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Lack Of Diversity In Genomic
Databases Is A Barrier To
Translating Precision Medicine
Research Into Practice

ABSTRACT Precision medicine is predicted to revolutionize the clinical
practice of medicine, in part by using molecular biomarkers to assess
patients’ risk, prognosis, and therapeutic response more precisely.
However, reliance on biomarkers could present challenges for diverse
populations that are not equitably represented in precision medicine
research.We examined the populations included in genomic studies
whose data were available in the following two public databases: the
Genome-Wide Association Study Catalog and the database of Genotypes
and Phenotypes. We found significantly fewer studies of African, Latin
American, and Asian ancestral populations in comparison to European
populations. These patterns were consistent across both data types and
disease areas. While the number of genomic research studies that include
non-European populations is modestly improving, the overall numbers
are still low, and decisive action is needed now to implement the changes
necessary for realizing the promise of precision medicine for all.

T
he success of the evolving field
of precision medicine has been
driven by the evolution of science
and technology, which has enabled
the sequencing of the human ge-

netic code; the development of bioinformatic
tools to process the vast amounts of genomic
data generated; and the creation of databases
that curate, organize, and share the information.
Genomic databases are important and serve as a
repository for shared knowledge related to the
numerous research studies and clinical case re-
ports that contribute to knowledge of the impact
of genetics on human health, as well as a basic
understanding of genetic differences between
human beings. However, the majority of studies
that contribute to this knowledge are based on
populations of European ancestry, providing
reasonable genetic representation of individuals
of European ancestry in databases but poorer
representation of other ethnic populations.1–6

The underrepresentation of non-European

populations ingenomicdatabases is problematic
because it may miss gene-disease relationships
for which the exposure or outcome is rare in
European populations, it limits the generaliz-
ability of findings from genomic research, and
it limits the evidence base for translating these
findings into clinical care in diverse popula-
tions.7,8 Understanding the extent of this under-
representation is important so that we can ad-
dress it as we solidify the foundation that will
support precision medicine in the future and
ensure the applicability of precision medicine
for the global population.
In the evidence-based practice of precision

medicine, sampling bias in research upstream
has the potential to propagate bias in clinical
translation downstream. Many researchers are
concerned that the lack of inclusion of diverse
populations ingenomic researchwill causeprob-
lems for the translation of that research into the
clinical practice of precision medicine.1–6 In a
comment in Nature in 2011,1 Carlos Bustamante
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and colleagues drew the research community’s
attention to a 2009 study by Anna Need and
David Goldstein,6 who had reported that 96 per-
cent of all genomewide association studies were
of people of European descent. There have been
improvements since then: In 2016 Alice Popejoy
andStephanie Fullerton reported that 81 percent
of genomewide association studies were of peo-
ple of Europeandescent.2Of the 19percent of the
studies that focused on non-Europeans, 14 per-
cent focused on populations of Asian descent,
indicating clear improvements for those popu-
lations, but very little progress for other non-
European groups. A 2016 study of data in the
Cancer Genome Atlas repository found that of
5,729 tumor samples, 77 percent were from
whites, 12 percent from blacks, and 3 percent
from Asians.9 In contrast, fewer than 16 percent
of theworld’s population is of Europeandescent,
which suggests that new diversity inclusion
strategies are needed before genomic data are
representative of the global population.10,11

Underrepresentation in genomic databases
and repositories is paralleled by underuse of ge-
netic services indiverse populations. This under-
use has been reported globally by the World
Health Organization,12,13 as well as domestically,
in genetic services—including the ordering of
genetic tests and genetic counseling.14–17

We conducted a comparison of the numbers of
studies in the Genome-Wide Association Study
Catalog, as well as the numbers of high-through-
put sequencing studies in the database of Gen-
otypes and Phenotypes, by ancestral population
and disease area. By identifying disparities in
genomic information by disease area, we sought
to highlight which patient populations and dis-
ease areas were least represented.

