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Does Race Matter?
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N IMPORTANT GOAL OF 21sT-
century medicine is to pre-
dict an individual’s medical
future—that s, to identify the
set of risk factors for disease and pre-
dictors of treatment response that in-
fluence a person’s health, with the goal
of more effectively treating and pre-
venting disease. Throughout much of
the world, race—using its historical
meaning as a descriptor of Africans,
Asians, Europeans, Native Americans,
and Pacific Islanders—is often consid-
ered one key determinant of health.'?
Race might influence an individual’s
health in several ways. It might covary
with different environmental or ge-
netic factors that underlie risk, differ-
ent interactions between genetic and
environmental factors, or different com-
binations thereof. Many environmen-
tal factors that influence health are
known, but most of the genetic fac-
tors, much less interactions between the
two, remain to be discovered. Never-
theless, there is widespread specula-
tion that genetic factors influencing
health differ among racial groups be-
cause many health-related traits vary
among racial groups.® This specula-
tion has revived a long-standing de-
bate in medical and scientific commu-
nities about the validity and necessity
of using race to make inferences about
an individual’s genetic ancestry, some
scientists embracing this idea and oth-
ers dismissing it.*®
In this debate, one issue that is com-
monly confused is the difference be-
tween race and ancestry. Ancestry re-
fers to objective genetic relationships
between individuals and among popu-
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Race is frequently used by clinicians and biomedical researchers to make in-
ferences about an individual's ancestry and to predict whether an individual
carries specific genetic risk factors that influence health. The extent to which
race is useful for making such predictions depends on how well race corre-
sponds with genetic inferences of ancestry, how frequently common dis-
eases in different racial groups are influenced by the same vs different gene
variants, and whether such variants have the same effects in different racial
groups. New studies of human genetic variation show that while genetic an-
cestry is highly correlated with geographic ancestry, its correlation with race
is modest. Therefore, while data on the correspondence of race, ancestry,
and health-related traits are still limited, particularly in minority popula-
tions, geographic ancestry and explicit genetic information are alternatives
to race that appear to be more accurate predictors of genetic risk factors that
influence health. Making accurate ancestry inferences is crucial because com-
mon diseases and drug responses are sometimes influenced by gene vari-
ants that vary in frequency or differ altogether among racial groups. Thus,
operationalizing alternatives to race for clinicians will be an important step

toward providing more personalized health care.
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lations, whereas race has always been
a somewhat arbitrary definition of
population boundaries. For example,
while an individual might have ances-
tors from Europe, Africa, and North
America, he or she still might be cat-
egorized as an African American. There-
fore, race captures some biological in-
formation about ancestry, but it is not
equivalent to ancestry. Yet clinicians of-
ten want to know whether itis valid and
reliable to use race as a proxy to infer
an individual’s genetic risk for disease
and treatment response. Whether race
matters is, however, complicated be-
cause it depends on the relationship be-
tween the genetic risk factor, ances-
try, and race. For example, 3-blockers
and angiotensin-converting enzyme
(ACE) inhibitors for hypertension treat-

ment may not work as well, on aver-
age, in African Americans compared
with European Americans, but both
types of drugs appear to work per-
fectly well in a large fraction of Afri-
can Americans and poorly in some Eu-
ropean Americans.’ The observation
might be explained by a hypothetical
genetic predictor of positive response
to ACE inhibitors that is common in
European Americans but that is also
present in some African Americans be-
cause of admixture and absent in some

Author Affiliation: Department of Pediatrics and De-
partment of Human Genetics, Eccles Institute of Hu-
man Genetics, University of Utah, Salt Lake City.
Corresponding Author: Mike Bamshad, MD, Depart-
ment of Pediatrics and Department of Human Genet-
ics, Eccles Institute of Human Genetics, University of
Utah, Salt Lake City, UT 84112 (mike@genetics.utah
.edu).

(Reprinted) JAMA, August 24/31, 2005—Vol 294, No. 8 937

Downloaded from www.jama.com at University of Utah, on February 5, 2007


http://www.jama.com

GENETIC INFLUENCES ON HEALTH

European Americans (FIGURE 1). In
such a case, the best predictor of treat-
ment response might be the presence
of the variant (ie, direct testing); the
next best might be an accurate estima-
tor of genetic ancestry, and race might
be only a poor predictor of genetic risk
and therefore treatment response.
Two additional related but separate
issues—varied genetic causes of heath-
related traits among racial groups vs the
influence of genetic factors on health-
related traits that vary in prevalence
among racial groups—have also fre-
quently been conflated with one an-
other. For example, genetic variants pu-
tatively associated with hypertension,'*!*
diabetes,'*'* atherosclerosis,"” and many
autoimmune disorders'® are common in
only a single racial group or differ sig-
nificantly in frequency among groups.
Therefore, disease risk and treatment re-
sponse clearly are, in some circum-
stances, influenced by genetic factors or
genetic effects that vary among racial
groups.'”! Yet, it is unclear whether
such genetic risk factors explain, even
partly, variation in the prevalence of
these diseases among racial groups. In-
deed, many health-related disparities
probably are only modestly affected by

genetics, influenced more strongly in-
stead by environmental factors such as
dietary differences and inequities in the
provision of health care services.”>**

