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Precision medicine is an emerging field with immense potential for better under-
standing of diseases and improved treatment outcomes (1). Its focus: patterns of
human genetic variation in populations and individuals—and how such patterns
influence disease pathology and treatment. The field rejects the “one size fits all”
approach to understanding disease, aspiring to develop tailored therapies that
optimize treatment efficacy. It’s a promising but fledgling field that faces numer-
ous challenges, both scientific and practical. But one challenge has not been fully
appreciated: the lack of genetic diversity in research and clinical studies (2, 3).

To date, most of the genetic studies that researchers draw on in the context
of precision medicine have been conducted on individuals represented by
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European reference samples (4–9), what is commonly
termed “European ancestry.” In 2009, 96% of genome-wide
association studies (GWAS) participants were of European
descent, with only 0.57% of samples consisting of individu-
als allied with reference samples from across the African
continent [“African ancestry” (10, 11)], although the partici-
pation of individuals from non-European regions improved
to about 20% in more recent studies, as seen in (Fig. 1) (8).
In addition, European populations still receive the most
geographically specific descriptions, such as Scandinavian,
Finnish, or Northern European (5), whereas the general-
ized “African ancestry” category remains rather nonspecific
and often ambiguously categorized as either “Black” or
“African American” (5, 11). Moreover, groups of participat-
ing subjects are often defined based on unstandardized
and inconsistent criteria, thereby limiting the usefulness of
existing datasets (12, 13). However, to include more
diverse populations and ancestries in genetic and clinical
studies, it is imperative that such inclusion does not con-
flate race with biological identity.

Race vs Ancestry

Whereas genetic ancestry is a measurable biological
parameter, race is a social construct that has often been
labeled biological (2, 14–16). Indeed, race is the product
of historical, social, and political processes and not a
“natural” or biological division of human variation—an

understanding that much of the scientific community has
started to embrace (13, 17, 18). Nevertheless, race remains
commonly reported as a surrogate marker for genetic
ancestry and diversity in biomedicine based on the
assumption that a socially defined category serves suffi-
ciently as a proxy for genetic ancestry and thus genetic
diversity. The inadequacy of the race concept in genetic
studies is further heightened by the fact that there is no
consensus on the definitions of race categories (19–21).

Race, ethnicity, and genetic ancestry are often used
interchangeably with little consensus amongst researchers
and clinicians as to how such concepts should be under-
stood and used in clinical genetics practice (21). This confu-
sion is well exemplified by skin color, a trait often used to
classify people racially. The racial categories “White, Black,
Yellow, Brown, and Red” were introduced in the 18th cen-
tury by the taxonomist Carl Linnaeus, who incorrectly
assumed that variants in skin pigmentation and appear-
ance reflected biological divisions of humanity (22). This
categorization persists in common parlance to this day.

And yet, scientifically speaking, skin color serves exactly
as an example of how genetic variation does not fall along
racial lines. In geographical areas with high frequency
of sunlight, such as sub-Saharan Africa, Southern India,
Southeast Asia, and Australia, dark skin has served human
populations as protective mechanism in areas of intense
UV light exposure. Long-term existence by human popula-
tions in these areas, characteristic of our species for much

Fig. 1. Distribution of ancestral categories used in genetics studies by percentage, as of 2019. European ancestry predominates, and there is a lack of suffi-
cient representation of other ancestral groups. Reprinted from ref. 8, with permission from Elsevier.
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of human evolutionary history, led to adaptive melanin dis-
tributions and concordant dark pigmentation. In popula-
tions that moved into areas with lower incident UV strength,
such as Northern Europe and Siberia, light skin has
emerged over recent human evolution as a result of the
need to obtain sufficient UV radiation and facilitate the pro-
duction of Vitamin D (difficult to achieve for dark skin in low
UV intensity northern regions). This so-called “Vitamin D
hypothesis” illustrates how variation in skin color—an exter-
nally obvious example of genetic variation in humans—is a
product of natural selection in varying environments (23).

The distribution of skin color variation globally makes
evident the way in which ancestral influen-
ces on pigmentation do not fall along racial
lines but rather along geographical ones.
Genetic studies in multiple populations
across the African continent, as well as
non-African populations, reveal differential
contributions of genetic variants to skin
pigmentation. For example, variants in the MC1R gene
likely do not contribute to variation in skin pigmentation
within some, but not all, African populations (24–26). On
the other hand, MC1R variants contribute greatly to pig-
mentation variation within many, but not all, European
populations (27–29).

Attempts to understand skin pigmentation variation
along racial lines would lead one to believe that all Afri-
cans, which fall under the race category “Black,” exhibit the
same genetic determinants of skin pigmentation. In fact,
there is significant diversity in the frequency of skin pig-
mentation genes between populations within the African
continent and across the world (25). However, to date
ancestral groups from the African continent make up only
2% of the individuals in the reference genome catalog
used for such studies (8), and a large number of other pop-
ulations from multiple geographies across the globe are
not present at all. This is problematic given the large
degree of variation in skin color, as well as genetic diver-
sity, on the African continent (30).

