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ABSTRACT

Background: This systematic review aims to highlight the scope of pharmacogenomics research within global Indigenous pop-
ulations. This review also explores the barriers and facilitators of pharmacogenomics research within this population.
Methodology: A systematic review of literature was conducted to identify and present an understanding of current empir-
ical evidence demonstrating the conduct of genomics or pharmacogenomics research within global Indigenous populations
(PROSPERO registration: CRD42021257226). Using key search terms, relevant databases were searched for articles published
between January 2010 and July 2022. Screening, data extraction, and analysis was conducted using well-defined inclusion crite-
ria. Quality assessment and risk of bias appraisal was conducted using the mixed methods appraisal tool. Indigenous community
engagement and participation in genomics research was assessed using the social-ecological framework.

Results: From the 427 articles identified, 77 articles met inclusion criteria and underwent full-text screening. Of these, 30 articles
were included in the final review, with 16 being quantitative and 14 either qualitative or mixed methods studies. Most studies
were conducted with native Indigenous populations from the United States of America (36%). Content analysis revealed that
studies either explored genetic variations associated with disease in Indigenous populations (23%) or markers for drug metabo-
lism (30%) or were designed to understand perspectives of genomics research within this population (47%). Perspectives included
the exploration of the role of participants in research, benefits or outcomes achieved from participation in genomics research, and
levels of Indigenous engagement and participation in genomics research.

Conclusions: This review highlights a growing gap in Indigenous genomics research globally. It presents several important
considerations from Indigenous participants, identifying how researchers can co-create culturally safe and inclusive design,
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implementation, analysis, and subsequent outcomes of genomics research involving Indigenous people. Indigenous governance,

self-determination and leadership is essential, with researchers required to be responsive to such fundamental partnerships for

research to progress.

1 | Introduction

Precision medicine has generated considerable hope of beneficial
clinical outcomes in its scope and its potential to transform med-
icine and healthcare, ultimately improving population health
(Bayer and Galea 2015; Collins and Varmus 2015). A steady
stream of new discoveries linking genes and single-nucleotide
polymorphisms (SNPs) to disease risk or drug responses have
paved the way for advances in genomic medicine. However, de-
spite this wealth of genomic knowledge and consequent clinical
benefits, equitable clinical research, provision of genomic treat-
ment services and culturally safe, acceptable genomic diagnostic
tools, the treatment options for global Indigenous populations
have remained limited. The ability to harness precision med-
icine approaches to address ongoing health disparities within
Indigenous populations is needed, but it requires research using
culturally respectful approaches with Indigenous guidance to
select appropriate methods to understand the true nature of the
genetic variation of Indigenous populations. The diversity of
ethnicity, race, and ancestry in the way that genetic knowledge
is discovered, classified, and applied considerably limits efforts
to achieve health equity and eliminate health disparities for
Indigenous people. The multidimensional nature of a person's
identity, life experiences, and exposure to social determinants
of health are not reflected within most large national genomics
datasets, thus further limiting efforts to advance equitable ge-
nomic research (Landry et al. 2018; Bonham, Green, and Pérez-
Stable 2018). Inadequate sampling and representation of genetic
diversity are widely recognized as a significant bias inherent in
genomic databases, which has direct implications for the health-
care available to minority populations (Perera 2019). There are
concerns that those who continue to experience the greatest
health disparities are benefitting the least from these progressive
scientific discoveries. Thus, the challenge is to ensure that the op-
tion to engage in genomic research and clinical care is rightfully
distributed among many population groups, and that these da-
tabases and clinical testing consider genetic diversity to achieve
meaningful outcomes. The ability of Indigenous peoples to have
the same access to genomic tools for diagnosis and the capacity to
have a choice in this scientific space is therefore crucial.

In this era of precision medicine, genetic variation is used to pre-
dict drug responses, translating genomic medicine into direct
applicability in real-time patient care through a sophisticated
“bench-to-bedside” pathway (Singh 2020). The scope for health
improvement using medical advancements such as pharma-
cogenomics, which is the study of DNA variations to develop
personalized treatment approaches (Roden et al. 2019) through
the analysis of genetically distinct populations (Nagaraj and
Toombs 2021) is becoming increasingly advanced. Even so,
the possibility of exacerbating existing inequities and health
disparities that Indigenous people experience is a striking re-
ality, with a glaring “genomic gap” (Jaya Shankar et al. 2022)

becoming increasingly evident. As personalized medicine and
treatment focus attention on prevention research and the ex-
ploration of targeted therapies, pharmaceutical options, and
public health strategies (Singh 2020), it is vital that efforts be
made to improve the inclusion and involvement of Indigenous
people. However, for a range of valid reasons, including ethical
and privacy-related concerns, Indigenous people globally have
consistently resisted genetic research (Taitingfong et al. 2020).
Initiatives aimed at improving the cultural appropriateness,
availability, access, and adaptability of genetic technologies
and genomic research remain limited (Garrison, Hudson,
et al. 2019). Concerns from Indigenous peoples surrounding a
lack of co-design or engagement (Behring et al. 2019), inade-
quate informed consent (Boyer et al. 2011), a genuine fear of
exploitation (Boyer et al. 2011), and harmful, negative represen-
tation from genetic research have been highlighted (Garrison,
Hudson, et al. 2019). Several reasonable solutions embedded
within cultural context have been detailed previously in the lit-
erature, including co-designed, co-led, and research-informed
ethical frameworks (Caron et al. 2020). Studies have shown
the need for explicit discussions with Indigenous communities
that foster community-engaged research to build genetic re-
search capacity and genomic knowledge based on Indigenous
partnerships (Hiratsuka et al. 2020). Researchers must con-
tinue to tackle the ethical, privacy-related, and technical issues
that impede the conduct of genomic analysis in order to pro-
vide the foundations of precision medicine within vulnerable
and/or distinct population groups, thereby ensuring inclusivity
in future clinical care opportunities (Pratt et al. n.d.). To begin
to understand the possible contributions of precision medicine
approaches to Indigenous populations, it is necessary to review
extant research in this space and determine the scope for phar-
macogenomics and genomics research.

2 | Aims

This systematic review aimed to synthesize global empirical ev-
idence involving Indigenous populations for genomics research
with a particular focus on pharmacogenomics. The overarching
intent of this review is to provide insight regarding how research
has been conducted, the role of Indigenous participants in such
research, and the benefits or outcomes achieved for Indigenous
participants and/or communities.

