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Epistemological Pitfalls in the Proxy Theory of Race:
The Case of Genomics-Based Medicine

Joanna Karolina Malinowska and Davide Serpico

In this article, we discuss epistemological limitations relating to the use of ethno-racial categories in
biomedical research as devised by the Office of Management and Budget’s institutional guidelines. We
argue that the obligation to use ethno-racial categories in genomics research should be abandoned. First,
we outline how conceptual imprecision in the definition of ethno-racial categories can generate epis-
temic uncertainty in medical research and practice. Second, we focus on the use of ethno-racial catego-
ries in medical genetics, particularly genomics-based precision medicine, where ethno-racial identity
is understood as a proxy for medically relevant differences among individuals. Notably, extensive crit-
icisms have been made already against the genetic interpretation of races, but, nonetheless, the concept
of race remains a key element of contemporary genomics. This motivates us to explore possible reasons
why such criticisms may have been ineffective in redirecting attention to other (non-race-based) ways
of controlling for human variability. We contend that popular arguments against the idea that human
races have a genetic basis, though convincing in many respects, are not sufficient to exclude the prag-
matic use of race and ethnicity as proxies for genetic variability related to complex phenotypes. Finally,
we provide two further arguments to support the idea that ethno-racial categories are unlikely to provide
meaningful insights into medical genetics, which implies that even the interpretation of race as a useful
tool to stratify disease risk is unwarranted.
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1. Introduction
In principle, each person can be assigned to an infinite number of categories depending on the
characteristics that are selected as relevant, such as age, height, sex, gender, eye colour, occu-
pation, favourite breakfast cereals, and many others. As Venn ([2019], p. 196) notes: ‘Every
individual thing or event has an indefinite number of properties or attributes observable in it,
and might therefore be considered as belonging to an indefinite number of different classes of
things [. . .] This variety of classes to which the individual may be referred owing to his pos-
session of a multiplicity of attributes, has an important bearing on the process of inference’. In
biomedical research, these categories are often called ‘subgroups’ or ‘reference classes’. Con-
structing reference classes for research with human subjects ultimately relies on many evalua-
tive decisions as well as on the historical, social, and institutional contexts in which researchers
are embedded (Ludwig [2014], [2016]; Reydon and Ereshefsky [2022]). However, some sug-
gest otherwise—that the choice of reference classes can be justified only by ‘natural facts’

(Boorse [1977]; Veit [2021]) or strictly epistemic purposes (Khalidi [2013]).
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Scientists agree that the many categories into which people can be divided, such as their
favourite actress or having a fringe, are irrelevant to most biomedical research. Some are rec-
ognized as significant, especially when they are associated with some biological markers or
processes, such as ageing. However, there are also categories the use of which in biomedical
research is particularly problematic, for instance, those that involve socio-cultural factors.
Some of these are categories of race and ethnicity.'

Ethno-racial categories are nowadays routinely used in research across epidemiology, phar-
macogenomics, and genetics, for example, in randomized controlled trials (RCTs) and genome-
wide association studies (GWAS). For instance, one of the aims of the National Institutes of
Health (NIH) precision medicine initiative ‘All of Us’ has been to collect data from groups that
are typically underrepresented in medical research—including racial minorities (Cunningham
[2018]). The motivation is that collecting data on non-white populations will help achieve a
greater predictive capability and more reliable medical inferences: in other words, if we had
more data about the race to which a given individual belongs, we would be able to make better
predictions regarding their future health (Fatumo et al. [2022]). Notably, while some authors
postulate that the use of ethno-racial categories in science can be epistemically beneficial
(Spencer [2018a], [2018b], [2019]), in many clinical and genetic studies there is no explicit
rationale for their use (Duello et al. [2021]; Malinowska and Zuradzki [2023a], [2023b]).

Although, for us, subtyping populations into smaller groups represents a fundamental step
towards the implementation of more precise, individualized, and reliable medical decisions, we
concur with the view that race and ethnicity are not good proxies for such analyses in genetics
and genomics: in this sense, the use of ethno-racial categories as a heuristic concept to capture
deeper, biological variability may bias empirical results and blind us to the actual symptoms
presented by individual patients, their family illnesses, history, and more general social ine-
qualities that affect health outcomes. In this article, we discuss the use of ethno-racial catego-
ries in biomedical research—particularly in medical genetics—and support the idea that such
categories are unlikely to provide meaningful insights into human phenotypic and genetic var-

iability.

' In some countries, such as the US, the category of race is usually listed alongside ethnicity. In others, like the
UK, the category of ethnicity replaces race (understood as referring to biologically relevant characteristics im-
portant in biomedical research). In genetics research, the two terms are often used interchangeably (see Duello
et al. [2021]; Malinowska and Zuradzki [2023a]). We will refer to race and ethnicity or ethno-racial categories
to denote both uses unless noted otherwise.
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In section 2 we discuss the main reasons why ethno-racial categories play such a central role
in biomedical research, which constitute what we call the ‘proxy theory of race’. We delineate
potential risks relating to the adoption of misleading reference classes, particularly ethno-racial
categories, and point out that the mere recommendation or requirement to collect data on ra-
cial/ethnic groups negatively affects research results.

In section 3, we discuss how conceptual imprecision in the definition of ethno-racial cate-
gories can generate epistemic uncertainty in medical research and practice. We focus on two
sources of uncertainty: first, how ethno-racial categories are conceptualized in institutional
guidelines and, second, how single individuals (researchers, policymakers) tend to apply them
in practice. Then, we outline the main philosophical perspectives on the use of ethno-racial
categories that have emerged in response to the epistemic uncertainty above.

In section 4, we turn to epistemological issues in the use of ethno-racial categories in med-
ical genetics, a field where stratification biases are a pervasive, bothersome obstacle to the
interpretation of the empirical data.” Within the vision of precision and personalized medicine
(hereafter, P-medicine), contemporary genomics takes racial differences as an important factor
to account for better and more precise medical inference and treatment. This is surprising given
that several concerned voices have already been raised about the genetic interpretation of
ethno-racial categories. We explore potential reasons why such criticisms have been unable to
disincentivize the use of such categories. Then, we provide additional arguments to support the
idea that genetic data are unsuited to categorizing individuals in terms of stratified risk for
complex diseases and to understanding ‘racial differences’ in medically relevant traits.

Finally, we emphasize that, for the reasons provided in sections 3 and 4, the recommenda-
tion of institutional guidelines for the use of ethno-racial categories in medical genetics is epis-
temologically problematic.

Let us clarify that in this article we mostly focus on how the process of constructing refer-
ence classes can influence the course of research with human participants and its results in the
context of medical genetics, specifically in the study of complex diseases. Indeed, accounting
for the role of ethno-racial categories in every area of biomedicine would be beyond what a
single article could possibly do (for some considerations on this point, see section 3.1 below).

To narrow down the discussion further, we focus on institutional guidelines adopted in the

* Population stratification involves undetected heterogeneity in allele frequencies due to non-random mating and
geographical isolation (Hellwege et al. [2018]; Lawson et al. [2020]).
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United States (US) for the use of ethno-racial categories. But this problem is not unique to the
US, as their regulations impact, for instance, the construction of reference classes in research
conducted to receive approval from the Food and Drug Administration (FDA) for the distribu-
tion of certain products. For example, it has been established that there is a spill-over of the US
regulatory standards to the European Union and that significantly more European Union than
US pharmaceutical product labels report ethno-racial differences in drug responses (Mulinari
et al. [2021]). We consider justifications and limitations for using ethno-racial categories in
accordance with the recommendations of the FDA (Food and Drug Administration [2016]) and
the NIH (National Institutes of Health [2001]), which are both based on the classification pro-
vided by the Office of Management and Budget (Katzen [1997]). Such institutions recommend
that individuals self-identify their race and ethnicity, except in cases where, for example, an

‘observer identification is more practical’ when completing a death certificate.

