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ABSTRACT The gut microbiome plays vital roles in human health, including media­
ting metabolism, immunity, and the gut-brain axis. Many ethnicities remain underre­
presented in gut microbiome research, with significant variation between Indigenous 
and non-Indigenous peoples due to dietary, socioeconomic, health, and urbanization 
differences. Although research regarding the microbiomes of Indigenous peoples is 
increasing, Māori microbiome literature is lacking despite widespread inequities that 
Māori populations face. These inequities likely contribute to gut microbiome differen­
ces that exacerbate negative health outcomes. Characterizing the gut microbiomes of 
underrepresented populations is necessary to inform efforts to address health inequities. 
However, for microbiome research to be culturally responsible and meaningful, study 
design must improve to better protect the rights and interests of Indigenous peoples. 
Here, we discuss barriers to Indigenous participation in research and the role disparities 
may play in shaping the gut microbiomes of Indigenous peoples, with a particular focus 
on implications for Māori and areas for improvement.

KEYWORDS human microbiome, gut microbiome, Indigenous health, social disparities, 
diet, urbanization, Maori health, Indigenous research

M icroorganisms that reside within human microbiomes are essential for host 
physiology and health (1). Human microbiomes are composed of bacteria, 

archaea, eukaryotes, and viruses. Bacteria are particularly abundant, inhabiting the 
human body at a roughly 1:1 ratio to human cells (2). The gut, with 1014 bacterial cells, 
harbors the vast majority of commensals; it is the most species-rich microbiome of the 
human body and displays considerable variation among individuals, highlighting the 
environmental, context, and host­specific nature of this microbiome (3).

Gut microbiome research has advanced rapidly in the last two decades due to 
increased recognition of the importance of gut microbes to human health, desire to 
understand the implications of the significant variation in microbiome composition, 
and, above all, remarkable technical advances in high-throughput sequencing coupled 
with reducing costs (4). The human gut microbiome is involved in regulating dietary 
nutrient digestion, host metabolism, and the immune system, including protection 
against infection by pathogens (5–7). Due to its involvement in diverse physiological 
interactions, microbial dysbiosis is associated with a multitude of different physical and 
mental disorders, for example, cardiovascular disease and diabetes mellitus (plus their 
associated risk factors), cancer, gastrointestinal diseases or disorders (such as IBD and IBS) 
and infections, autism, anxiety, and depression (8–12). These associations emphasize the 
interrelationships between the gut microbiome, quality of human life, and well-being.

Despite intense recent scrutiny, many factors, likely to influence gut microbiome 
composition, still require further elucidation. One major example is ethnicity, with a 
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pressing need to extend microbiome research to a greater diversity of peoples. Some 
recent literature suggests that ethnicity has a significant effect on gut microbiota 
composition, even when different ethnicities live in the same geographical location 
(13). Despite this, there is relatively little research with Indigenous populations, including 
those residing in developed countries. People who identify as Indigenous make up 
approximately 6% (~476 million people) of Earth’s population but comprise 19% of 
the extreme poor, suffering greater socioeconomic and educational disparities than 
non-Indigenous ethnicities (14–16). Although Indigenous populations are often the most 
at risk of health disparities, they are still chronically underrepresented in health research. 
Furthermore, the unique social contexts and rich cultural heritage of Indigenous peoples 
(e.g., languages, connections to the environment, and Indigenous knowledge systems) 
and the historical crises that many have faced (e.g., colonization, cultural genocide) are 
all likely to have influenced microbe-human relationships over time yet are not well 
considered in the literature thus far (17). Researchers should give careful thought to 
the selection of research questions that are most relevant and beneficial to Indigenous 
populations (17, 18).

Māori are the Indigenous people of Aotearoa New Zealand (NZ), with approximately 
17% of the population identifying as Māori (19). Like many Indigenous peoples, Māori are 
disproportionately affected by disease, particularly non-communicable diseases, such as 
type 2 diabetes mellitus (T2DM) and cardiovascular disease (20, 21). Although there is 
evidence that such diseases are linked to the gut microbiome (22, 23), there are limited 
studies involving Indigenous populations and the gut microbiome, and currently no 
studies examining gut microbiomes of NZ Māori. Māori have a long history of scientific 
research and have recently been leading efforts to decolonize research in Aotearoa NZ, 
which is likely to lead to more successful and educational Indigenous health research 
(24–26). This is especially necessary in research that explores the connection between 
nature (i.e., gut microbes) and human health, as this topic aligns well with Indigenous 
world views, which encompass a holistic understanding of well-being and appreciation 
of unseen entities essential for good health (18).

