potentially racist consequences of precision
health but acknowledged that “[u]ltimate decisions about the use of popu-
lation descriptors may vary depending on the specific context”17. The dearth
of concrete strategies is particularly troublesome because, although psycho-
logical essentialism exists in the minds of individuals, these individual-level
social processes have become deeply embedded in surrounding political,
economic, and social structures, which serve to further perpetuate and
reinforce these biases in individuals18,19. For this reason, implementing con-
crete strategies at the structural level that help to circumvent individual
psychological biases will be crucial for efforts to rectify inequality.

Although it might seem simplest to avoid using racial classifications in
precision health all together, we suggest that wholesale elimination of race is
also not the answer because this could impede reparative healthcare legis-
lation targeting racial groups historically marginalized in healthcare sys-
tems. Many classifications that might serve as alternatives to race (e.g.,
ancestry, ethnicity, demes) are also vulnerable to the social andmoral harms
associated with race, and these alternatives often use categories that
resemble racial categories, which can also foster essentialist views20–22. So,
while alternative classifications may be better suited for certain research
programs, calling race by another name is not enough. Rather, systematic
strategies are needed to prevent either race or these alternatives from per-
petuating social harms.

In this Comment, we draw on techniques from psychology, philoso-
phy, statistics, and computer science to make concrete recommendations
for how clinicians and researchers can conduct and translate ongoing
research and provide patients with precision healthcare while guarding
against essentialist inferences andunfair treatment. Specifically,weoffer two
concrete tools for the socially responsible use of precision health: (1) a data-
driven method for the detection of causal fairness and unfairness in preci-
sion health contexts, and (2) an ethical framework for determining when (if
ever) it is morally permissible to use a racial classification in population
health research. We hope that these tools can offer useful strategies to
circumvent essentialist biases among individual practitioners and
researchers, which we suggest will be particularly effective when they are
incorporated into the existing social systems and structures in which these
biases are ingrained.

A causal fairness model for precision health
The core principle behind our proposedmodel for precision health is causal
fairness23,24. That is, a process of diagnosis or recommendation is fair with
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respect to some protected characteristic to the extent that a person does not
receive a different diagnosis or recommendation because they possess a
particular protected characteristic (i.e., their race or gender). To illustrate,
suppose a genetic feature is correlated with both kidney failure and Black
race.Here,wemakeno assumptions aboutwhat that genetic featuremay be,
because we want our framework to be applicable in cases where black-box
deep learning methods are used to detect genomic predictors of disease in
the absence of richly-formulated biological assumptions25. Suppose further
that, under these conditions, a clinician using genomic data to predict risk of
kidney failuremight assign higher levels of risk to Black patients. Under our
causal fairness model, such a practice can only be considered fair if the
clinician wouldmake the same prediction for an otherwise identical patient
who has the same genetic feature but is not Black. In this respect, causal
fairness is a species of counterfactual fairness (see26). Under causal fairness, a
person is treated fairly if their treatment in the actual world matches their
treatment in a counterfactual scenario in which features that ought to be
causally irrelevant to their diagnosis are held fixed.

Although this kind of counterfactual knowledge can never be entirely
secured, especially for individual cases, one can examine the extent to which
a givendata set is consistentwith different causal structures. For some causal
structures, there is a causal pathway from a genomic feature through the
possession of a protected characteristic to the predicted outcome (e.g., the
genetic feature causespatients to beperceived asBlack andcauses them tobe
at greater risk of kidney failure, while at the same time, being of Black race is
itself a probabilistic cause of kidney failure due to systemic racism; Fig. 1a).
In such cases, using the genomic feature to generate differential predictions
may be unfairwith respect to that protected characteristic (e.g., race), since if
a person were perceived as having a different race, then the prediction of
their risk of kidney failure would be different. Moreover, such predictive
practices run the risk of reinforcing the pernicious essentialist biases dis-
cussed above. On the other hand, datamay bemore consistent with a causal
structure in which possession of a genomic feature is a common cause of
both a person’s protected characteristics and the predicted outcome (e.g.,
people who are Black are more likely to also have the genetic feature), but
there is no direct causal relationship between the protected characteristic
and the outcome in question (e.g., the feature predicts kidney failure

regardless of race; Fig. 1b). In these cases, we have much better evidence for
the fairness of using the genetic feature to predict outcomes.