The extent to which race is useful for
making predictions about genetic dif-
ferences that influence health can be in-
formed by considering several ques-
tions: (1) How well do “traditional”
classifications of race correspond with
genetic inferences of individual ances-
try? (2) How frequently are common
diseases in different racial groups in-
fluenced by the same vs different gene
variants? (3) Do gene variants associ-
ated with common diseases have the
same effects in different racial groups?
While none of these questions can be
neatly resolved, new data on patterns
of human genetic variation and gene
variants influencing health provide
guidance in a field where strong op-
posing opinions are common.

Correspondence Between
Race and Population Structure

Two randomly chosen humans differ at
approximately 1 in 1000 nucleotide
pairs—dubbed single nucleotide poly-
morphisms (SNPs)—so, on average, 2
humans differ at approximately 3 mil-

Figure 1. Hypothetical Relationship Between Genetic Risk, Ancestry, and Race
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Distributions of the reduction in blood pressure observed in African Americans and European Americans after
treatment with an angiotensin-converting enzyme (ACE) inhibitor. One hypothetical explanation for the mean
difference in treatment response is that a genetic risk variant predictive of a positive response to treatment is
more common in European Americans (individuals to the right of the dotted line) than in African Americans.

Note, however, that some African Americans also have

the genetic risk variant and that many African Ameri-

cans and European Americans who do not have the genetic risk variant have a similar response to treatment
(ie, overlap between distributions). In this case, race might not be considered a good predictor of genetic risk
or response to treatment. Based on original concept by Seghal.®
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lion of the genome’s 3 billion nucleo-
tides (ie, they are 99.9% identical).” Col-
lectively, it is estimated that there are
approximately 10 million SNPs with a
frequency of at least 1% and millions
more that are vanishingly rare.?® While
some of these SNPs contribute to phe-
notypic variation, most of this varia-
tion is said to be “neutral” or without
functional consequence.”” The distribu-
tion of this neutral variation reflects hu-
man demographic history including the
organization of humans into subpopu-
lations (ie, population structure).?®%

Studies using a broad range of ge-
netic markers have confirmed that ap-
proximately 10% to 15% of total ge-
netic variation in humans is explained
by differences between sub-Saharan Af-
ricans, Northern Europeans, and East
Asians.*®?* This means that individu-
als from different populations are, on
average, slightly more different from
one another than individuals from the
same population (FIGURE 2A,B). Yet,
while the fraction of overall genetic
variation distributed between groups is
relatively small, it is highly structured
(allele frequencies at different loci are
highly correlated)** so that a modest
number of genotypes (ie, several hun-
dred per person) can, with a high de-
gree of accuracy, allocate anonymous
individuals to groups that correspond
to ancestry from different geographic
regions (Figure 2C).>*?*% Thus, geo-
graphic ancestry can be used to make
reasonably accurate predictions of ge-
netic ancestry, but it is not perfect.
Populations from neighboring geo-
graphic regions typically share more re-
cent common ancestors, and there-
fore their allele frequencies are more
highly correlated—a pattern com-
monly manifest as a cline of allele fre-
quencies.’® Because of such clines, in-
dividuals sampled continuously across
some large geographic regions (eg,
Middle East, Central Asia) are diffi-
cult to allocate into genetic groups that
are inclusive of all individuals from
these regions. Correspondence with ge-
ography is also less apparent for popu-
lations (eg, Hispanics, South Asians)
that are historically admixed.
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What then is the best way to repre-
sent the fraction of overall genetic varia-
tion that corresponds with geography,
and how important is this variation to
health-related traits? Some scientists ad-
vocate that the relatively crude racial cat-
egories proposed by the Office of Man-
agement and Budget and adopted by
many federal agencies including the Na-
tional Institutes of Health and the Food
and Drug Administration continue to be
used as proxies for geographic ances-
try.**" Others suggest that inference of
group membership should, instead, be
based on explicit genetic data, ignoring

