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Summary

The representation of traditionally scientifically underserved groups in genomic research continues to be low despite
concerns about equity and social justice and the scientific and clinical need. Among the factors that account for this
are a lack of trust in the research community and limited diversity in this community. The success of the multiple
initiatives that aim to improve representation relies on the willingness of underrepresented populations to make
data and samples available for research and clinical use. In this narrative review, we propose that this requires build-
ing trust, and set out four approaches to demonstrating trustworthiness, including increasing diversity in the
research workforce, and meaningful engagement with underrepresented communities in a culturally and linguisti-
cally appropriate manner. Capacity building globally will ensure that actual and perceived exploitation and
‘helicopter’ research could be eliminated.
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Introduction
Advances in genomic sequencing technologies have
enabled improvements in disease diagnosis, treatment
and personalised care." Despite these improvements, a
lack of diversity persists in the research that informs
genomic medicine. There are clear ethical justifications
for increasing diversity in order to ensure just distribu-
tions of the benefits of genomic medicine.” In addition,
the scientific success of genomic projects depends on
the availability of large amounts of data that can be
shared across scientific and geographic boundaries.’?
Various international initiatives are geared towards
addressing imbalances in data.”*”> Efforts are also
underway to connect these endeavours to ensure that
these data can be accessed across institutional and
national boundaries. For example, the European Beyond
One Million European Genomes Alliance links the elec-
tronic health records and genomic sequence results of
at least one million people across Europe.® On the Afri-
can continent, the African Genome Variation Project
has catalogued the genomic profile of 100 individuals
each from 10 ethnic groups for 2.5 million genetic var-
iants.” Additionally, deep whole-genome sequencing of
African individuals who exhibited complex region-spe-
cific structures has also been done.® The largest
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initiatives in Africa are currently funded by the NIH
(USA) and Wellcome (UK), through the H3Africa con-
sortium.” Within the H3Africa consortium, there is
work on developing and harmonising standards for
ethics and data sharing across African countries.">"
Further expansion of efforts to establish a resource of
3 million African genomes has recently been
proposed."*

In what follows, our aim is to characterise the prob-
lem of lack of diversity in genomics, discuss possible
reasons for it and proffer some practical steps towards
addressing it. We conclude that the lack of engagement
of traditionally scientifically underrepresented groups
with genomics could be addressed by culturally and lin-
guistically appropriate engagement practices. Our focus
is primarily on the inclusion of diversity that is repre-
sentative of the African continent. While many of the
findings and conclusions from this work may also be
pertinent to other groups traditionally under-repre-
sented in scientific research, it is important to recognise
the critical role of specific cultural, historical and geo-
graphical contexts in shaping engagement with
genomics.”>"#

Search strategy and selection criteria

Data for this narrative review were identified by
searches of MEDLINE, PubMed, Web of Science and
references from relevant articles using the search terms
“diversity”, “inclusion”, “equity”, “justice”, “genomics
research”. Only articles published in English relevant to
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equity in human genomics research were explored.
Except for seminal and historic sources, published
articles that were included spanned 2016 to 2021. We
recognise that our search strategy and selection criteria
will inevitably miss literature that has been published in
other databases. We also acknowledge that by choosing
databases that mostly consider genomics within
the context of Western, Anglophone approaches to
medicine, science and philosophy we have inadvertently
excluded valuable literature that will be framed
differently.

Lack of diversity in genomic databases

Much genetic variation is rare and specific to different
genetic ancestry groups.” Large amounts of data are
therefore needed so that credible inferences can be
made regarding the link between a genetic variant and a
disease of interest, since making inferences from stud-
ies of only one genetic ancestry group could be
inaccurate.’

It is currently estimated that data from people of
European ancestry accounts for at least 78% of genome-
wide association studies while individuals of African
ancestry account for 2.4%.'° Over 70% of samples
included in genome-wide association studies (GWAS)
come from only three countries — the USA, Iceland and
the United Kingdom.'® In the latter, groups who are tra-
ditionally scientifically underrepresented continue to be
so in datasets such as UK Biobank.”” Hence, while peo-
ple of African ancestry (comprising of black African,
black Caribbean and black ‘other’) constitute 3.4% of
the UK population (according to the 2011 census), their
representation in UK Biobank constitutes only 1.6%.
Conversely, white British participants constitute 94%
while making up 91.3% of the population.’®

