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SUMMARY
How race, ethnicity, and ancestry are used in genomic research has wide-ranging implications for how
research is translated into clinical care and incorporated into public understanding. Correlation between
race and genetic ancestry contributes to unresolved complexity for the scientific community, as illustrated
by heterogeneous definitions and applications of these variables. Here, we offer commentary and recom-
mendations on the use of race, ethnicity, and ancestry across the arc of genetic research, including data
harmonization, analysis, and reporting. While informed by our experiences as researchers affiliated with
the NHLBI Trans-Omics for Precision Medicine (TOPMed) program, these recommendations are applicable
to basic and translational genomic research in diverse populations with genome-wide data. Moving forward,
considerable collaborative effort will be required to ensure that race, ethnicity, and ancestry are described
and used appropriately to generate scientific knowledge that yields broad and equitable benefit.
INTRODUCTION

Heeding the well-founded calls to increase diversity in genomic

research1,2 requires researchers to appropriately conceptualize,

use, and report on race, ethnicity, and ancestry. Indeed, the role

of race in genomic and other biomedical research is a widely dis-

cussed and historically fraught issue.3–8 The National, Heart,

Lung, and Blood Institute (NHLBI) Trans-Omics for Precision

Medicine (TOPMed) program provides a compelling and con-

crete use case to grapple with such issues, comprising over 80

contributing studies with diversity in terms of populations,

geographic locations, genetic ancestries, and areas of pheno-

typic focus.9 Below, we elaborate on the challenges and oppor-
This is an open access article und
tunities for the genomics research community in analyzing

diverse and heterogeneous datasets and our approach in the

TOPMed program.

While the field of human geneticsmay have reached consensus

that race is a socio-political rather than biological construct,10 the

correlation between race and genetic ancestry—in that racial cat-

egories are often enriched for specific ancestries11—continues to

complicate scientific and public discourse. Studies show that ge-

nomics professionals use heterogeneous definitions and applica-

tions of race and ancestry in research and practice12–15 and that

such scientific uses evolve in broader social and political con-

texts.16 Inaddition, the tendency tocategorizeancestryat thecon-

tinental level leads to conflation with the concept of biological
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race.17 Race and ethnicity are still misused to avoid confounding

due to genetic ancestry,16,18 despite alternate approaches.19,20

Overall, lack of agreement in the genomics research community

has led to an adhoc collection of researchpractices,with negative

implications including reification of race as a biological

construct21–23 and over-attribution of health disparities to genetic

rather than social and structural causes.24–27

To address the challenges noted above, investigators affili-

ated with the TOPMed program created a set of recommenda-

tions on the use of race, ethnicity, and ancestry when analyzing

genome-wide data. These recommendations are organized by

chronology of a standard research process: terminology (as-

sessing what data is available for analysis and the population

nomenclature), harmonization (combining and standardizing

race, ethnicity, and ancestry variables across datasets), analysis

(conducting and interpreting association analyses), and

reporting (communicating the findings). We do not address pro-

spective data collection, as TOPMed utilizes pre-existing pheno-

type data. We discuss below the common applications of race,

ethnicity, and ancestry in each stage of research, the challenges

we observed, and recommendations for how to move forward.

BACKGROUND

We are researchers affiliated with the NHLBI TOPMed program

motivated to conduct scientifically robust and ethically respon-

sible genetic research that leads to equitable benefit. Our prior

experiences working with human genomics consortia and

discussion of relevant literature andmedia (see details in supple-

mental information) led us to establish recommendations for

TOPMed researchers that address the challenges of working

with diverse data and incorporate anti-racist principles8 into the

research process. Here, we present recommendations devel-

oped for the use and reporting of race, ethnicity, and ancestry

in TOPMed, which are broadly applicable to genetic research in

diverse populations (described below and summarized in Box 1).