a priori racial proxies.**** In the United
States, several studies have reported that
classification of individuals by self-
identified racial group was highly cor-
related with inferences based on ex-
plicit genetic data. In the largest of these
studies, Tang et al’” genotyped 366 mi-
crosatellites in 3636 US subjects who
self-identified their ancestry as Euro-
pean, African, Hispanic, or Asian. Group
membership inferred from genetic data
differed from self-identified race in only
5 individuals. Can these results be ex-
trapolated across other study popula-
tions in the United States? Immigra-
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tion to the United States has been
relatively recent (=10 generations), and
the geographic ancestry of the major-
ity of North Americans traces to only
a few circumscribed regions of the
world: European Americans to West-
ern Europe, African Americans to West
Africa,* and most Asian Americans to
East Asia, particularly China.* The re-
sults of the study by Tang et al might
be applicable across the United States,
but this will need to be demonstrated
empirically.

If some individuals can be sorted
broadly into genetic groups concor-

Figure 2. Inference of Individual Ancestry Proportions From Genetic Data

Network of Genetic Relatedness Inferred Ancestry

African American Ancestor

g

European American

African Americans
(n=20)

Genetic Distance

-+ Between Populations
(Cluster of Individuals)

— Within Population
Race
[] African American

[] Asian American
[ European American

Asian Americans

(n=19) Asian American

Ancestor Ancestor
European
Americans (n=20) Individual Proportion of Ancestry
Ancestry
[0 African
American
[l European
Examples of Genetic Distance American
[l Asian
Between Individuals American
Within the Same Population
Between Individuals ° > 10 20 30 40 50 60 70 8 90 100

From Different Populations Percentage

(A) A network depicting the genetic relatedness among individuals (circles) with self-identified ancestry from Africa (20), Asia (19), and Europe (20) genotyped for 250
coding single nucleotide polymorphisms (SNPs) for which the less common allele has a frequency of at least 10% (Bamshad et al*?). The length of each branch (black
lines) is proportional to genetic distance between individuals and populations. Distinguishing individuals by race (shaded areas) obscures this variation in ancestry. The
distance between any 2 circles of the same color (solid lines) is large and reflects high within-population variance, whereas the distance between clusters (dotted lines)
is small and reflects low between-population variance. Individuals with a higher proportion of ancestry from more than one population (individual 2) are connected
directly to the branches between clusters. (B) The genetic distance between individuals is reflected by the sum of the branch lengths between individuals. The genetic
distance between individuals from different populations, such as individuals 1 and 3, is slightly greater than the genetic distance between individuals within the same
population, such as individuals 1 and 2. Thus, despite the high within-population variance, individuals from different populations are, on average, more different from
one another than individuals from the same population. (C) Inferred ancestry proportions for individuals (circles) used in panel A genotyped for 500 coding SNPs with
a minor allele frequency of at least 10%. The distance of each circle to an apex is proportional to the degree of ancestry in African Americans, Asian Americans, or
European Americans. The degree to which the circles are clustered within a population reflects the degree of admixture and structure within a population. The circles
representing African Americans are less tightly clustered because the proportion of ancestry among individuals is more varied than in Asian Americans and European
Americans. Distinguishing individuals by race (shaded areas) obscures this variation in ancestry. Data source for panels B and C, Bamshad et al.>
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dant with their self-assessed racial iden-
tity, is race a “good” predictor of indi-
vidual ancestry? The fraction of
variation that an African American
shares with West Africans varies con-
siderably because African Americans
have admixed to variable degrees with
groups originating from other geo-
graphic regions. The West African con-
tribution to individual African Ameri-
can ancestry averages about 80%, but
ranges from approximately 20% to
100%.* The genetic composition of self-
identified European Americans also
varies, with approximately 30% of
European Americans estimated to have
less than 90% European ancestry
(Figure 2C).** Accordingly, member-
ship ina genetically inferred group does
notmean that all members of the group
necessarily have a similar genetic com-
position. For example, Reiner et al*
found substantial admixture and popu-
lation structure among 810 African
Americans who were part of the Car-
diovascular Health Study. Similarly, His-
panics from different regions of the
United States are variably admixed with
different populations (eg, more Afri-
can admixture in Hispanics living in the
Southeast vs more admixture with
Native Americans in the Southwest).
Knowing the proportion of an indi-
vidual’s ancestry that originated in dif-
ferent populations and to what degree
a group is divided into genetic sub-
populations can be useful for identify-
ing genetic and environmental fac-
tors—by reducing false-negative
associations and uncovering true asso-
ciations—that underlie common dis-
eases for which risk varies among popu-
lations.* To this end, several hundred
loci that are particularly informative
for estimating ancestry proportions in
African, European, Asian, Hispanic,
and Native Americans have been iden-
tified.**