The limited studies analyzing the gut microbiomes of Indigenous peoples are 
important as they establish differences not only between Indigenous and non-Indige­
nous populations but also within Indigenous populations (27–37). Microbial differences 
relate to numerous environmental, physical, and social factors such as diet (which is both 
a source of microbes and provides nourishment for existing gut microbes), socioeco­
nomic status (SES), and health, all of which are further impacted by urbanization. These 
inter-connected factors influence each other while also impacting the gut microbiome 
and are likely to explain much of the variance between gut microbiomes of Indige­
nous and non-Indigenous people (Fig. 1). More gut microbiome research is urgently 
needed in Indigenous populations to better understand this important mediator of 
health and disease in different contexts. The studies available to date have shown that 
it is inappropriate to simply extrapolate and generalize data from non-Indigenous to 
Indigenous populations. This perspective piece discusses reasons why there is notably 
limited literature in this field, and how Māori ideologies could improve gut microbiome 
research. We further discuss literature of relevance to gut microbiomes of Indigenous 
peoples, urbanization, diet, SES, and health disparities. The primary author of this 
research (ES) is a descendant of the Iwi (tribes) Ngāti Kahu and Ngāpuhi, and a coauthor 
(MF) is a descendant of Te Ātiawa and Ngāti Mutunga; it is important to note that 
opinions reflected in this perspective are based on their experiences and world views 
and do not necessarily speak for all Māori and Indigenous peoples. Other co-authors 
(SB, NR, MT, TV, and RG) agree that working with Indigenous communities and targeting 
underrepresented groups is central to improving health outcomes and have expertise in 
the topics discussed in this perspective.
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DEFINING INDIGENEITY IN RESEARCH

In research, Indigeneity has consistently been difficult to define. According to the United 
Nations, “Indigenous peoples and nations are those which, having a historical continu­
ity with pre-invasion and pre-colonial societies that developed on their territories, 
consider themselves distinct from other sectors of the societies now prevailing on those 
territories, or parts of them.” The United Nations further suggests that such populations 
usually harbor strong links to surrounding natural resources and territories and are, in the 
modern day, the non-dominant groups of society (38).

FIG 1 Diet, disparities, and urbanization shape the gut microbiomes of Indigenous peoples. Solid arrows represent 

hypothesized unidirectional link between factors. Dashed arrows represent hypothesized bidirectional links between factors. 

Figure generated using Inkscape.
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Although a formal definition exists for Indigenous peoples, and there is clearly 
variation between Indigenous and non-Indigenous peoples, Indigenous populations are 
themselves heterogeneous due to inter- and intra-population variability. Interpopulation 
variability between Indigenous ethnicities may be the primary driver of microbiome 
differences due to their spread across over 90 geographically distinct countries, leading 
to environmental and dietary differences and engagement in different cultural practices 
(16); however, intrapopulation variability combines social aspects, such as connection 
to culture, physical aspects like geographic location within country of residence (i.e., 
urban versus rural or remote living), and biological aspects, like genealogy (39). Many 
Indigenous people have genealogy that is mixed with other (often European) ethnicities, 
especially post-colonization. In many Indigenous cultures, how far back an individual’s 
Indigenous heritage spans does not matter. For example, in Māori culture, the crite­
rion for self­identification as Māori is simply having any Māori whakapapa (genealogy; 
relationships), and percentages of other ethnic genealogy do not make one more or less 
Māori (40).

On one hand, the self­identifiable nature of assigning indigeneity allows a more 
accurate picture of how many Indigenous people exist, as many Indigenous individuals 
do not harbor the physical traits stereotypically associated with indigeneity (41). In 
contrast, self­identification will not capture the many people with Indigenous genealogy 
who do not identify as Indigenous due to the lack of connection to their ancestry 
or culture or being unaware of their ancestry altogether (e.g., the stolen generations 
of Australia) (41). In the NZ context, it is reasonable to hypothesize that those who 
do not recognize or know about their ‘Māori’ heritage may suffer similar inequities to 
self­identified Māori due to previous colonization events that contribute to a cycle of 
poverty; in other words, due to effects that are class-based rather than outcomes of 
racism. Although the effects of class and racism often go hand-in-hand, there is debate 
as to which has the biggest impact on Māori in poverty (42), both of which change 
influential environmental factors like SES (further impacting living conditions), diet, and 
health, and therefore gut microbial ecology (Fig. 1). These considerations are not stated 
to divide members of Indigenous communities or to pass judgement on how people 
choose to self-identify but rather to point out potential causes in data variability among 
groups and recognize that there is not just one “Indigenous gut microbiome” profile.

BOLSTERING RESEARCH ON GUT MICROBIOMES OF INDIGENOUS PEOPLES

In order to start to speculate about the gut microbiome profiles of Māori populations, 
this perspective piece will first discuss some of the limitations of current research and 
how non-Indigenous researchers can work more effectively with Indigenous peoples. 
Then, in the next section, we will specifically discuss how Māori concepts can be 
integrated into gut microbiome research in New Zealand, in an effort to improve health 
inequities. Finally, we will draw upon examples of gut microbiome studies in Indige­
nous populations to highlight (i) variation between Indigenous versus non-Indigenous 
populations and (ii) variations within Indigenous populations based on urbanization and 
disparities.

