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Abstract

Precision medicine, also known as “personalised medicine’, seeks to identify strategies in the prevention and
treatment of disease informed by a patient’s genomic information. This allows a targeted approach to disease

identification with the intention of reducing the burden of illness. Currently, both the emerging field of precision
medicine and the established field of clinical genetics are highly reliant on genomic databases which are fraught
with inbuilt biases, particularly from sample populations. The inequities of most concern here are those affecting

Aboriginal and Torres Strait Islander (or Zenadth Kes) peoples of Australia (hereafter, respectfully, Indigenous
Australians). It is with this perspective that the Summer internship forINdigenous peoples inGenomics Australia
endeavours to support the development of culturally appropriate genomic research with Indigenous Australians.
We argue here that Indigenous researchers are best placed to create the informed, culturally safe environment
necessary for Indigenous Australians to participate in genomic research.

Introduction

Inequities in health outcomes for Indigenous Australians
are a result of ongoing and historical injustices [1-3].
Issues of access to health care, cultural and linguistic
inclusion, physical accessibility, and racism all contribute
to the broader issues of health outcomes for Indigenous
Australians. Consequently, researchers are increasingly
recognising the need to emphasise culturally compe-
tent research design [4, 5]. This means, for example, that
research conducted in Indigenous communities must
reflect Indigenous priorities and must provide benefits
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to that community [6]. However, what academics per-
ceive as a benefit and what communities wish to receive
or prioritise may not align and require further explora-
tion. That is, are there secondary or even tertiary bene-
fits that aren’t prioritised by researchers, but have more
value for the community? Discussions such as these are
integral to collaborative frameworks and a key reason the
Summer internship for Indigenous peoples in Genomics
Australia (SING Australia) holds an annual workshop.
SING brings together Indigenous Elders, Indigenous
community members with and without scientific back-
grounds, health workers, and researchers from the scien-
tific and humanities disciplines. The inaugural workshop
was held in 2019 in response to the lack of Indigenous
people engaged within genomic disciplines in Austra-
lia. As part of a global consortium, SING Australia is a
sister-program to SING U.S.A, SING Canada, and SING
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Aotearoa. These are well established programs that have
seen an increase in the development of Indigenous,
Native and Maori people undertaking further education
and training in genomics. SING Australia workshops are
largely facilitated by Indigenous faculty who share their
expertise, experience and leadership on topics related
to DNA. SING Australia aims to enhance pathways and
opportunities for Indigenous people through culturally
safe discussions which address key issues in Indigenous
Australian genomics. Through engaging Indigenous
people from diverse backgrounds in discussions about
genomics, SING Australia aims (1) to inspire Indigenous
researchers to engage in the field of genomics research
and (2) to inspire Indigenous health professionals to lead
the implementation of precision medicine and other
genomic health benefits for Indigenous people. Below, we
explore the challenges faced in developing and deliver-
ing the SING Australia program, including managing the
cultural sensitivities, discussing historic harm, and exam-
ining potential and actual benefits of precision medicine
for Indigenous Australians.

Genomics and culture

Having Indigenous populations (and other vulnerable
groups) setting their own research goals and determin-
ing the benefit targets of research, more effectively miti-
gates potential harm from research practices [7]. Within
genomic research, scholars have argued that under-
standing Indigenous worldviews is critical to ensur-
ing that Indigenous people engage with, and benefit
from, research [8]. For example, more than 15 years ago,
Arbour L and Cook D [9] proposed the concept of “DNA
on loan’, where Indigenous participants and communities
are recognised as the owners of genomic samples that
researchers temporarily “loan” This concept was further
developed by Indigenous geneticists with the note that
gifting requires reciprocity or benefit sharing [10]. In
broader, non-human applications, community inclusion
in genomic research is important as Indigenous asso-
ciations with land and community could be jeopardised
by inappropriate, misunderstood, or miscommunicated
genomic information [11]. Indigenous researchers are
best placed to understand, and prioritise, community
needs. Inclusive genomic spaces for Indigenous research-
ers have been shown to offer improved transparency,
facilitation of improved dialogue between researchers
and Indigenous communities, and the development of
genomic research skills leading to greater participation
and equity [12].

