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Abstract
Genomics research related to Indigenous people has been at worst exploitative and at best, retrospectively on a journey to 
improve effective engagement of Indigenous individuals and communities. Genomics can positively impact all stages of 
clinical management, and to improve genomic effectiveness researchers aggregate genomic data from diverse global sub-
populations, such as shared ancestry groupings, as people within these groupings will have a greater proportion of shared 
DNA traits. While genomics is already being used worldwide to improve lives, its utility and effectiveness has not been 
maximized for individuals with Indigenous ancestry. Several large datasets of human genetic variation have been made pub-
licly available, of which the most widely used is the Genome Aggregation Database (gnomAD), but none of these databases 
currently contain any population-specific data for Indigenous populations. There are many reasons why Indigenous people 
have been largely left out of genomics research and, because of this, miss out on the benefits offered. It is also clear that if 
research is to be effective, it needs to be done ‘with’ and not ‘on’ Indigenous communities. This systematic review of the 
literature regarding Indigenous peoples (in high income countries) and genomics aims to review the existing literature and 
identify areas of strength and weakness in study design and conduct, focusing on the effectiveness of Indigenous community 
engagement.

Introduction

Indigenous peoples and genomics

Genomics is the study of an individual’s genes (the genome), 
including interactions of those genes with each other and 
with the individual’s environment. It leverages the estab-
lished understanding about genomic variation associated 
with wellness and disease to tailor medical treatment to the 

individual. It does this through targeted analyses of medi-
cally relevant information within an individual’s sequenced 
DNA. Genomics can positively impact all stages of clinical 
management: improving diagnosis, pinpointing appropriate 
preventive measures, and enabling therapeutic interventions 
(Rae et al 2017; National Research Council (US) 2011). 
To make genomics more effective, researchers aggregate 
genomic data from diverse global sub-populations, such as 
shared ancestry groupings, as people within these groupings 
will have a greater proportion of shared DNA traits (Rob-
ertson et al 2018). These groups can affect the nature and 
direction of the research undertaken and the interventions 
that are available to those groups.

While genomics is already being used worldwide to 
improve lives, its utility and effectiveness has not been 
maximized for individuals with Indigenous ancestry as these 
people are underrepresented in genomic reference databases 
(Petrovski and Goldstein 2016). Several large datasets of 
human genetic variation have been made publicly available, 
of which the most widely used is the Genome Aggregation 
Database (gnomAD), but these databases currently contain 
little, if any, population-specific data for Indigenous peoples 

 * Vita Christie 
 vita.christie@mq.edu.au

1 Djurali Centre for Aboriginal and Torres Strait Islander 
Education and Research (Formerly Known as Poche Centre 
for Indigenous Health), Macquarie University, Walanga 
Muru Building, 6 First Walk, Sydney, NSW 2113, Australia

2 University of Toronto, 27 King’s College Circuit, Toronto, 
Canada

3 Australian Genomics, 50 Flemington Rd, Parkville, 
VIC 3052, Australia

4 Murdoch Children’s Research Institute, Royal Children’s 
Hospital, 50 Flemington Rd, Parkville, VIC 3052, Australia

http://crossmark.crossref.org/dialog/?doi=10.1007/s00439-023-02587-5&domain=pdf
http://orcid.org/0000-0003-3887-8305


1408 Human Genetics (2023) 142:1407–1416

1 3

(Karczewski et al 2020). The deficit of data affects equity of 
access to genomics for Indigenous peoples, who represent 
a culturally and linguistically diverse set of communities 
who are at greater risk of poorer health outcomes (Bilkey 
et al 2019). In the era of rapidly advancing medical care 
and technology, there is a serious risk that this inequity will 
widen the already prominent health and life expectancy gaps 
between Indigenous and non-Indigenous populations (Rob-
ertson et al 2018; Claw et al 2018).

Historically, the lack of study transparency in many sci-
entific investigations has undermined trust and heightened 
concerns among Indigenous peoples about sharing personal 
health information (Middleton et al. 2019). While some peo-
ple may have concerns regarding genetic research, such as 
genetic discrimination in employment, difficulty in obtaining 
insurance, or unconsented forensic use of genomic data in 
law enforcement (Claw et al 2018), Indigenous peoples may 
have additional concerns specific to their cultural, social and 
collective contexts. This may include allegations of genetic 
inferiority, threats to cultural beliefs, fear of exploitation for 
commercial purposes (e.g. drug development), inappropri-
ate use in Native Title claims or exclusion from government 
assistance (Rae et al 2017; Robertson et al 2018). These 
concerns highlight the importance of adopting a collabora-
tive approach when conducting genomic research involving 
Indigenous peoples; one which partners with Indigenous 
communities and incorporates Indigenous perspectives and 
culture into study design and conduct.

Aim

This systematic review aims to gather the existing literature 
regarding Indigenous people and genomics and evaluate it 
based on the strength or weakness of the Indigenous com-
munity engagement of each study.

Methods

Literature search

An electronic literature search was conducted using the 
databases MEDLINE, CINAHL, and Aboriginal and Tor-
res Strait Islanders Health Informit Database. The search 
strategy included two key concepts- Indigenous and genom-
ics- and used the following search terms: “Indigenous”, 
“Aboriginal”, “Aborigines”, “Torres Strait*”, “First Nation”, 
“Metis”, “Inuit”, “American Indian”, “Native American”, 
“Alaska Native”; “genetics”, “genetic medicine”, “person-
alized medicine”, “genetic testing”, “genomics”, “genetic 
predisposition to disease”, “genetic diseases”, “bio-
logical specimen banks”. The search terms were adapted 
for other bibliographic databases in combination with 

database-specific filters, where applicable. Other inclusion 
criteria was English language, published since 2005, human 
studies only. The last search was performed on May 4th, 
2020. The references of all included articles and related 
articles were hand searched to identify additional relevant 
studies.