TOPMed as a motivating use case
TOPMed is a large consortium of ongoing ‘‘omic’’ (i.e., genomic,

transcriptomic, proteomic,metabolomic, andmethylomic) studies

that encompass people of different races, ethnicities, geographic

locations, andancestries.9 TOPMedcomprises>80studiesbased

within and outside of the US, including founder populations such

as Samoan and Amish. Broadly, TOPMed participants are 41%

European ancestry (European, European American), 31% African

ancestry (African, African American, African Caribbean), 15%

Hispanic/Latino (including Mexican, Mexican American, Central

American, South American, Cuban, Dominican, Puerto Rican),

9% Asian ancestry (Chinese, Taiwanese, Asian American, Pakis-

tani), and 4% ‘‘other’’ (Samoan, Native American, multiple, or

unknown).9 This diversity enables the expansion of knowledge of

genetic variation and an improved understanding of disease.28

For example, 78.7% of 400 million variants observed in TOPMed

were not previously deposited in dbSNP.9

Establishing recommendations for TOPMed
We created recommendations for TOPMed investigators to

encourage researchers to make well-founded and responsible
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analytical and methodological decisions when using race,

ethnicity, and ancestry variables and to communicate these con-

cepts in an informed, transparent, and respectful manner. These

recommendations were discussed in relevant TOPMed Commit-

tees (Ethical, Legal, and Social Issues [ELSI] and Analysis),

approved by the TOPMed Executive Committee, and presented

at consortium-wide meetings. However, they do not represent

official TOPMed policy or a consensus view of the over 1,000

TOPMed investigators. We solicited examples from study inves-

tigators of study-specific considerations and preferences, e.g.,

for population labels, and incorporated diverse expertise and ex-

periences to make the recommendations practical, robust, and

compelling for a wide audience of genetics researchers. Ulti-

mately, these recommendations guide investigators through

challenges of using socially and genetically defined groups in

scientific discussions by presenting an overview of commonly

used terminology, highlighting considerations for data harmoni-

zation and analysis, and providing guidance on how to report re-

sults. While developed in the context of the TOPMed program,

we contend that these recommendations are relevant for genetic

and biomedical researchers working in other contexts, espe-

cially those involving diverse populations and/or the genetic

study of conditions that suggest health disparities.
RECOMMENDATIONS

Terminology
When presenting information on the race, ethnicity, or ancestry of

participants in a study, it is essential to be clear about whether the

labels used refer to reported or genetically inferred information.

‘‘Race’’ and ‘‘ethnicity’’ generally refer to social, not biological,

categories, and they are often used interchangeably. In contrast,

‘‘ancestry’’ is generally used in genetic research to refer to one’s

biological ancestors from whom their DNA was inherited or to

imply something about a person’s genetic origins; for example,

the continental origin of themajority of their ancestors (sometimes

referred to as ‘‘continental ancestry’’).29,30 Ancestry can also refer

to having ancestors from specific countries or geographic regions

and is often how ancestry is used colloquially. Here, we use the

terms race and ethnicity to refer to non-biological social cate-

gories, and we use the term genetic ancestry to describe genetic

origins. Because reported race or ethnicity and genetic ancestry

may all be used analytically and appear in scientific discussions

and communications, care must be taken to describe exactly

what is being presented and why.

Recommendations for investigators include the following:

1. Explicitly distinguish between variables that derive

from non-genetic, reported information versus genet-

ically inferred information.

2. Avoid using terms that are historically linked to hierar-

chical, racial typologies. For example, ‘‘Caucasian’’

should not be used;31,32 instead, use ‘‘White’’ when refer-

ring to race and ‘‘European ancestry’’ when referring to

genetic ancestry.

3. Follow standards from publishers, including the APA’s

guidelines on bias-free language regarding racial and

ethnic identity33 and the AMA Manual of Style.34



Box 1. Summary of recommendations on the use and reporting of race, ethnicity, and ancestry in genomics research

1. Terminology

1.1 Explicitly distinguish between variables that derive from non-genetic, reported information versus genetically inferred

information.

1.2 Avoid using terms that are historically linked to hierarchical, racial typologies.

1.3 Follow standards from publishers, including the APA’s guidelines on bias-free language regarding racial and ethnic

identity and the AMA Manual of Style.

2. Harmonization of race and ethnicity across studies

2.1 Clearly describe the source data for race and ethnicity information from each study when using harmonized variables.

2.2 Avoid assuming that non-genetic, reported variables are by self-report.

2.3 Avoid applying US race categories to participants of studies based outside of the US.

2.4 Preserve specific population information when possible rather than prematurely collapsing different populations into

broader categories.

3. Analysis

3.1 Articulate and justify why race, ethnicity, or ancestry variables were used in a given analysis.

3.2 Consider that while using race or ethnicity as a covariate may explain trait variation due to social factors, it may also

reinforce harmful stereotypes.