Study Data And Methods
Data We used data from two public sources of
genomic information developed by the National
Institutes of Health (NIH): the Genome-Wide
Association Study Catalog, a curated catalogue
of published genomewide association studies,
and the database of Genotypes and Phenotypes,
a data repository of genomic data sets (whether
or not they were funded by the NIH) from which
we obtained data capturing summary informa-
tion on sequencing studies.18,19

Methods We downloaded the Genome-Wide
Association Study Catalog as of May 8, 2017,
and the database of Genotypes and Phenotypes
sequencing studies as of February 27, 2017, and
categorized the studies by ancestral group and
disease focus. The ancestral groups analyzed
were European, Asian, and underrepresented
minorities (defined as African or African Ameri-

can, Native American, and Hispanic or Latino—
groups that were aggregated due to small sample
sizes). European ancestry was the reference
group for analysis purposes.We excluded studies
whoseancestral groupswerenotdefined.Wealso
excluded multiethnic studies, meaning studies
with participants from more than one ethnicity,
as we had no clear or consistent way to capture
the percentage of participants from specific an-
cestral populations within a multiethnic study.
Additionally, we stratified disease categories by
cancer or noncancer outcomes.
Limitations Our study had several limita-

tions. First, the Genome-Wide Association Study
Catalog and the database of Genotypes and Phe-
notypes might not capture all genomic studies.
Second, although the catalog is professionally
curated by a team whose members examine all
published genomewide association studies, the
database is a public repository of voluntarily sub-
mitted sequencingdata andmaybe a less exhaus-
tive list of studies. Third, our study does not
report the number of participants in each study,
only thenumberof studies. Lastly, these analyses
represent the data available at the time of down-
load. Newer entries are not reflected.

Study Results
Genome-Wide Association Study Catalog We
reviewed 2,817 genome-wide association studies
from the catalog, of which 413 were cancer-relat-
ed studies (exhibit 1). Of those studies, 67 per-
cent were based on populations of European
descent, 29 percent on populations of Asian de-
scent, and 4 percent on populations from under-
represented minority groups. Of the 52 cancer
studies that focused on hematologic or lymphat-
ic cancer and the 47 that focused on cancer of the
digestive tract, none were studies exclusively of
underrepresented minority groups.
The remaining 2,404 genome-wide associa-

tion studies were not related to cancer. Of those
studies, 71 percent were of populations of Euro-
pean descent, 20 percent were of Asian popula-
tions, and 8 percent were of underrepresented
minority groups. Fewer than 5 percent of the
studies of gastrointestinal, reproductive system,
or neurologic disease were of underrepresented
minority groups.
Database Of Genotypes And Phenotypes

The number of sequencing studies from the
database of Genotypes and Phenotypes in our
sample was limited.We excluded 394 studies be-
cause they contained no documentation of par-
ticipants’ ancestry, andwe excluded46multieth-
nic studies for the purpose of this analysis, as
explained above. Of the 113 sequencing studies
analyzed (exhibit 2), twenty-three were focused
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on cancer (62 percent Europeans, 15 percent
Asians, and23percent underrepresentedminor-
ities). Of the noncancer studies, eleven were on
cardiovascular disease (55 percent Europeans,
18 percent Asians, and 27 percent underrepre-

sented minorities), thirteen on neurologic dis-
eases (85 percent Europeans and 15 percent
Asians), and fourteen on respiratory diseases
(57 percent Europeans and 43 percent underrep-
resented minorities). Two of the disease areas

Exhibit 1

Genome-wide association studies, by disease area and study population demographic group, 2017

Demographic group

Disease area Europeans (%) Asians (%)
Underrepresented
minorities (%)

Any type of cancer (n= 413) 67 29 4

Breast cancer (n= 59) 61 34 5

Gastrointestinal cancer (n= 47) 53 47 0

Lung cancer (n= 55) 44 49 7

Kidney cancer (n= 19) 84 11 5

Blood cancer (n= 52) 56 44 0

Reproductive cancer (n= 120) 81 13 6

Other cancers (n= 61) 82 16 2

Any noncancer disease or disorder (n= 2,404) 71 20 8

Cardiovascular disease (n= 219) 68 20 12

Neurologic disease (n= 418) 82 14 4

Respiratory disease (n= 111) 77 12 11

Gastrointestinal disease (n= 131) 78 21 1

Reproductive system disease (n= 93) 70 26 4

Kidney disease (n= 56) 70 23 7

Blood disorder (n= 155) 71 17 12

Other diseases (n= 1,221) 68 23 9

SOURCE Authors’ analysis of data from the Genome-Wide Association Study Catalog. NOTES Demographic groups are defined in the
text. Rows might not add to 100 percent because of rounding.