A total of 1558 candidate articles were found in the initial 
database search (1415 from MEDLINE, 121 from CINAHL, 
22 from the Informit database) and an additional five arti-
cles were identified through other sources. There were no 
duplicate articles. The abstracts of all articles were screened 
by two researchers (SJ, RV) and 51 articles were included 
for full-text review. Forty articles were included in the final 
analysis (see Fig. 1. PRISMA flow chart in the “Results” 
section).

Study selection

The included studies were conducted in Indigenous popula-
tions in Australia, Canada, New Zealand, and the United 
States, studied a genetic basis for disease or treatment, 
and collected their own samples for genetic analysis. The 
geographical limitations reflect a recent qualitative review 
reporting similar experiences of Indigenous groups stud-
ied in these countries of genetic research (Aramoana et al. 
2020). Studies were excluded if they: did not intend to study 
an Indigenous population or Indigenous status was deter-
mined in the analysis, used previously available samples 
(i.e. did not directly collect samples from participants), or if 
genetic analysis was performed for the purpose of forensic 
biology or evaluation of genetic sequencing techniques. Only 
case control, cross-section, and quasi-experimental studies 
were included. The inclusion of each article was reviewed 
by two researchers (SJ, RV) and consensus was reached on 
consultation with a senior researcher (KG).

Risk of bias assessment

Included studies were scored using the Joanna-Briggs Insti-
tute Critical Appraisal Checklist for case control, cross-sec-
tion, or quasi-experimental studies.

Data abstraction and analysis

Pre-determined piloted forms were used to extract data 
independently by two researchers (SJ, RV) and included: 
population group, location, sample size, study design, con-
sent and recruitment process, research governance, data dis-
semination, genetic analysis procedures, and a community 
engagement score (CES, discussed in further detail below). 
Given the scope of the study, it was not possible to contact 
the original investigators of any study.
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The Community Engagement Score (CES) is a meas-
ure of community involvement and ethical approaches 
towards research with Indigenous populations. It is derived 
from the principles of the National Health and Medicine 
Research Council (NHMRC) of Australia on ethical 
conduct in Aboriginal and Torres Strait Islander health 
research. (Jamieson et al. 2012; National Health and Medi-
cal Research Council of Australia 2018). The guidelines 
have been modified to make up five separate categories: 
community-centered, partnership and governance, capac-
ity-building, flexibility and cultural considerations, and 
respect for communities. Each study was assessed against 
each category and scored 1 for yes and 0 for no. The study 
was then assigned a score out of five based on meeting 

these components, with a description of ethical measures 
taken. Other information was also extracted, including 
population, year of publication, study design, appraisal 
score, gene technique, and study findings. Where multi-
ple publications were derived from the same study, each 
publication was scored based on its own reporting. This 
information is summarized in Supplementary Table 1: 
Overview of Included Studies by Community Engage-
ment Methods.

Best practice examples of community engagement 
methods were summarized among all the included studies. 
These examples are either extracted from original articles 
or associated methodological papers or commentaries of 
the specific study in question, where applicable.

Fig. 1  PRISMA flow diagram
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Study characteristics

40 articles were included in the final analysis. The study 
populations were primarily North American, based in US 
and Alaska (n = 17), Canada (n = 16), or joint between 
Canada and the US (n = 2). There were also 5 articles from 
Australia (n = 3) and New Zealand (n = 2). Of the included 
publications, there was overlap in study populations found 
in 16 articles, in the form of updated report on longitudinal 
cohorts. As such, there are only 31 unique research studies 
included. However, each article was analyzed based on its 
own report and associated methods paper, if applicable.

Of the 40 included articles, there were 21 cross-sec-
tional studies, 18 case control studies, and 1 quasi-exper-
imental study. The average score by the Joanna-Briggs 
Institute Critical Appraisal Checklist was 7.14 for cross 
sectional studies, 8.88 for case control studies and 8 for 
quasi-experimental studies. Genetic sequencing methods 
used were targeted genotyping by Polymerase Chain Reac-
tion (PCR) (n = 31, 77%) and genome-wide association 
studies (n = 9, 22%). The average CES score was 2.5, with 
reported actions towards community centeredness in 8 
articles (20%), partnership and governance in 14 articles 
(35%), capacity-building in 6 articles (15%), flexibility and 
cultural considerations in 9 articles (22%), and respect in 
12 articles (35%).

Results

Findings

Data from the methods of included articles were used to 
provide key examples of best practice in the following 
Table 1 Community Engagement Areas.

Findings and discussion

Our review identified five areas for improvement when 
addressing the gap in Indigenous genomic research 
engagement.

Area 1: Research should address a priority health issue 
determined by the community

Past research has often been labelled as extractive: the 
main objective of a study was to answer a scientific ques-
tion of interest to the researcher, and participants were 
viewed as experimental subjects utilized to answer the 
question (Arbour and Cook 2006). Even when a health 
issue leads to high burden of disease in the community, 

it is prudent to ensure that it is of importance to the com-
munity (Jamieson et al. 2012).

Some studies were designed using codesign methodology, 
including community consultation to determine whether the 
research topic was a priority health issue (Fohner et al. 2013; 
Fohner et al. 2015; Scally et al. 2017) and to clarify which 
specific areas to address with research, such as knowledge 
translation to the community (McWhirter et al. 2014). In one 
study, researchers were approached by community members 
with specific concern for a prevalent disease, leading to a 
community-driven study and fruitful research partnership 
(Arbour and Cook 2006; Asuri et al. 2018).

Area 2: Indigenous governance is needed to conduct 
research within a mutually respectful partnership

A mutually respectful partnership between researchers and 
the community should be formed. While community mem-
bers can be study participants, they are also uniquely poised 
to advise on research issues, process, and resulting prior-
ity interventions (McWhirter et al. 2014). Approval sought 
for research should not be limited to certain groups or a 
point in time. Researchers should seek agreement to conduct 
research beyond that of local health authorities, institutional 
review boards, or community leaders; rather researchers 
should seek wide-ranging approval of community members 
who the results may also impact (McWhirter et al. 2014). 
Approval to initiate a research project should also include 
a mechanism to make any post-approval changes (Jamieson 
et al. 2012).