3.3 Avoid using reported race or ethnicity as a proxy for genetic ancestry or using genetic ancestry to represent race or

ethnicity.

3.4 Focus attention on pooled- or meta-analysis results of all participants.

3.5 Consider potential benefits versus potential harms when thinking about whether and how to conduct a population-spe-

cific analysis.

4. Reporting

4.1 Acknowledge the broader social context of health and healthcare disparities when invoking these disparities as a justi-

fication for genomic research.

4.2 Avoid reinforcing the idea that race and ethnicity are genetic concepts when presenting genetically derived data.

4.3 Describe participants in alignment with their communities’ preferences and study-specific reporting guidelines.

4.4 Avoid generalizing from a single population to represent another, broader population.

Perspective
ll

OPEN ACCESS
Harmonization of race and ethnicity across studies
Race and/or ethnicity are commonly collected by having study

participants fill out a form, which leads to ‘‘self-reported’’ values.

Other collection methods include designation by a third party

(healthcare provider or study data collector) who typically infers

the participant’s ascriptive race or through study documents that

describe the recruitment population but do not ask whether the

self-reported race and/or ethnicity of specific individuals differs

from the target population. Race and/or ethnicity may also be

collected multiple times, for example, in a longitudinal study,

which can lead to multiple values for the same participant if their

self-identification changes over time. However collected, the

race and/or ethnicity of a participant is almost always a function

of the specific options provided in study instruments, which will

often vary by location or the research interests of investigators.

The diversity in data-collection methods presents a challenge

for investigators attempting to combine data from multiple

studies. Unlike quantitative phenotypes that can be transformed

to a single scale during data harmonization, there is often no

straightforward method to convert one set of race or ethnicity

categories into another. This is particularly the case when study

cohorts include individuals sampled from distinct national con-

texts where socio-cultural understandings of racial and/or ethnic

identity differ, when working with studies over different recruit-

ment periods, or when different studies provide different options

for race and ethnicity categories (such as offering the descriptor

Asian on a form versus offering more specific identifiers, like
‘‘East Asian’’ or ‘‘South Asian’’). Thus, it is important to keep in

mind the complexities and nuances of social identity when

attempting to harmonize race and ethnicity variables across

studies.

Recommendations for investigators include the following:

1. Clearly describe the source data for race and ethnicity

information from each study when using harmonized

variables. Include details such as whether source infor-

mation is self-reported or ascribed and whether multiple

categories are collapsed. Be aware that cross-study

harmonized variables may represent a simplification of

more complex sources of information that may not trans-

late between different studies and jurisdictions.

2. Avoid assuming that non-genetic, reported variables

are by self-report. Study- or cohort-specific documenta-

tion may help determine whether variables (e.g., race or

ethnicity) were self-reported versus recorded by study

personnel without soliciting self-report from the partici-

pant.

3. Avoid applying US race categories to participants of

studies based outside of the US. Concepts of racial

and/or ethnic identity differ across countries, and ap-

proaches to capturing this information vary across

geographic location and over time.35 For example, the

racial category ‘‘Black’’ is used by many countries but

with different meanings in each country (e.g., the US and
Cell Genomics 2, 100155, August 10, 2022 3
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Brazil36,37), so combining those categories is inappro-

priate. Some countries do not collect race information at

all; for example, Australia abandoned the use of racial

classification in 1974 and instead collects information on

ethnicity.35

4. Preserve specific population information when

possible rather than prematurely collapsing different

populations into broader categories. We encourage re-

taining as granular of information as is practical during

harmonization to allow flexible tailoring of downstream

analysis and accurate reporting. For example, preserve

detailed population descriptors such as ‘‘Chinese Amer-

ican’’ and ‘‘Pakistani’’ rather than harmonizing into a single

Asian group.
Analysis
When considering how to use race, ethnicity, and/or genetic

ancestry information in an analysis, analysts should first

assess the goals of the study and the intended purpose of

including those variables in models. In a genome-wide associ-

ation study (GWAS), the goal is to identify genetic variants that

are associated with a particular trait or disease. Race and

ethnicity are often tied to social and environmental factors

influencing health38–42 and, in such cases, may explain varia-

tion in the trait or disease of interest that is dependent on as-

pects of social identity (e.g., that may result from systemic or

individual racial discrimination) rather than genetic ancestry.