3 | Methodology

The protocol for this systematic review was registered on the
Prospero database (CRD42021257226) and was conducted and
reported using the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) protocol for systematic
reviews (Moher et al. 2009).
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3.1 | Search Strategy

A systematic search was conducted using the following da-
tabases: PubMed, Medline, Embase, Cochrane, Scopus,
CINAHL, and Web of Science, with search strategies being ad-
justed according to the requirements for each database. These
searches were undertaken using keywords that related to the
following themes: (i) Indigenous populations, (ii) pharmacog-
enomics, and (iii) precision medicine, with related terms and
Medical Subject Headings. A pilot search was initially con-
ducted, using a much longer list of both general and specific
search terms to identify different Indigenous populations and
possible key terms for inclusion. A test search of each term
was performed by removing the term, re-running the search,
and comparing the results. If the removal of a given term did
not alter the number of records returned, then the removed
term was considered redundant and was not included in the
final search string.

Results were restricted to peer-reviewed articles in the English
language, and articles published between January 2010 and July
2022. The initial search was conducted in June 2021 and up-
dated in July 2022. Letters, editorials, or opinion pieces were not
included as part of this systematic review (See Appendix 1 for
full search strategy and MeSH terms).

3.2 | Inclusion Criteria

To be eligible for inclusion, studies needed to meet several
criteria as described in Table 1. Any study design (i.e., cross-
sectional, longitudinal, survey, experimental, program evalua-
tion, qualitative, or mixed methods) that intentionally included
commentary or analysis of the outcomes of empirical Indigenous
genomics was eligible for inclusion. Empirical research included
any qualitative, quantitative, or mixed methods research stud-
ies. Qualitative studies included interviews, open-ended sur-
veys, participants’ observations, or focus groups. Mixed method
studies were only considered if data from the quantitative or

TABLE1 | Inclusion and exclusion criteria.

qualitative components could be clearly extracted. Studies were
only included if findings were analyzed, reported, or discussed
separately. No literature or systematic reviews were included in
the results of this systematic review. Commentaries, perspec-
tives, letters, reviews, editorials or opinion pieces, or grey litera-
ture were excluded.

3.3 | Screening

Abstracts and titles were screened independently by two review-
ers (BN and RV) to ensure the studies met the inclusion crite-
ria. Any discrepancies regarding study eligibility were resolved
through discussion with a third reviewer (KMR). All three re-
viewers (BN, RV, and KMR) discussed and agreed on all studies
to be included in this review. Of the remaining studies, full-text
articles were then screened and analyzed for relevance and eli-
gibility by two reviewers (BN and RV).

3.4 | Data Extraction and Analysis

Data extraction and content analyses for both quantitative and
qualitative empirical studies were conducted independently by
two reviewers (BN and RV). Data extracted included an overview
of study characteristics describing the study population, methods,
and key outcomes (Table 2). Two reviewers (BN and KMR) inde-
pendently assessed the quality of studies using questions adapted
from published criteria on the quality assessment of interview,
focus group, and survey studies using the mixed methods ap-
praisal tool (MMAT) (Tong, Sainsbury, and Craig 2007). This tool
has been specifically designed for systematic appraisal efforts for
systematic mixed studies reviews that include qualitative, quan-
titative, and mixed methods studies. Scoring was based on 12 cri-
teria distributed across the following domains: (i) description of
aims and objectives, (ii) description of methods, (iii) participant
selection, (iv) data collection, (v) data analysis, (vi) reporting, and
(vii) engagement. Based on these criteria, studies were identified
as being of good or poor quality (Table 3).

Inclusion criteria

Exclusion criteria

« Original peer-reviewed empirical research,
defined as any qualitative?, quantitative, or mixed
methods research studies

Eligible study designs included cross-sectional,
longitudinal, survey, experimental, program
evaluation, qualitative, or mixed methods studies

« Study participants were identified as Indigenous,
native, First Nations populations

« Study was conducted within the last 12 years and
published in the English language

« Study reported pharmacogenomics and/or
genomics research

« Abstract or full-text articles were unavailable, or methodology was not

reported or incomplete

» Study did not report an eligible study design, for example, case series,
case studies, conference proceedings/posters or abstracts, editorials,
commentaries, perspectives, book chapters, dissertations, meta-analyses

and other systematic reviews, or grey literature

« Study did not involve any Indigenous populations

« Study was not conducted within the past 12years or not in the English

language

« Study did not report pharmacogenomics and/or genomics research

2Qualitative studies could include interviews, open-ended surveys, participants’ observations, focus groups, and case studies. Mixed method studies were only
considered if data from the quantitative or qualitative components could be clearly extracted.
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5.5

5.4

52 53

43 44 45 51

4.2

34 35 41
Y

Criteria from the mixed methods appraisal tool
31 3.2 33
Y Y

24 25

22 23

14 15 21

1.3

1.2

1.1

(Continued)

|
24. Zhernakova
et al. (2020)

Studies

TABLE 3

CT

25. Xhakaza et al. (2020)

26. Toannidis et al. (2020)

27. Nasir, Vinayagam,

and Rae (2022)

CT

28. Fernandes

et al. (2022)

29. Shankar et al. (2022)

CT

30. Moreira et al. (2022)

31. Farinango

et al. (2022)

4 | Results

Initial searches retrieved 427 articles (Figure 1). After remov-
ing duplicates, 415 articles remained. Manual screening of ti-
tles and abstracts resulted in the selection of 77 articles that
underwent full-text screening and were reviewed for their
eligibility and relevance to this systematic review. Full-text
screening resulted in a final 30 studies that were included
in the final review (Table 4). Of these, 16 were quantitative
studies (Jaya Shankar et al. 2022; Fohner et al. 2013, 2015;
Cox et al. 2014; Tanner et al. 2017; Nagar et al. 2019; Begnaud
et al. 2020; de Carvalho et al. 2020; Zhernakova et al. 2020;
Xhakaza et al. 2020; Ioannidis et al. 2020; Fernandes
et al. 2022; Moreira et al. 2022; Farinango et al. 2022;
O'Connell et al. 2018; Naranjo et al. 2018) while 14 were iden-
tified as qualitative (Hiratsuka et al. 2012, 2020; Sahota 2014;
Taualii et al. 2014; Hudson et al. 2016; Morgan et al. 2019;
Dirks et al. 2019; Garrison, Barton, et al. 2019; Ridgeway
et al. 2019; Hiratsuka, Brown, and Dillard 2012; Shaw
et al. 2013) or mixed methods studies (Ridgeway et al. 2019;
Nasir, Vinayagam, and Rae 2022; Beaton et al. 2017).