Many of the gut microbiome studies that have been conducted in Indigenous 
populations to date are limited by low participant numbers, the provision of primar­
ily observational data, and performing research that is not relevant to Indigenous 
communities and will not provide beneficial outcomes to them. This is not unique to 
microbiome research: Fig. 2 depicts some of the barriers to Indigenous people partic­
ipating in health and clinical research, which highlight the need for researchers to 
form trusted relationships with potential Indigenous participants, to be able to clearly 
describe the benefits of the research for the Indigenous person or group, and to take 
into account cultural considerations and world views when designing and implement­
ing the research. In addition, many Indigenous populations live in extremely remote, 
non-urbanized environments, which introduces a variety of recruitment and participa­
tion challenges, as well as implications for the generalizability of the research. For 
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example, in many aspects, research in rural Indigenous populations may better reflect 
Indigenous realities prior to colonization; however, the findings of these studies are 
less likely to be generally applicable to westernized and urbanized Indigenous groups, 
necessitating dedicated research in these populations. It is also important to note that 
those who live in rural environments may not eat diets that align with those of their 
ancestors, and those who live in more urban environments might have better access to 
food that aligns with ancestral diets due to monetary advantages. This point highlights 
the importance of careful recruitment and characterization of research participants to 
ensure that findings are accurately described and reflect the research question.

“How do research institutions learn to better engage with Indigenous and other 
marginalized communities in microbiome research?” is a question of particular relevance 
to Māori (17). There is a clear need and potential for research in this space (and in 
Māori-based clinical research in general) due to the well-established inequities faced by 
Māori populations. In order to ensure maximum Māori participation in research of this 
nature and generate meaningful impact for communities, Māori microbiome research 
must be deemed relevant by Māori and designed to meet their own research aspira­
tions (25, 43, 44). These criteria for engagement may also extend to other Indigenous 
populations due to many having similar values and beliefs to Māori. The specific Māori 
concepts discussed here can be found in Table 1.

Although education surrounding Māori worldviews and practices is becoming more 
prevalent in NZ, there remains major distrust between Māori people and non-Māori 
health professionals (45). Often, doctors and researchers do not meet the requirements 
of Māori in healthcare and research, especially regarding their ability to understand, 
incorporate, or align with tikanga Māori (customary system of values and practices) and 
spiritual dimensions in their approach. Furthermore, modern Māori health disparities 
originated largely due to colonization and can be explained by socioeconomic factors, 
westernization of the traditional Māori diet, and a multitude of introduced diseases (46, 
47). These factors have led many Māori to adopt a preference for Māori-led research to be 
performed by researchers with Māori whakapapa. Known as Kaupapa Māori research, the 
main facet of this approach is that research is conducted “By Māori, for Māori” within NZ; 
it recognizes that Māori have the capability to design and conduct research that aligns 
with their values and prioritizes Māori interests and Mātauranga Māori (Māori knowledge 
systems) (25, 43, 44). The use of Kaupapa Māori and Mātauranga Māori approaches 
is likely to lead to improvements in recruitment and compliance of Māori participants 
in microbiome research, due to participants feeling more connected to the research 

FIG 2 Barriers against Indigenous participation in health research. Across the clinical trial process there are numerous physical and spiritual factors that hinder 

Indigenous participation. Targeting such barriers will allow more successful Indigenous research. Figure generated using Inkscape.
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purpose and staff and due to the cultural acceptability of the research design. Where 
a Kaupapa Māori approach is impossible, meaningful consultation with Māori must be 
undertaken to determine which Māori populations are most likely to need and benefit 
from microbiome research and ideally how Mātauranga Māori can be incorporated to 
enhance the relevance of the research for Māori, rather than scientific curiosity being the 
main driver of the research direction and design.

MĀTAURANGA MĀORI IN HUMAN GUT MICROBIOME RESEARCH

Mātauranga Māori has much to offer research, including that on microbiomes, and is 
often mistakenly viewed as non-factual, unquantifiable, and “not science” (48, 49). This 
debate limits the development of new knowledge, which is the purpose of science. Māori 
have a rich history of practicing science through observation, experimentation, and 
analysis of their environments, with extensive knowledge transmitted across generations 
related to, for example, land use, flora and fauna, biodiversity and ecological interre­
lationships, waterways, astrological bodies, weather patterns, and human and environ­
mental well-being (24). Māori science is dynamic and has evolved in parallel to so-called 
“western” science (50), offering the potential for Mātauranga Māori research and its 
creative capacity to complement gut microbiome research (51).

Many Māori have a deep understanding of ecology and the importance of maintain­
ing an ecological balance, particularly as it pertains to the Aotearoa NZ context due to 
their status as tangata whenua (people of the land) (24). Māori embrace a holistic view 
of how hauora (health and wellness) is connected to the wider ecosystem, which aligns 
well with the evolving scientific understanding of the roles of microorganisms of the 
body and the genes they contain. Specifically, gut microbes are implicated in nutrient 
absorption and the harvest, storage, and expenditure of energy obtained from the diet, 
allowing people to process and gain nutrition from foods harvested from the land and 

TABLE 1 Discussed Māori terms, concepts, and their definitions

Concept Definition

Hauora Health and wellness in the four pillars of health: physical, mental, social, and spiritual well-being.
Iwi A Māori tribe associated with a distinct territory within New Zealand.
Kai Food or a meal.
Kaupapa Māori Taking a Māori approach to a topic or challenge that includes Māori views, Māori leadership, and aims to affirm Māori 

self­definitions by Māori for Māori.
Manaakitanga An important value in Māori society, meaning to show kindness, respect, hospitality, and generosity toward guests.
Maramataka The Māori lunar calendar, which marks the phases of the moon. Traditionally consulted for almost any activity taking place in 

a Māori community, including planting and harvesting food. The Maramataka also marks significant annual events and other 
seasonal activities.