2. Race as a Medically Relevant Proxy

Two main ideas are usually cited to support the use of ethno-racial categories in biomedicine.
First, race is widely regarded as an important risk factor for a variety of diseases and conditions.
To make sense of the statistical association between variation in ethno-racial identity and var-
iation in medical conditions, scholars often consider race and ethnicity as a ‘proxy’ for other
variables that are medically interesting or relevant for the susceptibility of a disease, such as
physiological, genetic, or psychological characteristics. Race is thus used to correct stratifica-
tion biases in clinical trials as well as genomics and pharmacogenomics studies (see footnote
2). This position usually goes in line with some form of biologization of this category, but the
endorsement of a proxy theory of race does not automatically force us to accept some form of
racial realism (for example, that the OMB racial categories are ‘biologically real’). It implies
only that medically relevant factors are distributed differently across human groups (such as
those delineated by the OMB categorization) and that such distribution has some degree of
consistency (see section 3.1).

Second, gathering ethno-racial data and using it in research seems to be necessary, for ex-
ample, to study social inequalities and, with the knowledge gained, reduce them over time
(such a position usually interprets race and ethnicity as non-biological, social kinds). Ethno-
racial affiliations in this case represent a sort of idealization of the collective experience of
racialized individuals. They are constructed to ‘monitor equal access in housing, education,

employment, and other areas, for populations that historically had experienced discrimination
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and differential treatment because of their race or ethnicity’ (Katzen [1997], p. 58782). Thus,
they serve as a proxy in the analysis of how social inequalities affect people’s health (Mali-
nowska and Zuradzki [2023b]).

In certain countries, such as the US, collecting racial data is not only recommended but
even required by some research funding agencies. For instance, since 2001, the NIH requires
the use of racial categories to collect and report data in submissions for clinical trials, and the
FDA has recommended it since 2005. The mandatory collection and use of racial data are ex-
pected to help combat social inequalities and lead to more reliable research results (for exam-
ple, by reducing ‘White middle-class American male discrimination’ in science). But, as we
show in the next sections, there is no scientific justification for using these categories as refer-
ence classes in genetic and genomic research. On the contrary, there are many reasons not to
do so. One of our concerns is that automatically adding ethno-racial categories to the analysis
only due to institutional guidelines increases the probability that one of these categories will
be recognized as causally related to the studied intervention, while in fact, it is not. First, the
result can be a statistical artefact. Second, the interpretation of the results may be completely
wrong.

One of the methods of analysing data in this respect is subgroup analysis in which study
samples are divided into classes of participants based on their shared characteristics. This al-
lows researchers to understand how certain groups of people respond differently to certain in-
terventions. In other words, it aims ‘to explore whether there is evidence that the treatment
difference depends on certain patient characteristics’ (Pocock et al. [2002], p. 2917). However,
in many cases, researchers analysing reference classes (denoting certain subgroups) overesti-
mate their epistemic value. While a broad range of methods has been developed for exploratory
as well as confirmatory subgroup analysis (Ondra et al. [2016]), these analyses still have limi-
tations when it comes to recognizing causal relations between the analysed phenomena and the
used reference classes (Rzepinski [2016], p. 88; Wallman and Williamson [2017]; Lin et al.
[2019]). For instance, there are arguments that the results provided in the subgroup analysis
have a low degree of reliability, since the formulation of hypotheses to distinguish the factors
that differentiate reference classes often occurs only after completing the study (Cui et al.
[2020]). Subgroup analysis is, in these cases, a research procedure used to obtain new hypoth-
eses. However, there is no straightforward evidence behind this type of hypothesis ‘independ-

ent’ of the analysis of the subgroups that were the basis for their very formulation. In such a
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situation, statistical differences underlying their articulation cannot be treated as evidence on
their behalf (Rzepinski [2016], p. 90).

An example of such a situation is the famous ISIS-2 study critical analysis (intended to
illustrate epistemological problems with the interpretation of its results), in which its authors
chose to additionally divide population in the study into twelve subgroups according to the
twelve astrological signs (Sleight [2000]; Peto [2011]). Before their intervention, analysed data
indicated the general statistical benefit of taking aspirin over a placebo. After including the
twelve reference classes, subgroup analysis results indicated that for people born under the
signs of Gemini and Libra, taking aspirin may not only not be beneficial but even have slight
adverse effects. Because this is a fairly obvious situation, no one would take such results seri-
ously. However, in many other cases, scientists far too readily accept the results of subgroup
analysis (Sun et al. [2012]; Lin et al. [2019]; Cui et al. [2020]).

For categories the use of which appears to make sense—although it may not—this is partic-
ularly tricky because in this way it is possible to ‘biologize’ certain reference classes (that is,
give them a biological significance). A classic example where the use of the category of race
brought about unpalatable consequences is the case of BiDil (according to the manufacturer’s
description, the drug intended to ‘treat heart failure in black patients’), which has been repeat-
edly described in the literature (Kahn [2012]; Pollock [2012]) and has had far-reaching nega-
tive social consequences. The design of the study (for example, lack of a ‘non-Black’ control
group resulting from some administrative decisions) allowed its manufacturers to justify selling
their product (BiDil) to a particular racialized group (African Americans). The FDA approval
of the product for Blacks only contributed to the biologization of race—it began to function as
evidence for the existence of biological differences between ‘races’ and inspired many compa-
nies and researchers to study these differences intensively. Moreover, it has also contributed to
the development of so-called race marketing (Sankar and Kahn [2005]; Crocket [2008]; Sallaz
[2010]; Saha [2015]). In this way, it is easy to set off a spiral of flawed research, biased results,
and capitalist (or more generally political) demand for more of it (see also Malinowska and
Zuradzki [2023b]).

Notably, the adoption of misleading reference classes may have a variety of possibly fatal
consequences, for example, errors in medical practice, such as misdiagnoses or erroneous ex-
clusion of people from a given class from proper treatment or identifying certain patient char-
acteristics as beneficial to therapy effects, while these traits do not actually affect the final state

of patients. In the next section, we reconstruct the main arguments why ethno-racial categories
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(especially as interpreted by the FDA and NIH) are extremely imprecise and vague concepts

(and very lousy reference classes), which makes it difficult to conduct reliable research.

3. The Imprecise Construction of Ethno-racial Reference Classes

Let us start with a very basic and naive question: how is it possible that the use of official
classifications can lead to the imprecise construction of reference classes? After all, the classi-
fication is imposed by institutional guidelines, and therefore ‘ready’, that is, already con-
structed. However, when it comes to their conceptualization, such guidelines have been evalu-
ated as imprecise (Meissner [2021]), diverse, and unreliable—their rationale is being chal-
lenged both ethically (Zack [2016]) and conceptually (Hochman [2021b]; Jackson [2022];
Winsberg [2022]). In this section, we demonstrate that ambiguities and conceptual imprecision
in the definition of ethno-racial categories can generate major inconsistencies and uncertainty
in medical studies. We focus on two major sources of uncertainty: first, how ethno-racial cat-
egories are conceptualized by institutions and, second, how single individuals (researchers,
policymakers) tend to apply them in practice.