Impacts of inequality in clinical services

Although genomic health care is currently a small part
of the health system, inequalities in access still exist
between Indigenous and non-indigenous Australians. As
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the role of precision medicine in the health care system
increases, existing inequalities will grow without pre-
emptive intervention. For Indigenous Australian fami-
lies, clinical delays due to a lack of reference data are the
leading cause of inequity in rare disease conditions [2].
It has been found that it can take up to five years for a
rare disease diagnosis to be achieved for Indigenous Aus-
tralians [13]. An accurate diagnosis improves clinical
outcomes by ensuring medical care is appropriate and
alleviating psychological, financial and social burdens
for families [13]. Such life-changing diagnoses may be
missed in minority populations that are not represented
in reference data, leading directly to poorer clinical out-
comes for these Indigenous families [14]. Clinical genetic
services have a significant role to play in alleviating the
challenges Indigenous peoples face in accessing genomic
health care. In particular, the provision of support and
resources for Indigenous people to undertake practitio-
ner roles within such services, ideally servicing their own
communities.

The Better Indigenous Genetics (BIG) project, led by
the University of Melbourne, was the first systematic
investigation of equity for Indigenous Australians who
require genomic health care [15]. Focusing on both the
health system and health service level, the project found
that there was a willingness among Indigenous Austra-
lians to utilize clinical genomic services and that there is a
higher incidence of genetic conditions amongst the popu-
lation [15]. However, when genetic services are available,
Indigenous Australians have lower rates of appointment
scheduling and attendance [16]. In an indicative exam-
ple, Aboriginal people of reproductive age (18—45 years)
were 9.32 times less likely to be referred for a prenatal
appointment within the Genetics Service of Western
Australia than non-Indigenous people [15]. Of the Indig-
enous people who did access clinical genetic services,
many reported that services displayed limited cultural
understanding and inadequate assistance with travel and
logistics, and experienced poor communication between
genetic health practitioners [15, 17]. The 2021 census
estimates that 582,000 (51%) Indigenous Australians live
in regional and remote areas [18], and 167 different tra-
ditional languages are still spoken at home by 9.5% of
the Indigenous population [19] [], indicating that atten-
tion to linguistic and logistic barriers, in addition to cul-
tural barriers, is required for inclusive services. Current
endeavours to address linguistic barriers in healthcare
include the Western Australian Government department
of Health’s support of the Lyfe Languages program [20].
Lyfe Languages is an Indigenous -led services which sup-
ports the high-fidelity translation of clinical terminology
to local languages [21]. The expansion of similar services
to other language groups requires the upskilling of health
professionals with local language knowledge.
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Biobanking and clinical databases

Health inequalities between Indigenous and non-indig-
enous Australians remain significant [22, 23] and are
largely explained by the prevalence of chronic diseases
in Indigenous populations including diabetes, heart dis-
ease and respiratory disease [24—26]. It is likely that pre-
cision medicine will make increasing contributions to
the management of chronic conditions. Precision medi-
cine utilises genomic research to identify links between
genetic variation and phenotype. The more robust a data-
base of established genetic information, the more likely a
genomic link will be identified, should it exist. As a result,
these databases require the broadest range of source data;
that is, genomic data that has come from many differ-
ent populations around the world including Indigenous
peoples. Unfortunately, these databases often consist of
overrepresented populations, such as those of European
ancestry, meaning that precision medicine tools based on
those databases will be less accurate for non-European
populations [26—28]. Indigenous Australians specifically
are underrepresented in genomic and genetic research
[29, 30] and clinical trials [26]. Indigenous populations
around the world are likely to have unique genetic vari-
ants with unknown links to disease phenotypes [2, 27].
Recent work has exemplified the genetic stratification
of Indigenous Australian populations pre-invastion
[31] and post-invasion [32, 33] and reported extensive
novel genetic variation across the continent. In order to
ensure that precision medicine offers benefits to Indig-
enous peoples, it is imperative that references databased
become more representative of world populations and
more inclusive of Indigenous peoples.