Mātauranga Māori The cultural knowledge system of Māori, which is grounded within the values, concepts, and practices that underpin Māori 
world views.

Mauri A symbol, force, energy, and essence of life. This can be applied to people, flora and fauna, objects, and ecosystems.
Noa Known, common, and free from restriction. A protocol that is integral to Māori life, impacting everyday activities; complemen­

tary to tapu.
Pūrākau Māori narratives, storytelling, legends, communication, and transmission of ideas.
Rongoā Traditional Māori medicine; a system of healing.
Tangata whenua The people of the land. In the context of Aotearoa NZ, these are Māori.
Taonga Treasure, anything prized, applied to anything considered to be of value including socially or culturally valuable objects, 

resources, phenomenon, ideas, and techniques.
Tapu Unknown, sacred, prohibited, restricted, set apart. A protocol that is integral to Māori life, impacting everyday activities; 

complementary to noa.
Tikanga Māori customary system of values and practices; correct procedures, protocols, and practices.
Whakapapa Genealogy, relationships, and the connection between animate and inanimate things and the spiritual world. A principal 

concept in Māori culture.
Whanaungatanga Family relationships, kinship, and a sense of connection.
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highlighting the clear interrelationship between the ecosystem, natural resources, and 
the human body (18).

Whakapapa informs Indigenous knowledge, is central to Māori society, and can be 
used as a model to explain how all life forms are interconnected (51–53). In the same 
way that Māori recognize that human samples have whakapapa, microbes themselves 
hold whakapapa, having descent lines and demonstrating morphological and ecological 
relationships and functions, which coincides with modern day phylogeny and holobiont 
theories (multiple species existing in a symbiotic ecological unit) (52, 54). A related 
concept, whanaungatanga, emphasizes the associations within the natural world and 
is critical for understanding the interdependencies between humans and the environ­
ment, including the microbial environment (55). The application of Mātauranga Māori 
perspectives, such as the belief that all life moves as a functional unit, has the potential to 
enhance western microbial ecology theories (24), thereby creating new knowledge at the 
western science and Mātauranga Māori research interface (51).

It is important, however, to recognize and respect the boundaries and considerations 
that are inherent in research that involves Mātauranga Māori. In a Māori worldview, 
biological samples (tissue, DNA, RNA) derived from humans are taonga (treasures; prized) 
and tapu (sacred; unknown) and are imbued with whakapapa (53, 56–58). Different 
levels of tapu or restrictions may apply to different types of samples, with the head, 
blood, genitals, and buttocks area traditionally considered to carry more tapu (55, 59). 
A request to provide fecal samples for gut microbiome studies may therefore introduce 
significant cultural sensitivities for many Māori, perhaps more so than taking simple 
skin or mouth swabs for examination of the skin and oral microbiomes. Providing fecal 
samples has already presented itself as an issue for Māori and Pasifika non-responders for 
bowel cancer screening in NZ, with some mentioning tapu as a barrier (59). Oftentimes, 
participants are asked to store fecal samples in the fridge or freezer. As many Māori 
hold the view that fecal samples (tapu) should not be kept in a place where food (noa; 
known) is stored, this requirement would likely act as a major barrier against some 
Māori participating in gut microbiome studies (55, 60). For this reason, providing fecal 
sample kits that are stable at room temperature may be more appropriate for Indigenous 
participants, as well as ensuring that researchers understand the potential hesitance 
surrounding the gathering of these samples. Clinical studies should carefully cater to 
Māori populations, and consent should clearly address both the physical and spiritual 
relevancy of biological samples. The meaningful involvement of appropriately resourced 
Māori researchers and advisors will facilitate the application of tikanga practices during 
sample handling (e.g., karakia; incantations) to recognize and respect the tapu, mauri 
(life force), and whakapapa attached to human-derived samples (61). The successful 
incorporation of Kaupapa Māori practices into clinical trials and health research has 
been shown to lead to good engagement and positive health outcomes for Māori (42, 
62–65), demonstrating the advantages of research being undertaken by research staff 
with experience in implementing culturally appropriate methodologies.