For example, African Americans with a high proportion of Eu-

ropean ancestry may suffer the same lack of access to

adequate health care as African Americans with little to no Eu-

ropean ancestry. While race and ethnicity can be, and often

are, included as covariates in association models to proxy

such effects,16 this approach may inadvertently reinforce

harmful stereotypes. Therefore, it is preferable to include rele-

vant environmental or socioeconomic variables (e.g., mea-

sures of healthcare, diet, or neighborhood disadvantage)

directly in association models as covariates when available.

However, adjustment for covariates that explain variation in-

dependent of genotype may either increase or decrease pre-

cision of genotype effect estimates and in turn affect statisti-

cal power to detect association.43,44 Whether and how to

integrate social factors into GWASs is an evolving and

unresolved discussion in the genomics community.

On the other hand, adjusting for genetic ancestry is widely

accepted practice in GWASs because it reduces false positives

when populations have different trait values or disease

prevalences as well as different allele frequencies and patterns

of linkage disequilibrium, i.e., when there is confounding due to

population stratification.20,45–47 One approach to adjust for this

confounding is to perform a pooled analysis (i.e., an analysis

including all study samples) and include genetic ancestry

measures derived from sample genotype data as covariates. A

distinct benefit of this approach is that it does not require arbi-

trarily clustering participants into groups or cross-study harmoni-

zation of demographic variables. Further, this approach allows

for inclusion of all participants in the analysis, including those

with either missing or underrepresented race or ethnicity.48
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A popular method to measure genetic ancestry is principal-

component analysis (PCA), which generates eigenvectors that

represent the genetic ancestry variation among participants as

a continuous, multidimensional distribution,20 in which those

with ancestors from the same geographical area often cluster

together.49 Alternatively, admixture analysis estimates the pro-

portion of each participant’s genome descended from pre-spec-

ified reference populations of known ancestry.19 Adjusting for

either of thesemeasures in a pooled analysis can effectively con-

trol for confounding due to genetic ancestry. The continuous na-

ture of these measures illustrates the heterogeneity in genetic

ancestry among individuals who may identify as the same race

or ethnicity, particularly admixed individuals. For example, those

who identify as Hispanic/Latino in the US represent a wide vari-

ety of genetic ancestries, with different proportions of ancestry

admixture from Africa, the Americas, Asia, and Europe.50–52

This highlights that simply using race and/or ethnicity as a proxy

for genetic ancestry, or vice versa, is problematic in that it falsely

equates the two correlated, albeit distinct, concepts.

Association tests are often conducted via meta-analysis,

where different racial, ethnic, or ancestry groups are stratified

and analyzed separately, and summary statistics from each

group are subsequently combined. The motivations for perform-

ing meta-analysis may be logistical, e.g., the inability to combine

participant data due to technical or data-sharing constraints,

and/or analytical, such as the desire to adjust for genetic

ancestry, environmental, or socioeconomic factors separately

by group. Indeed, meta-analysis can be a useful tool, but it re-

quires careful consideration of how groups are constructed

and interpreted—an issue avoided in pooled analysis. We

encourage investigators who take this approach to focus on

the final meta-analysis results and exercise caution when inter-

preting the group-specific results.

A commonly referenced motivation for stratifying and

interpreting group-specific results is to determine whether

participants of a particular group are ‘‘driving’’ the observed

association signal. While a statistically significant association

may be observed in one group and not another, in our experi-

ence, we contend that this is likely due to differences in statis-

tical power to detect an association (e.g., due to sample size or

allele frequency differences) rather than fundamental differ-

ences in the underlying biological impact of the same variant

in different groups of people. For example, when analyzing

TOPMed data, we typically have not found additional signals

from group-specific analyses that were not also identified by

pooled analysis including the same individuals. On the other

hand, population-specific results of previously understudied

populations may provide actionable findings. Therefore, it is

critical to engage with study participants or representatives

on whether it is appropriate to pursue population-specific anal-

ysis and how best to represent them in the study. Researchers

must earn the trust of the communities involved in their

research, especially in the case of minority groups who have

been historically exploited in biomedical research studies and

the scientific community.53,54 Ultimately, it is important to

recognize the various technical and contextual factors that in-

fluence analytical decisions and to be transparent about which

approach was taken and why.
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Recommendations for investigators include the following:

1. Articulate and justify why race, ethnicity, or ancestry

variables were used in a given analysis. Explain the

reasoning behind analytical decisions to use non-genetic

and/or genetically inferred variables in the methods sec-

tion. Analytical decisions are nuanced and often reflect a

weighing of various pros and cons to different approaches.