Let us start with how ethno-racial categories are conceptualized by institutions in the first
place. Both the FDA and the NIH recommend the typology endorsed by the OMB and catego-
rize study participants into at least five racial groups (American Indian or Alaska Native, Asian,
Black, or African American, Native Hawaiian or Other Pacific Islander, and White) and two
ethnic categories (Hispanic or Latino and Not Hispanic or Latino).” However, while the NIH
defines racial categories as a mainly socio-political construct that ‘should not be interpreted as
anthropological in nature’, the FDA (Food and Drug Administration [2016]) recognizes races
as populations whose representatives have common ancestors inhabiting specific geographical
areas (in this sense, the category may be intended as a proxy for a genetic lineage) and whose
differences in health with other populations may be additionally caused by external factors (see

also Malinowska and Zuradzki [2023b]).

’ The OMB classification differs substantially from other countries’ censuses, such as those adopted in Brazil,

the UK, and New Zealand (Valles [2016]). In addition to governmental institutions, scientific journals like
Journal of the American Medical Association (Flanagin et al. [2021]) and Medical Decision Making (Zikmund-
Fisher [2022]) develop their own recommendations on how to report ethno-racial categories in articles. Their
interpretation of these categories is often in conflict with the FDA’s perspective: Journal of the American Med-
ical Association and Medical Decision Making interpret race and ethnicity as a strictly socio-cultural (or socio-
political) construct. In this article, we focus on the OMB, FDA, and NIH recommendations due to their influence
on biomedical studies.
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Since in the main institutional guidelines race is, at times, recognized as a purely social
construct and, in other cases, as a biologically justified category, reference to such a concept
may have entirely different meanings across guidelines and articles on the very same subject
(Huddart et al. [2019]; Byeon et al. [2021]; Malinowska and Zuradzki [2023a], [2023b]). Even
in the document about the OMB standards for reporting race and ethnicity, there is an enigmatic
(or pluralist, Jackson [2022]) provision that ‘the racial and ethnic categories set forth in the
standards should not be interpreted as being primarily biological or genetic in reference. Race
and ethnicity may be thought of in terms of social and cultural characteristics as well as ances-
try’ (Katzen [1997], p. 58782). This formulation gives room for a wide variety of interpreta-
tions of what race is and how important the role of biological factors is in determining the
clustering of humans into ethno-racial groups (while it is not a ‘primarily biological or genetic’
characteristic, there is no clear statement there that it is not biological at all, and it still may
refer to ancestry).

Uncertainty is also related to the fact that researchers are often not sure what they refer to
when they use ethno-racial categories. In a recent study, more than two-thirds of scientists
(most were professional geneticists) were not confident in their ability to distinguish between
the terms ‘race’, ‘ethnicity’, and ‘ancestry’ (Popejoy et al. [2020], p. 71). This problem is also
visible in scientific publications. Text analysis of articles on COVID-19 (Malinowska and
Zuradzki [2023a]) indicated that their authors used terms the ‘race’ and ‘ethnicity’ in at least
five different ways (folk, demo-geographic, socio-cultural, multileveled, and institutional).
Moreover, while some of them conceptually divided races from ethnicities, others used the
terms ‘race’ and ‘ethnicity’ interchangeably or referred to ethnicity (usually interpreted as a
cultural category) in terms of genetic lineage. Finally, scientists use very different ethno-racial
classifications depending, among other things, on their research goals, the available data, and
the cultural contexts in which they operate (Lopez et al. [2017]; Huddart et al. [2019]; Zhang
and Finkelstein [2019]). Thus, ethno-racial categories resemble some mythical creatures—all
have some hazy idea about them, but no one precisely knows what they are.

Such conceptual inaccuracies hinder scientific communication and prevent, for instance,
comparative analyses of different studies. Yet, researchers sometimes treat their country’s ra-
cial/ethnic categories as universal, objective, and scientifically well grounded. For instance,
some researchers who examined the heritability of IQ across ‘racial’ or ethnic groups in a meta-
analysis (published in the journal /ntelligence in 2020) were surprised to learn that although

they did not confine their search exclusively to the US, most of their samples came from
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there. Although they attempted to explain this in different ways (homogeneity, lack of bio-
metric research elsewhere, and so on), they failed to mention an easier explanation: implicitly,
they used the US racial categorization based on the OMB policy directive, which is not a uni-
versally accepted categorization (Davenport [2020]). This example shows that some research-
ers are only interested in ethno-racial classifications accepted in their social environment (com-
pare with Spencer [2018a], [2018b]) and may not realize that ethno-racial ontologies are fash-
ioned conventionally—or even in legal terms—rather than discovered through scientific inves-
tigation (Winther and Kaplan [2013]). They may also not realize that theoretical assumptions
(including the fundamental classifications they are using) are influencing their research results
under the principle that ‘what you put in is what you get out’.

Overall, institutional classifications, like the OMB’s, involve a high degree of arbitrariness
and conventionality: they are built on folk racial beliefs and reasoning (based on people’s ap-
pearance and shaped by socio-political conditions) popular in specific countries, such as the
US (Haslanger [2019]; Hochman [2021b]; Winsberg [2022]). These folk beliefs are supposed
to correspond to the so-called continental populations (when it comes to the biological inter-
pretation of ‘race’) or to some universal experiences (when it comes to its socio-cultural inter-
pretation). Moreover, people’s ethno-racial identities are context-dependent constructs, and
there are also great differences in reporting these identities by research subjects. Thus, the
OMB categorization lays claim to objectivity, but, in fact, it is strictly limited to the US context,
representing only one of many possible existing ethno-racial classifications (Ludwig [2019];
Hochman [2021b]), and its use is greatly influenced by the researchers’ beliefs. That leads to
significant differences in gathering, reporting, and interpreting ethno-racial data between sci-

entists.

3.1. Perspectives on the use of ethno-racial categories in biomedicine
At the crossroads of the epistemic issues discussed above, the philosophical literature has ma-
tured two main conceptual perspectives on the use of ethno-racial categories in science: ‘con-
servationism’ and ‘eliminativism’ (Mallon [2006]; James and Burgos [2022]). The former co-
vers various theoretical perspectives: those who point to some form of racial realism (biological
or socio-cultural) and those who allow ethno-racial categories to be used in research merely as

a useful conceptual tool (some kind of racial pragmatism).
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Let us first consider the two forms of racial realism. Briefly, biological realism on race is
based on the assumption that it is possible to design a stable and scientifically meaningful tax-
onomic system dividing people into five populations that correspond to the five human races
from the OMB classification (Spencer [2018a], [2018b], [2019]). Socio-cultural realism on
race assumes that while biological human races do not exist, races understood as some social
kind (socio-cultural constructs) exist and that ethno-racial categories should be used in science
to describe the experiences of racialized people (for example, the experience of racism).