In contrast to the situation in the
United States, the geographic origins of
individuals with African or Asian an-
cestry living in other parts of the world
(eg, Europe, South America) are more
heterogeneous,® which is important be-
cause sub-Saharan Africans and Asians

940 JAMA, August 24/31, 2005—Vol 294, No. 8 (Reprinted)

are clearly divided into multiple ge-
netic subpopulations.?*3!#-%8 Indeed,
some populations from East Africa
and West Africa are, on average, more
different genetically than populations
from Northern Europe and East
Asia.*®* Moreover, some genetic vari-
ants are associated with differences in
disease susceptibility among different
African populations.’® Outside the
United States, groups defined by racial
categories might therefore exhibit
even more internal genetic differentia-
tion.”" Failure to account for this
population structure could confound
efforts to identify predictors of disease
risk and treatment outcome. Account-
ing for such structure is more straight-
forward with genetic-based inferences
but hard to represent with racial
labels.

Worldwide, notions of race capture
only a modest amount of information
about geographic ancestry and there-
fore population structure and capture
even less, in general, than ancestry in-
ferences from explicit genetic data. Race
will become an even more inaccurate
proxy for ancestry as populations be-
come increasingly admixed. Further
caution is warranted because infer-
ences about the correspondence be-
tween race, genetics, and geography
have, to date, been extrapolated from
arelatively small number of the world’s
populations and sampled from a lim-
ited number of geographic regions. The
range of parameters under which the
geographic origins of an anonymous
sample can be identified is still poorly
understood. This uncertainty reflects
the need for an unbiased sampling of
variation (eg, through resequencing)
across the genome from individuals
in well-characterized communities
sampled from contiguous geographic
regions throughout the world. Several
private and public initiatives to sample
human genetic variation more compre-
hensively,’ most notably the Interna-
tional Human HapMap Project spear-
headed by the National Human Genome
Research Institute,” will provide valu-
able new data for making genetic infer-
ences of geographic ancestry.

Genetic Risk Factors
for Common Diseases
Among Populations
To accurately assess the influence of ge-
netic differences among individuals
with different geographic ancestries on
health-related traits, it is necessary to
understand the possible causes of dif-
ferences in genetic risk factors among
populations. Differences in genetic risk
among groups may be caused by (1)
susceptibility variants that are present
in one group but absent in others, (2)
susceptibility variants that vary in fre-
quency among groups, or (3) a vari-
ant that influences susceptibility in one
population that might not have the
same effect in a different population.
The most direct way to study whether
genetic risk factors vary among racial
groups is to find susceptibility vari-
ants influencing health and determine
whether these variants differ in fre-
quency and/or effect among groups.

Most health-related traits, such as sus-
ceptibility to diabetes, obesity, infec-
tion, and cancer, are complex traits in-
fluenced by the combined effects of
several or more gene variants, each with
amodest effect, together with the envi-
ronment. What does population genet-
ics theory tell us to expect about the
proportion of genetic risk factors for
health shared among groups? A popu-
lar model of the genetic architecture of
common disease, the “common disease/
common variant hypothesis,” predicts
that most gene variants for complex dis-
eases are common (ie, =10%) and there-
fore old and found in multiple groups
rather than rare and population-
specific.’* Therefore, how often ge-
netic influences on health-related traits
differ between populations partly de-
pends on the proportion of common dis-
ease—gene variants causing mende-
lian disorders often vary substantially
among populations but these explain
only a small proportion of health-
related traits”—explained by rare vs
common gene variants, an empirical
question about which some data are
available.

Our knowledge of true associations
between a gene variant and risk of com-
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mon disease or drug response in differ-
ent populations is limited to several
dozen “valid” gene-disease associa-
tions.’®>” Many gene variants puta-
tively associated with complex diseases
are shared among populations. Yet vari-
ants influencing risk for many diseases
including atherosclerosis,'*!> hyperten-
sion,”!'? sudden cardiac death,”® asthma,”
diabetes,'"""> macular degeneration,®
and common infections, including
AIDS,*"? are common in only a single
population or differ significantly in fre-
quency among groups. For example,
the 825T allele of GNB3 (encoding the
G protein B3 subunit) associated with
both obesity and hypertension varies in
frequency from approximately 80% in
Africans, approximately 45% in Asians,
and approximately 30% in Europe-
ans.” Similarly, the frequency of the
Glu23Lys type 2 diabetes risk allele of
KCNJ11 (encoding a potassium inwardly
rectifying channel, subfamily J, mem-
ber 11) varies from approximately 20%
in Caribbean individuals of African
ancestry to approximately 40% in Euro-
pean Americans.'>"* The case appears to
be similar for many gene variants under-
lying variable drug responses. Tate and
Goldstein® recently found that of 42
gene variants associated with drug
responses in 2 or more studies, more than
two thirds showed a significant differ-
ence in frequency between African and
European Americans. These differ-
ences could be of substantial clinical sig-
nificance.