Data, photographs, and diary-like records (such as survey responses) are also 
considered to be taonga (56, 58). Many Māori are wary as to how Māori data from 
samples and responses are handled, stored, discarded, used, and published, which may 
limit their desire to participate in research (56). To decolonize the way in which Māori 
data are viewed, it is important to acknowledge that whakapapa and mauri remain 
present even in anonymized data (53, 56, 57). Furthermore, although anonymization 
may protect individual identities, it does not account for the significant risk of ethnic 
injustice that occurs when an Indigenous data set is made public, and any perceived 
negative information is generalized to the whole population. A prime example of this 
can be seen in the context of epigenetic research pertaining to monoamine oxidase 
A. Dubbed the “warrior” gene, the monoamine oxidase A gene, was found in higher 
proportions in Māori than in non-Māori NZ Europeans, leading to suggestions that there 
is a genetic predisposition for Māori to be aggressive and have addictive tendencies; 
this conceptual leap effectively minimizes any consideration of the ongoing effects of 
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environmental deprivation and historical trauma that Māori have been subjected to due 
to colonization (66, 67) and eroded Māori trust in research. Due to previous instances of 
ethnic injustice, working with and interpretation of Māori microbiological data require 
exceptional care and Māori leadership to avoid any harm and discrimination to Māori 
communities, particularly as open data and science are becoming the gold standard 
(68). An understanding of data sovereignty principles and implementation of good 
practice in Indigenous data governance should be mandatory for microbiome studies 
that involve Māori. The CARE (Collective benefit, Authority to control, Responsibility, 
Ethics) principles for Indigenous data governance provide current standards for ensuring 
that data are handled appropriately in research related to Indigenous populations (68, 
69). These principles address privacy and future-use (e.g., biobanking) issues, which have 
been neglected previously (68, 69). Building and disseminating a repertoire of successful 
Māori research will provide a clearer picture of the importance of Māori data for Māori 
communities and may be used as a tool to inspire future Māori generations to contribute 
to microbiome research and continue to unravel existing research and health inequities 
and create solutions (25).

Although promoting Māori engagement in research is important to facilitate 
meaningful and constructive change, care must be taken to ensure that Māori scientists 
based within research institutions are not inadvertently or deliberately required to work 
a “cultural double shift,” where it is assumed or expected that on top of their usual 
research load, they will take the lead in facilitating connections to Māori communities, 
even when they have previously had no experience making such connections (70). It 
is inappropriate to assume all Māori have connections to their whakapapa (or want 
involvement in Mātauranga Māori research). One example of a Māori-led institute in 
NZ that is successfully training young Māori to be self-determined empowered leaders 
who can bridge science and Mātauranga Māori knowledge systems is Pūhoro STEMM 
(Science, Technology, Engineering, Mathematics, Mātauranga) Academy. Pūhoro has 
developed a capability building pipeline that lifts Māori into the STEMM workforce by 
taking a whānau wrap-around approach to tutoring and learning and provides tertiary 
students with paid research internship opportunities (which often contain aspects of 
Mātauranga Māori) to expose young Māori to STEMM disciplines. The first author of this 
manuscript has been a Pūhoro STEMM Academy student for 8 years and is now a PhD 
candidate who has since co-supervised an undergraduate Pūhoro internship student, 
whereas a number of authors (NR, SB, MF, RG) have had roles supervising and advising 
Pūhoro students on their projects.

Dissemination of results in an understandable way is one of the most important ways 
of demonstrating the importance of research for hauora. Māori often find the participant 
information and results for studies to be complex and inaccessible (56). They often have 
an expectation of individualized results, which should be communicated appropriately 
for proper understanding and to show the importance of using their samples (56). 
Scientists tend to overcomplicate communication to lay populations, which may be 
particularly relevant for some Māori who hold different ideas of what constitutes science. 
Although science communication in Aotearoa is not new for Māori, who traditionally 
have sophisticated mechanisms and processes for the oral cross-generational transfer 
of knowledge (such as pūrākau), the development of communication in NZ parallels 
other English speaking countries where colonization has resulted in the diminishment 
of Indigenous language and ideologies (71). Prioritizing oral communication channels 
for the dissemination of results to Māori may allow for better understanding and the 
opportunity to get clarity by asking questions in person. Having more personalized 
and understandable dissemination may contribute to the formation of pūrākau science 
narratives, which can be disseminated further. Appropriate communication of microbial 
results is essential, as microbiome research is a very complex and rapidly developing field 
due to ongoing technological advancements.

As with other scientific fields, the recognition and incorporation of Indigenous 
knowledge systems and practices in gut microbiome research will benefit Indigenous 
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participants, communities, and researchers and is likely to lead to the formation of 
new knowledge. Making changes that enhance the engagement and trust of Indige­
nous populations in research is imperative, given the established health inequities 
that Indigenous peoples face worldwide and their current underrepresentation in the 
literature. Despite many similarities in Indigenous peoples’ colonization experiences, a 
nuanced consideration is needed of the various factors that have potential to influence 
the microbiomes of Indigenous populations.