At this stage, it is important to address whatwemean by ‘causation’ for
the purposes of this paper. Indeed, one might question how a biological
category like a genetic feature could be a cause of a social phenomenon like
howsomeone is racialized. FollowingGerstenbergandTenenbaum,weview
causal theories as “probabilistic, generative programs,” according to which
effects can be computed from their causes via noisy algorithms27. One can
view the way someone is racialized as computed (via a stochastic, socio-
physical algorithm) from a myriad of factors, some of which may include
genetic features. By the same token, an increased probability of realizing
certain health outcomes may or may not be influenced, via a similarly
stochastic, socio-physical algorithm, by someone’s race. The exact structure
of the probabilistic programs that generate the data we observe in the world
leaves statistical traces in that data. For example, though two variables may
be correlated even though one is not caused by the other, these correlations
will disappear once we condition on the causes of both variables28. This
principle, known as the “causal Markov condition,” enables us to induce
causal structure frompurely associational data in at least some cases29. As an
example, the use of windshield wipers and the use of umbrellas on a given
street may be correlated over time, but this correlation disappears once we
restrict our attention to only those cases in which it is raining.

As a second point of clarification, it is crucial to note that in some cases,
we may not be especially concerned with avoiding the use of genetic pre-
dictors of disease whose predictive accuracy is largely due to a socio-causal
pathway from the presence of the genetic feature to the protected char-
acteristic and then to the presence of the disease. In other words, we may
identify a particular genetic trait as responsible for a particular pattern of
racialization,which in turnmaybe responsible for aperson’s having ahigher
likelihoodof developing adisease. Strong evidence for such a causal pathway
couldbeused to redresshealth inequalities in a salutaryway.Whatwe aim to
caution against, however, is the use of such a genetic predictor without
explicit attention to and communication of the social pathways through
which it operates. Such usage risks the essentializing inferences highlighted
above, while also suggesting biological solutions to what are often demon-
strably social problems.

Fig. 1 | Possible causal structures that could produce data consistent with a
correlation between race and kidney failure. a A causal structure in which both
genetics and perceived race is a cause of kidney failure. bA causal structure in which
only genetics is a cause of kidney failure, but kidney failure remains correlated with
perceived race. The causal structure shown in (a) is one in which a genetic trait (G)
causes a patient both to bemore likely to be perceived as being Black (represented by
the race variableR) and to be more susceptible to kidney failure (represented by the
variable K). In addition, according to this causal structure, being perceived as being
Black is a direct cause of kidney failure. If we observe data generated by this structure

and use solely the observed correlation between the genetic trait and kidney failure
to predict instances of kidney failure, then we are likely to assign Black people a
higher risk of kidney failure in virtue of their race, violating causal fairness con-
straints. By contrast, if we observe data generated by the causal structure in (b), then
any correlation between Black race and kidney failure will be solely due to the fact
that possession of the genetic trait is a common cause of both being perceived as
being of Black race and kidney failure. In this scenario, if we observe the genetic
feature and use it to predict a greater risk of kidney failure, we are not treating any
person differently in virtue of their race.
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Earlier accounts of causal fairness, such as those given by Nabi and
Shpitser (2018) andChiappa and Isaac (2019), focus solely on those features
of a data-generating causal structure that can differentiate between fair and
unfair predictions23,24. In the real world, however, our data are often com-
patible with multiple data-generating causal structures and at most provide
better evidence for one over another. To statistically test whether our data
are more likely to have been generated by a fairness-preserving causal
structure, and to therefore make a tractable inference about the fairness of
using a given genetic trait as a predictor, we can measure the correlation
between the protected characteristic (e.g., race) and the outcome (e.g.,
kidney failure) both in the casewhere the genetic feature is present and in the
case where it is absent. Several mathematical measures of correlation could
prove useful in this context, including the chi-square effect size or mutual
information23. Lower values of these measures indicate a greater degree of
observed conditional independence and a greater likelihood that the data is
generated by a structure like Fig. 1b. Higher values provide weaker evidence
for conditional independence and a greater likelihood that the data is
generated by a structure like Fig. 1a24.

Once we obtain these measures of conditional independence, they can
be traded off against measures of other factors–including predictive accu-
racy, clinical expediency, and risk aversion–to generate an all-things-
considered measure of the clinical and societal value of using a genetic
feature as a predictor of health outcomes.