For other common diseases, suscep-
tibility in different populations appears
to be determined, in part, by risk vari-
ants in different genes. For example, 3
variants in CARD15 (formerly NOD2)—
R702W, G908R, and 1007fs—have
been associated with Crohn disease in
European Americans.®* Also in popu-
lations of European ancestry, the vari-
ant R620W in PTPN22 (encoding a pro-
tein tyrosine phosphatase) has been
associated with susceptibility to sev-
eral autoimmune disorders including
rheumatoid arthritis® and systemic
lupus erythematosus.®® No variants in
CARD15 or PTPN22 have yet been asso-
ciated with these disorders in popula-
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tions of either African or Asian ances-
try.°”-°8 The frequencies of many
functional gene variants and most popu-
lation-specific risk variants, such as
those in CARD15 and PTPN22, are often
less than 10%. These findings suggest
that regardless of whether the com-
mon disease/common variant model is
correct only sometimes, as appears to
be the case, inference of individual
ancestry, by proxy or inference via
explicit genetic data, will provide some
information about the genetic factors
influencing common health-related
traits—and therefore might influence
clinical management.

Variation in gene copy number be-
tween populations can also influence
differences in disease risk among popu-
lations. The mean copy number of a
segmental duplication on chromo-
some 17 encompassing the gene en-
coding CCL3L1 (MIP-1aP), a ligand for
the human immunodeficiency virus
(HIV) co-receptor, CC chemokine re-
ceptor 5 (CCR5), and a potent HIV-1
suppressive chemokine, ranges from ap-
proximately 2 in Europeans to 6 in Af-
ricans, with most Asians having about
3 to 4 copies.”” Lower CCL3LI copy
number is associated with lower
CCL3L1 levels, a higher viral set point,
a faster decline in CD4 T cells, and in-
creased HIV/AIDS susceptibility. How-
ever, it is not absolute CCL3L1 copy
number per se, but CCL3LI copy num-
ber standardized by the population
mean CCL3L1 copy number, that is as-
sociated with risk. Therefore, CCL3L1
gene dose can be interpreted as a risk
factor only when considered along with
an individual’'s group membership or
geographic ancestry, possibly because
mean copy number is associated with
other genetic factors that influence risk.

Are these examples likely to repre-
sent the situation for the genetic fac-
tors influencing most common dis-
eases? Gene variants associated with
complex diseases appear to cause mo-
lecular effects on protein function that
are similar to those caused by normal
genetic variation (ie, they both have
modest effects on protein function com-
pared with mutations causing mende-
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lian disorders).”™ Accordingly, inspec-
tion of the frequency distribution of
normal gene variants among popula-
tions of different geographic ancestry
might inform us about how often to ex-
pect common risk variants for health-
related traits to vary among groups. Sev-
eral analyses of allele sharing among
groups have suggested that most com-
mon gene variants are shared among Af-
rican Americans, European Ameri-
cans, and Asian Americans.’>’""? In
most of these studies, alleles were mea-
sured by genotyping variants ascer-
tained as common in 1 or a few popu-
lations, which can upwardly bias
estimates of allele sharing among
groups.” What proportion of variants
is shared among groups if alleles are as-
certained in an unbiased fashion?
Several studies have addressed this
question by resequencing the regula-
tory and coding regions of hundreds
and, more recently, thousands of
genes.’>” Most of the common SNPs
(ie, =10% in a given group) and hap-
lotypes were either private (ie, popu-
lation-specific) or common in only a
single population, and even when com-
mon variants were shared among popu-
lations, more than 40% of these had sta-
tistically significant different allele
frequencies. A comparison of the fre-
quencies of 63 012 SNPs found in 3873
autosomal genes resequenced in indi-
viduals self-identified as Hispanic (17),
African American (20), Asian Ameri-
can (19), and European American (20)
illustrates these points. Six pairwise
population comparisons of variants
with frequencies of at least 10% showed
that 72% to 96% of variants common
in one population were present in both
populations (FIGURE 3A), although only
44% to 72% of such variants were com-
mon in both populations (Figure 3B).
Correlation of the frequency of com-
mon variants between populations
ranged from 0.23 in African Ameri-
cans vs Asian Americans to 0.83 in
European Americans vs Hispanics
(FIGURE 4). Correlations were consis-
tently lower in comparisons with Afri-
can Americans. Approximately 60% of
variants common in at least one popu-
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Figure 3. Distribution of Common Single Nucleotide Polymorphisms (SNPs) Present in Only
One Population vs Common in Only One Population Among Hispanics, African Americans,
Asian Americans, and European Americans
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Comparison of common SNPs identified by resequencing 3873 genes in 17 Hispanics, 20 African Americans, 19
Asian Americans, and 20 European Americans. (A) The proportion of SNPs that are common (ie, =10%) in at
least one population but found in both populations is high overall but varies from 72% to 96%. A modest pro-
portion of common SNPs that are common in at least one population are absent in the other population. For ex-
ample, only 4% of SNPs common in European Americans or Hispanics are not present in both populations, whereas
28% of SNPs common in African Americans or Asian Americans are not present in both populations. (B) The pro-
portion of common SNPs common in both populations compared with SNPs common in only each population
compared. Overall, only a modest proportion (44 %-72%) of SNPs common in one population are common in
both populations. A substantial proportion of common SNPs in African Americans are common only in African
Americans. Data source: Genaissance Pharmaceuticals Inc, New Haven, Conn, unpublished data, August 2005.

