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The debate on human categorization
based on “race,” its relationship to genetic
variation among populations, and its scien-
tificlegitimacy has beenraging for decades.
Yet, there is still no clear consensus on the
utility of “race” as a useful descriptor,
especially in the realm of human health
and disease (1). In the 18th and early 19th
centuries, Carl Linnaeus and Johann Blu-
menbach used “race” to taxonomically
classify human types (2). Linnaeus defined
four human races based, largely, on skin
color that matched continental popula-
tion differences; Blumenbach similarly
described races based mainly on physical
traits, though he stated that “innumerable
varieties of mankind run into each other
by insensible degrees.” Blumenbach elab-
orated an incorrect Eurocentric theory of
human origins, and traced the “ancestral
white race” to the Caucasus, hypothesizing
that all other races derived (and degen-
erated aesthetically) from a “Caucasian”
one (2). Hence, “Caucasian” is a historical
residue with a clear implication of hierar-
chy among groups that has no valid place
in the scientific literature. In general, these
“racial” classifications were viewed as
intertwined with intellectual and/or moral
ranking, with various degrees of complex-
ity; the Comte de Buffon, a contemporary
of Linnaeus (and young Blumenbach),
appropriately interpreted variation in skin
color as correlated with climate, but he
also believed in European superiority over
Africans that he explained as a product of
different environmental conditions (2).
Although skin color was used as a primary
criterion to assign “race,” we now know this
classification is only “skin deep” because
skin color is an adaptive trait in response

to high UV exposure, with the most darkly
pigmented people originating from across
the globe in areas close to the equator (3).
Indeed, populations from Africa, often
referred to as a single race based on skin
color, have higher levels of genetic diver-
sity than that observed among all other
global populations (4). Nevertheless, skin
color-based human “typology” continues
to be used and has largely contributed to
falsely premised, biological racist theories
with tragic consequences.

Remarkably, these historically defined
human “races” capture much less genetic
divergence than what is observed in popu-
lations of great apes (5). The relatively high
levels of human genetic similarity in global
populations results from their recent com-
mon ancestry from a source population
of H. sapiens who left Africa 50,000 to
100,000 years ago. Importantly, there
is less human genetic variation between
geographic populations (~7%-12% global-
ly) than among individuals from the same
population (~88%-93%), and even small
interbreeding populations display consid-
erable amounts of genetic heterogeneity
(6). Furthermore, at the genome level,
on average humans differ from the refer-
ence genome(s) by only a few million base
pairs, representing greater than 99% iden-
tity (6). Even though regional or popula-
tion-specific variation exists, especially for
rare variants, it is minimal compared with
the amount of variation shared between
populations (6).

Variation in trait prevalence
among populations

Ethnicity, which corresponds with com-
mon history, culture, faith, rituals, and
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language, is often a more useful classifi-
er than “race.” However, neither “race”
nor ethnicity necessarily reflects genetic
ancestry, which is defined as genetic sim-
ilarities derived from common ancestors
(7). Further, common diseases with differ-
ences in prevalence among ethnic groups
can have both genetic and environmental
risk factors. For example, American Indi-
an/Alaska Native adults have the highest
type 2 diabetes mellitus (T2DM) preva-
lence compared with other ethnic groups
(14% of all Native Americans are affected),
and the Pima Indians of Arizona, specifi-
cally, have the highest prevalence in the
world (up to 50% of the Pima population is
affected) (8). In contrast, the Pima of Mex-
ico have T2DM prevalence under 10%,
demonstrating that environmental factors
can be strong determinants of T2DM even
in genetically predisposed individuals
(9). Another example of the effect of the
interaction of genes and environment on
disease risk was demonstrated in a study
that examined the prevalence of asthma in
Puerto Ricans, who have varying amounts
of Native American, African, and Euro-
pean ancestry. For those who had a lower
socioeconomic status, European ancestry
was associated with increased risk of asth-
ma, and African ancestry with decreased
risk (10). However, in those who had
higher socioeconomic status, European
ancestry was associated with decreased
risk of asthma, and African ancestry with
increased risk.