Interviews with Indigenous Australians undertaken by
the National Centre for Indigenous Genomics indicate
an understanding and even enthusiasm for the use of
biobanks in disease research (Hermes, et al. 2021). How-
ever, the inclusion of data from Indigenous populations
in clinical databases is not straightforward. The misuse
of Aboriginal clinical data has created mistrust between
Indigenous Australians and health researchers [34, 35].
Indigenous Australians are now leading a new phase to
decolonise the genomics space and enhance the work-
force. The National Centre for Indigenous Genomics
(NCIG) at the Australian National University has built
unprecedented relationships with Indigenous communi-
ties, including returning biological samples to their com-
munities of origin [35]. NCIG focuses on the informed
consent not just of individuals, but of communities
[Hermes et al., 2021). In this way, the Indigenous-major-
ity board at the Centre recognises the non-individualistic
nature of genomic data and respects community rights
and values. Actively creating space for Indigenous peo-
ple to support their communities is key in all aspects
of Indigenous engagement, including genomics and

Page 3 of 5

precision medicine. The rapid developments in scientific
and medical technologies have great potential for medi-
cal breakthroughs and quality of life improvements, but
actual outcomes are uncertain until well tested. Given
the nascent nature of technology used in precision medi-
cine and therefore the uncertainty of outcomes and risks
for novel technologies, Kendal E [36] questions whether
informed consent is even possible in the context of preci-
sion medicine. This may be especially true for Indigenous
communities wishing to consider the potential risks and
reward of precision medicine from a communal perspec-
tive. An important step in addressing these challenges is
to ensure that the scientific community includes Indig-
enous people with active ties to the communities they
work in or with.

Indigenous health workers

Indigenous groups have advocated over decades for
self-determination and leadership in health [25]. By pri-
oritising Indigenous healthcare workers - particularly in
genomic and genetic medicine - culturally appropriate,
informed interpretation of individual genetic informa-
tion is possible. The National Aboriginal Torres Strait
Islander Health Workforce Strategic Framework [37]
has identified six priority areas to support the health
workforce. These include strengthened recruitment and
retention of Indigenous health professionals, building on
workforce capacity, promotion of the benefits of cultur-
ally safe workplaces, improving the number of students
with health qualifications, and supporting workforce pol-
icy and planning [37]. Within this framework, there is no
mention of the need to prioritize practitioners in clinical
genetics and precision medicine. It would be extremely
beneficial if a dedicated framework for workforce
capacity in genomics was developed and underpinned
by the priorities and values of Indigenous Australian
communities.

Unfortunately, there are only a handful of Aboriginal
geneticists in Australia, and at present, there are only two
Aboriginal or Torres Strait Islander genetic counsellors
and no clinical geneticists. Indigenous clinicians would
be best placed to ensure the information disseminated
about precision medicine is linguistically and culturally
accessible or identify when this is not the case.

Conclusion

International literature has highlighted the importance
of addressing racial and ethnic workforce disparities
in increasing access to genetic services for underserved
communities [38]. A strengthened Indigenous Australian
genomics workforce will allow for a greater voice and par-
ticipation in the health system [39]. Indigenous genetic
clinicians, research personnel and scientific lab techni-
cians are needed to provide a bridge between research,
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its outcomes and benefits, and community needs, wants
and concerns. Workshops and programs such as SING
Australia allow professionals to form cross-disciplinary
networks that support their own careers. SING Austra-
lia brings together Indigenous academics, professionals,
students, and community members to ensure concerns
are actively heard within academic circles and research
is explained appropriately to community decision-mak-
ers, while building capacity for students to continue into
genomic research. Through inspiring the next genera-
tion of Indigenous researchers and clinicians, the future
health benefits of genomics can be equitably shared and
Indigenous communities can be empowered to lead their
own research and determine their own benefits.

Author contributions

All authors contributed to the conceptualisation, and revision of the
manuscript. DAL and TM co-wrote the largest portion of the piece. EK
significantly edited various drafts of the piece.