Many researchers in reviewed articles established an 
Indigenous Advisory Group made of community members 
to advise on the research process (Arbour et al. 2008;  Foh-
ner et al. 2013; Gray et al. 2017; Binnington et al. 2012; 
McWhirter et al. 2014; Murdoch et al. 2012; Scally et al. 
2017; Voruganti et al. 2010; Zhu et al. 2013). Where a pro-
spective cohort study was initiated, a long-term relationship 
was emphasized between researchers and community mem-
bers (Asuri et al. 2018; Fohner et al. 2013; Larcombe et al. 
2015; Larcombe et al. 2017; McWhirter et al. 2014). Exten-
sive community consultation and consent was obtained from 
local health boards, community leaders, and community 
members to ensure comprehensive community approval for 
the research project (Arbour et al. 2008; Asuri et al. 2018; 
Gray et al. 2017; McWhirter et al. 2014).

Area 3: Capacity‑building is a key focus of the research 
partnership

This area seeks to provide benefits to the community 
beyond those of scientific progress. Benefits provided can 
include skill development, in-kind benefits, or public health 
interventions. Where possible, research should provide 
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opportunities for additional benefits to participants and/or 
the broader community.

There were several instances where local community 
members were employed to assist in research for skill devel-
opment and employment. One study (McWhirter et al. 2014) 
employed local community members to facilitate consent 
processes which improved cultural appropriateness and 
decreased the power dynamic during participant enrolment. 
Several researchers (Arbour and Cook 2006; Voruganti et al. 
2010) employed Indigenous students or local community 
members as research assistants, who helped with translation. 
Research collaborations also provided community interven-
tions such as interactive sessions with health professionals, 
community activities, and increased access to healthcare 
(Arbour and Cook 2006; McWhirter et al. 2014).

Area 4: Flexibility in study implementation to respect 
Indigenous ways of doing and knowing

Studies based on community feedback and recognition of 
Indigenous ways of doing and knowing can improve the 
scientific rigor of the research (Jamieson et al. 2012). This 
principle arose from previous studies that were based on 
non-Indigenous scientific standards without consideration 
of Indigenous culture (Dodson and Williamson 1999).

In our review, several researchers partnered with commu-
nity members to create information materials in a culturally 
acceptable and informative manner (Arbour and Cook 2006; 
Asuri et al. 2018; McWhirter et al. 2014), and the consent 
process often included an interpreter (El-Gabalawy et al. 
2011; Gray et al. 2017; Scally et al. 2017; Voruganti et al. 
2010). In data dissemination, one study provided results to 
the community in a video format with cultural reference 
points and traditional stories as a framework for the health 
message (McWhirter et al. 2014).

Research rigor has also been improved when study meth-
odology operates within Indigenous culture. For example, 
one study (Voruganti et al. 2010) planned around hunting 
season, ensuring the timing of the research did not clash with 
periods when the community were transient in nature, and 
one study (Cameron-Christie et al. 2018) used traditional 
genealogy practices (’whakapapa’) to construct heritage.

Area 5: Respecting communities’ past and present 
experience of research

Past genetic research has led to many transgressions against 
Indigenous peoples worldwide including propagating racial 
stereotypes, unauthorized genetic analysis, unreturned 
genetic samples, and using results to deny Indigenous cul-
ture (Taniguchi et al. 2012). Thus, an understanding of pre-
vious exploitative research in the context of colonization is 
required to build new research partnerships based on respect. Ta
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Researchers should establish clear expectations in written 
agreements where possible, ensure community ownership 
of all intellectual and biological assets, and apply iterative 
changes to the study protocol based on community feedback 
(Jamieson et al. 2012).

We found that many researchers formed a Memorandum 
of Understanding with the community as a way of ensuring 
agreement in research (Anderson et al. 2015; Murdoch et al. 
2012; Scally et al. 2017). Further, participants’ agreement 
was ensured as part of initial consent, sample use, and sub-
sequent studies if samples were to be re-analyzed for other 
purposes (Arbour et al. 2008; Asuri et al. 2018; Gray et al. 
2017; McWhirter et al. 2014). Results were disseminated 
regularly to communities (Asuri et al. 2018; Scally et al. 
2017) and approval was sought from community members 
prior to publication (Anderson et al. 2015; Asuri et al. 2018; 
McWhirter et al. 2014; Voruganti et al. 2010). Where con-
tentious past research was needed for comparison, advice 
was sought from Indigenous leadership on how to proceed, 
demonstrating respect for past transgressions (McWhirter 
et al. 2014). Finally, some research protocols demonstrated 
respect for community wishes and cultural beliefs, for exam-
ple one study (Fohner et al. 2013) avoided collecting related-
ness data and another (Larcombe et al. 2015) avoided analy-
sis of geographical or evolutionary origins of participants.

Limitations

Currently limited research exists that is led by Indigenous 
people about Indigenous genomics, indicating a limitation 
in genomics research. Therefore, it is essential that extensive 
further research is performed including Indigenous people 
in this field. From the literature extracted, it is evident that 
some of the research performed on Indigenous genomics 
was done so in an unethical manner and would not be vali-
dated by majority of the human research ethics committees 
globally.

Conclusion

This systematic review has identified several areas of oppor-
tunities and improvements necessary to address the large gap 
in successfully conducting research in Indigenous genomics. 
The review has shown that many of the areas of opportuni-
ties lie around the need to conduct research in a manner 
that should address a priority health issue that is deemed 
so by Indigenous communities; that there is the need for 
Indigenous governance to ensure research is conducted via 
a mutual partnership that is respectful; and that flexibility 
is essential in study implementation to demonstrate respect 
for culturally appropriate Indigenous ways of doing and 

knowing and ensuring respect for communities’ experiences 
both past and present.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00439- 023- 02587-5.