lation were present in all populations,
but only 32% of them were common in
all populations.

These results indicate that a variant
common in one population is, in gen-
eral, present in other populations but not
necessarily common in other popula-
tions. Moreover, common variants are
frequently not shared between African
Americans and non-African popula-
tions. Whether these findings can be
generalized to the entire genome and all
major human populations is unclear, but
they do suggest that more data are
needed before we can conclude that
common variants are typically shared by
all major human populations. If they are
not, it might be necessary to develop ini-
tiatives to identify risk variants that are
common specifically in each popula-
tion studied. These findings also sug-
gest that a sizable fraction of the ge-
netic factors that influence common
health-related traits may vary among
populations. Therefore, it would be pru-
dent to develop more initiatives to iden-
tify common variation and risk vari-
ants in non-European populations,
particularly African Americans.

Varied Effects of Genetic Risk
Factors Among Populations

Accurate inference of group member-
ship is particularly important if ge-
netic variants influencing common dis-
eases have different effects in different
groups. The effects of variants causing
mendelian disorders and those associ-
ated with drug responses typically, but
not always, have the same effect in dif-
ferent populations, suggesting optimis-
tically that, in most cases, risk factors
for such traits can be extrapolated across
populations with different geographic
ancestries. Therefore, as it becomes fea-
sible and practical, personalized risk es-
timation for such health-related traits
will eventually be based on direct test-
ing for gene variants, supplanting the
need to infer individual ancestry.

A recent study by loannidis et al’” ex-
amined 43 gene-disease associations
tested in 2 or more racial groups and
for which either an overall meta-
analysis showed statistically signifi-
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cant results (n=32) or the results were
significant in at least 1 racial group
(n=11) without the meta-analysis
reaching significance. These results
foreshadow what we might find in gen-
eral. In 25 cases (58%), the risk vari-
ant varied widely in frequency among
different racial groups. Yet, for 32 of
gene-disease associations, the race-
specific odds ratios (ORs) were all in

the same direction (eg, a gene variant
that increased risk in one group also in-
creased risk in another group). A sig-
nificant association was observed in 2
racial groups in 15 meta-analyses, and
in each of these cases, the effect was in
the same direction. Large differences in
effect were observed in only about 14%
of cases. These results suggest that the
effect of genetic risk factors for com-

GENETIC INFLUENCES ON HEALTH

mon disease can be extrapolated across
populations. This conclusion is encour-
aging because had the effects of ge-
netic risk factors frequently differed
among populations, identifying vari-
ants important for the health of all hu-
mans—much less using genetics to pre-
dict individual health—could have
become an intractable problem. Nev-
ertheless, it is prudent to bear in mind

Figure 4. Comparison of Polymorphism Frequencies Among Hispanics, African Americans, Asian Americans, and European Americans
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several issues that affect the overall im-
pact of this result on understanding the
importance of race on genetic factors
influencing health.

First, the overwhelming majority of
reported gene-disease associations have
been studied in only one racial group,
typically one of European ancestry. For
example, of the gene-disease associa-
tions evaluated by Ioannidis et al col-
lated from associations tested in mul-
tiple racial populations, only 48 (7%)
of 667 studies were performed in popu-
lations of African origin.”” Most gene-
disease association studies do not even
report the frequency of the risk vari-
ant in multiple populations. This lack
of data from multiple racial groups, par-
ticularly those of African ancestry, is a
major impediment to systematically de-
termining whether the effects of disease-
associated gene variants vary in effect
across populations.