2. Consider that while using race or ethnicity as a covar-

iate may explain trait variation due to social factors, it

may also reinforce harmful stereotypes. Race or

ethnicity may correlate with non-genetic, social factors,

but the effects of such factors can be better accounted

for when used directly, if the data are available. Whether

or not including such variables is statistically beneficial is

nuanced and requires careful consideration.

3. Avoid using reported race or ethnicity as a proxy for ge-

netic ancestry or using genetic ancestry to represent

race or ethnicity. Race and ethnicity can be correlated

with genetic ancestry, but they are not the same. Individ-

uals who identify as the same race or ethnicity can have

a wide variety of genetic ancestries, and individuals with

similar genetic ancestry may identify as different races or

ethnicities.

4. Focus attention on pooled- or meta-analysis results of

all participants. Whether a pooled- or a meta-analysis

was used may depend on logistical and/or analytical rea-

sons. Describe which approach was taken, why, and what

the limitations may be.

5. Consider potential benefits versus potential harms

when thinking about whether and how to conduct a

population-specific analysis. Consult with study repre-

sentatives or documentation to understand if their study

participants would find it acceptable, or even preferred, to

acknowledge their unique population history and evolution.

For some understudied populations, population-specific

results may provide actionable findings for that popula-

tion.55,56 However, in some instances, participants may

not wish to associate membership in their population with

a specific trait that could be considered stigmatizing.57
Reporting
Reporting on race, ethnicity, and ancestry is typically necessary

to describe methods, justify approach, and interpret results. Re-

views of human genetic studies identified inadequate descrip-

tions of race, ethnicity, and ancestry variables, which hinders

transparency, replicability, and interpretability.58,59 We offer

guidance on the reporting of race, ethnicity, and ancestry vari-

ables to augment existing and emerging reporting recommenda-

tions (e.g., Brothers et al.,8 American Psychological Associa-

tion,33 and Flanagin et al.34).

Recommendations for authors or presenters include the

following:

1. Acknowledge the broader social context of health and

healthcare disparities when invoking these disparities

as a justification for genomic research. Health dispar-

ities are differences in health ‘‘closely linked with eco-
nomic, social, or environmental disadvantage.’’60 While

health disparities often disproportionately affect minority

racial and ethnic groups, the underlying reasons are typi-

cally due to social and structural determinants of health

rather than genetic factors.24,61,62 Genetic research may

be part of the solution to address health disparities but

should be integrated into ‘‘social models of disease and

interdisciplinary research methods.’’25

2. Avoid reinforcing the idea that race and ethnicity are

genetic concepts when presenting genetically derived

data. When presenting figures or summary statistics, be

clear about how labels were defined, use terms that repre-

sent the source of the information, and justify their use in

the given context. For example, if labeling participants in

PC plots by race and/or ethnicity, it is important to state

why this was done and use the original racial or ethnic des-

ignations rather than re-labeling with (proxy) ancestry

terms. As another example, do not assume that allele fre-

quencies from a reference population apply to a particular

racial or ethnic group, or vice versa.

3. Describe participants in alignment with their commu-

nities’ preferences and study-specific reporting

guidelines. Given the number and complexity of studies

with diverse data, and the potential for conflicting study-

specific recommendations in cross-study analyses, we

encourage authors to discuss these issues with study in-

vestigators or participant representatives (e.g., via a com-

munity advisory board63,64). Where direct access to these

stakeholders is infeasible, identify and follow reporting

standards or precedents in the study.

4. Avoid generalizing from a single population to repre-

sent another, broader population. Keep in mind the lim-

itations of population identifiers and generalizability to

larger population groups.65 For example, if a study in-

cludes Samoans but no other Pacific Islander populations,

do not generalize the Samoan people to represent all Pa-

cific Islanders.