4.1 | Quality Assessment and Risk of Bias
Analyses

Quality assessment and risk of bias for all quantitative stud-
ies, qualitative and mixed methods studies selected were as-
sessed using the MMAT (Table 3). The MMAT has shown to
have high validity (Hong et al. 2019) and reliability (Souto
et al. 2015), and is a useful tool for appraising literature stud-
ies (Hong, Gonzalez-Reyes, and Pluye 2018). All studies but
one were of good quality and with low or moderate risk of bias
(n=30).

4.2 | Location and Populations

Most studies were conducted with Native Indigenous popu-
lations from the United States of America (n=11) (Hiratsuka
et al. 2020; Fohner et al. 2013, 2015; Tanner et al. 2017;
Begnaud et al. 2020; Moreira et al. 2022; Dirks et al. 2019;
Garrison, Barton, et al. 2019; Shaw et al. 2013; Souto et al. 2015;
Hong, Gonzalez-Reyes, and Pluye 2018) with one study from
among these including Latin American countries (Naranjo
et al. 2018). There were five studies conducted with Indigenous
Alaskan communities (Fohner et al. 2015; Dirks et al. 2019;
Hiratsuka et al. 2012; Hiratsuka, Brown, and Dillard 2012;
Shaw et al. 2013), of which one specifically included Alaskan
Anchorage populations (Fohner et al. 2015). There were three
studies conducted with Indigenous Australians (Jaya Shankar
et al. 2022; Cox et al. 2014; Nasir, Vinayagam, and Rae 2022),
two with native Brazilians (de Carvalho et al. 2020; Fernandes
et al. 2022), two with New Zealand Maori (Hudson et al. 2016;
Beaton et al. 2017), and two with Indigenous South African
populations (Xhakaza et al. 2020; O'Connell et al. 2018).
Other studies involved Indigenous populations from Russia
(Zhernakova et al. 2020), Hawai'i (Taualii et al. 2014),
Canada (Morgan et al. 2019), Islands of Polynesia (Ioannidis
et al. 2020), Ecuador (Farinango et al. 2022), and Colombia
(Nagar et al. 2019).
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and abstracts n =311

Excluded after full-text review
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Studies after duplicates
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A
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o . B Qualitative or mixed
Quantitative studies n = 16 methods studies 1 — 14

FIGURE1 | PRISMA chart of study search and selection process.

4.3 | Content Analysis

Of the quantitative, case—control, and cohort studies (n=16,
53%), 11 (37%) specifically detailed obtaining approvals via
ethical research committee and participant consent. (Jaya
Shankar et al. 2022; Fohner et al. 2013, 2015; Cox et al. 2014;
Tanner et al. 2017; de Carvalho et al. 2020; Zhernakova
et al. 2020; Xhakaza et al. 2020; Fernandes et al. 2022;
Farinango et al. 2022; O'Connell et al. 2018; Naranjo et al. 2018)
Seeking approval from Indigenous review boards or tribal
groups/leaders was only undertaken by four of the quantita-
tive studies (13%) (Jaya Shankar et al. 2022; Fohner et al. 2013,
2015; Cox et al. 2014; Tanner et al. 2017). Studies undertaking
qualitative or mixed method methodologies (n=14, 47%) in-
cluded participation of Indigenous people mostly through re-
search interviews (Garrison, Hudson, et al. 2019; Sahota 2014;
Hudson et al. 2016; Nasir, Vinayagam, and Rae 2022; Beaton
et al. 2017) (n=6, 20%) or focus groups (Hiratsuka et al. 2020;
Taualii et al. 2014; Morgan et al. 2019; Dirks et al. 2019;
Ridgeway et al. 2019; Hiratsuka et al. 2012; Hiratsuka, Brown,
and Dillard 2012; Shaw et al. 2013; Rosas et al. 2020; Beans
et al. 2018) (n=9, 30%).

Genomics research involving Indigenous populations was divided
into two distinct areas of research. Studies either aimed to explore

genetic variations among Indigenous populations that were as-
sociated with disease (Cox et al. 2014; Begnaud et al. 2020; de
Carvalho et al. 2020; Zhernakova et al. 2020; Ioannidis et al. 2020;
Fernandes et al. 2022; Naranjo et al. 2018) (n =7, 23%), were import-
ant markers for drug metabolism (Jaya Shankar et al. 2022; Fohner
et al. 2013, 2015; Tanner et al. 2017; Nagar et al. 2019; Xhakaza
et al. 2020; Moreira et al. 2022; Farinango et al. 2022; O'Connell
et al. 2018) (n=9, 30%), or aimed to understand the perspectives
of Indigenous populations regarding the conduct of genomics
research (Garrison, Hudson, et al. 2019; Hiratsuka et al. 2020;
Taualii et al. 2014; Hudson et al. 2016; Morgan et al. 2019; Dirks
et al. 2019; Ridgeway et al. 2019; Hiratsuka et al. 2012; Hiratsuka,
Brown, and Dillard 2012; Shaw et al. 2013; Nasir, Vinayagam, and
Rae 2022; Beaton et al. 2017; Rosas et al. 2020; Beans et al. 2018)
(n=14, 47%). A significant number of studies focused on investi-
gating genetic variations that explored CYP gene variations (Jaya
Shankar et al. 2022; Fohner et al. 2013, 2015; Tanner et al. 2017;
Naranjo et al. 2018) (n=>5, 17%).