Acknowledgements TB was supported by Australian Genomics 
(NHMRC Grant GNT2000001).

Author contributions Conceptualization of the study—KG, SJ, JS; 
data collection and analysis—SJ, RV, MR, TB, JS, KG; drafting the 
manuscript—KG, SJ, MR, RV, VC; review, editing and approval of 
manuscript—all authors.

Funding Open Access funding enabled and organized by CAUL and 
its Member Institutions. The authors declare that no funds, grants, or 
other support were received during the preparation of this manuscript.

Availability of data The datasets generated during and/or analyzed dur-
ing the current study are available from the corresponding author on 
reasonable request.

Declarations 

Conflict of interest The authors have no relevant financial or non-fi-
nancial interests to disclose.

Ethical approval Not required for a systematic review.

Consent to publish Not applicable.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Anderson D, Cordell HJ, Fakiola M, Francis RW, Syn G, Scaman E 
et al (2015) First genome-wide association study in an Australian 
aboriginal population provides insights into genetic risk factors for 
body mass index and type 2 diabetes. PLoS ONE 10(3):e0119333. 
https:// doi. org/ 10. 1371/ journ al. pone. 01193 33

Aramoana J, Koea J, CommNETS Collaboration (2020) An integra-
tive review of the barriers to indigenous peoples participation 
in biobanking and genomic research. JCO Glob Oncol 6:83–91. 
https:// doi. org/ 10. 1200/ JGO. 18. 00156. (PMID: 32213083; 
PMCID: PMC7853871)

Arbour L, Cook D (2006) DNA on loan: issues to consider when carry-
ing out genetic research with aboriginal families and communities. 
Community Genet 9(3):153–160. https:// doi. org/ 10. 1159/ 00009 
2651. (PMID: 16741344)

Arbour L, Rezazadeh S, Eldstrom J et al (2008) A KCNQ1 V205M 
missense mutation causes a high rate of long QT syndrome in a 

https://doi.org/10.1007/s00439-023-02587-5
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1371/journal.pone.0119333
https://doi.org/10.1200/JGO.18.00156
https://doi.org/10.1159/000092651
https://doi.org/10.1159/000092651


1414 Human Genetics (2023) 142:1407–1416

1 3

First Nations community of northern British Columbia: a com-
munity-based approach to understanding the impact. Genet Med 
10:545–550. https:// doi. org/ 10. 1097/ GIM. 0b013 e3181 7c6b19

Aslibekyan S, Vaughan LK, Wiener HW, Lemas DJ, Klimentidis YC, 
Havel PJ, Stanhope KL, O’brien DM, Hopkins SE, Boyer BB, 
Tiwari HK (2013) Evidence for novel genetic loci associated with 
metabolic traits in Yup’ik people. Am J Hum Biol 25(5):673–680. 
https:// doi. org/ 10. 1002/ ajhb. 22429. (Epub 2013 Aug 1. PMID: 
23907821; PMCID: PMC3785243)

Asuri S, McIntosh S, Taylor V, Rokeby A, Kelly J, Shumansky K, Field 
LL, Yoshida EM, Arbour L (2018) Primary biliary cholangitis 
in British Columbia First Nations: clinical features and discov-
ery of novel genetic susceptibility loci. Liver Int 38(5):940–948. 
https:// doi. org/ 10. 1111/ liv. 13686. (Epub 2018 Jan 23. PMID: 
29297981)

Best LG, Nadeau M, Davis K, Lamb F, Bercier S, Anderson CM (2012) 
Genetic variants, immune function, and risk of pre-eclampsia 
among American Indians. Am J Reprod Immunol 67(2):152–159. 
https:// doi. org/ 10. 1111/j. 1600- 0897. 2011. 01076.x. (Epub 2011 
Oct 17. PMID: 22004660; PMCID: PMC3253256)

Best LG, Saxena R, Anderson CM, Barnes MR, Hakonarson H, Fal-
con G, Martin C, Castillo BA, Karumanchi A, Keplin K, Pearson 
N, Lamb F, Bercier S, Keating BJ (2013) Two variants of the 
C-reactive protein gene are associated with risk of pre-eclamp-
sia in an American Indian population. PLoS ONE 8(8):e71231. 
https:// doi. org/ 10. 1371/ journ al. pone. 00712 31. (Erratum in: 
PLoS One. 2013 Sep 23;8(9):null. PMID: 23940726; PMCID: 
PMC3733916)

Best LG, Azure C, Segarra A, Enright KJ, Hamley S, Jerome D, 
O’Leary MA, O’Leary RA, Parisien A, Trottier K, Yracheta 
JM, Torgerson DG (2017) Genetic variants and risk of asthma 
in an American Indian population. Ann Allergy Asthma Immu-
nol 119(1):31-36.e1. https:// doi. org/ 10. 1016/j. anai. 2017. 05. 015. 
(PMID: 28668238; PMCID: PMC5695928)

Bilkey GA, Burns BL, Coles EP, Bowman FL, Beilby JP, Pachter NS 
et al (2019) Genomic testing for human health and disease across 
the life cycle: applications and ethical, legal, and social chal-
lenges. Front Public Health 7:40

Binnington M, Zhu A, Renner C, Lanier A, Hatsukami D, Benowitz 
N, Tyndale R (2012) CYP2A6 and CYP2B6 genetic variation and 
its association with nicotine metabolism in South Western Alaska 
Native people. Pharmacogenet Genomics 22(6):429–440. https:// 
doi. org/ 10. 1097/ fpc. 0b013 e3283 527c1c

Braun K, Larcombe L, Orr P, Nickerson P, Wolfe J, Sharma M (2013) 
Killer immunoglobulin-like receptor (KIR) centromeric-AA hap-
lotype is associated with ethnicity and tuberculosis disease in a 
Canadian First Nations cohort. PLoS ONE 8(7):e67842. https:// 
doi. org/ 10. 1371/ journ al. pone. 00678 42. (PMID: 23861818; 
PMCID: PMC3701593)