Yet, there is an increasing number of criticisms against realist positions, which can be cate-
gorized as various forms of antirealism and eliminativism. These also include the argument
that biological realism is based on serious logical fallacies (Hochman [2013], [2021b]). When
it comes to racial social realism (also known as social constructionism), some scholars argue,
for example, that most of its versions are imprecise and even compatible with racial hereditar-
ianism (Hochman [2022]). Moreover, while the use of ethno-racial categories in science is
often aimed at decreasing social inequalities, in reality, such practices may have an opposite
effect: they may reinforce prejudicial racial beliefs (Hochman [2019], [2021a]). Racialized in-
dividuals may have different life experiences, different access to education, and may live in
different environments: unifying them into coarse-grained categories not only leads to unreli-
able research but also to stereotyping and essentializing race and ethnicity (Malinowska [2021];
Meissner [2021]; see also Malinowska [2016]). In biomedical terms, there seems to be no sci-
entific justification for homogenizing the experiences of, for instance, Black people who have
lived in the US for generations (those living in poor neighbourhoods as well as the wealthiest
residents of, for example, Atlanta) and recent migrants to the States (Kuzawa and Sweet [2009];
Valles [2012]; Kalewold [2020])—not to mention recent refugees from some African coun-
tries, who are stuck in the forests or closed centres for illegal migrants on the Polish-Belarusian
border, if we expand the OMB classification beyond the US. However, if that is the case, how
then should we study health inequalities resulting from racism?

According to many scholars, medical practitioners, and institutional guidelines, regardless
of their ontological status, socially interpreted categories of race and ethnicity are useful prox-
ies for other social determinants of health that are related to racial injustice, such as socioeco-
nomic status and access to healthcare systems (NATIONAL INSTITUTES OF HEALTH
[2001]; FOOD AND DRUG ADMINISTRATION [2016]; Centers for Disease Control and
Prevention [2021]). As noted by Valles ([2021a]), for instance: ‘race-associated risk offers a

summary measure of features of how patients, on average, interact with their social worlds’. In
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fact, there is evidence, from various epidemiological sources, of inequalities in morbidity and
mortality between racially defined populations (Devakumar et al. [2022]; Gravlee [2009];
Krieger [2021]; Selvarajah et al. [2022]). Yet, these disparities consist of many different factors
that require detailed identification and to which not all people with a particular racial identity
are exposed (Malinowska and Zuradzki [2023b]; Meissner [2021]; Valles [2021a]).

We fully agree with the view that there are many pathways through which racism (and other
forms of discrimination) affects people’s health (Sullivan [2013]; Williams et al. [2016];
Krieger [2019], [2021]; Valles [2021a], [2021b]; Abubakar et al. [2022]; Devakumar et al.
[2022]; Selvarajah et al. [2022]; Shannon et al. [2022]), and that these pathways need to be
carefully recognized and studied. However, we also share concerns that interpreting, collecting,
and using ethno-racial data—especially as recommended by the FDA and the NIH—is not as
precise and reliable enough to accomplish that goal (on the same point, see Meissner [2021];
Malinowska and Zuradzki [2023a], [2023b]). Among other factors, this is due to the fact that
racialization processes are highly dynamic and contextual (Chellappoo and Baedke [2023]),
and can thus affect one’s health on many different levels (Malinowska and Zuradzki [2023b]),
which cannot satisfactorily be accounted for by heterogeneous and coarse-grained categories
like race and ethnicity. These categories seem to us unable to reflect such complexity, and
therefore their application to study the effects of racialization on health can only have limited
utility. For instance, they can be reasonably used for specific research questions (such as psy-
chological analysis of the impact of the US residents’ racial identities on their psychological
and physiological wellbeing), but they do not cover all groups that may experience racialization
and racism, nor do they recognize the full spectrum of racialization processes and their potential
impact on health.

For instance, a growing amount of research on racism is directed at characteristics such as
accent, religion, and nationality (Tereshchenko et al. [2019]; Krivonos [2023]; Lewicki [2023];
Narkowicz [2023]; Rzepnikowska [2023]). Those who experience these forms of racialization
are not only people of colour, but also whites, who are not ‘white enough’ in certain contexts
(Kalmar [2022], [2023]), especially to other whites. One of such groups are Eastern Europeans.
In particular, those who migrate from east to west commonly experience systemic exclusion
and exploitation, as well as racial aggression: marginalization, insults, harassment, threats, and
physical assaults (Krivonos [2023]; Lewicki [2023]; Narkowicz [2023]; Rzepnikowska

[2023]). In studies where race and ethnicity are the only proxies for social inequality, similar
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forms of racialization tend to remain invisible. Thus, researchers should be encouraged to crit-
ically assess whether ethno-racial classifications operationalize well enough the processes of
racialization they plan to study, as well as to report socioeconomic status and deprivation using
disadvantage indexes or other measures that are better suited for their scientific goals (Mali-
nowska and Zuradzki [2023a], [2023b]). However, a thorough discussion of this issue is be-
yond the scope of our article.

Our main focus, here, is biological racial pragmatism (also known as racial pragmatist nat-
uralism), which more closely aligns with the proxy theory of race, especially in the context of
genomics. In its common form, racial pragmatism only implies that geographically based pol-
ymorphisms that contribute to disease incidence can be examined with the use of the OMB
racial classification (or other ethno-racial typologies) purely for pragmatic reasons and without
entering a discussion about the existence of human races (Rosenberg et al. [2002]; compare
with Jackson [2022]).

Although racial pragmatism is quite common in science, it is increasingly apparent that any
ethno-racial classifications are not reflective of global genetic variation (Huddart et al. [2019];
Popejoy et al. [2020]; Jackson [2022]). Moreover, the use of self-reported racial affiliations in
genetics research is simply misleading and unjustified (Kuzawa and Gravlee [2016]; Borrell et
al. [2021]). In many cases, culturally constructed ethno-racial identities are difficult to track,
as they are dependent on many factors such as political, historical, economic, or ecological
contexts (Ludwig [2019]; Meissner [2021]). A person ascribed to one class from a political
perspective can be classified into another from the perspective of the prevailing cultural stere-
otypes. Sometimes, depending on legal regulations (or even methods for filling in medical or
legal documentation), one can be assigned to different subgroups in one place or another, or
(independently from the official institutional classifications) change their ethno-racial identity,
for example, due to migration (Keskinen and Andreassen [2017]; Grill [2018]). In other words,
while one cannot deliberately choose their genetic makeup, one can choose or change their
ethno-racial identity. There is also a growing number of people who identify themselves as
multiracial and those who do not even know that they have ancestors from a few different
populations.

Yet, while the above criticisms of the use of self-described ethno-racial data in genetics and
genomics are usually well received among scholars, their application in these fields was not
disincentivized but is rather routinely recommended by institutional guidelines. Moreover, the

proxy theory of race is still valued for handling stratification issues, which are thought to limit
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the ‘portability’ of genomics findings and reduce the predictive capability of PRSs across pop-
ulations (Matthews [2021]; Johnston and Matthews [2022]). For many scholars, such issues
suggest the need for a higher inclusion of ethno-racial minorities in genetics research (for ex-
ample, Martin et al. [2019]; Palk et al. [2019]; Boem [2022]; Fatumo et al. [2022]). On this
view, the obligation to use such categories in genomics would ameliorate healthcare dispari-
ties.*

In the next section, we focus on the use of the OMB racial classification in medical genetics.
We examine in more detail the available arguments against a genetic interpretation of the con-
cepts of race and ethnicity and explore the possible reasons why such arguments may have
been ineffective in redirecting attention to other (non-race-based) ways for controlling for hu-
man variability. We then provide two further—and hopefully more effective—arguments to
support the idea that ethno-racial categories are unlikely to provide meaningful insights in bi-
omedical studies, which implies that even their interpretation as a mere pragmatic tool is un-

sound.