Racial Categorization, not Genetic Ancestry

There is no genetic homogeneity in social “race” groups.
However, some genetic markers of ancestry should con-
tribute to understanding patterns associated with human
health. The preferential usage of genetic ancestry markers
is the key point for discarding race as a category when
assessing genetic targets in precision medicine. Indeed,
using race instead of actual genetic ancestry in genetic and
clinical studies may result in a variety of consequences,
such as genetic misdiagnosis and adverse drug reactions.

To best illustrate such unintended consequence, we
offer two examples from neurology and cardiovascular
medicine. Consider first epidemiological studies that have
suggested individuals who self-reported as Black exhibited
lower risk of Parkinson’s Disease (PD) compared with
individuals who self-reported as White (31–33). More spe-
cifically, variants in MC1R that contribute to lighter pigmen-
tation were associated with a nearly threefold greater risk
of PD than those with MC1R variants that correspond to
darker pigmentation (33, 34). As we noted above, although

MC1R variants have differential functions across multiple
geographic areas and human populations, these variants
are not mapped according to social race. Hence, it is not
sufficient to categorize subjects based on self-identified
race or even just skin color to determine the risk of PD,
despite what previous epidemiological data have sug-
gested. Rather, it is essential to establish the presence or
absence of specific genetic risk variants (e.g., in MC1R) that
mediate such risk. If researchers develop potential treat-
ments that target variants, such as those within MC1R, it
would be impossible to properly stratify patients just
based on their skin color or assigned race.

Similarly, therapeutic approaches that are designed
based on “racial categorization” may lead to adverse drug
reactions. For example, many adverse drug reactions are
caused by polymorphisms in the individual’s genome that
affect drug metabolism, with the frequency of such poly-
morphisms having been shown to vary among different
populations (35). This is well illustrated by the rs2242480
polymorphism within the CYP3A4 gene. It is present at a fre-
quency of 7% in individuals with English and Scottish ances-
try but at a frequency of 84% in the Yoruba population in
Ibadan, Nigeria (35). The rs2242480 variant is associated
with increased metabolism of warfarin, an anticoagulant
(35). Populations that exhibit greater frequencies of this
variant require greater doses of warfarin, because they
metabolize it faster. Thus, it is wise to avoid a “one size
fits all” approach in warfarin prescription; the presence or
absence of rs2242480 variant should be evaluated. And
the presence of such genetic variants cannot be assumed
based on just “racial” categorization, as English and Scot-
tish ancestry do not reflect a baseline for all European
populations and the Ibadan Yoruba do not in any way
reflect the patterns and diversity across the entire African
continent.

This pattern can be seen across the medical landscape,
with similar problematic outcomes; in particular, using
race in medical algorithms remains highly debated. For
example, the usage of race corrections in estimated glo-
merular filtration rate (eGFR) equation to predict risk of
end-stage kidney disease has been effectively challenged.
Recent research demonstrates that race adjustments do
not improve the accuracy of the eGFR test and that they
may in fact disadvantage patient groups (36, 37). Correc-
tions that mistake race for a biological category in this case
may undermine the proportion of Black patients who meet
the diagnostic threshold for kidney disease (37). Addition-
ally, calibration for race as a biological unit shifts risk
estimates for Black patients to a higher risk category, con-
sequently shifting all non-Black patients to lower risk
groups, which may not necessarily be accurate (36). Thus,
the correction for race carries direct clinical implications
and risk of misdiagnosis and is now being widely revised
and reconsidered as a practice (38, 39).

The diversity of reference samples, biobanks, and
datasets must be expanded to better represent the
high degree of genetic diversity across populations.
In doing so, however, we must make a distinction
between race and genetic ancestral diversity.
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Capturing Genetic Diversity

We need treatments based on actual and not assumed
genetic variation. That means assessing the patterns of diver-
sity that reflect the distribution of human genetic variation
across the globe. To this end, genetic ancestry should be
understood as a continuum that it is not categorized in such
a way that serves as a surrogate for race (40). Contemporary
usage of continental ancestry categories (e.g., European, Mid-
dle Eastern, South Asian, Oceanic, East Asian, American, and
African) serves as an example of how presumed “ancestral”
geographies are assumed as equivalent to biological catego-
ries and serve as a false proxy for race. Such groupings corre-
spond to Western racial categorizations and assume genetic
homogeneity based on geographical separation, but these
groupings misrepresent the actual distribution of genetic var-
iants and neglect continuous movement of people and the
resulting degree of mixture across global populations.

As precision medicine moves to the forefront of bio-
medical science, the scientific and medical communities
must acknowledge the challenges of a lack of genetic
diversity in our research pools and reference samples and
prioritize efforts to reflect the global distribution of human
genetic variation more accurately. The diversity of refer-
ence samples, biobanks, and datasets must be expanded
to better represent the high degree of genetic diversity
across populations. In doing so, however, we must make a
distinction between race and genetic ancestral diversity.
Otherwise, we risk mistakenly attributing biological factors
to a socially constructed reality. Failure to do so would
impede an effective understanding of the genetics and
genomics in human disease.
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