In this systematic review, we aimed to explore the Indigenous
perspective on how research was conducted, the role of
Indigenous participants in that research, and the benefits or out-
comes achieved for Indigenous participants and/or communities
through genomics research. Outcomes described below revolve
around these three main domains.
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Challenges or barriers

Dillard 2012; Shaw et al. 2013)
« Genetics research not being universally beneficial to Indigenous

« Genetics research would consume or divert funding from higher
healthcare priorities (Hudson et al. 2016; Hiratsuka, Brown, and

Promoters or enablers
et al. 2013; Nasir, Vinayagam, and Rae 2022; Beaton et al. 2017)

« Potential for cost savings from more effective disease treatments to be re-
invested to improve health care for Indigenous peoples (Shaw et al. 2013)
« Genetics research as an avenue for regaining knowledge of family history

» Producing efficacious and economic benefits for Indigenous communities

and their future generations (Taualii et al. 2014; Hudson et al. 2016; Morgan
et al. 2019; Ridgeway et al. 2019; Hiratsuka, Brown, and Dillard 2012; Shaw

Theme
Health and
socioeconomic equity

(Continued)

|
Socioecological
model level
Societal

TABLE 4

community members (Dirks et al. 2019; Shaw et al. 2013)
« Focus of genetic research/results detracts attention from systemic

and colonial causes of ill health (Hudson et al. 2016)

and medical predispositions lost through intergenerational abuses and
separation from family (Dirks et al. 2019; Ridgeway et al. 2019; Nasir,

Vinayagam, and Rae 2022)

« Researchers are easily accessible to community members
« Communicating in an unclear and inaccessible manner, taking

into consideration English may be one of many different languages

« Understanding and acceptance of Indigenous beliefs and identity (Hiratsuka

Recognition of and
respect for Indigenous

et al. 2020)
« Trust and acquaintance building through informal gatherings (e.g., sharing

“ways of knowing, being

spoken (Hudson et al. 2016; Nasir, Vinayagam, and Rae 2022)
« Accessibility and convenience of getting blood samples (Morgan

meals) (Hiratsuka et al. 2020)
« Longer partnership/acquaintance required to address sensitive topics (i.e.,

and doing” (Martin and

Mirraboopa 2003)

et al. 2019)

having a solid foundation of trust) (Hiratsuka et al. 2020)

4.4 | The Indigenous Perspective on Genomics
Research

Studies exploring the role of Indigenous participants in genom-
ics research mostly focused on maintaining mutual research pri-
orities and health needs (Garrison, Hudson, et al. 2019; Taualii
et al. 2014; Hudson et al. 2016; Ridgeway et al. 2019; Shaw
et al. 2013; Nasir, Vinayagam, and Rae 2022; Beaton et al. 2017)
(n=7, 23%) at the forefront of all genomics research being con-
ducted within Indigenous communities. Participants also high-
lighted the importance of incorporating Indigenous governance
(Hiratsuka et al. 2020; Taualii et al. 2014; Hudson et al. 2016;
Morgan et al. 2019; Ridgeway et al. 2019; Nasir, Vinayagam, and
Rae 2022) (n=6, 20%) and several specifically focused on con-
trol of data access and sharing (Sahota 2014; Hudson et al. 2016;
Garrison, Barton, et al. 2019; Nasir, Vinayagam, and Rae 2022;
Beaton et al. 2017) (n=5, 16%). Ensuring informed consent
(Sahota 2014; Taualii et al. 2014; Hudson et al. 2016; Hiratsuka
et al. 2012; Nasir, Vinayagam, and Rae 2022; Beaton et al. 2017)
(n=6, 20%) and transparency across all research activities
being conducted (Taualii et al. 2014; Hudson et al. 2016; Dirks
et al. 2019; Hiratsuka et al. 2012) were also significant factors
highlighted by participants. Community engagement (Hudson
et al. 2016; Dirks et al. 2019; Beaton et al. 2017), necessary partic-
ipant education (Taualii et al. 2014; Beans et al. 2018), and contin-
uous communication with participants (Hudson et al. 2016; Dirks
et al. 2019; Beans et al. 2018) were additional important consider-
ations highlighted by participants in the studies reviewed. Other
significant aspects included the need to establish mutual partner-
ship (Hiratsuka et al. 2020; Nasir, Vinayagam, and Rae 2022),
equal participation (Hiratsuka et al. 2012; Beaton et al. 2017),
maintain trust (Hiratsuka et al. 2020; Morgan et al. 2019; Beaton
etal. 2017), accountability (Hudson et al. 2016; Hiratsuka, Brown,
and Dillard 2012), and reciprocity (Morgan et al. 2019). Ensuring
culturally respectful research procedures (Dirks et al. 2019; Nasir,
Vinayagam, and Rae 2022; Beaton et al. 2017) and incorporating
“cultural logic” (Sahota 2014) were also emphasized.

A genuine concern regarding future unknown use or data
sharing capabilities (Hiratsuka, Brown, and Dillard 2012;
Rosas et al. 2020) and culturally suitable specimen disposal
(Sahota 2014; Hiratsuka et al. 2012; Beaton et al. 2017) were
priorities that emerged from the Indigenous populations in-
volved in these studies. Studies also highlighted the continued
worry and fear of potential discrimination or stigmatization
(Morgan et al. 2019; Hiratsuka, Brown, and Dillard 2012; Shaw
etal. 2013; Rosas et al. 2020), distrust (Morgan et al. 2019; Beaton
et al. 2017; Rosas et al. 2020; Nasir, Vinayagam, and Rae 2022),
and the security or confidentiality of genetic information
(Morgan et al. 2019; Hiratsuka, Brown, and Dillard 2012; Rosas
et al. 2020). Cost and affordability were also raised as a concern
for some participants (Shaw et al. 2013; Rosas et al. 2020).

4.5 | The Role of Indigenous Participants in
Genomics Research

No study specifically explored the role of participants in ge-
nomics research involving Indigenous people or communities.
Similarly, no studies specifically described Indigenous partici-
pant involvement in data collection or data analysis. However, a
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small number involved Indigenous participants in data interpre-
tation (Morgan et al. 2019; Hiratsuka, Brown, and Dillard 2012)
and used methodologies which were established by the
Indigenous participants or with communities themselves (Jaya
Shankar et al. 2022; Hiratsuka, Brown, and Dillard 2012). A
significant number of studies acknowledged community mem-
bers or participants within the study (Jaya Shankar et al. 2022;
Garrison, Hudson, et al. 2019; Fohner et al. 2013, 2015; Cox
et al. 2014; Nagar et al. 2019; Xhakaza et al. 2020; Ioannidis
et al. 2020; Sahota 2014; Hudson et al. 2016; Morgan et al. 2019;
Dirks et al. 2019; Ridgeway et al. 2019; Nasir, Vinayagam, and
Rae 2022; Beaton et al. 2017) (n=15, 50%); however, no study
included an Indigenous community member or participant spe-
cifically as a co-author.