Cameron-Christie SR, Wilde J, Gray A et al (2018) Genetic inves-
tigation into an increased susceptibility to biliary atresia in an 
extended New Zealand Māori family. BMC Med Genomics 
11:121. https:// doi. org/ 10. 1186/ s12920- 018- 0440-0

Chakkera HA, Chang YH, Bodner JK, Behmen S, Heilman RL, Reddy 
KS, Mulligan DC, Moss AA, Khamash H, Katariya N, Hewitt 
WR, Pitta TL, Frassetto LA (2013) Genetic differences in Native 
Americans and tacrolimus dosing after kidney transplantation. 
Transplant Proc 45(1):137–141. https:// doi. org/ 10. 1016/j. trans 
proce ed. 2012. 10. 023. (PMID: 23375287)

Claw KG, Anderson MZ, Begay RL, Tsosie KS, Fox K, Garrison NA 
(2018) A framework for enhancing ethical genomic research with 
Indigenous communities. Nat Commun 9(1):2957

Dodson M, Williamson R (1999) Indigenous peoples and the morality 
of the Human Genome Diversity Project. J Med Ethics 25(2):204–
208.  https:// doi. org/ 10. 1136/ jme. 25.2. 204

Ehlers CL, Gizer IR, Schuckit MA, Wilhelmsen KC (2010) Genome-
wide scan for self-rating of the effects of alcohol in American 
Indians. Psychiatr Genet 20(5):221–228. https:// doi. org/ 10. 
1097/ YPG. 0b013 e3283 3add87. (PMID: 20505555; PMCID: 
PMC2933945)

Ehlers CL, Gizer IR, Gilder DA, Yehuda R (2013) Lifetime history 
of traumatic events in an American Indian community sample: 
heritability and relation to substance dependence, affective disor-
der, conduct disorder and PTSD. J Psychiatr Res 47(2):155–161. 
https:// doi. org/ 10. 1016/j. jpsyc hires. 2012. 10. 002. (Epub 2012 Oct 
24. PMID: 23102628; PMCID: PMC3530021)

El-Gabalawy HS, Robinson DB, Hart D, Elias B, Markland J, Peschken 
CA, Smolik I, Montes-Aldana G, Schroeder M, Fritzler MJ, 
Cheang M, Oen K (2009) Immunogenetic risks of anti-cyclical 
citrullinated peptide antibodies in a North American Native popu-
lation with rheumatoid arthritis and their first-degree relatives. 
J Rheumatol 36(6):1130–1135. https:// doi. org/ 10. 3899/ jrheum. 
080855. (Epub 2009 May 1. PMID: 19411392)

El-Gabalawy HS, Robinson DB, Daha NA, Oen KG, Smolik I, Elias 
B, Hart D, Bernstein CN, Sun Y, Lu Y, Houwing-Duistermaat 
JJ, Siminovitch KA (2011) Non-HLA genes modulate the risk of 
rheumatoid arthritis associated with HLA-DRB1 in a susceptible 
North American Native population. Genes Immun 12(7):568–
574. https:// doi. org/ 10. 1038/ gene. 2011. 30. (Epub 2011 May 26. 
PMID: 21614018)

Ferucci ED, Hurlburt KJ, Mayo MJ, Livingston S, Deubner H, Gove 
J, Plotnik J, McMahon BJ (2011) Azathioprine metabolite meas-
urements are not useful in following treatment of autoimmune 
hepatitis in Alaska Native and other non-Caucasian people. Can J 
Gastroenterol 25(1):21–27. https:// doi. org/ 10. 1155/ 2011/ 137476. 
(PMID: 21258664; PMCID: PMC3027330)

Ferucci ED, Darrah E, Smolik I, Choromanski TL, Robinson DB, 
Newkirk MM, Fritzler MJ, Rosen A, El-Gabalawy HS (2013) 
Prevalence of anti-peptidyl arginine deiminase type 4 antibod-
ies in rheumatoid arthritis and unaffected first-degree rela-
tives in indigenous North American populations. J Rheumatol 
40(9):1523–1528. https:// doi. org/ 10. 3899/ jrheum. 130293. (Epub 
2013 Aug 1. PMID: 23908443; PMCID: PMC3969032)

Fohner A, Muzquiz LI, Austin MA, Gaedigk A, Gordon A, Thornton 
T, Rieder MJ, Pershouse MA, Putnam EA, Howlett K, Beatty P, 
Thummel KE, Woodahl EL (2013) Pharmacogenetics in Ameri-
can Indian populations: analysis of CYP2D6, CYP3A4, CYP3A5, 
and CYP2C9 in the Confederated Salish and Kootenai Tribes. 
Pharmacogenet Genomics 23(8):403–414. https:// doi. org/ 10. 
1097/ FPC. 0b013 e3283 629ce9. (PMID: 23778323; PMCID: 
PMC3937472)

Fohner AE, Robinson R, Yracheta J, Dillard DA, Schilling B, Khan B, 
Hopkins S, Boyer B, Black J, Wiener H, Tiwari HK, Gordon A, 
Nickerson D, Tsai JM, Farin FM, Thornton TA, Rettie AE, Thum-
mel KE (2015) Variation in genes controlling warfarin disposi-
tion and response in American Indian and Alaska Native people: 
CYP2C9, VKORC1, CYP4F2, CYP4F11. GGCX Pharmacogenet 
Genomics 25(7):343–353. https:// doi. org/ 10. 1097/ FPC. 00000 
00000 000143. (PMID: 25946405; PMCID: PMC4461509)