Anormative framework formorally permissible usesof race
in precision health
In addition to the data-driven model of causal fairness, we propose a nor-
mative framework to adjudicate morally permissible uses of race in preci-
sion health—that is, uses of race in precision health that conform to the
moral standards (i.e., ethical considerations) necessary for the practice of
goodmedicine30. Here, we understandmorally permissible tomeanmorally
optional, in that to perform the action (in this case, using race in precision
health) is neithermorally required normorally prohibited.We have chosen
to focus on morally permissible uses of race in precision health because we
are not (yet) convinced that using a racial classification in precision health is
ever morally required. However, we are convinced that wholesale elimina-
tion of race in precision health is not required, so there may be contexts in
which it would not be morally prohibited30.

Themoral standardsmost relevant to the current discourse include the
virtues of justice, benevolence, and trustworthiness, where justice is
understood as respect for another’s moral status and the consequent rights
that accompany such amoral status; benevolence as goodwill toward others,
or the proper care and concern of another; and trustworthiness as the state of
being technically and morally competent in whatever is being entrusted.
Here technical competence is a variety of know-how about the technical
aspects of precision health, and moral competence is how individuals or
institutions are disposed toward the aforementioned virtues30. Note, these
virtues cohere with The NASEM Report’s guiding principles for “scientifi-
cally valid and trustworthy research”17. Additionally, like The NASEM
Report’s guiding principles, we believe these virtues are “mutually
reinforcing”17. Justice, benevolence, and trustworthiness are necessary
conditions to promote the aims of precision health in a way that provides
total health and well-being and does not compromise the integrity of its
recipients31. Justice preserves the dignity and respect of those receiving care,
and consequently, promotes more holistic well-being. Benevolence ensures
proper disposal to the moral considerations relevant to the person(s)/
community of interest. Trustworthiness among health care professionals
and their institutions is particularly important, given that the asymmetric

dynamic between health providers and their patients exposes patients to a
certain level of vulnerability.

Unlike The NASEMReport, we emphasize virtue, that is “excellences”
of character.Where principle-based frameworks (like TheNASEMReport)
often focus primarily on action guidance, virtue-based frameworks (like
ours) prioritize the character of the relevant persons and institutions, while
also providing action guidance. Thus, in what follows, while we provide
requirements for adjudicating morally permissible uses of race in precision
health, we will be less concerned with providing a mechanical decision
procedure andmore concernedwith highlighting the proper conditions for
cultivating the sort of dispositions that promote good medicine when
working with diverse populations. We are concerned both with what
medical practitioners and stakeholders do and with how they are disposed
toward their practice/investment (i.e., how theyare). This is, in part, because
rules can be misapplied and abused if those beholden to them do not know
or are not inclined to value the virtues necessary for good medical practice.
Still, despite the differing approaches, we take our convergence on moral
standards with The NASEM Report to add further support for those stan-
dards; it demonstrates a sort of robustness of evidence.

Finally, note that these standards distinguish themselves from legal
norms in that legal norms are standards of evaluation that are primarily
concerned with the scope, nature, and legitimacy of political structures,
whereas justice, benevolence, and trustworthiness—while relevant to legal
norms—are also concerned more generally with human and societal
flourishing and well-being. Given these considerations, we will understand
morally permissible actions tobe actions that,whether performedornot, are
conducive to the promotion of justice, benevolence, and trustworthiness,
and thus, human and societal flourishing and well-being.

Morally permissible uses of race should be able to prevent or mitigate
the social harms associated with race-based medicine, including (amongst
other things) unjust treatment due toessentialism8,while also preserving the
benefits of using race in medicine, including the ability to track racism’s
impact on health outcomes and medical care13,32 and the etiology of medi-
cally relevant genetic differences between human subpopulations for both
monogenic and polygenic traits and diseases33. Given the above, we propose
that researchers and clinicians use the race-in-medicine (RIM) normative
framework to determine morally permissible uses of racial classifications in
precision health30. According to RIM, it is morally permissible to use race in
medicine if andonly if: (a)when applicable, social determinants of health are
sufficiently engaged prior to or in tandem with the use of race (social
determinants requirement), (b) the medical end(s) sought cohere with the
aim of medicine and are best acquired using race (harm minimization
requirement), and (c) the use of race does not violate the relevant just legal
norms constraining medical practice more generally (legal norms require-
ment). These requirements are necessary to fulfill, because without fulfilling
them, practitioners of precision health risk violating the virtues of justice,
benevolence, and trustworthiness30. What’s more, these requirements are
sufficient, because taken together, they properly address the relevant
objections and concerns raised when considering the use of race in
medicine30.