Funding

No funding was provided directly for this opinion piece. The authors are
funded in the following ways.

DAL is the SING Australia Research Assistant and a doctoral candidate
supported by The University of Adelaide Research Scholarship (Indigenous)
Research Training Program Scholarship (Indigenous) and The Julia Konig
Bequest Award - For Indigenous Students. TM is the SING Australia coordinator
and her studies are supported by the Victorian Governments Department

of Health and Human Services (DHHS). EK is supported by the Australian
Research Council (FT160100093). SING Australia is supported by Australian
Genomics and The Centre of Excellence for Biodiversity and Heritage (CABAH).

Data availability
N/A.

Declarations

Ethical approval
NA.

Competing interests

The authors TM and DAL are Aboriginal Australian women. TM is a Yorta-
Yorta and Wemba-Wemba woman with a nursing background, holding
postgraduate qualifications in genetic counselling and public health and

is the SING Australia coordinator. DAL is a Woolwonga doctoral candidate

in Indigenous Genomics at the University of Adelaide and is the research
assistant for SING Australia. EK is a Jewish-Polish-Australian woman with a
background in clinical medicine and public health, currently Professor of
Anthropology at the Alfred Deakin Institute for Citizenship and Globalisation.

Received: 15 November 2022 / Accepted: 22 May 2024
Published online: 04 July 2024

References

1. Tsosie KS, Yracheta JM, Kolopenuk JA, Geary J. We have gifted enough:
indigenous genomic data sovereignty in precision medicine. Am J Bioeth.
2021;21:72-5.

2. Baynam G, Molster C, Bauskis A, Kowal E, Savarirayan R, Kelaher M, Easteal S,
Massey L, Garvey G, Goldblatt J et al. Indigenous Genetics and Rare Diseases:
Harmony, Diversity and Equity. In Rare Diseases Epidemiology: Update and
Overview Edited by Posada de la Paz M, Taruscio D, Groft SC. Cham: Springer
International Publishing; 2017: 511-520.

3. Conway J, Tsourtos G, Lawn S. The barriers and facilitators that indigenous
health workers experience in their workplace and communities in providing

20.

21.

22.

23.

24.

Page 4 of 5

self-management support: a multiple case study. BMC Health Serv Res.
2017;17:1-13.

Wain T, Sim M, Bessarab D, Mak D, Hayward C, Rudd C. Engaging Australian
Aboriginal narratives to challenge attitudes and create empathy in health
care: a methodological perspective. BMC Med Educ. 2016;16:1-7.

Kowal E, Gallacher L, Macciocca I, Sahhar M. Genetic counseling for indig-
enous australians: an exploratory study from the Perspective of Genetic
Health Professionals. J Genet Couns. 2015;24:597-607.

Lemke AA, Esplin ED, Goldenberg AJ, Gonzaga-Jauregui C, Hanchard NA,
Harris-Wai J, Ideozu JE, Isasi R, Landstrom AP, Prince AE. Addressing under-
representation in genomics research through community engagement. Am J
Hum Genet. 2022;109:1563-71.

McWhirter R, Hermes A, Huebner S, Brown A. Community engagement and
the protection-inclusion dilemma. Am J Bioeth. 2023;23:100-2.

Kowal E, Pearson G, Peacock CS, Jamieson S, Blackwell J. Genetic Research
and Aboriginal and Torres Strait Islander australians. J Bioethical Ing.
2012;9:419-32.

Arbour L, Cook D. DNA on loan: issues to consider when Carrying out Genetic
Research with Aboriginal families and communities. Community Genet.
2006;9:153-60.

Tsosie KS, Bader AC, Fox K, Bolnick DA, Garrison NA, Smith RWA. Ancient-DNA
researchers write their own rules. Nature. 2021:600:37.

Lewis DA, Simpson R, Hermes A, Brown A, Llamas B. More than dirt: sedimen-
tary ancient DNA and indigenous Australia. Molecular Ecology Resources;
2023.