Second, it is unclear what propor-
tion of overall influences on health is ac-
counted for by genetic risk factors shared
among populations. Many gene-
disease associations were not included
in the analysis by Ioannidis et al be-
cause the variant, disease, or both is com-
mon in only one population (eg, TNFo
variants and cerebral malaria in sub-
Saharan Africans) and hence had been
studied in only one population. Such
population-specific gene-disease asso-
ciations might be commonplace be-
cause groups with different geographic
ancestries were exposed to widely var-
ied environments. Thus, natural selec-
tion may have increased the frequen-
cies of risk variants in some populations
but not others.” In 38 of the 43 meta-
analyses, loannidis et al evaluated ge-
netic risk factors for disease-related out-
comes common mainly in older adults,
usually beyond their reproductive years.
The frequency of such risk variants
might vary less than gene variants for
health-related traits affecting mortality
in children and adults during their re-
productive careers. Overall, the effect of
these biases would be to underestimate
the effects of ancestry on the frequency
of risk variants and their contribution
to health-related risks.
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Third, there are several examples of
gene variant effects that differ among
populations of different geographic
ancestry. For example, an allele of apo-
lipoprotein E (APOE €4) that is fre-
quent in Africans, Asians, and Europe-
ans is associated in a dose-dependent
manner with susceptibility to Alzhei-
mer disease. However, the increased risk
associated with homozygosity for APOE
€4 is approximately 5-fold higher in
individuals with Asian rather than Afri-
can ancestry.”” Among individuals of
African ancestry, several variants in
TNFo. confer different risks for malarial
disease depending on whether an indi-
vidual is from West or East Africa.” Less
frequently, risk variants have been
found that are associated with ORs in
different directions. One example is a
combination of linked polymor-
phisms (ie, a haplotype) in the 5’ cis-
regulatory region of CCR5 that influ-
ence the rate of progression to AIDS and
death.” Some CCR5 haplotypes are
associated with delayed disease pro-
gression in multiple racial popula-
tions, but for others the effect is popu-
lation specific.”” Moreover, one CCR5
haplotype has been associated with
delayed disease progression in Euro-
pean Americans with AIDS, but accel-
erated disease progression in African
Americans.”* Therefore, in some
instances, even when the same risk vari-
ant for a complex trait is present in dif-
ferent racial groups, it can be associ-
ated with different effects. Predicting the
effects of gene variants on disease risk
and drug responses among groups will
be more difficult depending on the fre-
quency with which such phenomena
occur.

There are several explanations why
a variant that influences susceptibility
in one population does not have the
same effect in a different population.
The interactions of a variant with other
genes and/or with environmental fac-
tors might differ among groups. When
such interactions play a role, identify-
ing them will reduce the need for us-
ing race as a proxy to predict suscep-
tibility. However, identifying these
factors will be challenging and in the

immediate future it may be appropri-
ate to consider geographic ancestry to
account for genetic and environmen-
tal correlates. A variant associated with
risk might not itself be causal, but in-
stead be in linkage disequilibrium (LD),
the nonrandom association of alleles at
different polymorphic sites of a chro-
mosome, with a causal variant. If so,
variation in estimated ORs might re-
flect the observation that LD breaks
down differently in different popula-
tions. For example, Gabriel et al’ re-
ported an average haplotype block size
of approximately 11 kb in Africans and
African Americans, compared with 22
kb in European and Asian samples.
Thus, variation in ORs might reflect
variable LD and thus the presence of the
associated variant and the causal vari-
ant on different haplotype blocks, rather
than variation in a true genetic effect.
How frequently this explanation is cor-
rect remains to be determined.

Conclusion

Race reflects the varied geographic
ancestry of modern humans who have
been partially isolated from one another
throughout part of their evolutionary
history. Insofar as genetic variants that
influence health vary with geographic
ancestry, they will also vary with race.
Is race sufficient to infer ancestry to
identify gene variants that predict risk
of disease or drug response? In some
cases, its accuracy may be adequate, but
the information about genetic group
membership captured by notions of race
is, in general, less than that obtained by
making inferences of ancestry from geo-
graphic or explicit genetic data. For
example, to identify risk factors for
disease and predictors of treatment
response that influence a person’s
health, it is likely less useful to know
that a person is Hispanic than whether
a person’s ancestors came from a coun-
try such as Puerto Rico, where there is
substantial African admixture, or one
in which there was a great deal of his-
torical admixture with Native Ameri-
cans such as Mexico. Therefore, in cir-
cumstances in which ancestry is
predictive of genetic risk factors asso-
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ciated with health-related traits, using
race rather than geography or explicit
genetic data to infer ancestry will be less
useful for making decisions about dis-
ease risk or treatment response.