CONCLUSION

Conducting genetic research in the context of large-scale,

diverse consortia presents both challenges and opportunities,

as illustrated by our experiences in the TOPMed program. Ge-

netics researchers need to make structural changes to the

research process and within the scientific community to realize

the benefits of diversifying genetics research. We should criti-

cally evaluate each research step to ensure that race, ethnicity,

and ancestry are described and used appropriately. This in-

cludes hypothesis generation, study design, data collection,

harmonization, analysis, and reporting. For example, when we

set out to identify genetic associations with disease and explore

whether differences in association between racial groups exist, it

can be easy to conclude that genetic differences rather than

social or structural determinants of health are driving observed

outcomes. Instead, by incorporating non-genetic factors into

an explicit hypothesis up front,66 we can further address their in-

fluence on health disparities.8 Additionally, measuring and inte-

grating key social and structural factors into genetic analyses
Cell Genomics 2, 100155, August 10, 2022 5
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can help elucidate environmental contributions and gene-by-

environment interactions.67–69 It is important to counteract,

rather than reinforce, racialized thinking when studying differen-

tial health outcomes or group differences.6

We recognize our recommendations as part of a broader con-

versation in the scientific community about refining terminology,

strengthening reporting guidelines, and advancing statistical and

other research methodologies needed to strive for an anti-racist

science.6,70 Establishing new standards for terminology and

incorporating updated publication requirements that demand

clear and rigorous definitions of race, ethnicity, and ancestry

variables are crucial in extinguishing racialized thinking from

genetics research and literature.8,34,58 These measures

encourage investigators to be more critical when applying these

concepts in the design, development, and conduct of their

research. In addition to changes in language and reporting,

methodological advancements that accommodate analyses of

diverse populations and a re-evaluation of existing methodolo-

gies are necessary.71 For example, systematic investigation of

a stratified versus pooled approach to association testing will

provide empirical evidence for if, and when, stratifying partici-

pants is necessary. This work is needed because, if used indis-

criminately, stratification by race may reify race as genetic and

obscure the non-genetic, ‘‘fundamental causes’’ of health

inequities.72

We should also critically examine the use of continental

ancestry in genetic research.17 The selection of reference popu-

lations with ancestry from specific geographic areas is some-

what arbitrary, yet these samples are widely used to represent

entire continents.73 For example, despite early guidance against

such oversimplification, the HapMap Yoruba in Ibadan, Nigeria

(YRI) are often used to represent all of Africa; however, this

population represents a small amount of diversity present across

African genomes.65 Further, the usual classification of people

as having European, Asian, American, or African ancestry makes

reference to a specific time period, i.e., after the global

geographic dispersal of Homo sapiens from Africa and prior to

the European colonization, especially of the Americas, that

accompanied the so-called Age of Discovery. We could just as

easily define continental ancestry based on a different time

period, such as current human geography.73 While no more right

or wrong, this approach would lead to a very different under-

standing of, for example, American ancestry. While categorizing

ancestry components by continent can be a useful model of the

data, we must keep in mind that it is only a model, and one that

obscures genetic heterogeneity within continents and the com-

plex, dynamic political, social, and migratory histories of those

regions.74 Scientists are trained to evaluate new data to see if

they match expectations, but this training can work against us

when it intersects with our social biases because we view results

that reflect those biases asmore likely to be ‘‘true’’ than other re-

sults. This can lead to a belief in the correspondence of continen-

tal ancestry with historical races rather than recognizing the

practice of clustering genomes in more or fewer population

groups as a modeling choice.75 Allele frequencies and patterns

of linkage disequilibrium differ across populations, but these

differences are a result of processes including mutation, genetic

drift, selective pressure, and population bottlenecks and expan-
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sion, reflecting rich population history and migration73 rather

than static genetic differences between a fixed number of popu-

lation groups.