Hudson M, Garrison NA, Sterling R, Caron NR, Fox K, Yracheta J, Anderson J,
Wilcox P, Arbour L, Brown A, et al. Rights, interests and expectations: indig-
enous perspectives on unrestricted access to genomic data. Nat Rev Genet.
2020;21:377-84.

D'’Angelo CS, Hermes A, McMaster CR, Prichep E, Richer E, Van der Westhuizen
FH, Repetto GM, Mengchun G, Malherbe H, Reichardt JK. Barriers and consid-
erations for diagnosing rare diseases in indigenous populations. Front Pead.
2020;8:579924.

Baynam GS, Pearson G, Blackwell J. Translating Aboriginal genomics - four
letters closing the gap. Med J Aust. 2016,205:379.

Kelaher M, Kowal E, Savarirayan R, Garvey G, Baynam G, McGaughran J,
Dawkins H, Jenkins M, Paradies Y, Pearson MG. Better Indigenous Genetic
(BIG) Health Services project. Lowitja Institute; 2020.

Luke J, Dalach P, Tuer L, Savarirayan R, Ferdinand A, McGaughran J, Kowal E,
Massey L, Garvey G, Dawkins H. Investigating disparity in access to Australian
clinical genetic health services for Aboriginal and Torres Strait Islander
people. Nat Commun. 2022;13:1-11.

Dalach P, Savarirayan R, Baynam G, McGaughran J, Kowal E, Massey L, Jenkins
M, Paradies Y, Kelaher M. This is my boy’s health! Talk straight to me! Perspec-
tives on accessible and culturally safe care among Aboriginal and Torres Strait
Islander patients of clinical genetics services. Int J Equity Health. 2021,20:103.
Statistics ABo: Estimates of Aboriginal and Torres Strait Islander Australians.
Final 2021 Census-based estimated resident population of Aboriginal and
Torres Strait Islander and non-Indigenous Australians for various geographies.
Final 2021 Census-based estimated resident population of Aboriginal and
Torres Strait Islander and non-Indigenous Australians for various geogra-
phies; June 2021:Final 2021 Census-based estimated resident population

of Aboriginal and Torres Strait Islander and non-Indigenous Australians for
various geographies.

Statistics ABo. Aboriginal and Torres Strait Islander

people: Census [https://www.abs.gov.au/statistics/
people/aboriginal-and-torres-strait-islander-peoples/
aboriginal-and-torres-strait-islander-people-census/2021]

Department of Health WA. Lyfe Languages [https://thechallenge.health.
wa.gov.au/~/link.aspx?_id=D9F932D5BB73486A86C4760C3BB82ED2&_z=7].
Languages L. LYFE LANGUAGES: LISTENING, TALKING, ACTING [https.//www.
lyfelanguages.com/]

Socioeconomic outcome area 1. Aboriginal and Torres Strait Islander people
enjoy long and healthy lives. Commission AGP ed.: Commonwealth of Aus-
tralia; 2022.

Socioeconomic outcome area 2. Aboriginal and Torres Strait Islander children
are born healthy and strong. Commission AGP ed.: Commonwealth of Austra-
lia; 2022.

Dasgupta P, Garvey G, Baade PD. Quantifying the number of deaths

among Aboriginal and Torres Strait Islander cancer patients that could be
avoided by removing survival inequalities, Australia 2005-2016. PLoS ONE.
2022;17:20273244.


https://www.abs.gov.au/statistics/people/aboriginal-and-torres-strait-islander-peoples/aboriginal-and-torres-strait-islander-people-census/2021
https://www.abs.gov.au/statistics/people/aboriginal-and-torres-strait-islander-peoples/aboriginal-and-torres-strait-islander-people-census/2021
https://www.abs.gov.au/statistics/people/aboriginal-and-torres-strait-islander-peoples/aboriginal-and-torres-strait-islander-people-census/2021
http://thechallenge.health.wa.gov.au/~/link.aspx?_id=D9F932D5BB73486A86C4760C3BB82ED2&_z=z
http://thechallenge.health.wa.gov.au/~/link.aspx?_id=D9F932D5BB73486A86C4760C3BB82ED2&_z=z
https://www.lyfelanguages.com/
https://www.lyfelanguages.com/

Lewis et al. International Journal for Equity in Health

25.