4. Unreliable Applications of Ethno-racial Categories: The Case of Medical Genetics
One of the most problematic uses of the OMB racial classification comes with the adoption of
race in genetics and genomics, where races are usually seen ‘as a result of human migration
with genetic isolation leading to the development of distinct populations that share DNA as the
result of common descent’ (Duello et al. [2021]; see also Dobzhansky [1937], p. 138). As we
mentioned in section 2, the main argument justifying the application of ethno-racial categories
in this context is that they are allegedly a reliable indicator of ‘something biologically real’
(Spencer [2019], p. 76) and can serve as a pragmatic proxy in biomedical research to predict
phenotypic variability based on genetic differences (for example, variability in disease aetiol-

ogy and response to treatment).

* The use of the category of race in genetic and genomic research has declined in recent years (Byeon et al.
[2021]; Malinowska and Zuradzki [2023a]), for example, due to its replacement by the category of ethnicity
understood as a proxy for a genetic line or the category of ancestry—a disturbing phenomenon because not only
does it not solve the problem with the biologization of the category of race, but it may additionally lead to the
biologization of the category of ethnicity. Moreover, this does not acknowledge that ancestry is a substantially
different concept to race and ethnicity. While the former represents the genetic origin of one’s population (and
it is thus potentially a better predictor for genetic polymorphisms), ethnicity and race are ‘identities’ that are
self or socially ascribed (Borrell et al. [2021]), based on superficial characteristics. As such, these categories
originate from the secular processes of racialization (Hochman [2017], [2019]; Malinowska and Zuradzki
[2023b])—which is not reducible to geographical and genetic parameters.
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Although many scholars and scientific societies criticized the genetic interpretation of
ethno-racial categories, there seem to be durable beliefs, among scientists and policymakers,
that genetic variation follows some consistent patterns that map ‘ethno-racial divisions’ as un-
derstood by the OMB. Such beliefs may seem to justify the pragmatic use of race and ethnicity
as a proxy for genetic and phenotypic variability.

In what follows, we analyse existing popular arguments against the biologization of race
and ethnicity in genetics and genomics. Although such arguments are convincing in many re-
spects, we examine potential reasons why they may have been ineffective in redirecting atten-
tion to other (non-race-based) ways for controlling for human variability. This would explain
why racial pragmatism and the proxy theory persist and race and ethnicity remain key concepts
in contemporary genomics despite decades of controversies (Bliss [2020]; Duello et al. [2021]).
We then defend two further—and hopefully more effective—arguments to support the idea that
ethno-racial categories are unlikely to provide meaningful insights in genetic and genomic

studies, which implies that even their interpretation as a mere pragmatic tool is unsound.

4.1. Why previous criticisms may be ineffective
A widely discussed criticism of the genetic interpretation of ethno-racial categories connects
to Lewontin’s ([1972]) influential argument that, considering any single genetic locus, there is
on average more genetic variation ‘within’ human racial groups than ‘between’ them. As a
2001 Nature editorial (cited in Edwards [2003], p. 798) explains: ‘This means that two random
individuals from any one group are almost as different as any two random individuals from the
entire world. Although it may be easy to observe distinct external differences between groups
of people, it is more difficult to distinguish such groups genetically, since most genetic varia-
tion is found within all groups’ (Edwards [2003], p. 798). Lewontin’s reasoning was well re-
ceived by many scholars and scientific societies (Barbujani et al. [1997]; Rosenberg et al.
[2002]) and became an important foundation for the idea that human variability is continuously
distributed across human populations and it is thus impossible to make clear-cut distinctions of
any sort.” This point was recently reiterated by the statement of the American Society of Human

Genetics ([2018], p. 636) denouncing the use of genetic data in racial supremacism discourses:

> Notably, in ethical terms, this is a very desirable conception of human variability. Similar considerations are
made in discussions on the distinction between mental health and pathology, particularly in the context of autism
and ADHD (Koi [2021]). Recently, Burt ([2022], p. 7) made the similar point that ‘these populations are ab-
stractions from an underlying continuum of genetic relatedness and should not be thought of as genetically
distinct subpopulations’.
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“The study of human genetics challenges the traditional concept of different races of humans
as biologically separate and distinct [. . .] Most human genetic variation is distributed as a
gradient, so distinct boundaries between population groups cannot be accurately assigned [. .
.] There is considerable genetic overlap among members of different populations. Such patterns
of genome variation are explained by patterns of migration and mixing of different populations
throughout human history. In this way, genetics exposes the concept of ‘racial purity’ as sci-
entifically meaningless’. As early as 2003, Edward criticized Lewontin’s argument and de-
scribed it as a fallacy (it is, in fact, known as ‘Lewontin’s fallacy’). From this view, considering
variation at one single locus does not do justice to the fact that ‘most of the information that
distinguishes populations is hidden in the correlation structure of the data and not simply in the
variation of the individual factors’ (Edwards [2003], p. 798). In other words, Edwards argued,
if we consider ‘correlations among many loci’ through principal component analysis, for in-
stance, the correlations reveal legitimate ways to categorize people into racial groups.

Interestingly, the recognition that some correlational structure in the distribution of genetic
risk across ‘races’ is accepted widely. The premise in the opening of the American Society of
Human Genetics ([2018], p. 636) statement, for instance, says: ‘Although there are clear ob-
servable correlations between variation in the human genome and how individuals identify by
race, the study of human genetics challenges the traditional concept of different races of hu-
mans as biologically separate and distinct’ (our emphasis). This recognition could already rep-
resent a potential reason why some scholars may agree that human variability is continuously
distributed across populations (and is thus impossible to make clear-cut distinctions among
‘races’) but still try to identify associations between variation at the genetic level and the mem-
bership of different ethno-racial groups.

To discuss a second potential reason, we need to consider another type of criticism of the
genetic interpretation of races, namely, criticism of racial realism.

Hochman ([2021b]) has recently reconsidered Edwards’ argument and conceded the possi-
bility of clustering individuals into groups based on genetic data (in particular, he points to
various examples of empirical evidence that many different classifications are possible from
anthropometric and genetic data; see Rosenberg et al. [2002]; Tang et al. [2005]; Witherspoon
et al. [2007]). However, he argues that such clusters do not correspond to ‘conventional races’.
This way, Hochman’s ([2021b], pp. 78—79) argument directly tackles racial realism and ques-
tions the validity of race categories on the basis that not every stable and convenient scientific

classification is equally valid:
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[...] it is possible to create a stable classification system that does not pick out valid
scientific categories [. . .] It would be possible to create a stable classification system
of fruit, based on the color of its skin when ripe. This system would lump strawberries
with pomegranates, limes with watermelons, star fruit with quince. This classification
system would be fairly stable, but it would not be of any taxonomic significance what-
soever [. . .] If the ability to design a stable classification system were sufficient to
vindicate that system as scientifically meaningful, then it would be legitimate to clas-
sify fruit based on color [. . .] Valid scientific taxonomies need more than mere stabil-
ity. They need to be meaningful in the context of the relevant science.

Hochman also argues that there is no privileged way to cluster humans into races: rather, de-
pending on how we interpret correlational data (for example, what sampling scheme and reso-
lution), different classifications may arise.

Although we find Hochman’s analysis compelling, there is an important issue with these
arguments: they are effective against racial realism, but they may be not strong enough to dis-
courage a more ‘pragmatic’ use of races.’