Gray LA, D’Antoine HA, Tong SYC, McKinnon M, Bessarab D, Brown 
N, Reményi B, Steer A, Syn G, Blackwell JM, Inouye M, Cara-
petis JR (2017) Genome-wide analysis of genetic risk factors for 
rheumatic heart disease in aboriginal Australians provides support 
for pathogenic molecular mimicry. J Infect Dis 216(11):1460–
1470. https:// doi. org/ 10. 1093/ infdis/ jix497. (PMID: 29029143)

Hitchon C, Sun Y, Robinson D, Peschken C, Bernstein C, Siminovitch 
K, El-Ghabalwy H (2012) Vitamin D receptor polymorphism 
rs2228570 (Fok1) is associated with rheumatoid arthritis in North 
American Natives. J Rheumatol 39(9):1792. https:// doi. org/ 10. 
3899/ jrheum. 120387

https://doi.org/10.1097/GIM.0b013e31817c6b19
https://doi.org/10.1002/ajhb.22429
https://doi.org/10.1111/liv.13686
https://doi.org/10.1111/j.1600-0897.2011.01076.x
https://doi.org/10.1371/journal.pone.0071231
https://doi.org/10.1016/j.anai.2017.05.015
https://doi.org/10.1097/fpc.0b013e3283527c1c
https://doi.org/10.1097/fpc.0b013e3283527c1c
https://doi.org/10.1371/journal.pone.0067842
https://doi.org/10.1371/journal.pone.0067842
https://doi.org/10.1186/s12920-018-0440-0
https://doi.org/10.1016/j.transproceed.2012.10.023
https://doi.org/10.1016/j.transproceed.2012.10.023
https://doi.org/10.1136/jme.25.2.204
https://doi.org/10.1097/YPG.0b013e32833add87
https://doi.org/10.1097/YPG.0b013e32833add87
https://doi.org/10.1016/j.jpsychires.2012.10.002
https://doi.org/10.3899/jrheum.080855
https://doi.org/10.3899/jrheum.080855
https://doi.org/10.1038/gene.2011.30
https://doi.org/10.1155/2011/137476
https://doi.org/10.3899/jrheum.130293
https://doi.org/10.1097/FPC.0b013e3283629ce9
https://doi.org/10.1097/FPC.0b013e3283629ce9
https://doi.org/10.1097/FPC.0000000000000143
https://doi.org/10.1097/FPC.0000000000000143
https://doi.org/10.1093/infdis/jix497
https://doi.org/10.3899/jrheum.120387
https://doi.org/10.3899/jrheum.120387


1415Human Genetics (2023) 142:1407–1416 

1 3

Jamieson L, Paradies Y, Eades S, Chong A, Maple-Brown L, Morris 
P, Bailie R, Cass A, Roberts-Thomson K, Brown A (2012) Ten 
principles relevant to health research among Indigenous Austral-
ian populations. Med J 197(1):16–18. https:// doi. org/ 10. 5694/ 
mja11. 11642

Karczewski KJ, Francioli LC, Tiao G, Cummings BB, Alföldi J, Wang 
Q, Collins RL, Laricchia KM, Ganna A, Birnbaum DP, Gauthier 
LD, Brand H, Solomonson M, Watts NA, Rhodes D, Singer-Berk 
M, England EM, Seaby EG, Kosmicki JA, Walters RK et al (2020) 
The mutational constraint spectrum quantified from variation in 
141,456 humans. Nature 581(7809):434–443. https:// doi. org/ 10. 
1038/ s41586- 020- 2308-7

Klimentidis YC, Lemas DJ, Wiener HH, O’Brien DM, Havel PJ, Stan-
hope KL, Hopkins SE, Tiwari HK, Boyer BB (2014) CDKAL1 
and HHEX are associated with type 2 diabetes-related traits 
among Yup’ik people. J Diabetes 6(3):251–259. https:// doi. 
org/ 10. 1111/ 1753- 0407. 12093. (PMID: 24112421; PMCID: 
PMC3964139)

Krishnan M, Major TJ, Topless RK, Dewes O, Yu L, Thompson JMD, 
McCowan L, de Zoysa J, Stamp LK, Dalbeth N, Harré Hind-
marsh J, Rapana N, Deka R, Eng WWH, Weeks DE, Minster 
RL, McGarvey ST, Viali S, Naseri T, SefuivaReupena M, Wilcox 
P, Grattan D, Shepherd PR, Shelling AN, Murphy R, Merriman 
TR (2018) Discordant association of the CREBRF rs373863828 
A allele with increased BMI and protection from type 2 diabe-
tes in Māori and Pacific (Polynesian) people living in Aotearoa/
New Zealand. Diabetologia 61(7):1603–1613. https:// doi. org/ 10. 
1007/ s00125- 018- 4623-1. (Epub 2018 May 2. PMID: 29721634; 
PMCID: PMC6434933)

Larcombe L, Orr P, Lodge A, Brown J, Dembinski I, Milligan L, Lar-
combe E, Martin B, Nickerson P (2008) Functional gene poly-
morphisms in Canadian Aboriginal populations with high rates 
of tuberculosis. J Infect Dis 198(8):1175–1179. https:// doi. org/ 
10. 1086/ 592049

Larcombe L, Mookherjee N, Slater J, Slivinski C, Dantouze J, Singer 
M, Whaley C, Denechezhe L, Matyas S, Decter K, Turner-Bran-
nen E, Ramsey C, Nickerson P, Orr P (2015) Vitamin D, serum 
25(OH)D, LL-37 and polymorphisms in a Canadian First Nation 
population with endemic tuberculosis. Int J Circumpolar Health 
74(1):28952. https:// doi. org/ 10. 3402/ ijch. v74. 28952

Larcombe L, Shafer LA, Nickerson P, Lodge A, Brown J, Milligan L, 
Pochinco M, Beaudin L, Arundel B, Wong J, Dantouze J, Dene-
chezhe L, Orr P (2017) HLA-A, B, DRB1, DQA1, DQB1 alleles 
and haplotype frequencies in Dene and Cree cohorts in Manitoba, 
Canada. Human Immunol 78(5–6):401–411. ISSN 0198–8859. 
https:// doi. org/ 10. 1016/j. humimm. 2017. 03. 009