Variation in prevalence of both com-
mon and Mendelian disease among pop-
ulations can be due to differences in risk
allele frequencies caused by random
founder events and/or by natural selec-
tion. For example, STAC3 disorder, caused
by mutations in the SH3 and cysteine-rich
domain 3 (STAC3) gene, is associated with
risk of malignant hyperthermia during
anesthesia; it has a prevalence of 1:5000
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among the Lumbee of North Carolina but
is extremely rare in other populations (11).
Populations may also differ with respect
to variability in therapeutic response to
drugs; in Asians, a lower dose of rosuvasta-
tin (a statinused tolower LDL-Clevels) has
been recommended by the FDA because
pharmacokinetic studies have shown a
nearly two-fold increase in average drug
circulating levels in individuals of Asian
ancestry as compared with those of Euro-
pean ancestry. This observation is import-
ant because side effects associated with
statin blood levels range from relatively
common myalgia to rare instances of thab-
domyolysis. Variants in two genes (solute
carrier organic anion transporter family
member 1B1 [SLCOIBI| and ATP-binding
cassette subfamily G member 2 [ABCG2])
that encode drug transporter proteins
play key roles in rosuvastatin absorption,
distribution, and elimination, and dif-
fer in frequency between Europeans and
Asians. Therefore, SLCOIBI and ABCG2
genotypes can better predict appropriate
therapeutic dosing than ancestry alone
(12). A consequence of using broad-based
“racial” classification to determine treat-
ment with rosuvastatin is that clinicians
may be hesitant to prescribe it to people
of Asian ancestry who might benefit from
higher doses to prevent and treat athero-
sclerotic cardiovascular disease. In addi-
tion, “Asian,” as a classifier, encompasses
many ethnicities with differences in ath-
erosclerotic cardiovascular disease risk
that can be due to a variety of nongenetic
factors, including access to specialty lipid
clinics, socioeconomic and education fac-
tors, and comorbidities (13).

Impact of “race” and genetic
ancestry on health disparities
Researchers conducting genome-wide
association studies (GWAS) often use
principal component or similar analyses to
group people by broad geographic ances-
try (referred to as “global ancestry”) and
to control for population substructure,
which can cause false positive (or nega-
tive) results, if not corrected. Genetically
inferred clusters often, but not always,
correlate with commonly used “racial”
classifications based on broad geographic
origin, although many individuals (espe-
cially those who are admixed) do not neatly
cluster into a group. Individuals who are

admixed may have different ancestry at
specific regions of the genome (referred to
as “local ancestry”) despite similar global
ancestries. For example, African Ameri-
cans, on average, have approximately 80%
West African ancestry and approximately
20% European ancestry (though this var-
ies among individuals and by geographic
region in the United States) but they may
have 100% European, 100% African, or
mixed ancestry at particular loci that affect
disease (4, 14). Thus, “global genetic”
ancestries may not correspond with genetic
risk for disease at any particular locus. A
risk allele in an individual who self identi-
fies as “African American” and with high
percentage of African ancestry can derive
from a European ancestor, while a risk
allele inherited from an African ancestor
may occur in an African American individ-
ual with mostly European ancestry. Genetic
ancestry and underlying patterns of genetic
diversity can only affect disparity of disease
through the portion of the genome that dif-
fers among populations and that associates
with disease. Hence, “racial” classifica-
tions may not capture genetic differences
that associate with disease risk. Variants
associating with diseases will not, in most
cases, have any relationship to “race” as
socially defined, and hence, using this cat-
egorization can be misleading.