4.6 | Benefits or Outcomes Achieved From
Genomics Research in Indigenous Populations

All studies identified in this review explored benefits or out-
comes from the conduct of genomics research with Indigenous
populations. Studies focused on genetic data analysis that
contributed to identifying unique genetic variations and
pharmacogenetics research (Jaya Shankar et al. 2022; Fohner
et al. 2013, 2015; Cox et al. 2014; Tanner et al. 2017; Nagar
et al. 2019; Begnaud et al. 2020; de Carvalho et al. 2020;
Zhernakova et al. 2020; Xhakaza et al. 2020; Ioannidis
etal. 2020; Fernandesetal. 2022; Moreira et al. 2022; Farinango
et al. 2022; O'Connell et al. 2018; Naranjo et al. 2018) or en-
gaged in understanding perspectives related to potential ben-
efits or outcomes of genomics research (Hiratsuka et al. 2020;
Sahota 2014; Taualii et al. 2014; Hudson et al. 2016; Morgan
et al. 2019; Dirks et al. 2019; Garrison, Barton, et al. 2019;
Ridgeway et al. 2019; Hiratsuka et al. 2012; Hiratsuka,
Brown, and Dillard 2012; Shaw et al. 2013; Nasir, Vinayagam,
and Rae 2022; Beaton et al. 2017; Rosas et al. 2020; Beans
et al. 2018). A focus of genomics research was to facilitate
beneficial outcomes for the better optimization of drug ther-
apy for Indigenous people (Fohner et al. 2013, 2015; Nagar
et al. 2019; Xhakaza et al. 2020; Moreira et al. 2022; O'Connell
et al. 2018; Shaw et al. 2013; Beans et al. 2018; Henderson
et al. 2018) (n=9, 30%). However, other studies also explored
harmful outcomes and potential risks of genomics research
that could result from the misuse of genomic information
(Hiratsuka et al. 2020; Dirks et al. 2019; Ridgeway et al. 2019;
Shaw et al. 2013; Rosas et al. 2020). Some articles explored
perspectives on genomic biobanks (Hiratsuka, Brown, and
Dillard 2012; Beaton et al. 2017) (n=4, 13%) and how under-
standings of specimen disposal (Sahota 2014) and security of
confidentiality of genetic information (Rosas et al. 2020) can
have beneficial genomics research outcomes for Indigenous
communities.

4.7 | Indigenous Engagement and Participation in
Genomics Research

Using a social-ecological framework (Nutbeam, Harris, and
Wise 2010) that considers levels based on the complex in-
terplay between individual, relationship, community, and
societal factors, we appraised Indigenous engagement and

participation in genomics research (Table 4). Also known as
the socio-ecological model (SEM), this conceptual framework
is used for understanding the multiple levels of interrelated
factors influencing health and health behaviours (Nutbeam,
Harris, and Wise 2010). The SEM levels are commonly defined
as the individual, interpersonal, community, organizational,
and policy levels. The naming of these levels varies slightly,
but the fundamental idea of this model is that public health
efforts need to use a combination of interventions at all lev-
els and across society. (Nutbeam, Harris, and Wise 2010;
Schélmerich and Kawachi 2016) This model can also be ap-
plied to evaluate what elements of precision medicine/genom-
ics research work for whom, why, and how in an Indigenous
context. Furthermore, the SEM approach holds great potential
for complementing the life-course perspective to reducing ex-
isting disparities in health outcomes from birth for Indigenous
populations (Scholmerich and Kawachi 2016).

Key outcomes from the systematic review have identified that
there are enablers and challenges across the SEM levels, with
the following themes: perceptions and ownership of research
(individual and collective); accountability and safeguards;
meaningful partnerships between researchers and communi-
ties; Indigenous leadership and governance; capacity building
and sharing with communities; autonomy and consent over
research processes (e.g., data management), and health and so-
cioeconomic inequities and recognition of Indigenous ways of
being, doing, and knowing. Promoters and barriers for each of
these identified themes are outlined in Table 4.

Some papers were particularly strong, with enablers that were
important in acknowledging Indigenous protocols and the
respectful conduct of research with Indigenous communities
(Hudson et al. 2016; Morgan et al. 2019; Beaton et al. 2017).
Key informants in these studies spoke about the need to pro-
tect Indigenous, specifically Maori interests through Maori
control, which promoted concepts of power-sharing over
benefit-sharing (Sahota 2014; Hudson et al. 2016). (Beans
et al. 2018) Across studies, individuals valued clear and on-
going communication, particularly in the context of past
experiences involving a lack of knowledge transfer, both
across clinical and research-based settings. (Dirks et al. 2019;
Hiratsuka et al. 2012; Hiratsuka, Brown, and Dillard 2012)
This was a barrier in these studies which particularly high-
lighted the subsequent inaccessibility of gained knowledge
(Dirks et al. 2019; Hiratsuka et al. 2012; Hiratsuka, Brown,
and Dillard 2012). These safeguards about data sharing and
data management (Taualii et al. 2014; Hudson et al. 2016;
Garrison, Barton, et al. 2019; Beaton et al. 2017) were also
highlighted as an important inclusion, with robust policies
regarding data confidentiality, privacy, and the promotion of
informed consent as major considerations (Hudson et al. 2016;
Morgan et al. 2019) and omissions in some studies (Garrison,
Barton, et al. 2019; Rosas et al. 2020).

5 | Discussion
This review aimed to explore and describe genomics re-

search being conducted with Indigenous participants glob-
ally. The findings reported in this review have identified a
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relatively small number of studies, highlighting a growing
gap in Indigenous genomics research. Quantitative research
studies had a strong focus on the understanding of a variety
of drug metabolism concerns including nicotine metabolism
(Tanner et al. 2017), Phase 1 drug metabolism pathways
(Fohner et al. 2013, 2015; Naranjo et al. 2018), response to
metformin (Xhakaza et al. 2020), and antiretroviral metab-
olism (O'Connell et al. 2018). However, there were also sev-
eral other studies that were interested in genetic comparisons
between populations including Antiquo and Choco commu-
nities (Nagar et al. 2019), Russian communities (Zhernakova
et al. 2020), and groups in Latin America (Moreira et al. 2022).
Inflammation was the focus of one study that considered poly-
morphisms in cytokine genes (Cox et al. 2014) and two further
studies focused on specific illnesses, including lung adenocar-
cinoma (Begnaud et al. 2020) and acute lymphoblastic leuke-
mia (de Carvalho et al. 2020). Qualitative and mixed methods
studies explored Indigenous perspectives regarding genomics
research conducted with Indigenous participants. No study
specifically indicated the involvement of Indigenous partici-
pants, communities, or researchers as part of the initial study
design, data collection or analysis, although a few reported
incorporating participant feedback on the final outcomes.
Studies acknowledge Indigenous involvement; however, a
specific description of being Indigenous-led or authored is
limited. Harnessing genomic advancement for Indigenous
communities to improve health and well-being is not only a
priority, but an essential way forward to enable Indigenous-
focused medical and health research.