The lack of ancestral diversity in genomic datasets
may mean that studies based on them may be less able
to yield results that are meaningfully transferable for all
members of these populations as a whole.”"*° In addi-
tion to this, there is no universally accepted, consistently
applied method for categorising genomic data, particu-
larly by ethnicity and race, thus there is much room for
confusion by what is even meant by diversity. This is
problematic, both from a clinical and scientific perspec-
tive, as we elaborate below, but more fundamentally in
terms of the ability of genomics research to achieve the
core ethical values of equity and justice. These princi-
ples are enshrined in the global ethical and bioethical
frameworks developed over the past century. Article 27
of the United Nations’ Universal Declaration on
Human Rights (UDHR), for example, states that:
“Everyone has the right to participate in the cultural life
of the community, to enjoy arts and to share in scientific
advancement and its benefits”.*' The influential US Bel-
mont Report, which outlines ethical principles to guide
biomedical and behavioural research similarly

emphasises the importance of justice and the question
of “who ought to receive the benefits of research and
bear its burdens”.** Until recently however, questions
of justice and genomics have often received compara-
tively little attention.”® As a matter of justice, it is fair to
expect that the advantages that accrue from scientific
discoveries should benefit those most in need and not
just the scientifically well represented. Diversity in
genomics can contribute to developing just and equita-
ble genomic medicine and efficiently allocating scarce
healthcare resources.

The scientific and clinical case for equity

In the African continent alone, the extent of genetic
diversity is enormous.” There is now a recognition of a
subdivided population structure as a result of historic
human migration patterns, with Africa comprising at
least 11 ancestral groups, compared to 12 ancestral
groups identified in the rest of the world.”® This diver-
sity often leads to differences in the variants associated
with specific disorders and genes, making it more chal-
lenging to find the link between genetic variants and
disease in these populations.” It implies that causal
links between genetic variants and disease cannot be
trusted in medicine if the data that guides variant inter-
pretation does not include populations from diverse
ancestral backgrounds. Put bluntly, it means that a
patient may be given the wrong genetic diagnosis or
risk profile of disease. Increasing diversity in genomic
research can thus give greater insight into the implica-
tions of human history and ancestral influences on
health and disease.** Specifically, it can contribute to
understanding differences in the global distribution of
disease, better prescribing, and drug development,
reducing misdiagnosis and more accurate prediction of
disease risk.

There are well-established differences in disease
prevalence between human genetic ancestry groups.
For example, Tay-Sachs disease is more common in
people of Ashkenazi Jewish descent,” cystic fibrosis is
more common in people of Northern European ances-
try*® and beta thalassemia is more common in people
of Greek, Italian, Middle Eastern, Asian and African
descent.”” The finding that variants in the apolipopro-
tein L1 (APOLI) gene are associated with an increased
risk of kidney disease*® can help to explain why kidney
disease is more prevalent among people of African
ancestry. While this variant is often absent in individu-
als of non-African descent, it is common among individ-
uals of African descent. The high frequency of this
variant is believed to be because it confers protection
against trypanosomiasis or African sleeping sickness.”?
This knowledge offers the opportunity for a better
understanding of kidney disease’® but may also be
useful in the allocation of medical resources to these
populations.
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Improved understandings of human biology through
genomic studies of diverse populations may lead to bet-
ter prescribing and drug development.*"** For example,
a variation in the PCSK9g gene is associated with a
reduction in low-density lipoprotein cholesterol concen-
tration and a reduction in the risk of coronary heart dis-
ease.”” This variant is found in higher frequencies in
individuals with African ancestry than in people of
European descent.** Two drugs resulting from this dis-
covery have been approved (evolucumab and alirocu-
mab) for the reduction of low-density lipoprotein
cholesterol concentration.”> Another drug, inclisiran,
has also shown very good results in this context.*® Thus,
this exemplifies the fact that different ethnic populations
may have different genetic variations that can affect
health and the treatment of disease and provides further
support for the need for diversity in genomic research, so
that effective therapies can be researched for all, instead
of the select few for whom access is enabled.