THE INTERSECTION BETWEEN INDIGENEITY AND FACTORS THAT IMPACT THE 
GUT MICROBIOME

Urbanization

Urban and rural Indigenous peoples have been described as “two facets of the same 
people” (72). In the modern day, cities are one of the main sites of residence for 
Indigenous populations. Migration is not a new concept to many Indigenous peoples, 
whether migrating between countries, within countries, or experiencing changes to 
the environment itself due to events like climate change and urbanization. Increasing 
migration from rural areas is being seen across the globe due to factors including loss 
of land, climate change, poverty, and the pursuit of new opportunities (72). Urbanization 
has been associated with loss of Indigenous culture and identity, particularly due to 
a lack of attention and effort to meet the needs of urban Indigenous populations, 
further contributing to disparities (73, 74). It is important that rural, semi-rural, and urban 
indigenous populations are studied and acknowledged as the differing environmental 
factors may have implications for data interpretation. When considering the influence 
of locality, it is necessary also to take into account how bidirectionality (where people 
move backward and forward between urban and non-urban contexts over the course of 
their lives) and multi-locality (a lifestyle involving living in several places) may influence 
the gut microbiome. Currently, remote Indigenous populations have been the subject 
of more microbiome-focused research compared with those living in cities, such as 
urban Māori (28, 29, 32–36). Given the scarcity of such research, we acknowledge our 
reliance here on the use of studies primarily focused on the gut microbiomes of rural 
and remote Indigenous peoples. Despite more Māori living in urban environments, 
on average, the prevalence of Māori in rural settings still surpasses that of non-Māori, 
making representation of rural data important (75). Furthermore, this may offer insights 
into how colonization might have shifted the Māori gut microbiome over the last 200 
years. It is difficult to hypothesize whether “ancestral” species persist in the Māori gut 
or whether rapid colonization has erased distinctions between Māori and non-Māori gut 
microbiomes. Over time, it is likely that “ancestral” species in the Māori gut may have 
become less common or disappeared, as colonization has led to significant changes in 
urbanization, diet, and health. Depending on the extent of these changes, it is possible 
that some Māori microbiomes may have characteristics of both pre-colonial and western 
microbiomes. In turn, this could inform how colonization has impacted health over time.

Rural homelands and urbanized cities are contrasting environments, and migration 
into urban areas can lead to many changes that have the potential to impact the gut 
microbiome. Rural and remote Indigenous people tend to exhibit higher gut microbiome 
diversity and compositional differences compared with non-Indigenous living in urban 
areas (32–36, 76). Although the idea that rural and urban gut microbiomes differ is 
widely accepted, it is less clear why this is so, particularly in Indigenous populations. 
Continuing to work with Indigenous people, like Māori in NZ, to understand their lived 
experiences in these environments may break down any misconceptions and has the 
potential to generate learnings that may be unexpected because Indigenous perspec­
tives were centered. Urbanization leads to changes in diet, SES, and health (27–29, 32, 
34, 35, 77). As these factors directly link to changes in the gut microbiome, urbanization 
likely indirectly impacts the gut microbiome (Fig. 1).

In general, urbanization encourages a more Western diet, which contributes 
significantly to changes in gut microbiome composition and diversity (29, 35, 78–80). 
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This has been shown eloquently in a Mexican study where rural living Indigenous 
Me’phaa children were compared with non-Indigenous Mexican children from Mexico 
City (35). The gut microbiome of the Indigenous children showed significant differences 
with greater microbial diversity and higher rates of VANISH (volatile and/or associated 
negatively with industrialized societies of humans) bacterial families compared with the 
gut microbiomes of the non-Indigenous children who demonstrated a higher relative 
abundance of BloSSUM (bloom or selected in societies of urbanization/modernization) 
taxa. These changes reflect the diet of each population, with the Me’phaa diet being 
high in fiber, consisting of gathered legumes, edible plants, and hunted animal protein 
(35). In contrast, the westernized Mexican diet is rich in store-bought domesticated 
animal protein, refined oils, sugars, and limited dietary fiber and vegetables. However, 
we cannot generalize the findings of urban non-Indigenous populations to urban 
Indigenous populations due to other factors specific to urban Indigenous peoples. For 
example, Indigenous food insecurity in urban populations is significantly higher than for 
those living in rural areas, due at least in part to the erosion of traditional foods from the 
diet, which may have further microbial impacts (78). Therefore, more literature examin­
ing the dietary differences and, subsequently, the gut microbial changes of Indigenous 
peoples over the course of urbanization is necessary.

Currently, there are limited data pertaining to the combined effect of SES and 
urbanization on the gut microbiome. Indigenous populations are significantly more 
likely to live in rural areas than their non-Indigenous counterparts (75, 81, 82). Rural 
and remote living is often associated with a lower SES (83). A Dutch study revealed 
associations between income, rural living environments, and the gut microbiome (77). 
Furthermore, childhood living environment, depending on urbanization level, signifi­
cantly shaped the adult gut microbiome (77). The extent of rurality is also impacted by 
Indigenous status. For example, when Māori live in rural areas, they are considerably 
more likely to live in remote places than non-Māori (75). It is likely that urbanization 
and SES affect the gut microbiome in Indigenous populations; however, more research is 
required to understand these associations.

Globally, the health burden of urban and rural peoples differs. Rural residents tend 
to have less access to healthcare and more limited health literacy compared with their 
urban counterparts (84). This disparity is likely amplified in Indigenous peoples living 
rurally, as the mortality of rural Indigenous peoples is often higher (75, 83). To examine 
how urbanization affects the health and gut microbiome of the Orang Asli, the oldest 
Indigenous population from Peninsula Malaysia, three different populations living in 
different degrees of urbanization were studied: urban, semi-urban (rural), and semi-
nomadic (remote) hunter gatherers (32, 34). Urbanized Orang Asli had poorer cardiome­
tabolic health measurements compared with the other groups, with each group having 
distinct gut microbiota profiles. The semi-urban Orang Asli microbiome profiles shared 
properties of both semi-nomadic and urban gut microbiomes, perhaps representing a 
compositional shift in the gut microbiome over the course of urbanization. These studies 
provide insights into how health and the gut microbiome are impacted by urbanization. 
Interestingly, more uncharacterized microbial genomes were found in the semi-nomadic 
Orang Asli populations than in the urban populations (32, 34). Thus, these observations 
point to the increased diversity and lack of characterization of species found in remote 
societies. This acts as another example of intrapopulation heterogeneity dependent on 
geographic location and lifestyle.