This review highlights that the considerations for those con-
ducting genomics research with Indigenous communities are
many and varied and can be assessed across different SEM
levels. The study team considered objectives for research with
Indigenous communities needed to provide evidence of under-
standing of the Indigenous perspectives, the role of Indigenous
participants, and the benefits of the achieved outcomes. Table 4
highlights which studies helped or hindered efforts to achieve
these objectives. This was similarly found in the literature,
with overall findings pointing to increased Indigenous control
of research processes with a commitment to inclusion, reci-
procity, and increasing opportunities for research excellence
(Ewen, Ryan, and Platania-Phung 2019; Australian Institute of
Aboriginal and Torres Strait Islander Studies 2012).

Ensuring Indigenous communities are included in the design,
implementation, analysis, and outcomes of genomics research
is an important aspect that needs to be given more attention.
Guidelines to implement ethical research and best practices
within research involving Indigenous participants and com-
munities that value, prioritize, and empower Indigenous tradi-
tional knowledge and equal participation have been developed
for various populations across the globe (National Health and
Medical Research Council (Australia) 2018; Australian Institute
of Aboriginal and Torres Strait Islander Studies 2012; Hudson
et al. 2010). However, without the active participation and gov-
ernance of Indigenous consumers during all stages of research,
the potential to disempower and misinterpret research out-
comes can arise (MacLean et al. 2015; Drawson, Toombs, and
Mushquash 2017). This review also identified the ongoing con-
cern regarding the potential for discrimination, and the lack of

trust, reciprocity, and transparent partnerships or engagement
that continues to exist despite efforts to alleviate historical
wrongdoing. Indigenous academic involvement and authorship
inclusion is also important; this review highlights the limited
acknowledgment and the inability to properly know if the au-
thors were Indigenous. Acknowledgment and recognition of
Indigenous authorship may warrant further review and consid-
eration within Indigenous research.

Developing new models of leadership and governance and
enabling functional transparent, best-practice standards and
operating protocols are a requirement to establish effective com-
munity engagement, informed consent, management, and use
of biological samples and data for the ethical conduct and man-
agement of Indigenous genomic research projects. Researchers
must be responsive to these needs and ensure that they produce
high-impact research evidence from which health benefits can
follow. Policymakers and practitioners who utilize genomics
research evidence need to understand with confidence the out-
comes of their actions to make informed decisions that have
the potential to result in positive health impact (McCalman
et al. 2016) for Indigenous people. Ultimately, little progress can
be made in the field of Indigenous genomics without specific
attention to and investment in ensuring Indigenous leadership
and control and ownership over genomic research, with a com-
mitment to prioritizing genomics healthcare to enable the well-
being and better health of Indigenous people.

Findings of a narrative review on capacity building of Indigen-
ous health researchers reported the need for improvements in
collaborative research between Indigenous and non-Indigenous
researchers and organizations. This review discussed the need
for a shift from a deficit- to strength-based education and re-
search focus with respect to both participation and quality,
Indigenous health researchers to lead or co-lead projects due
to their commitment in research that makes a meaningful con-
tribution to community wellbeing, and highlighted the impor-
tance of strengthening the research capabilities of community
members (Ewen, Ryan, and Platania-Phung 2019). Research
capacity building is imperative to achieve gains in workforce
development, improving health systems, and undertaking re-
search studies with Indigenous communities.

5.1 | Strengths and Limitations

A strength of this review is the inclusion of quantitative and
qualitative papers in data extraction efforts and the assessment
of all studies to systematically examine Indigenous community
involvement by using a socio-ecological framework. This ap-
proach highlighted that only a small number of studies sought
approval from Indigenous review boards or tribal groups/lead-
ers, providing additional insights into areas of need when de-
signing pharmocogenomic research efforts in partnership with
Indigenous communities. While this review included studies
spanning a broad range of global regions, with the limited in-
volvement of Indigenous researchers and organizations, the
contextualization and interpretation of results may be lacking.
Notably, this work is not representative of all global Indigenous
populations due to the diversity of these communities and the
dearth of literature from some regions.
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Appendix 1
Search Strategy

A systematic search was conducted using the following databases:
PubMed, Medline, Embase, Cochrane, Scopus, CINAHL, and Web of
Science. The search strategies were adjusted according to the require-
ments for each database, using keywords that were related to the follow-
ing themes: (i) Indigenous populations, (ii) pharmacogenomics and/or
genomics, and (iii) precision medicine.

A pilot search was initially conducted, using a much longer list of both
general and specific search terms to identify different Indigenous pop-
ulations and possible key terms for inclusion. A test search of each term
by removing the term, re-running the search, and comparing the re-
sults. If the removal of a given term did not alter the number of records
returned, then the removed term was considered redundant, and was
not included in the final search string.

The search strategy was developed in MEDLINE using the Population,
Intervention/Phenomena of Interest, Comparison, Outcome (PICO)
framework as described below. Relevant keywords and medical subject
heading (MeSH) terms were then adapted for each database.