Exhibit 2

Genotypes and phenotypes studies, by disease area and study population demographic group, 2017

Demographic group

Disease area Europeans (%) Asians (%)
Underrepresented
minorities (%)

Any type of cancer (n= 23) 74 9 17

Breast cancer (n= 2) 50 0 50

Gastrointestinal cancer (n= 3) 100 0 0

Lung cancer (n= 3) 33 67 0

Kidney cancer (n= 1) 100 0 0

Blood cancer (n= 1) 100 0 0

Reproductive cancer (n= 3) 33 0 67

Other cancers (n= 10) 90 0 10

Any noncancer disease (n= 90) 63 10 27

Cardiovascular disease (n= 11) 55 18 27

Neurologic disease (n= 13) 85 15 0

Respiratory disease (n= 14) 57 0 43

Gastrointestinal disease (n= 2) 100 0 0

Other diseases (n= 50) 60 10 30

SOURCE Authors’ analysis of data from the database of Genotypes and Phenotypes. NOTE Demographic groups are defined in the text.
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had only one sequencing study. In each case in
which there was only one ancestral population
study in a disease area, the study population was
of European ancestry. There were no sequencing
studies in the database that focused onneurolog-
ic disease solely in underrepresented minority
populations, respiratory diseases in Asian pop-
ulations, or gasterointestinal disease in either
Asians or underrepresented minorities.
In addition to the total number of studies, we

observed the biggest difference in numbers of
studies across ancestral populations in non-
cancer studies in the Genome-Wide Association
Study Catalog (exhibit 3). These results do not
report numbers of participants in each study.
However, the European population studies were
larger, and more European studies had the
statistical power to conduct robust genomic
research.

Excluded Studies Though our analysis ex-
cluded multiethnic studies, studies with popula-
tions not included in the demographic groups
we focused on, and studies with populations of
unknown descent, we provide summaries of the
numbers and disease focuses of these studies in
online appendix exhibits 1A and 1B.20

Discussion
Sequencing—specifically high-throughput se-
quencing—is rapidly becoming the dominant
technology for genomics research and in molec-
ular diagnostics. In this study we found a lack of
diversity not only in genomewide association
studies, but also in sequencing studies in the
database of Genotypes and Phenotypes. In both
databases, the number of studies for individual
underrepresented groups was so small that we
aggregated them into a single group, which fo-
cuses the discussion on the aggregate as apposed
to the distinct ancestral groups. Additionally,
our analyses showeddifferences across ancestral
groups in the numbers of studies by disease area.
One of the most striking findings is the lack of
ancestral information included in these data
sets, specifically in the database of Genotypes
andPhenotypes.Ancestral information is impor-
tant to the clinical use of genetic information,
and thus its inclusion in these databases is of the
utmost importance.
We found that several disease areas had no

studies of underrepresented minorities or Asian
populations. Because the database of Genotypes
and Phenotypes is a repository of data sets avail-
able for secondary analysis, improving minority
representation in that database may decrease
bias in future studies that rely on secondary data
analysis.
These databases allow precision medicine

leaders to track the progress of diversity inclu-
sion in research and can potentially serve as a
tool in developing national research priorities.
However,whendeterminingwhichdisease areas
and populations to focus on in precision medi-
cine research, data on underrepresentation in
research (which we provide here) ideally would
be accompanied by information on disease prev-
alence; disparities in disease morbidity or mor-
tality; and pertinent genetic factors such as pen-
etrance (the probability that a variantwill lead to
phenotypic expression), expressivity (variation
in phenotypic expression when a variant is pen-
etrant), and number of variants across ancestral
groups.
We identified several clinical and research pri-

orities to address underrepresentation in preci-
sionmedicine research. Clearly, there is a persis-
tent need to include diverse populations in