We are afraid that this pragmatic use can ‘bypass’ arguments against racial realism by ap-
pealing to a non-ontological view of races, which would be exactly what a proxy theory of race
needs. Indeed, one may agree with Hochman that conventional ethno-racial categories are not
‘valid’, meaning that they are not ‘natural’ divisions or that, in other words, conventional clas-
sifications are unable to ‘carve nature at its joints’. One may also agree that any categorization
of humans is doomed to involve conventional factors or be imprecise for various reasons (as
we explain in section 3). And yet, one can think that ‘some’ ethno-racial categorization could
be ‘useful” for addressing stratification issues in biomedicine and address questions such as: is
there any pattern in the distribution of genetic variants that may help us handle human varia-
bility and population stratification? How to revise racial categories (or construe new ones) to
track down genetic variants that constitute the basis of complex diseases?

To summarize, the argument that no clear-cut distinctions exist among races, as well as
arguments against racial realism, may represent a weak basis to prevent the use of ethno-racial
categories in genomics. For instance, Spencer ([2018a], p. 1031) states that ‘the quantity of
genetic differentiation among human continental populations is irrelevant to whether the ge-

netic differentiation is important to medicine’. It is probably based on this type of reasoning,

% Another recent criticism of racial realism can be found in (Winsberg [2022]). Also in this case, the argument is
extremely convincing, but similar concerns apply as to the case of Hochman’s arguments (see the main text).
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we suggest, that ethno-racial taxonomies are often considered ‘sufficiently stable’ classifica-
tion systems to serve some scientific purpose, especially in genetics and genomics. Indeed,
much of the use and institutional guidelines of races in biomedicine often rely on pragmatic
concerns that bypass entirely questions about their ‘reality’ or questions about the ‘conceptual
precision’ of such categories.

In other words, if we stick to the point that ethno-racial categories should not be used simply
‘because races do not exist’, we are unable to explain why such categories are still widely used
to stratify genetic variability even though most scientists agree already (at least since the 1950s’
UNESCO statement; Brattain [2007]) that races are highly idealized types. We know already
that the categories of race and ethnicity are often constructed based on the assumption that at
some stage of the evolutionary history of humankind, there were geographically separated
races, their representatives were ‘racially pure’, and had ‘ideal’ genotypes lacking the admix-
ture of any ‘other race’ genes (Zack [2016]). And we know already that this assumption is
incorrect: contemporary genomics teaches us that there is no such thing as a ‘typical Asian
DNA’ or ‘typical African DNA’ (Bliss [2020]). And still, there are durable beliefs that some
reliable patterns exist. Although ‘race’ is an imprecise concept, and ethno-racial categories
involve important idealizations, the defenders of racial pragmatism may still think that race is
precisely the type of concept that a pragmatic proxy theory would need to handle the distribu-
tion of genetic risk: not a perfect concept, but a ‘useful’ one. In the next section, we argue that

this conclusion would be epistemologically misleading.

4.2. Ethno-racial categories have limited heuristic power
In this section, we aim to provide two arguments against the pragmatic use of ethno-racial
categories in medical genetics. We want to make the case that beyond ontological concerns,
not every stable scientific classification is equally reliable or epistemically beneficial. In par-
ticular, the classification of humans into races based on genetic data might be able to predict
some regularities (ranging from regularities in skin colour, for instance, or access to healthcare
systems) but be unable to generalize prediction consistently beyond such factors. In contrast to
Spencer and the advocates of the proxy theory of race, this makes ethno-racial categories un-
reliable and thus substantially reduces their practical utility, especially if they are construed via
the analysis of genetic diversity. Moreover, we argue that contemporary biology provides

strong reasons to believe that when it comes to complex diseases, the variability patterns cap-
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tured by ethno-racial categories at the phenotypic level (if any) do not have a linear correspond-
ence with variability patterns at the genotype level. This makes the use of such categories in
genetics and genomics very problematic even as a heuristic concept, including their use to
stratify disease risk.

The first of our arguments concerns the limited inferential power of ethno-racial categories
as regards the distribution of various independent alleles (starting from knowledge about the
distribution of one of them) that are supposed to be statistically associated with each other in
the determination of complex diseases. To approach the problem, let us outline a typical infer-
ence that is being made from what we know about single-gene diseases and polygenic traits.
Remarkably, at first sight, such an inference is not completely unwarranted and is rather
grounded in classical models in quantitative genetics.

Rare Mendelian diseases—which are related to variation in a single or a few genes—appear
to be unequally distributed across human populations (for example, Tay-Sachs disease is prev-
alent in some Jewish lineages, sickle-cell anaemia in African ‘Blacks’; for a ‘good example’
concerning differences in frequencies of lactase persistence alleles, see Spencer [2018a], p.
1028). This testifies that some medically relevant genetic characteristics are more likely to be
found in some ethno-racial groups for both contingent historical reasons (for example, geo-
graphical isolation) and evolutionary reasons (some diseases increase fitness in certain envi-
ronmental contexts, for example, sickle-cell anaemia protects against malaria).

When it comes to complex traits (for example, cancer, diabetes, hypertension, asthma, obe-
sity, major depression, intelligence, and personality disorders), quantitative genetics models
predict that the same as Mendelian diseases might be true for multifactorial and polygenic dis-
eases because variation in genotypes is distributed differently across populations for the very
same reasons that single genes are distributed that way—that is, geographical and evolutionary
reasons. Notably, this should not be taken as something that is established on ‘empirical
grounds’—in fact, for most traits, we do not know yet what the polymorphisms are that might
constitute the polygenic basis of complex traits (this is a question that genetic studies, particu-
larly GWAS, try to address). Rather, this is a general principle that would follow from such
models (for example, Fisher [1918]; Mather [1941], [1943]), according to which, variation in
complex traits is due to many (hundreds or thousands) alleles that are normally distributed in
any given population.

The idea, in short, is that some populations or groups (and thus races) may just happen to

have more of those polymorphisms that constitute the polygenic basis of a complex disease so
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that an individual from such groups would carry more of such polymorphisms. So, based on
classical models, there are apparently good reasons to think that some correlational structure
would follow a geographical distribution of genetic variability, and such a correlational struc-
ture may match ethno-racial divisions.

This is another crucial piece in understanding the current use of races in medical genetics:
although one may agree that there is no clear-cut distinction among races (see section 4.1), the
data testify that some alleles are distributed differently across groups; nothing, then, prevents
also thinking that ‘sets’ of alleles, relating to polygenic diseases, are distributed in the very
same way. The inferential potential of ethno-racial categories based on the distribution of single
genetic variants is, for instance, the main idea put forward by Burchard et al. ([2003]; see Spen-
cer [2018a], p. 1028) to defend the notion of race as a useful one in clinical practice (for exam-
ple, diagnosis and treatment) as well as in research (for example, GWAS and studies on drug
efficacy). As explained in section 2, this is essentially the main tenet of the proxy theory of
race in the context of contemporary genetics and genomics.’