A further advantage of genomic studies of diverse
populations may be the prevention of misdiagnosis.
One of the criteria used in identifying a variant that
causes a disease is its rarity. Therefore, it is easy to mis-
takenly identify a variant as disease-causing if the data-
base used for such inferences does not contain
sufficient information from ethnically diverse popula-
tions.”” Historically, this has led to the misdiagnosis of
some patients of African ancestry. For example, variants
in people of African origin were classified as disease-
causing for hypertrophic cardiomyopathy using sam-
ples that were mostly European.*® These variants, which
are rare among Europeans, were subsequently found to
be higher in frequency among African Americans and
prevalent among people of African ancestry and were
therefore unlikely to be disease-causing.*®

Finally, the availability of diverse genomic data may
contribute to improved applicability of genomic risk pre-
diction. While for most monogenic/Mendelian diseases,
a genetic variant regarded as pathogenic causes disease
across populations, the picture is somewhat different
when it comes to complex diseases. Polygenic risk
scores (PRS) are increasingly used to calculate the risk
of complex diseases in individuals.>® However, these
computations may not be transferable across genetic
ancestry groups. The prediction accuracy of PRS for sev-
eral anthropometric and blood panel traits has been
found to be as much as 4.5-fold lower in people of Afri-
can ancestry than in Europeans.*® A 10-fold overestima-
tion of schizophrenia risk has been found among
Africans and African-Americans compared to Euro-
peans.*' The inclusion of diverse populations is thus
central to the interpretive accuracy of these tools and
their translation into clinical practice.**

In this section we have highlighted some examples
of how a lack of diversity in genomic data creates prob-
lems for equitable delivery of genomic medicine. In the
next section we acknowledge that in order to be able to
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increase diversity in genomic data, public audiences
have to be willing to donate their data — and this is
directly connected to issues of trust.

Trust and inequality in data

The development of more diverse genomic research in
order to deliver fair and equitable genomic medicine,
however, relies on the willingness of diverse public
groups to donate data and biosamples. The success of
genomics will thus depend on both its ability to deliver
improved healthcare across population groups and its
acceptance by publics. A recent systematic review into
the readiness of the British National Health Service
(NHS) to deliver its Genomic Medicine Service con-
cluded that in addition to demonstrating clinical utility
and cost-effectiveness, patient involvement and engage-
ment would be key to successful implementation of the
service.*?

All human genomic data become available initially
through the donation of samples by individuals in vari-
ous contexts, whether as patients, customers or research
participants having genetic testing, participating in
biobank research or donating blood.** One important
factor shaping the availability of data is thus the willing-
ness of members of the public to donate. This willing-
ness is shaped by multiple factors — including people’s
familiarity or experience with genetics and their percep-
tion of the power of genetic information.*> However, in
terms of increasing the participation of traditionally sci-
entifically underrepresented groups in genomic medi-
cine and research, it is critical to address the question
of trust.

Trust

Globally, trust is a key factor shaping the willingness to
donate, yet levels of trust in those involved in genomic
data collection and use vary substantially. Across 22
countries in the Your DNA, Your Say study of public
attitudes towards genomic data sharing (n = 37,000
nationally representative public audiences from 22
countries), less than half the overall sample reported
trusting someone other than their own doctor with their
DNA and health information, with levels of trust high-
est in China, India, the United Kingdom and Pakistan,
and lowest in Egypt, Russia, Germany and Poland.*°
Within countries as well, levels of trust vary — in the
UK, Australia, Canada and the USA, Your DNA, Your
Say findings suggest that those most likely to trust are
male, under 50, and likely to have some familiarity of
genetics.*

As with genomics research more generally however,
evidence of public perceptions of trust in genomics is
heavily skewed towards a few countries, notably Europe,
Australia, and the USA. In these countries, research
suggests overall support for genomic data initiatives,
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but that a lack of trust is associated with a reluctance to
participate.*” A systematic review of studies of African
Americans’ beliefs and attitudes about genomic studies
showed an overall theme of a lack of trust for research
and medical communities, even though there was a rec-
ognition of the critical need for participating in such
studies.*® One key factor shaping this lack of trust is the
legacy of historical ethical failings in research affecting
non-white populations in the USA. Prominent among
these are the Tuskegee syphilis experiments, the Hen-
rietta Lacks case and, more recently, the improper use
in genetic research of biosamples of the Havasupai
tribe.*9°° Studies among American participants sug-
gest that these cases have understandably left a legacy
of suspicion and mistrust both of government policies
and the motives of the scientific world, and that some
African Americans do express concerns that the Tuske-
gee abuses could happen to them, while others raise
fears about who benefits from genomic studies, similar
to the Henrietta Lacks case.’’ In addition, however,
genomics research also intersects with existing racial
and ethnic inequalities and forms of exclusion. Thus,
attitudes towards research are shaped by worries about
financial profit being made at the expense of African
Americans,” concerns about privacy, and fear that
health and genetic data may be used to discriminate
against them within and outside health settings.””
Thus, while studies such as the AllofUs precision medi-
cine initiative have invested substantial effort in reach-
ing underrepresented communities, they still have
some distance to travel in terms of assuaging
concerns."*