Urbanization is likely to impact gut microbiomes of Indigenous peoples differently, 
due to the many disparities they face that heighten or reduce over the course of 
urbanization. This relationship is extremely complex, as although rural living pre- or 
early colonization may have posed benefits, rural living now is associated with negative 
health outcomes. For example, ready access to healthcare services in NZ is increasingly 
fraught for those living outside major centers, such that Māori are essentially suffering 
where once they thrived. The scale has tipped in such a way that there is no winning 
for Māori, as health outcomes have worsened due to urbanization, but now rural living 
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in NZ is no longer a better outcome due to colonization and the disparities faced by 
today’s rural dwellers. Although it is clear that diet, SES, and the health of Indigenous 
peoples affect the gut microbiome, it is important to establish that urbanization further 
influences these factors, indirectly impacting the microbiome (Fig. 1). The following 
sections will examine these factors and their direct link to gut microbial ecology in 
Indigenous peoples.

Diet

The social functions and aspects of food are especially significant for Indigenous peoples, 
in addition to the universal central value of food as a necessity of life. Food and diet 
unite individuals through the harvesting, preparation, and consumption of food, which 
can support many Indigenous cultures in feeling connected to nature and the land (85, 
86). Food also facilitates the gathering of families, which promotes the transmission of 
skills across generations as well as the maintenance of spirituality (86). Within Māori 
culture, for example, the values of whanaungatanga (sense of family connection) and 
manaakitanga (kindness and hospitality) are incorporated into sharing kai (food) (85). 
The dietary patterns of different ethnicities and cultures can vary significantly, particu­
larly the traditional diets of Indigenous cultures versus the typical industrialized diet (87, 
88). In addition to food contributing to cultural preservation, diet plays a large role in 
affecting microbial diversity and composition within the gut, and examining this link in 
underrepresented populations can broaden our knowledge of microbes associated with 
people (89, 90).

It is likely that the Māori gut microbiome has undergone vast changes since 
colonization by Europeans just under 200 years ago. The archetypal pre-colonization 
Māori diet is thought to have been nutrient-rich and well-balanced (87). This diet 
included foods high in resistant starch like kūmara and taro, native leafy greens, berries, 
and seeds. Colonization has allowed access to foods representative of a highly-processed 
Western dietary pattern, which is high in fat, sodium, and sugar, but low in nutrient-rich 
foods like fruits, vegetables, and lean proteins (91). Furthermore, sanitation of Western 
foods has likely influenced the modern Māori gut microbiome, as meats and vegetables 
no longer act as such influential environmental reservoirs for microbes to colonize the 
gut, which still plays a role in shaping the gut microbiome of some Indigenous hunter-
gatherers (28). Nonetheless, the modern diet of the Māori population differs from the 
diet of non-Māori within NZ, particularly in total consumed macronutrients (92). Māori 
men tend to eat more protein, cholesterol, and mono-unsaturated fats than non-Māori 
NZ men (92). Compared with non-Māori women, Māori women are reported to eat 
more protein, carbohydrates, starch, saturated fatty acids, and polyunsaturated fats. 
Furthermore, overall daily Māori energy intake is higher (92). Such macronutrients can 
alter gut microbiota composition, as they can act as substrates for microbial species (90). 
In addition, Māori tend to eat less vegetables than non-Māori, which may also impact the 
gut microbiome (92, 93). This variance in diet and macronutrient intake could lead to a 
significant difference between Māori and non-Māori NZ gut microbiomes.

To date, no studies have examined the relationship between Māori gut microbiomes 
and diet; however, a limited number of studies suggest that diet impacts the gut 
microbiomes of Indigenous populations (27, 28, 30, 37). One such study examined the 
association between diet, metabolic health, and the gut microbiomes of Torres Strait 
Islander populations from two distinct geographic locations, Waiben and Mer (27). Mer 
people reside further from the Australian mainland, limiting access to Western foods and 
resulting in a more traditional, seafood-rich diet. By contrast, Waiben, a more accessible 
island, allows a flow­through of Western food including takeaways and alcohol. Alcohol 
consumption, in particular, impacts the gut microbiome and is often a confounder in 
gut microbiome studies (94). The Torres Strait Islander study reported differences in 
species-level composition and microbial evenness between the islands (27). In the Mer 
population, species across five bacterial phyla were enriched, including the opportunistic 
pathogens Klebsiella pneumoniae and Escherichia coli. Associations between aspects of 
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the diet (i.e., sugar-sweetened beverages) and inflammatory markers (i.e., interleukin 
(IL)−15) were also described (27). A later section of this perspective will focus on the 
associations between diet, gut microbiome, and Indigenous health.