Averting and correcting misuses of race and ancestry in ge-

netics research now is critical before they potentially get ‘‘baked

into’’ emerging applications. One example is the development of

polygenic risk scores (PRSs), which provide estimates of an indi-

vidual’s genetic risk for a clinically relevant outcome.76 PRSs are

typically based on summary statistics derived from GWAS data,

which to date have been heavily biased toward European popu-

lations. This bias has led to poorer predictive performance in

non-European and admixed individuals, which could exacerbate

health and healthcare disparities.77 Diversifying study popula-

tions in GWASs and developing PRS methods applicable to

diverse and admixed populations is of prime importance, but first

we need to critically evaluate the roles that race, ethnicity, and

ancestry play in these efforts.78–83 Further, we contend that the

recommendations presented here are relevant to PRS develop-

ment and application, as well as other clinical and translational

genomics efforts.13,15

Ultimately, awareness, transparency, and sensitivity among

researchers are needed to encourage thoughtful data steward-

ship, foster collaboration, and work toward expanding the diver-

sity and representation needed to further translational genomic

research.1,2,84 As genetic scientists, we should promote mean-

ingful genomic knowledge and scientific advancements with

equitable benefit. We should commit to recruiting, supporting,

and amplifying the voices of underrepresented scientists in

academia and the genetics community more broadly, including

internationally.85 We recognize that addressing race, ethnicity,

and ancestry in genetics research is a nuanced practice with

changing perspectives. There is much to learn on how best to

appropriately consider social factors in genetics research and

translation and ensure that we dismantle any remnants of racial-

ized thinking from this work. In order to tackle these issues suc-

cessfully, we must be open to new and evolving ideas and

approach this work with ongoing reflection and humility.
SUPPLEMENTAL INFORMATION

Supplemental information can be found online at https://doi.org/10.1016/j.

xgen.2022.100155.
ACKNOWLEDGMENTS

The TOPMed program is supported by theNHLBI. TheData Coordinating Cen-

ter at the University of Washington has been funded under R01-HL120393,

U01-HL120393, and contract HHSN268201800001I. S.T.M. acknowledges

grant support from R01-HL093093 and R01-HL133040. A.D.J. acknowledges

NHLBI Intramural Funding. B.H. acknowledges grant support from R01-

HL155127-01A1. A.T.K., S.M.G., A.M.S., M.L.B., Q.W., S.M.F., M.P.C., and

S.C.N. acknowledge grant support from U01HG011697. We are grateful to

the GAC Race and Genetics Discussion group and members of the TOPMed

ELSI Committee, who provided valuable feedback and input on earlier ver-

sions of this work. We also acknowledge our late co-author L. Adrienne Cup-

ples, who passed away in January 2022, for her contributions to this specific

work and her decades of leadership in the fields of biostatistics and epidemi-

ology. The views expressed in this manuscript are those of the authors and do

not necessarily represent the views of the NHLBI, the National Institutes of

Health, or the US Department of Health and Human Services. We gratefully

https://doi.org/10.1016/j.xgen.2022.100155
https://doi.org/10.1016/j.xgen.2022.100155


Perspective
ll

OPEN ACCESS
acknowledge the studies and participants who provided biological samples

and data for TOPMed.

AUTHOR CONTRIBUTIONS

Conceptualization, A.T.K., S.M.G., C.P.M., M.P.C., and S.C.N.; writing – orig-

inal draft, A.T.K., S.M.G., C.P.M., M.P.C., and S.C.N.; writing – review & edit-

ing, A.T.K., S.M.G., C.P.M., A.M.S., T.S., M.L.B., Q.W., L.A.C., B.H., A.D.J.,

M.-L.N.M., S.T.M., M.R.G.T., S.M.F., M.P.C., and S.C.N.

DECLARATION OF INTERESTS

The authors declare no competing interests.

INCLUSION AND DIVERSITY

One or more of the authors of this paper self-identifies as an underrepresented

ethnic minority in science. One or more of the authors of this paper self-iden-

tifies as a member of the LGBTQ+ community. One or more of the authors of

this paper self-identifies as living with a disability.

REFERENCES

1. Popejoy, A.B., and Fullerton, S.M. (2016). Genomics is failing on diversity.

Nature 538, 161–164. https://doi.org/10.1038/538161a.

2. Hindorff, L.A., Bonham, V.L., Brody, L.C., Ginoza, M.E.C., Hutter, C.M.,

Manolio, T.A., and Green, E.D. (2018). Prioritizing diversity in human geno-

mics research. Nat. Rev. Genet. 19, 175–185. https://doi.org/10.1038/nrg.

2017.89.

3. Bonham, V.L., Warshauer-Baker, E., and Collins, F.S. (2005). Race and

ethnicity in the genome era: the complexity of the constructs. Am. Psychol.

60, 9–15. https://doi.org/10.1037/0003-066x.60.1.9.

4. Race Ethnicity and Genetics Working Group; Genetics Working Group

(2005). The use of racial, ethnic, and ancestral categories in human ge-

netics research. Am. J. Hum. Genet. 77, 519–532. https://doi.org/10.