Years ago, Graves ([2002]) provided the basic structure of a counterargument to this idea,
though his discussion regards independent alleles related to single-gene diseases. He argued
against the view that the distribution of single alleles should be consistent with the distribution

of n other alleles. According to Graves ([2002], p. 154):

[...] the frequency of disease-associated alleles could be claimed to be ‘racially’ dif-
ferentiated at a particular locus, but certainly not at all such loci. We can examine this
problem using a binomial equation: if we allow the rates to be higher or lower in
‘blacks’ versus ‘whites’ at some particular frequencies p and q, then the probability
that all such independent loci would be at higher frequency in ‘blacks’ would be p",
where n is the number of loci in question. It is easy to show that the probability that all

7 A similar position is discussed by Spencer ([2018a]), who ends up defending a stronger position than Burchard
et al. ([2003]), according to which the OMB categorization correspond to real continental populations. If by
‘real’ Spencer means that races exist because they are epistemically useful, he is clearly wrong: as the natural-
kind debate demonstrated extensively, scientific categories can be useful for epistemic practices such as induc-
tion, generalization, and prediction regardless of their ‘reality’. For instance, the categorization of fruits based
on their colour (examined by Hochman [2021b]; see sec. 4.1) might have some inferential power or allow for
some generalizations, though their utility would depend on our practical aims. We may instead read Spencer’s
position more charitably, in the sense that ‘reality’ means ‘natural kindness’, that is, the property of a scientific
category to enhance epistemic practices such as induction, generalization, and prediction (this ‘epistemic inter-
pretation’ is more evident (Spencer [2012]), which uses the notion of ‘genuine kinds’). Of course, epistemic
properties alone do not make a category ‘ontologically real’ but they can, in principle, make it scientifically
useful. Yet, we agree with the opinion that the question of the reality of racial categories should not be reduced
to a question of their utility (for example, Winsberg [2022], pp. 20-22).
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such loci (and their phenotypes) are always higher in ‘blacks’ rapidly approaches zero
as the number of loci increases.

In contemporary genomics, this type of generalization issue is even more crucial than it was in
the early 2000s: indeed, recent genetic methods such as GWAS and PRSs calculation focus on
complex traits relating to hundreds or thousands of alleles, rather than so-called simple ones
relating to a single or a few genes (for a discussion of these two kinds of traits, see Serpico
[2020]). It is in this type of study that, nowadays, ethno-racial categories would play a role in
accounting for between-individual differences at the genetic and phenotypic levels.

If we translate Graves’ argument in the context of polygenic traits, we can easily see that
ethno-racial categories may have limited inferential power and little epistemic utility: even if
some alleles are more likely to be found in some ethno-racial groups, knowledge about the
distribution of one allele does not allow the making of any reliable inference regarding the
distribution of other genetic factors. So, it might be true that ethno-racial variation is statically
associated with genetic variation for single-gene conditions, but is probably false in the case of
‘sets of many genes’ (and the complex diseases that would be associated with them).

In other words, although some geographical patterns can be observed in the distribution of
single genetic variants (and thus in single-gene conditions), we cannot expect that the distribu-
tion of an allele associated with a given polygenic disease will coincide with the distribution
of another (independent) allele that relates to the same disease. For instance, we cannot expect
that the allele xyz, more likely to be found, say, in South Asian populations, will be stably
associated with the allele pgr and thus more likely to be found in South Asian populations—
unless the two alleles are physically located on the same chromosome and are thus in linkage
disequilibrium (LD). The reason is that the constant flow and inter-reproduction of Hominidae
over the globe, over the last many thousands of years, generated a distribution of human genetic
variants that is chaotic, to say the least. The unpredictability skyrockets if we consider more
than just two of the many alleles that are predicted to be related to variation in a complex
disease, none of which is individually necessary for developing it.

When it comes to the use of a few ethno-racial categories as reference classes, what sort of
practical utility could these categories have if even this sort of basic inference (from the distri-
bution of one allele to the distribution of other two, three, four...) is problematic? If in real
individuals there is no consistency in how genes tend to be associated together, how can we
reliably infer the genetic characteristics of an individual based on their (supposed) ethno-racial

identity? If we are right, we cannot expect that many such alleles will be stably associated with



This is the authot's accepted manuscript without copyediting, formatting, or final corrections. It will be published in its final form in an upcoming issue of The British
Journal for the Philosophy of Science, published by The University of Chicago Press on behalf of The British Society for the Philosophy of Science.
Include the DOI when citing or quoting: https://doi.org/10.1086/727957. Copyright 2023 The British Society for the Philosophy of Science.

Epistemological Pitfalls in the Proxy Theory of Race:

each other in such a way as to form ‘clusters of variation’ that correspond to a few conventional
races. At most, as has been mentioned above, certain alleles can be more frequent in people
coming from similar geographical areas, but there is no evidence that any given allele is stably
associated with another relevant allele (or many others) in such a way that we can make a
reliable inference from knowledge about one genetic marker to others.

Some critics may be still convinced that for genealogical or geographical reasons, it could
be expected that some correlations do exist between variations in sets of alleles and ethno-
racial categories, and this should be enough to make a medical inference based on such corre-
lations. If so, genetic data on ethno-racial categories would enable us to make inferences from
genetic to phenotypic variation, helping us predict the properties of a given individual based
on the average properties of the group they belong to and thus enhance prevention and diagno-
sis—which, within the picture delineated by P-medicine, represents a key epistemological goal.

This leads us to our second criticism of the idea that race can serve as a proxy for genetic
and phenotypic variation. We aim to argue that the very idea that ethno-racial groups (as usu-
ally construed) consistently relate to disease-associated genetic variants requires us to assume
some sort of genotype—phenotype linearity, which is an untenable assumption. The key idea is
that there is no typical ‘racial biology’ (African, Asian, American, European, and so on) that,
starting from some genetic pattern, is conserved ‘all the way up to the phenotype’. At the same
time, the inferential direction does not hold the other way around, either: there is no reliable
inference that, starting from the phenotype at any level, allows us to capture genetic patterns
reliably. In other words, there is no linear correspondence between genetic factors, medically
relevant features, and race-typical (superficial) traits that would allow reliably clustering hu-
mans into a small number of races.

Biologically speaking, the only way to accept a co-occurrence between genetic factors and
higher-level traits (physical, physiological, and so on) is to accept some form of genotype—
phenotype linearity. In this view, the effect of a single or many genes would be observable at
various phenotypic levels, all the way up to clinical symptoms, behaviour, and physical char-
acteristics. The same, of course, would be true in the other direction: phenotypes analysed at
any level (from superficial traits like skin pigmentation to medically relevant traits at the im-
munological and endocrine levels, for instance) would be consistently associated with genetic
characteristics. However, it is well established that there is no such genotype—phenotype rela-

tionship in complex systems like those of humans. Let us clarify why.
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Ever since the late nineteenth century, geneticists have known that linearity can be observed
in Mendelian experiments or in very rare conditions where variation in single genes is associ-
ated with variation in single traits through major biochemical pathways (Mendel [2020]; Mor-
gan et al. [1915]). As regards complex traits, early models in quantitative genetics (Falconer
[1965]; Fisher [1918]) were designed in such a way that a linear genotype—phenotype map was
assumed by default (indeed, such models tried to make sense of the continuous distribution of
complex traits in terms of simple Mendelian inheritance). These are, however, very idealized
contexts and models, respectively, that do not apply to the majority of traits, where the inter-
action between lower and higher levels of organization involves more complex relationships.®

It is, in fact, possible that a genetic factor has little or no observable phenotypic effects in
some individuals due to some protective factors at higher levels (neuroendocrine, immunolog-
ical, and molecular features that can mediate genetic expression), like in the case of imperfect
penetrance of Mendelian genes (Cooper et al. [2013]; Chen et al. [2016]; Katsanis [2016];
Lynch [2021]), or due to gene—environment interactions that generate heterogeneity in pheno-
typic outcomes (treatment response, disease manifestation). In the case of viral infections, for
instance, the level of symptoms may be of little relevance for predicting variation at the genetic
level whereby there are protective factors at the immunological level that prevent the manifes-
tation of symptoms or the development of a disease.