Framework Description

Population Indigenous populations from across the world

Intervention Pharmacogenomics and/or genomics empirical

research

Control N/A

Outcome Reported on pharmacogenomics and/or genomics
research that involves Indigenous populations

PubMed

1. (((australialmh] OR australia*[tiab]) AND (oceanic ancestry
group[mh] OR aborigin*[tiab] OR indigenous[tw])) OR (torres
strait* islander*|tiab])) AND medline[sb]) OR ((((au[ad] OR austral-
ia*[ad] OR australia*[tiab] OR northern territory[tiab] OR northern
territory[ad] OR tasmania[tiab] OR tasmania[ad] OR new south
wales[tiab] OR new south wales[ad] OR victoria[tiab] OR victo-
rialad] OR queensland|[tiab] OR queensland[ad]) AND (aborigin*[-
tiab] OR indigenous|tiab])) OR (torres strait* islander*|tiab])) NOT
medline[sb])) OR (((("Indigenous Peoples’[Mesh]) OR "Indians,
North American"[Mesh]) OR "Inuits"[Mesh]) OR (((((((("first
nation*"[Title/Abstract]) OR ("indigenous population*"[Title/
Abstract])) OR (tribe[Title/Abstract])) OR (tribal[Title/Abstract]))
OR (Maori[Title/Abstract])) OR ("Native American"[Title/
Abstract])) OR (inuit*[Title/Abstract])) OR (metis|Title/Abstract])))

2. (("Precision Medicine"[Mesh]) OR "Pharmacogenetics"[Mesh])
OR "Pharmacogenomic Variants"[Mesh]) OR (((("precision
medicine"[Title/Abstract]) OR ("personalised medicine"[Title/
Abstract])) OR ("personalized medicine"[Title/Abstract])) OR (ge-
netic*[Title/Abstract])) OR (genomic*|Title/Abstract])) OR (phar-
macogenetic*[Title/Abstract])) OR (pharmacogenomic*|Title/
Abstract]))

3. Search: ("Health"[Mesh]) OR (health[Title/Abstract])

4. (((((("australia"[MeSH Terms| OR "australia*'[Title/Abstract])
AND ("oceanic ancestry group"[MeSH Terms| OR "aborigin*"[Ti-
tle/Abstract] OR "indigenous"[Text Word])) OR "torres strait island-
er*"[Title/Abstract]) AND "medline"[Filter]) OR (((("au"[Affiliation]
OR "australia*"[Affiliation] OR "australia*"[Title/Abstract] OR
"northern territory"[Title/Abstract] OR "northern territory"[Affil-
iation] OR "tasmania"[Title/Abstract] OR "tasmania"[Affiliation]
OR "new south wales"[Title/Abstract] OR "new south wales"[Affil-
iation] OR "victoria"[Title/Abstract] OR "victoria"[Affiliation] OR
"queensland”[Title/Abstract] OR "queensland’[Affiliation]) AND
("aborigin*"[Title/Abstract] OR "indigenous"[Title/Abstract]))
OR "torres strait islander*"[Title/Abstract]) NOT "medline"[Fil-
ter]) OR ("Indigenous Peoples"[MeSH Terms] OR "indians, north
american'[MeSH Terms] OR "Inuits"[MeSH Terms] OR ("first
nation*"[Title/Abstract] OR "indigenous population*"[Title/
Abstract] OR "tribe"[Title/Abstract] OR "tribal"[Title/Abstract]
OR "Maori"[Title/Abstract] OR "Native American"[Title/Abstract]
OR "inuit*"[Title/Abstract] OR "metis"[Title/Abstract]))) AND
(((("Precision Medicine"[Mesh]) OR "Pharmacogenetics’[Mesh])
OR "Pharmacogenomic Variants"[Mesh]) OR ((("precision
medicine"[Title/Abstract]) OR ("personalised medicine"[Title/
Abstract])) OR ("personalized medicine"[Title/Abstract])) OR (ge-
netic*[Title/Abstract])) OR (genomic*[Title/Abstract])) OR (phar-
macogenetic*[Title/Abstract])) OR (pharmacogenomic*[Title/
Abstract])))) AND (("Health"[Mesh]) OR (health[Title/Abstract]))

5.Search: ((((("australia"[MeSH Terms] OR "australia*"[Title/
Abstract]) AND ("oceanic ancestry group’[MeSH Terms] OR
"aborigin*"[Title/Abstract] OR "indigenous'[Text Word])) OR
"torres strait islander*"[Title/Abstract]) AND "medline"[Filter])
OR (((("au"[Affiliation] OR "australia*"[Affiliation] OR "austral-
ia*"[Title/Abstract] OR "northern territory"[Title/Abstract] OR
"northern territory"[Affiliation] OR "tasmania"[Title/Abstract]
OR "tasmania"[Affiliation] OR "new south wales"[Title/Abstract]
OR "new south wales"[Affiliation] OR "victoria"[Title/Abstract]
OR ‘'victoria"[Affiliation] OR "queensland"[Title/Abstract] OR
"queensland"[Affiliation]) AND ("aborigin*"[Title/Abstract] OR
"indigenous"[Title/Abstract])) OR "torres strait islander*"[Title/
Abstract]) NOT "medline"[Filter]) OR ("Indigenous Peoples'[MeSH
Terms] OR ‘indians, north american'[MeSH Terms] OR
"Inuits"[MeSH Terms] OR ("first nation*"[Title/Abstract] OR "in-
digenous population*"[Title/Abstract] OR "tribe"[Title/Abstract]
OR ‘"tribal"[Title/Abstract] OR "Maori"[Title/Abstract] OR
"Native American"’[Title/Abstract] OR "inuit*"[Title/Abstract] OR
"metis"[Title/Abstract]))) AND (((("Precision Medicine"[Mesh])
OR  "Pharmacogenetics’[Mesh]) =~ OR  "Pharmacogenomic
Variants"[Mesh]) OR ((((((("precision medicine"[Title/Abstract]) OR
("personalised medicine"[Title/Abstract])) OR ("personalized med-
icine"[Title/Abstract])) OR (genetic*[Title/Abstract])) OR (genom-
ic*[Title/Abstract])) OR (pharmacogenetic*|Title/Abstract])) OR
(pharmacogenomic*[Title/Abstract])))) AND (("Health"[Mesh])
OR (health[Title/Abstract]))
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Appendix 2

Completed PRISMA 2020 Checklist (Page et al. 2021)

Section and topic

Item #

Checklist item

Location where item
is reported (pages)

Title
Title
Abstract
Abstract
Introduction

Rationale

Objectives

Methods

Eligibility criteria

Information sources

Search strategy

Selection process

Data collection process

Data items

Study risk of bias assessment

Effect measures

Synthesis methods

10a

10b

11

12

13a

13b

13c

Identify the report as a systematic review

See the PRISMA 2020 for Abstracts checklist

Describe the rationale for the review in the context of existing
knowledge

Provide an explicit statement of the objective(s) or question(s) the
review addresses

Specify the inclusion and exclusion criteria for the review and how
studies were grouped for the syntheses

Specify all databases, registers, websites, organizations, reference
lists, and other sources searched or consulted to identify studies.
Specify the date when each source was last searched or consulted