1086/491747.

5. Caulfield, T., Fullerton, S.M., Ali-Khan, S.E., Arbour, L., Burchard, E.G.,

Cooper, R.S., Hardy, B.-J., Harry, S., Hyde-Lay, R., Kahn, J., et al.

(2009). Race and ancestry in biomedical research: exploring the chal-

lenges. Genome Med. 1, 8. https://doi.org/10.1186/gm8.

6. Yudell, M., Roberts, D., DeSalle, R., and Tishkoff, S. (2020). NIH must

confront the use of race in science. Science 369, 1313–1314. https://

doi.org/10.1126/science.abd4842.

7. Sirugo, G., Tishkoff, S.A., andWilliams, S.M. (2021). The quagmire of race,

genetic ancestry, and health disparities. J. Clin. Invest. 131, 150255.

https://doi.org/10.1172/jci150255.

8. Brothers, K.B., Bennett, R.L., and Cho, M.K. (2021). Taking an antiracist

posture in scientific publications in human genetics and genomics. Genet.

Med. 23, 1–4.

9. Taliun, D., Harris, D.N., Kessler, M.D., Carlson, J., Szpiech, Z.A.,

Torres, R., Taliun, S.A.G., Corvelo, A., Gogarten, S.M., Kang, H.M.,

et al. (2021). Sequencing of 53, 831 diverse genomes from the

NHLBI TOPMed Program. Nature 590, 290–299. https://doi.org/10.

1038/s41586-021-03205-y.

10. ASHG denounces attempts to link genetics and racial supremacy. Am. J.

Hum. Genet. 103, 636.

11. Bryc, K., Durand, E., Macpherson, J., Reich, D., and Mountain, J. (2015).

The genetic ancestry of African Americans, Latinos, and European Amer-

icans across the United States. Am. J. Hum. Genet. 96, 37–53. https://doi.

org/10.1016/j.ajhg.2014.11.010.

12. Nelson, S.C., Yu, J.-H., Wagner, J.K., Harrell, T.M., Royal, C.D., and Bam-

shad,M.J. (2018). A content analysis of the views of genetics professionals

on race, ancestry, and genetics. AJOB Empir. Bioeth. 9, 222–234. https://

doi.org/10.1080/23294515.2018.1544177.
13. Popejoy, A.B., Crooks, K.R., Fullerton, S.M., Hindorff, L.A., Hooker, G.W.,

Koenig, B.A., Pino, N., Ramos, E.M., Ritter, D.I., Wand, H., et al. (2020).

Clinical genetics lacks standard definitions and protocols for the collection

and use of diversity measures. Am. J. Hum. Genet. 107, 72–82. https://doi.

org/10.1016/j.ajhg.2020.05.005.

14. Sellers, S.L., Cunningham, B.A., and Bonham, V.L. (2019). Physician

knowledge of human genetic variation, beliefs about race and genetics,

and use of race in clinical decision-making. J. Racial Ethn. Health Dispar-

ities 6, 110–116. https://doi.org/10.1007/s40615-018-0505-y.

15. Popejoy, A.B., Ritter, D.I., Crooks, K., Currey, E., Fullerton, S.M., Hindorff,

L.A., Koenig, B., Ramos, E.M., Sorokin, E.P., Wand, H., et al. (2018). The

clinical imperative for inclusivity: race, ethnicity, and ancestry (REA) in

genomics. Hum. Mutat. 39, 1713–1720. https://doi.org/10.1002/humu.

23644.

16. Byeon, Y.J.J., Islamaj, R., Yeganova, L., Wilbur, W.J., Lu, Z., Brody, L.C.,

and Bonham, V.L. (2021). Evolving use of ancestry, ethnicity, and race in

genetics research-A survey spanning seven decades. Am. J. Hum. Genet.

108, 2215–2223. https://doi.org/10.1016/j.ajhg.2021.10.008.

17. Lewis, A.C.F., Molina, S.J., Appelbaum, P.S., Dauda, B., Di Rienzo, A.,

Fuentes, A., Fullerton, S.M., Garrison, N.A., Ghosh, N., Hammonds,

E.M., et al. (2022). Getting genetic ancestry right for science and society.

Science 376, 250–252. https://doi.org/10.1126/science.abm7530.
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