On the African continent, fewer studies are docu-
mented for us to review in the databases we searched;
in the studies we viewed concerns exist around the col-
lection of potentially sensitive samples such as blood,
the quantities taken, the use to which they are put and
their export across territories.”® Past unethical scientific
behaviour on the continent, may again engender mis-
trust: for example, after 15 years of litigation the phar-
maceutical company Pfizer recently paid out
compensation to the families of Nigerian children who
allegedly died from being administered experimental
drugs without proper consent.’* In addition, there are
substantial historic reasons for potential mistrust in
scientific endeavours, particularly those associated
with former colonial powers. Historically, colonisa-
tion (and colonial science) has always been viewed as
extractive of physical and human resources, most
heinously in the case of the slave trade,” and as
reifying particular notions of ethnic or racial identity
and characteristics.’° Examples abound, but the
forced sterilisation of Herero women of Namibia in
the early 19oos by German colonial administrators
in furtherance of racist ‘scientific’ efforts to prevent
mixed-race marriages is a particularly egregious
example of why suspicions may persist.”’

Fears therefore exist that these unequal colonial rela-
tionships will be re-established.”® These concerns are
exacerbated by so-called ‘helicopter science™® and con-
cerns about national ownership of samples, the lack of
recognition of local scientists and exploitation.®® Geno-
mics research on the continent has often involved the
large-scale export of samples to institutions in richer
countries, often with no benefit to local institutions,
researchers, participants and health priorities.®’ In this
context, as in the US setting,"* the concept of genetic
and data sovereignty has been discussed and contested.
Genetic sovereignty holds that the patterns of genetic
variations in populations (such as Africans) have not
only scientific value but also commercial and symbolic
value, and that these need to be protected against

exploitative ‘prospectors’.58

Building trust, being trustworthy

While trust is an important factor in supporting diverse
participation in genomic research, it is only part of the
story. Specifically, measures of ‘trust’ focus on potential
participants. In doing so, they construct a problem of a
‘trust deficit’ that needs to be remedied. For both ethical
and practical reasons, this is problematic. Low levels of
trust may be entirely appropriate among populations
with a long history of valid reasons not to trust. In such
a situation, it is incumbent upon those leading geno-
mics research to demonstrate that trust in them is well-
placed and unlikely to be betrayed. This has the addi-
tional advantage of bringing the question of trust within
the remit of researchers themselves, as the question
becomes not how to build trust, but how to demonstrate
that trust in research is merited - to demonstrate trust-
worthiness. In this section, we elaborate proposals for
ways in which researchers may demonstrate trustwor-
thiness.

Unlike trust, trustworthiness has - until lately -
received comparatively little attention in relation to
genomics. This recent work suggests the importance of
transparency about the social value of research and who
is involved in the use of data, as well as highlighting the
importance of ethical protections — for example the abil-
ity to withdraw data or opt-out.® Establishing trustwor-
thiness then, means being in a position to demonstrate
concordance with these values — showing how research
will benefit society as a whole, being clear about who
should and should not be accessing data and working
with communities to ensure that their values and ethical
concerns are understood and reflected in the structures
of research.

Four approaches to this can be identified as poten-
tially important, related to the structure and conduct
of scientific activity, and the relationship between
researchers and researched populations.

As discussed above, initiatives to increase the global
representativeness of genomic data are underway.
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However, it is also essential that those who donate data
can see that this data is used for their benefit and that of
others. Structurally, this means addressing the potential
impact of the preferred cohort effect.” Due to the history
of genomics and the established data infrastructure,
researchers may, pragmatically, be more likely to focus
on data from established well-characterised datasets to
satisfy reviewers and allow studies to be evaluated in
terms of previous findings. Within the context of
GWAS, there is scientific efficiency to undertaking stud-
ies on a more homogeneous sample. Consequently, as
data from diverse populations become increasingly
available, action is needed to ensure it is used, and to
avoid it being evaluated as ‘supplementary’ to a Euro-
pean-ancestry ‘standard’. This can have the unintended
consequence of additional scrutiny for novel findings
that may emanate from non-European cohorts.?