Much remains to be learned about
the relationship between race, ances-
try, and health. Genetic inference of
geographic ancestry will improve as hu-
man genetic diversity is assessed at an
increasingly finer spatial resolution.
Nevertheless, genetic inference of geo-
graphic ancestry is likely to remain im-
perfect at best. However, making use
of individual genetic profiles to pro-
mote a healthier life by means of tar-
geted prevention (eg, use of higher-
dose folic acid supplements in women
homozygous for C677T in MTHFR) and
intervention (eg, use of an analgesic
other than codeine in the 10% of indi-
viduals of European ancestry who ex-
perience no analgesic effect because of
null alleles in CYP2D6) strategies may
not require more than the rough ap-
proximation of geographic ancestry af-
forded by genetic inference. In what cir-
cumstances such inferences work needs
to be addressed empirically. However,
genes interact with the environment
and with each other in complex ways.
Sorting out this complexity will re-
quire balanced, interdisciplinary ap-
proaches that do not take away from
identifying and rectifying the environ-
mental causes of health disparities
among groups.

Empirical data on the correspon-
dence of race with health-related traits
are still too limited to draw definitive
conclusions. Indeed, the paucity of data
on gene-disease associations in indi-
viduals of African ancestry is disturb-
ing. The extent to which gene variants
underlying common diseases differ in
frequency and/or effect between groups
can be addressed only if data are avail-
able from well-designed studies in mul-
tiple populations. Even so, because of
substantial variation within human
populations, it is certain that labels such
as race will often be an inaccurate proxy
when making decisions about disease
predisposition, drug response, and the
like.

©2005 American Medical Association. All rights reserved.

Attributing racial labels to DNA
samples is well on its way to acceptance
in forensics and law enforcement.”™
Application in medicine is likely forth-
coming, but has arguably greater poten-
tial to cause harm, as misuse of genetic
information about race in medical appli-
cations could severely undermine the
public’s confidence in the application of
genetics to health. Referring to “geo-
graphic ancestry” instead of race is an
emerging alternative that is both more
accurate and less contentious. One way
to operationalize this approach is for the
National Institutes of Health to change
its current requirement to use Office of
Management and Budget categories and
instead mandate stratification of indi-
viduals by self-assessed descriptors of
ancestry such as the geographic origin
of an individual’s parents (eg, Central
Alfrica, Southeast Asia, Central America),
followed by their ethnic identity, and
finally the community in which a per-
sonresides. This strategy might not dif-
fer much from existing practices—
particularly for individuals who know
little about their origins—but it under-
scores the need to take account of bio-
geographic ancestry, it de-emphasizes
the use of racial categories, and it may
be a better interim solution to making
ancestry inferences in the absence of
explicit genetic data. In the end, how-
ever, every human being is genetically
unique and so must be treated as an indi-
vidual, notan example of a group defined
by geography or race.
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CORRECTION

Incorrect Figure: In the Special Communication entitled “Genetic Influences on
Health: Does Race Matter?" published in the August 24/31, 2005, issue of JAMA
(2005;294:937-946), there is an error in FIGURE 1. The colors for the distributions
below the curve were reversed; the key to the Figure is correct. The correct Figure 1
appears below.

Figure 1. Hypothetical Relationship Between Genetic Risk, Ancestry,
and Race

Genetic Risk Variant Not Present Genetic Risk Variant Present

[ African Americans

Difference in [l European Americans
Mean Blood Pressure ® Mean Decrease
Response H in Blood Pressure

Individuals, No.

Decrease in Blood Pressure

Distributions of the reduction in blood pressure observed in African Americans and
European Americans after treatment with an angiotensin-converting enzyme (ACE)
inhibitor. One hypothetical explanation for the mean difference in treatment re-
sponse is that a genetic risk variant predictive of a positive response to treatment
is more common in European Americans (individuals to the right of the dotted line)
than in African Americans. Note, however, that some African Americans also have
the genetic risk variant and that many African Americans and European Ameri-
cans who do not have the genetic risk variant have a similar response to treat-
ment (ie, overlap between distributions). In this case, race might not be consid-
ered a good predictor of genetic risk or response to treatment. Based on an original
concept by Seghal.®
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