Note, RIM is agnostic toward race theories in that it does not privilege a
particular theory of race and is applicable whatever one’s theory of racemay
be30. Additionally, RIM is comprehensive in that it is meant to cover all
branches of medicine—medical research, diagnosing, treatment, and edu-
cation—and consequently, all these branches as they relate to precision
health. Finally, RIM is comprehensive in its application at the individual
(patient-physician) level, at the institutional level (e.g., medical schools and
hospitals), and at the governmental level.
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Given the above, how might precision health practitioners and stake-
holders apply RIM’s requirements? Note, fulfillment of each condition will
vary depending on context and competency. So, in what follows, we offer a
case study of glomerular kidney disease, providing additional examples
whenuseful.Glomerular kidneydisease is associatedwithAPOL1genotype,
which is common in populations of sub-Saharan African ancestry33, and is
characterized by racial and ethnic disparities in incidence, prevalence,
treatment, and outcome, with Black American adults and Hispanic adults
disproportionately negatively impacted34–37. Despite glomerular kidney
disease’s association with APOL1 genotypes, risk for the disease is modu-
lated by social determinants including, but not limited to, socioeconomic
status36–42, neighborhoods and housing43,44, diet (including access to certain
foods)45,46, insurance47, and exposure to air pollutants48,49. Given these
known socioenvironmental factors, according to the social determinants
requirement, research programs seeking to investigate glomerular kidney
disease along racial lines would need to prioritize engaging these exogenous
factors. For research teams, this may mean partnering with others or
creating a subgroup of researchers who focus on the correlations between
these exogenous factors and glomerular kidney disease before dividing
genomes into groups that reflect some sort of racial classification. This shift
may, amongst other things, require hiring a technically diverse group of
researchers, including those trained to engage social determinants of health.
Increased demographic diversity generates novel solutions50,51 so increasing
the demographic diversity of precision health’s research workforce could
help illuminate novel pathways previously overlooked. At the institutional
level, this priority shift might be implemented through incentives like tar-
geted grants, which could dramatically alter the research landscape. For
example, theNationalHumanGenome Institute currently earmarks just 5%
of its congressional budget for studying ethical and social implications of
genomics52, despite billions of dollars spent each year to treat illnesses linked
to genetic as well as social and environmental factors53.

Engaging social determinants of health requires technical competence
to identify confounding variables in medical research, as well as moral
competence to intervene in environments where health burdens are largely
modulated by unjust structures (e.g., housing discrimination and access to
healthcare)54. Onemight worry that our recommendation to ‘engage’ social
determinants of health is insufficiently prescriptive to offer genuine gui-
dance to practitioners. However, like TheNASEMReport, we acknowledge
the context-sensitivity of clinical research and practice [17, p. 99]. We aim
here to reflect that sensitivity by offering examples that illustrate how
addressing individual psychological biases like essentialism may require
modifying the surrounding social structures in which these biases are
embedded, rather thanprovidingamechanical decisionprocedure that is ill-
equipped to capture all the relevant medical and social contexts as well as
“evolving best practices over time” [17, p. 99]. At the same time, the causal
fairness framework described above serves as a more explicitly prescriptive
framework for engaging social determinants of health that compliments
RIM and can be embedded into RIM’s social determinants requirement
(along with other frameworks for engaging social determinants of health).

We move now to the harm minimization requirement. Although the
APOL1 genotype is common in populations of sub-Saharan African
ancestry33, not every person of sub-Saharan African ancestry possesses the
APOL1 genotype55. What’s more, not every person with the APOL1 gen-
otypewill develop kidneydisease56. This suggests that a racial classification is
ill-suited to accomplish the ends sought in studying the (epi)genetic and
environmental structures implicated in glomerular kidney disease. Instead,
a more fine-grained classification system that distinguishes between at-risk
populations is better suited for investigation. This coheres with and
encompasses The NASEMReport’s principles of equity and justice, validity

and reproducibility, and transparency and replicability, as it takes seriously
the ethical and social implications of model choice in precision health
(equity and justice), demands that the level of classification reflect the
population(s) observed (validity and reproducibility), and requires
researchers to consider why and whether the classification scheme being
used is best suited given the aims of the research program. It is also here, at
the harm minimization requirement, that we believe our causal fairness
model for precision health plays an important role. Again, under our causal
fairness model, if the use of a racial classification for (say) diagnosis or
recommendation does not lead to the same prediction for an otherwise
identical patientwhohas the same genetic feature as a racial group but is not
categorized in that race, then, according to the harm minimization
requirement, an alternative classification scheme better suited to causal
fairness should be used.