Exhibit 3

Numbers of genomewide association studies and genotype
and phenotype studies, by disease area and study
population demographic group, 2017

SOURCE Authors’ analysis of data from the Genome-Wide
Association Study Catalog and the database of Genotypes and
Phenotypes (dbGaP). NOTES Underrepresented minorities are ex-
plained in the text. GWAS is genome-wide association study.
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research, which would reduce sampling bias, en-
hance knowledge about human genetic varia-
tion, and increase the generalizability of genetic
research findings. The need applies to all study
designs, including case series, observational
studies, case control studies, and clinical trials-
Increasing diversity in studies will require mul-
tiple strategies. Policies and guidance to pro-
mote inclusion in research have already begun
to emerge, such as targeted requests for applica-
tions, an NIH policy on including women and
members of minority groups in research,21 and
guidance from the Food and Drug Administra-
tion on collecting and reporting race and ethnic-
ity information in clinical trials.22 We could
envision editorial boards specifying certain in-
clusion standards, or justification for the lack of
diverse sample populations, as a requirement for
publication. However, one major barrier to en-
hancing diversity in trial participation is that the
established system for andapproaches to recruit-
ing participants might not be generalizable to
all. Thus, innovative and culturally respectful
strategies for the recruitment of underrepresent-
ed groups in research are required.23,24

It has been suggested that access to care, ac-
cess to health insurance, and socioeconomic sta-
tus may affect participation in genomic research
and the use of genomic services.13,16 However, in
a study of direct-to-consumer genetic testing, in
which consumers in populations that received
testing were similar in educational attainment,
socioeconomic status, and insurance, the num-
ber of non-European consumers participating in
research was significantly lower than the num-
ber of European consumers.25 As the field seeks
to increase participation in research, aswell as to
increase uptake of precision medicine, a multi-
layered approach with patient, provider, and
researcher education at the center is needed.
This must entail educating the public about
the value of research participation, including
the importance of contributing biological sam-
ples to biobanks.26

The routine collection of information on ge-
netic ancestry (both self-described and biolog-
ical), as well as on socioeconomic status is im-
portant27 and could also occur at the patient
bedside. For instance, genetic data could be col-
lected in patients’ electronic health records and
incorporated into decision-making tools within
those records.
In addition, information on gene-disease asso-

ciations and individual genetic variants must be
shared with patients in an accessible way. This

information and subsequent interpretation are
presented to patients and providers through the
genomic report (the report of the genetic test
results). Therefore, it is important that the re-
port be sufficiently approachable and useful for
diverse patient populations.

Conclusion
Americans must make a commitment to the
equitable diffusion of precision medicine into
clinical care. The factors that create inequality
in the uptake of precisionmedicine aremultifac-
eted and related to the individual, the provider,
insurance coverage, health care system and care
infrastructure, and genomic data infrastructure
(including the populations included in research,
documentationof ancestral populations in geno-
mic databases, as well as access to and use of
genomic data in health care). The translation
of genomic information into clinical tests for
diagnostic, prognostic, therapeutic, and dis-
ease-monitoring purposes is an evidence-based
process. Ensuring the safety and efficacy of pre-
cision medicines creates the need for a sizable
amount of evidence in the form of genomic re-
search and clinical case reports for genetic test
development and use. The lack of diversity in
genomic research can affect the understanding
of the relationships between genes and disease
in unstudied populations including, erroneous
rare variant-disease associations in poorly stud-
ied populations, and insufficient evidence re-
garding the effect of variants on disease in di-
verse populations. Given the importance of
genomic databases for both genomic knowledge
dissemination and clinical translation, it is im-
portant that prioritization be given to the inclu-
sion of diverse ancestral populations in the data
supplying these databases and the documenta-
tion of ancestral information in them. ▪

Americans must make
a commitment to the
equitable diffusion of
precision medicine
into clinical care.
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