In addition to ensuring the use of data, it is also
important to consider and be transparent about who is
using data. From an equity perspective, this means
engaging with wider concerns about the lack of diversity
at all levels of research, including not only participants,
but also researchers and even review-panels for research
proposals and data access committees for data
sharing.*®* Failure to do this deprives the scientific
community of different perspectives and expertise,
while perpetuating perceptions of ‘helicopter’ research.
Thus, the equitable delivery of genomic research and
medicine services would also depend on the structural
changes to reflect ethnic diversity. Such changes might
include ensuring diverse research teams, not as a matter
of indulgence or tick box exercise, but one that recog-
nises that diverse groups perform better than homoge-
nous groups.®®

Also of note is the need to pay attention directly to
the relationship between researchers and communities
and the reality of establishing the terms of the trust rela-
tionship. This includes consideration and acknowledge-
ment of perceived power dynamics and (often unequal)
privilege together with a recognition that these need to
be articulated, debated and discussed with humility and
respect. It is increasingly recognised that the views of
potential participants should be sought during the
design of research, particularly where this research
seeks to engage with historically under- represented
populations. Such community engagement is vital in
demonstrating trustworthiness because it helps to
ensure that research is concordant with the values and
interests of the community, and further contributes to
reducing the impression of ‘helicopter research’.®*®7
Such detailed, initiative specific consultations should
ideally be supported by larger scale work with the gen-
eral population to establish the relationship between
research agendas and people’s values and priorities. To
date, while the attitudes of publics towards genomics
and genomic data sharing have been researched across
parts of the world, this has mostly concentrated on
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higher income countries, with little published work
with publics in or originating from sub-Saharan Africa
(that is searchable within scientific databases available
in this review).

Finally, consultation and engagement are also
important in tackling a second, less commonly acknowl-
edged challenge — that of language. In UK clinical
genetics services, patients might reasonably indicate
that their preferred language for consultation is not
English.®® However, such considerations are also criti-
cal for research, in ensuring the clear and accurate com-
munication between genetic health specialists (of all
kinds) and the public. The extent to which people can
engage in informed discussion and deliberation, access
services and express their needs in relation to these serv-
ices is influenced not only by socioeconomic status, cul-
ture and religion but also by language.”” A recent
competence framework published by Sharif et al. to
enhance inclusion of diverse Asian communities in
genomic research thus stresses the importance of cul-
tural competence and awareness of language needs and
preferences in enhancing engagement.®® Linguistic
competence is important for the success of genomics
not only in economically wealthy countries but also in
developing countries, especially in an increasingly glo-
balised world. People can only meaningfully engage
with genomics when genomics and its concepts can be
communicated to them (in research, genetic counsel-
ling, etc.), and they, in turn can communicate in a lin-
guistically equivalent manner.

Conclusions

Achieving genomic medicine, based on genomic
research, that works for everyone requires two things.
The first is an acknowledgement that a fair and just
genomic medicine service can only be delivered if the
data that guides genomic variant interpretation is popu-
lated by DNA from ancestrally diverse people. The
global genomics community has made some progress
in this direction, but far more needs to be done. The sec-
ond is distribution, taking steps to ensure that the
advantages that accrue from genomics do not only bene-
fit those who are currently well represented in genomic
datasets. Central to this is the need to engage public
groups globally, to understand their concerns and hesi-
tations related to genomic data collection, and to act in
relation to these concerns to build genomic research
and medicine initiatives that are worthy of public trust.
In doing so, it is important to recognise that being trust-
worthy is a necessary step in establishing public trust in
genomics research. It is not, however, ever likely to be
sufficient to ensure public trust. Nevertheless, by work-
ing with communities to establish the qualities of trust-
worthy research, by making it clear to both public and
researchers what these qualities are, and by striving to
meet them, genomics research can aim to put itself in a
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position where it is seen to merit trust, and where mis-
placed trust — and the damage it causes to the research
endeavour — can be minimised.

Outstanding questions

Future research needs to focus on gathering the evi-
dence needed to guide conversations between research-
ers and communities around power and privilege.
Funding and resources must be put towards the social
science and ethics research needed to understand how
power dynamics affect participation in research and
relations of trust, but also counselling and communica-
tion research to create practical tools that lead to mean-
ingful and positive outcomes for all stakeholders.
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