Why is this relevant to our problem? The non-linearity of biological systems suggests that
humans can differ from each other at many levels of organization, none of which is straight-
forwardly related to the others. This makes it very difficult to identify the proper level accord-
ing to which we should categorize humans in biomedical research or assign individuals to a
reference class: in the analysis of a certain disease, for instance, the relevant level to stratify
risk could be the immunological one, but for another disease, it could be the endocrine level.
The problem is all the more crucial when we categorize individuals through superficial, coarse-
grained parameters such as age, gender, 1Q, and socioeconomic status. Ethno-racial categories
are a paradigmatic case since they cluster individuals into groups based on self-identified
ethno-racial identity and on traits that are probably irrelevant to the aetiology of (most) dis-

€ascs.

¥ On linearity in experimental and Mendelian contexts, see (Ratner [2004]; Kendler [2006]; Griffiths and Stotz
[2013]; Rheinberger et al. [2015]; DiFrisco and Jaeger [2019]; Serpico [2020]). On linearity in quantitative
genetics models, see (Nelson et al. [2013]; Huang and MacKay [2016]; Koi [2021]; Serpico and Petrolini
[2026]).
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The take-home message is that contemporary biology provides sufficient reasons to think
that what we observe at the genetic level may not correspond to what we observe at higher
levels of organization. On the contrary, it probably does not. So, if a given population of indi-
viduals is divided into subgroups based on their skin pigmentation or self-identified ethno-
racial identity, it is very unlikely that this classification will match the stratification of the pop-
ulation in terms of relevant variables, namely, the biological and genetic variables that increase
the liability to a given disease. Here, we concur with the view of Mills ([1998]) and Winsberg
([2022]) according to which the folk ontology of race is murky, and, in this sense, folk races
do not supervene on any clear set of biological or psychological properties or ‘essence’. But
we want to emphasize a more specific, often neglected point. Race-typical features picked up
by the OMB classification involve a complex mix of physical and social characteristics. While
it is possible that humans can be divided into subgroups based on one (or the combination of a
few) of such features, speaking biologically (in terms of the multi-level complexity of human
organisms), there is little chance that such features are consistently associated in such a way
that variation at the genetic level matches variation at higher levels (physical, immunological,
and so on).

This connects to the use of ethno-racial categories to control for stratification issues. As we
noted in section 3.1, many scholars call for a higher inclusion of ethno-racial minorities in
genetics research in order to increase the generalizability of genetic findings across different
populations, including group-specific PRSs. However, developing PRSs for specific ethno-ra-
cial groups will not necessarily solve the portability problem: as Kaplan and Fuellerton ([2022])
argued, the analysis of non-European ancestry populations may be necessary, but not sufficient,
for achieving more generalizable polygenic prediction (note, for instance, that the PRSs pre-
dictive accuracy can differ substantially also across groups of similar ancestry, see Mostafavi
et al. [2020]). The portability problem does in fact depend on a number of issues, among them
the fact that the effects of alleles on the phenotype are mediated by context-relative interactions
between genetic, epigenetic, and environmental variation (Janssens [2019]; Burt [2022]; Wang
et al. [2022]), which—crucially—can be distributed differently among individuals that are as-
signed to the same ethno-racial categories through classical methods (for example, self-identi-
fication). If our argument holds, ethno-racial groups cannot be expected to be internally homo-
geneous for every biological and environmental factor that is relevant to a given pathological
phenotype, which suggests that ethno-racial categories cannot account for the clustering of hu-

man variability at the relevant medical levels.
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5. Conclusions
The problem of categorizing individuals into groups that are biologically meaningful and clin-
ically relevant is both an epistemic aim of contemporary P-medicine and a precondition for its
success. In this article, we have discussed the major conceptual and epistemological limitations
in the use of ethno-racial categories as reference classes in biomedical research and practice,
particularly in medical genetics.

In section 2, we outlined the role of ethno-racial categories as a proxy for medically relevant
differences among individuals and introduced the potential risks of construing misleading ref-
erence classes.

In section 3, we explained that socially defined groups like ethno-racial categories are often
conceptualized according to institutional guidelines (for example, the FDA and NIH ones en-
dorsing the OMB categorization) and folk beliefs. How people are categorized directly influ-
ences the results obtained throughout the process of designing a study, analysing its results,
formulating conclusions, and providing applications in diagnostic algorithms and practical
guidelines for institutions, medical practitioners, and the patients themselves. Thus, rampant
ambiguities in the categories of race and ethnicity bring about substantial epistemic and ethical
uncertainty in biomedicine. For instance, they leave the door open to the misleading impression
that some functional rationale stands behind the categorization of individuals into ethno-racial
groups or, in other words, that these categories have some biological or medical significance.
This is a very simple illustration of how the top-down requirement to use ethno-racial classifi-
cations in science can potentially distort its results.

In section 4, we thus argued that the use of ethno-racial categories is especially problematic
in medical genetics. As has been explained, previous criticisms of the genetic interpretation of
race and ethnicity did not disincentivize the use of ethno-racial categories in contemporary
genetics. We have suggested that this depended, at least in part, on the fact that such criticisms
target the ontological reality of races but leave the door open to their use as a heuristic, prag-
matic tool to handle human variability at the genetic level. Indeed, the ‘imprecision’ of ethno-
racial categories is not enough to disregard their many uses. More generally, scholars agree
that some concepts and categories may not be descriptively accurate or ‘real’ but could still be
part of scientific practice if sufficiently stable to allow for useful generalizations. This is, of

course, unless their utility is argued to be compromised.
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So, we have provided two further arguments to show that ethno-racial categories provide
little epistemic benefit in medical genetics and cannot serve as valuable heuristic tools to ac-
count for medically relevant phenotypic differences among individuals. Our analysis of the use
of ethno-racial classifications in genetic studies reveals that scarce attention has been given to
the multi-level biological complexity of individual differences and their distribution world-
wide: if human diversity is to be taken into account seriously, it is crucial to construe reference
classes that are both biologically (not just genetically) and socially sensitive.

Notably, our reasoning does not discount the fact that disease incidence can be linked to
certain polymorphisms that are distributed differently in different geographical areas or sub-
groups: what they do indicate is that conventional ethno-racial categorizations cannot unequiv-
ocally correlate ‘races’ and ‘ethnicities’ with these polymorphisms, especially when it comes
to complex phenotypes related to many alleles. In this regard, we agree that in genetics and
genomics using ethno-racial classifications as proxies for genetic differences between certain
populations (if necessary, that is, if the research methodology requires using such proxies)
should be replaced, for instance, by application of more precise demo-geographic classifica-
tions (as, by now, though it remains only a rough generalization, geography seems to be the
strongest indicator of genetic variation among human populations; see Huddart et al. [2019],
p. 1258). Moreover, our arguments support the view that human variation at the genetic level
should not be confused with biological, socially mediated variability (Gravlee [2009]; Kaplan
[2010]; Valles [2016]; Duello et al. [2021]). Thus, it is about time for institutions such as the
FDA and the NIH to rethink the recommendation or requirement to collect and use ethno-racial

data and classifications in genetics and genomics research.
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