McWhirter RE, Thomson RJ, Marthick JR, Rumbold AR, Brown MA, 
Taylor-Thomson D, Maypilama EL, Condon JR, Dickinson JL 
(2014) Runs of homozygosity and a cluster of vulvar cancer in 
young Australian Aboriginal women. Gynecol Oncol 133(3):421–
426. https:// doi. org/ 10. 1016/j. ygyno. 2014. 03. 566. (Epub 2014 
Mar 29. PMID: 24690477)

Metcalfe S, Roger M, Faucher MC, Coutlée F, Franco EL, Brassard P 
(2013) The association between human leukocyte antigen (HLA)-
G polymorphisms and human papillomavirus (HPV) infection in 
Inuit women of northern Quebec. Hum Immunol 74(12):1610–
1615. https:// doi. org/ 10. 1016/j. humimm. 2013. 08. 279. (Epub 
2013 Aug 29. PMID: 23994586)

Middleton A, Milne R, Thorogood A, Kleiderman E, Niemiec E, Prain-
sack B et al (2019) Attitudes of publics who are unwilling to 
donate DNA data for research. Eur J Med Genet 62(5):316–323

Murdoch TB, Bernstein CN, El-Gabalawy H, Stempak JM, Sargent 
M, Elias B, Xu W, Pathan S, Silverberg MS (2012) Prevalence of 
genetic variants associated with inflammatory bowel disease in a 
healthy First Nations cohort. CMAJ 184(8):E435–E441. https:// 
doi. org/ 10. 1503/ cmaj. 110613. (Epub 2012 Apr 10. Erratum in: 

CMAJ. 2012 Jul 10;184(10):1176. PMID: 22496383; PMCID: 
PMC3348221)

National Research Council (US) Committee on A Framework for 
Developing a New Taxonomy of Disease (2011) Toward Pre-
cision Medicine: Building a Knowledge Network for Biomedi-
cal Research and a New Taxonomy of Disease. Toward Preci-
sion Medicine: Building a Knowledge Network for Biomedical 
Research and a New Taxonomy of Disease

National Health and Medical Research Council (2018) Ethical conduct 
in research with Aboriginal and Torres Strait Islander Peoples and 
communities: guidelines for researchers and stakeholders. Com-
monwealth of Australia, Canberra

Oen K, Malleson P, Cabral D, Rosenberg A, Petty R, Nickerson P, Reed 
M (2005) Cytokine genotypes correlate with pain and radiologi-
cally defined joint damage in patients with juvenile rheumatoid 
arthritis. Rheumatology 44(9):1115–1121. https:// doi. org/ 10. 
1093/ rheum atolo gy/ keh689

Petrovski S, Goldstein DB (2016) Unequal representation of genetic 
variation across ancestry groups creates healthcare inequality in 
the application of precision medicine. Genome Biol 17(1):157

Pollex R, Hanley A, Zinman B, Harris S, Khan H, Hegele R (2006) 
Metabolic syndrome in aboriginal Canadians: prevalence and 
genetic associations. Atherosclerosis 184(1):121–129. ISSN 
0021–9150. https:// doi. org/ 10. 1016/j. ather oscle rosis. 2005. 03. 024

Rae KM, Grimson S, Pringle KG (2017) Personalised medicine: a new 
approach to improving health in indigenous Australian popula-
tions. Public Health Genomics 20(1):58–62

Rempel J, Hawkins K, Lande E et al (2011) The potential influence of 
KIR cluster profiles on disease patterns of Canadian Aboriginals 
and other indigenous peoples of the Americas. Eur J Hum Genet 
19:1276–1280. https:// doi. org/ 10. 1038/ ejhg. 2011. 114

Robertson SP, Hindmarsh JH, Berry S, Cameron VA, Cox MP, Dewes 
O et al (2018) Genomic medicine must reduce, not compound, 
health inequities: the case for Hauora-enhancing genomic 
resources for New Zealand. N Z Med J 131(1480):81–89

Scally SW, Law SC, Ting YT, Heemst JV, Sokolove J, Deutsch AJ, 
Bridie Clemens E, Moustakas AK, Papadopoulos GK, van der 
Woude D, Smolik I, Hitchon CA, Robinson DB, Ferucci ED, 
Bernstein CN, Meng X, Anaparti V, Huizinga T, Kedzierska K, 
Reid HH, Raychaudhuri S, Toes RE, Rossjohn J, El-Gabalawy H, 
Thomas R (2017) Molecular basis for increased susceptibility of 
Indigenous North Americans to seropositive rheumatoid arthritis. 
Ann Rheum Dis 76(11):1915–1923. https:// doi. org/ 10. 1136/ annrh 
eumdis- 2017- 211300. (Epub 2017 Aug 11. PMID: 28801345; 
PMCID: PMC6724216)

Seal N, Weaver M, Best LG (2011) Correlates of the FTO gene variant 
(rs9939609) and growth of American Indian infants. Genet Test 
Mol Biomarkers 15(9):633–638. https:// doi. org/ 10. 1089/ gtmb. 
2010. 0188. (Epub 2011 Apr 14. PMID: 21491999; PMCID: 
PMC3168980)

Swayne LA, Murphy NP, Asuri S, Chen L, Xu X, McIntosh S, Wang 
C, Lancione PJ, Roberts JD, Kerr C, Sanatani S, Sherwin E, Kline 
CF, Zhang M, Mohler PJ, Arbour LT (2017) Novel variant in the 
ANK2 membrane-binding domain is associated with Ankyrin-B 
syndrome and structural heart disease in a first nations population 
with a high rate of long QT syndrome. Circ Cardiovasc Genet 
10(1):e001537. https:// doi. org/ 10. 1161/ CIRCG ENETI CS. 116. 
001537. (PMID: 28196901; PMCID: PMC5312931)