It should be noted, however, that in the case of medical research
regarding glomerular kidney disease, racial self-reportsmay still be of value.
This is especially true when considering the relationship between race and
social determinants of health, given that the distribution of these determi-
nants is modulated, in part, by racism13,31. Additionally, where genomic
information is unavailable and it is too inefficient to test everyone, the use of
self-reported racial membership may aid in evaluating how risk for glo-
merular kidney disease is distributed within and between populations.
Finally, although the harm minimization requirement appears to preclude
the use of racial classifications in precision healthoverall (as there appears to
always be a better alternative), wholesale elimination of race is also not the
answer because alternative classifications are subject to the same essentialist
biases as race, as described above.

Finally, the legal norms requirement will require endorsement and
adherence to current legal norms that demonstrate respect for the moral
status of research participants and the consequent rights that accompany such
a moral status. It is not enough that the practice be legal, since history is
replete with examples of laws that violated the rights of individuals based on
their racial membership. The legal norms informing the use of race in
precision health must, then, be just30. For example, the NIH Revitalization
Act of 1993 was meant to establish guidelines for the inclusion of minority
populations in clinical research funded by the US federal government.
However, with the advent of genomic research and population genetics,
blind adherence to this act risked further entrenching the social imagination
in essentialist assumptions. Thus, to prevent unjust use of the NIH Revi-
talization Act of 1993, application of these legal norms must be modified to
address such risks.

Several legal norms constrain research on glomerular kidney disease.
For example, the right to privacy torts can be understood as just legal norms,
given they were created to protect the dignity of persons by preserving their
ability to exercise autonomy over the most fundamental and intimate parts
of their lives57. Any use of race in glomerular kidney disease research that
unwarrantedly jeopardizes the anonymityof researchparticipants should be
emended or else eschewed. Additionally, in keeping with equal protection
under federal law, glomerular kidney disease researchers reliant on genomic
tests should make sure their use of participants’ results cohere with the
Genetic Information Nondiscrimination Act of 2008, which is meant to
protect individuals against group-based, genetic discrimination in health
coverage and employment.

Though not an exhaustive examination of how just legal norms factor
into precision health, these observations demonstrate the inescapability of
legal systems when practicing precision health, and thus the need for a
normative framework that explicitly considers the legal norms constraining
precision health and medical practice more generally30. Of course, writing
and emending legislation shouldnot fall on the shoulders of precisionhealth
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researchers and practitioners, given their limited resources and lack of legal
expertize. But the legal norms requirement does signal that precision health
should be amultidisciplinary collaboration, wheremedical researchers, IRB
committees, and health institutes regularly partner with legal scholars,
lawyers, social scientists, and (legal) philosophers with an eye toward the
relationship between historically marginalized communities and the law.

Though not a mechanical decision procedure, RIM reinforces the
virtues necessary for ethical precision health by addressing social determi-
nants of health (some of which are modulated by historical injustices and
racism), highlighting competing population descriptors, and acknowl-
edging the need for just legal norms to constrain medical practice. An
upshot of RIM is its broad scope allows it to be comprehensive and capture
all relevant contexts in which precision health takes place.

Conclusion
In thisCommentweoffered twoconcrete suggestions forhowclinicians and
researchers can capitalize on the power of precision health to dramatically
improve human well-being, while also safeguarding against the troubling
psychological biases that shape human reasoning about genetic informa-
tion. The causal fairness (CF)model demonstrates that, with sufficient data,
researchers can measure whether the inductive use of a particular genomic
trait in a clinical context is fair tomembers of socially salient groups thatmay
be more or less likely to possess that trait. The race-in-medicine (RIM)
normative framework proposes that it is morally permissible to use a racial
classification inmedicine just in case population descriptors do not obscure
the role of social factors, best cohere with the aim of the research, and
comport with just legal policies that inform medicine. By offering these
tools, we hope to enable researchers and clinicians to both conduct more
robust research and provide more just medical treatment.
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