26.

27.

28.

29.

30.

32.

(2024) 23:134

Durie M. The health of indigenous peoples: depends on genetics, politics,
and socioeconomic factors. BMJ. 2003;326:510-1.

Umaefulam V, Kleissen T, Barnabe C. The representation of indigenous
peoples in chronic disease clinical trials in Australia, Canada, New Zealand,
and the United States. Clin Trails. 2022;19:22-32.

Easteal S, Arkell RM, Balboa RF, Bellingham SA, Brown AD, Calma T, Cook MC,
Davis M, Dawkins HJS, Dinger ME, et al. Equitable Expanded Carrier Screening
Needs Indigenous Clinical and Population genomic data. Am J Hum Genet.
2020;107:175-82.

Mishra A, Malik R, Hachiya T, Jirgenson T, Namba S, Posner DC, Kamanu FK,
Koido M, Le Grand Q, Shi M. Stroke genetics informs drug discovery and risk
prediction across ancestries. Nature 2022:1-15.

Cheng Y-Y, Nunn J, Skinner J, Rambaldini B, Boughtwood T, Calma T, Brown
A, Meldrum C, Dinger ME, Byrne JA. A pathway to precision medicine for
Aboriginal australians: a study protocol. Methods Protocols. 2021;4:42.
McWhirter R, Nicol D, Savulescu J. Genomics in research and health care
with Aboriginal and Torres Strait Islander peoples. Monash Bioeth Rev.
2015;33:203-9.

Tobler R, Rohrlach A, Soubrier J, Bover P, Llamas B, Tuke J, Bean N, Abdullah-
Highfold A, Agius S, O'Donoghue A, et al. Aboriginal mitogenomes reveal
50,000 years of regionalism in Australia. Nature. 2017,544:180-4.

Reis AL, Rapadas M, Hammond JM, Gamaarachchi H, Stevanovski I, Ayuputeri
Kumaheri M, Chintalaphani SR, Dissanayake DS, Siggs OM, Hewitt AW. The
landscape of genomic structural variation in indigenous australians. Nature.
2023;624:602-10.

33.

34.

35.

36.

37.

38.

39.

Page 5 of 5

Silcocks M, Farlow A, Hermes A, Tsambos G, Patel HR, Huebner S, Baynam G,
Jenkins MR, Vukcevic D, Easteal S. Indigenous Australian genomes show deep
structure and rich novel variation. Nature. 2023;624:593-601.

Hermes A, Wiersma M, Kerridge |, Easteal S, Light E, Dive L, Lipworth W.
Beyond platitudes: a qualitative study of Australian Aboriginal people’s
perspectives on biobanking. Intern Med J. 2021;51:1426-32.

Dodson M. Human Genetics: control of research and sharing of benefits.
Australian Aboriginal Stud. 2000;1:56-64.

Kendal E. Ethical, Legal and Social Implications of Emerging Technology
(ELSIET) Symposium. pp. 1-8: Springer; 2022:1-8.

Aboriginal ADH, Group TSIHWW. National Aboriginal and Torres Strait Islander
health workforce strategic framework 2016-2023. 2017.

Wilbur K, Snyder C, Essary AC, Reddy S, Will KK, Saxon M. Developing work-
force diversity in the health professions: a social justice perspective. Health
Professions Educ. 2020,6:222-9.

Lai GC, Taylor EV, Haigh MM, Thompson SC. Factors affecting the retention

of indigenous australians in the health workforce: a systematic review. Int J
Environ Res Public Health. 2018:15:914.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Precision medicine in Australia: indigenous health professionals are needed to improve equity for Aboriginal and Torres Strait Islanders
	﻿Abstract
	﻿Introduction
	﻿Genomics and culture
	﻿Impacts of inequality in clinical services
	﻿Biobanking and clinical databases
	﻿Indigenous health workers

	﻿Conclusion
	﻿References