Although “race” is often used in diag-
nostic processes, it is not clear whether or
how it affects risk or outcomes for many
diseases. In addition, medical interven-
tions are sometimes designed using “race”
as a criterion, even though there is limited
evidence to support its use (15, 16). The
potential consequences of using “race” in
diagnostic algorithms are non-negligible,
including the possibility of misdiagnosis
and inappropriate therapeutic treatment.
A good example comes from nephrology,
where calculations based on serum creat-
inine levels are used to infer the estimated
glomerular filtration rate (e-GFR). Data
indicate higher serum creatinine concen-
trations, on average, in individuals classi-
fied as African American versus Europe-
an American; given the varying levels of
African ancestry in self-identified African
Americans, application of “race”-based
algorithms may result in some people
having a “race”-corrected e-GFR value
that indicates better renal function than
they have (15). The validity and use of this
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“race”-based correction has been ques-
tioned as it can delay treatment in people
with African ancestry (17), who have high-
er rates of kidney failure than people of
other ancestries (African Americans repre-
sent 13% of the US population but >30% of
patients with end-stage renal disease). On
the other hand, lack of appropriate adjust-
ments based on ancestry could lead to
overtreatment. Ultimately, precision med-
icine based on individual genetic risk fac-
tors should supersede simple racial clas-
sifications. For example, apolipoprotein
L1 (APOLI) genotypes (variants G1 and
G2) associate with multiple fold (2-fold
to 89-fold in certain patient subgroups)
increased risk of several types of kidney
disease (18). These variants are relatively
common in some populations of West Afri-
can descent, including African Americans,
but are much rarer in most non-African
descent populations and in populations
from other regions of Africa; this frequency
difference can plausibly be explained by a
selective advantage in individuals with the
risk alleles due to protection from infec-
tion by co-occurring trypanosomes caus-
ing sleeping sickness, a parasitic disease
with high mortality, if untreated (19).

Another example of how natural selec-
tion may impact allele frequency distribu-
tions that have clear clinical implications is
the impact of glucose-6-phosphate dehy-
drogenase (G6PD) deficiency on glycated
hemoglobin levels (HbAlc), an indicator
of blood glucose over time and a diagnos-
tic criterion for T2DM. G6PD deficiency is
common in populations historically endem-
ic for malaria because it confers protection
from the disease (20). In African Ameri-
cans, the X-linked G6PD G202A variant,
rs1050828, causes enzymatic deficiency
(T-allele, frequency >10% in West Africans
but <0.1% in European-descent individ-
uals), and is associated with a decrease in
HbAIlc that could result in underdiagnosis
of T2DM in approximately 650,000 people
of African ancestry in the United States (21).
Other mutations from East Asia that cause
G6PD deficiency have also been associated
with altered HbAlc levels (22). The differ-
ences here are not based on “race” per se,
but on specific genetic variants that differ in
frequency among populations.

Although “race” is not a useful clas-
sifier for describing population genetic
differences, it can be useful for identify-
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ing sociodemographic factors that influ-
ence health disparities. For example,
“race” may influence chronic stress due
to racial discrimination as well as differ-
ences in health care access, both of which
can affect disease risk. A case in point
comes from observations that preterm
birth is approximately 50% more com-
mon in African American compared with
European American women (23). How-
ever, women of African ancestry living in
Canada show lower preterm birth rates
than women of African ancestry living in
the United States (8.9% vs. 12.7%), likely
due to environmental risk factors, includ-
ing differences in access to health care in
the United States. The impact of environ-
mental factors is further reinforced by the
observation that foreign-born women of
African ancestry in the United States have
better birth outcomes than those who are
native born (24).

Conclusions

Our goal in this Viewpoint has been to
explore how “race” is used and misused in
medicine. We have argued that although
“race” and genetic ancestry both can play
a role in disease disparity, they are often
independent of each other. “Race” may
be seen as a proxy of some genetic dif-
ferences (but we argue it is a poor one, as
clearly shown in admixed populations),
but in other situations it may be a risk
factor independent of the genetic varia-
tion that exists because it is a proxy for
racial discrimination and social inequi-
ties. Although many current disparities are
driven by sociodemographic factors, there
are some that are driven by genetic fac-
tors, and distinguishing the environmen-
tal and genetic factors influencing health
disparities (and their interactions) is an
important challenge for improving public
health. As researchers and clinicians we
need to heed the population geneticist
Theodosius Dobzhansky (25): “diversity
is an observable fact of nature, while
equality is an ethical commandment” and
inequality is “not biologically given but ... a
societally imposed prescription.” We need
to fill the existing gap in current knowl-
edge of human genetic diversity (26), and
understand if, and when, genetic diversity
plays a role in disease risk differences as
opposed to inequalities defined by socially
determined “race.” Then we need to strive
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to remove those inequalities in order to
achieve health equity.
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