Taniguchi NK, Taualii M, Maddock J (2012) A comparative analysis 
of indigenous research guidelines to inform genomic research in 
indigenous communities. Int Indigenous Policy J 3(1). https:// doi. 
org/ 10. 18584/ iipj. 2012.3. 1.6. Retrieved from: http:// ir. lib. uwo. ca/ 
iipj/ vol3/ iss1/6

Voruganti VS, Cole SA, Ebbesson SO, Göring HH, Haack K, Laston S, 
Wenger CR, Tejero ME, Devereux RB, Fabsitz RR, MacCluer JW, 
Umans JG, Howard BV, Comuzzie AG (2010) Genetic variation 

https://doi.org/10.5694/mja11.11642
https://doi.org/10.5694/mja11.11642
https://doi.org/10.1038/s41586-020-2308-7
https://doi.org/10.1038/s41586-020-2308-7
https://doi.org/10.1111/1753-0407.12093
https://doi.org/10.1111/1753-0407.12093
https://doi.org/10.1007/s00125-018-4623-1
https://doi.org/10.1007/s00125-018-4623-1
https://doi.org/10.1086/592049
https://doi.org/10.1086/592049
https://doi.org/10.3402/ijch.v74.28952
https://doi.org/10.1016/j.humimm.2017.03.009
https://doi.org/10.1016/j.ygyno.2014.03.566
https://doi.org/10.1016/j.humimm.2013.08.279
https://doi.org/10.1503/cmaj.110613
https://doi.org/10.1503/cmaj.110613
https://doi.org/10.1093/rheumatology/keh689
https://doi.org/10.1093/rheumatology/keh689
https://doi.org/10.1016/j.atherosclerosis.2005.03.024
https://doi.org/10.1038/ejhg.2011.114
https://doi.org/10.1136/annrheumdis-2017-211300
https://doi.org/10.1136/annrheumdis-2017-211300
https://doi.org/10.1089/gtmb.2010.0188
https://doi.org/10.1089/gtmb.2010.0188
https://doi.org/10.1161/CIRCGENETICS.116.001537
https://doi.org/10.1161/CIRCGENETICS.116.001537
https://doi.org/10.18584/iipj.2012.3.1.6
https://doi.org/10.18584/iipj.2012.3.1.6
http://ir.lib.uwo.ca/iipj/vol3/iss1/6
http://ir.lib.uwo.ca/iipj/vol3/iss1/6


1416 Human Genetics (2023) 142:1407–1416

1 3

in APOJ, LPL, and TNFRSF10B affects plasma fatty acid distri-
bution in Alaskan Eskimos. Am J Clin Nutr 91(6):1574–1583. 
https:// doi. org/ 10. 3945/ ajcn. 2009. 28927. (Epub 2010 Apr 21. 
PMID: 20410100; PMCID: PMC2869509)

Weiner MF, de la Plata CM, Fields BA, Womack KB, Rosenberg RN, 
Gong YH, Qu BX, Diaz-Arrastia R, Hynan LS (2009) Brain MRI, 
apoliprotein E genotype, and plasma homocysteine in American 
Indian Alzheimer disease patients and Indian controls. Curr Alz-
heimer Res 6(1):52–58. https:// doi. org/ 10. 2174/ 15672 05097 
87313 952. (PMID: 19199875; PMCID: PMC2752625)

Weiner MF, Hynan LS, Rossetti H, Womack KB, Rosenberg RN, Gong 
YH, Qu BX (2011) The relationship of cardiovascular risk factors 
to Alzheimer disease in Choctaw Indians. Am J Geriatr Psychiatry 
19(5):423–429. https:// doi. org/ 10. 1097/ JGP. 0b013 e3181 e89a46. 
(PMID: 20808139; PMCID: PMC4603831)

Zhou S, Xiong L, Xie P, Ambalavanan A, Bourassa CV, Dionne-
Laporte A, Spiegelman D, Turcotte Gauthier M, Henrion E, 
Diallo O, Dion PA, Rouleau GA (2015) Increased missense 

mutation burden of fatty acid metabolism related genes in Nuna-
vik Inuit population. PLoS ONE 10(5):e0128255. https:// doi. org/ 
10. 1371/ journ al. pone. 01282 55. (PMID: 26010953; PMCID: 
PMC4444093)

Zhu A, Binnington M, Renner C, Lanier A, Hatsukami D, Stepanov 
I, Watson C, Sosnoff C, Benowitz N, Tyndale R (2013) Alaska 
Native smokers and smokeless tobacco users with slower CYP2A6 
activity have lower tobacco consumption, lower tobacco-specific 
nitrosamine exposure and lower tobacco-specific nitrosamine bio-
activation. Carcinogenesis 34(1):93–101. https:// doi. org/ 10. 1093/ 
carcin/ bgs306

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

https://doi.org/10.3945/ajcn.2009.28927
https://doi.org/10.2174/156720509787313952
https://doi.org/10.2174/156720509787313952
https://doi.org/10.1097/JGP.0b013e3181e89a46
https://doi.org/10.1371/journal.pone.0128255
https://doi.org/10.1371/journal.pone.0128255
https://doi.org/10.1093/carcin/bgs306
https://doi.org/10.1093/carcin/bgs306

	Genomics and inclusion of Indigenous peoples in high income countries
	Abstract
	Introduction
	Indigenous peoples and genomics
	Aim

	Methods
	Literature search
	Study selection
	Risk of bias assessment
	Data abstraction and analysis
	Study characteristics

	Results
	Findings
	Findings and discussion
	Area 1: Research should address a priority health issue determined by the community
	Area 2: Indigenous governance is needed to conduct research within a mutually respectful partnership
	Area 3: Capacity-building is a key focus of the research partnership
	Area 4: Flexibility in study implementation to respect Indigenous ways of doing and knowing
	Area 5: Respecting communities’ past and present experience of research

	Limitations

	Conclusion
	Anchor 22
	Acknowledgements 
	References