Present the full search strategies for all databases, registers, and
websites including any filters and limits used

Specify the methods used to decide whether a study met the
inclusion criteria of the review, including how many reviewers
screened each record and each report retrieved, whether they
worked independently, and if applicable, details of automation
tools used in the process

Specify the methods used to collect data from reports, including
how many reviewers collected data from each report, whether they
worked independently, any processes for obtaining or confirming
data from study investigators, and if applicable, details of
automation tools used in the process

List and define all outcomes for which data were sought. Specify
whether all results that were compatible with each outcome
domain in each study were sought (e.g., for all measures, time
points, analyses), and if not, the methods used to decide which
results to collect

List and define all other variables for which data were sought (e.g.,
participant and intervention characteristics, funding sources).
Describe any assumptions made about any missing or unclear

information

Specify the methods used to assess risk of bias in the included
studies, including details of the tool(s) used, how many reviewers
assessed each study and whether they worked independently, and

if applicable, details of automation tools used in the process

Specify for each outcome the effect measure(s) (e.g., risk ratio,
mean difference) used in the synthesis or presentation of results

Describe the processes used to decide which studies were
eligible for each synthesis (e.g., tabulating the study intervention
characteristics and comparing against the planned groups for each
synthesis (item #5))

Describe any methods required to prepare the data for presentation
or synthesis, such as handling of missing summary statistics, or
data conversions

Describe any methods used to tabulate or visually display results of
individual studies and syntheses

5-6

Appendix

n/a

n/a

n/a

(Continues)
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Appendix2 | (Continued)

Location where item

Section and topic Item # Checklist item is reported (pages)
13d Describe any methods used to synthesize results and provide n/a
a rationale for the choice(s). If meta-analysis was performed,
describe the model(s), method(s) to identify the presence and extent
of statistical heterogeneity, and software package(s) used
13e Describe any methods used to explore possible causes of n/a
heterogeneity among study results (e.g., subgroup analysis and
meta-regression)
13f Describe any sensitivity analyses conducted to assess robustness of n/a
the synthesized results
Reporting bias assessment 14 Describe any methods used to assess risk of bias due to missing 7
results in a synthesis (arising from reporting biases)
Certainty assessment 15 Describe any methods used to assess certainty (or confidence) in n/a
the body of evidence for an outcome
Results
Study selection 16a Describe the results of the search and selection process, from the 8
number of records identified in the search to the number of studies
included in the review, ideally using a flow diagram
16b Cite studies that might appear to meet the inclusion criteria, but 7
which were excluded, and explain why they were excluded
Study characteristics 17 Cite each included study and present its characteristics 8
Risk of bias in studies 18 Present assessments of risk of bias for each included study 8
Results of individual studies 19 For all outcomes, present, for each study: (a) summary statistics 8
for each group (where appropriate) and (b) an effect estimate and
its precision (e.g., confidence/credible interval), ideally using
structured tables or plots
Results of syntheses 20a For each synthesis, briefly summarize the characteristics and risk 30
of bias among contributing studies
20b Present results of all statistical syntheses conducted. If meta- n/a
analysis was done, present for each the summary estimate and
its precision (e.g., confidence/credible interval) and measures
of statistical heterogeneity. If comparing groups, describe the
direction of the effect
20c Present results of all investigations of possible causes of n/a
heterogeneity among study results
20d Present results of all sensitivity analyses conducted to assess the n/a
robustness of the synthesized results
Reporting biases 21 Present assessments of risk of bias due to missing results (arising n/a
from reporting biases) for each synthesis assessed
Certainty of evidence 22 Present assessments of certainty (or confidence) in the body of n/a
evidence for each outcome assessed
Discussion
Discussion 23a Provide a general interpretation of the results in the context of 41
other evidence
23b Discuss any limitations of the evidence included in the review 42
23c Discuss any limitations of the review processes used 42
23d Discuss implications of the results for practice, policy, and future 42
research
(Continues)
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Appendix2 | (Continued)

Location where item

Section and topic Item # Checklist item is reported (pages)
Other information
Registration and protocol 24a Provide registration information for the review, including register 5
name and registration number, or state that the review was not
registered
24b Indicate where the review protocol can be accessed, or state thata 5
protocol was not prepared
24c¢ Describe and explain any amendments to information provided at 5
registration or in the protocol
Support 25 Describe sources of financial or non-financial support for the 43
review, and the role of the funders or sponsors in the review
Competing interests 26 Declare any competing interests of review authors 44
Availability of data, code, 27 Report which of the following are publicly available and where 43

and other materials

they can be found: template data collection forms; data extracted

from included studies; data used for all analyses; analytic code; any

other materials used in the review

RIGHTSE LI MN iy

25 of 25

85U8017 SUOWILIOD BAITERID 8|qedl|dde ayy Aq peusenob afe sejoie VO ‘@SN JO S9N 10} Aeiq18uluO 48] 1M UO (SUONIPUCD-pUe-SLUB) 0D A8 | 1M AfeIq 1[pU1|UO//SANY) SUORIPUOD Pue SWB | 3u8eS *[202/0T/.2] uo AriqiTauluo feim ‘AisieAlun uemod uip3 Aq 8T00Z €BBLI/Z00T 0T/I0pA0d A8 |imAreIq1 Ul uo//:Sdny Wo.j pepeojumod ‘0T ‘7202 ‘69264262


https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1002%2Fmgg3.70018&mode=

	A Systematic Review Exploring Empirical Pharmacogenomics Research Within Global Indigenous Populations
	ABSTRACT
	1   |   Introduction
	2   |   Aims
	3   |   Methodology
	3.1   |   Search Strategy
	3.2   |   Inclusion Criteria
	3.3   |   Screening
	3.4   |   Data Extraction and Analysis

	4   |   Results
	4.1   |   Quality Assessment and Risk of Bias Analyses
	4.2   |   Location and Populations
	4.3   |   Content Analysis
	4.4   |   The Indigenous Perspective on Genomics Research
	4.5   |   The Role of Indigenous Participants in Genomics Research
	4.6   |   Benefits or Outcomes Achieved From Genomics Research in Indigenous Populations
	4.7   |   Indigenous Engagement and Participation in Genomics Research

	5   |   Discussion
	5.1   |   Strengths and Limitations

	Author Contributions
	Acknowledgments
	Conflicts of Interest
	Data Availability Statement
	References
	 Appendix 1
	PubMed

	 Appendix 2