Remote hunter-gatherer Indigenous populations face seasonal dietary and other 
environmental changes, which impact the gut microbiome (28). In Tanzania, the 
consumption of foods that comprise the Hadza hunter-gatherer diet, such as honey, 
berries, fruits, starchy vegetables, and meat (28), is heavily impacted by season; for 
example, more meat is eaten in dry seasons, whereas honey availability is higher in 
wet seasons. This leads to dramatic changes in operational taxonomic units (OTUs) 
in the Bacteroidetes phylum between seasons (28). Furthermore, microbes involved in 
carbohydrate degradation are seasonally volatile. Many such microbes are no longer 
present in modern industrialized microbiomes, despite being important for nutrient 
metabolism. Like Hadza, Canadian Inuit are traditionally hunter-gatherer peoples; 
however, a transition to a more processed Western diet is occurring in these popula­
tions due to increasing access to supermarkets (29). Despite this, seasonal hunting trips 
are still in practice and much of the Inuit diet is composed of fat-rich, hunted meats. 
Gut microbiomes of individuals within the Inuit population vary considerably in terms 
of alpha and beta diversity over time. Furthermore, the inter-individual variance was 
higher than in Westernized individuals from Montréal, perhaps reflecting the individual 
opportunistic practices of gathering and hunting (29). Both studies provide insights into 
how the gut microbiomes of different Indigenous ethnicities respond to seasons, based 
on diet, geography, and access to Western foods.

Based on the findings above, one may speculate that the diet (and therefore the gut 
microbiome) of Māori hunter-gatherers changed significantly after their migration to NZ 
to reflect seasonal availability of food and the introduction of new foods by European 
settlers. Initially, Māori consumed cultivated vegetables like kūmara, yams, and taro, as 
well as a range of wild foraged plants (e.g., berries, ferns, seeds) and animals (e.g., fish 
and native birds) (95, 96). Due to contrasts in geographic climate between the warmer 
north and cooler south of NZ, it is likely that differences in crop availability caused 
some contrasts in diet among iwi due to the less successful cultivation of certain crops 
(e.g., kūmara and taro) further south (96). Also of note, the maramataka (Māori lunar 
calendar), which was adapted upon arrival to accommodate the seasons and climate 
of NZ, mayhave indirectly impacted gut microbiomes due to its ubiquitous traditional 
and current use to guide hunting, gathering and crop planting, and harvesting activities 
(97, 98). European settlers introduced versatile crops like potatoes (which were easier 
to cultivate than kūmara), maize, flour, and animals like pigs, sheep, and chickens (95). 
These introduced foods allowed the creation of Māori breads like rēwena (sourdough) 
and takakau (flatbread), new fermented foods (e.g., kānga wai; fermented corn), and the 
consumption of new protein sources (95, 97). The combination of seasonal cultivation, 
climate differences based on geography, and large dietary pattern changes likely caused 
major shifts in gut microbiome composition of Māori. However, it can be hypothesized 
that over the continued course of colonization, transition to western practices and 
diet further shifted the gut microbiome and has likely diminished seasonal impacts, 
especially for Māori who do not have access to their traditional dietary patterns and live 
in urban centers.

Measures of dietary quality in Indigenous peoples also provide insights into the 
impact of diet on the gut microbiome. An observational cohort study on the gut 
microbiomes of Native Hawaiians and Pacific Islanders demonstrated that dietary 
quality impacted specific taxonomic changes in the gut microbiome (30). Furthermore, 
abundance of the short-chain fatty acid (SCFA) butyrate synthesis gene (butyrate kinase) 
was positively and negatively associated with multiple bacterial genera and bacterial 
butyrate kinase gene abundance and expression (30). This finding indicates that the gut 
microbiome is also important in the microbial production of SCFAs in response to diet 
in Native Hawaiians and Pacific Islanders (99). Positive and negative associations were 
also established between dietary quality and SES; as Indigenous populations often suffer 

Perspective mSystems

November 2024  Volume 9  Issue 11 10.1128/msystems.00909-2412

https://doi.org/10.1128/msystems.00909-24


poverty and low SES, making healthy and nutritious food choices can be challenging 
due to the cost of food (85, 100). Another study analyzing the effects of obesity on 
gut microbiomes of Pacific Island and NZ European women revealed that distinctive 
microbiome enterotypes are reflective of dietary intake between both populations (37). 
The enterotype more strongly associated with Pacific Island women was characterized 
by higher relative abundances of lactic acid-forming bacterial species, with these women 
more likely to consume sugar sweetened beverages and discretionary savory foods 
(e.g desserts, processed meats, and confectionary) (37). The enterotype predominantly 
associated with NZ European women was characterized by higher relative abundances of 
Subdoligranulum sp., Akkermansia muciniphila, Ruminococcus bromii, and Methanobacter 
smithii and these women tended to have higher dietary intakes of non-starchy vegeta­
bles, nuts and seeds, and plant-based fats (37). This further highlights the discrepancy 
between Pacific Islanders and NZ Europeans in terms of dietary quality, and how it 
influences the gut microbiome. If the same analyses with Māori and NZ European 
women were performed, we might expect a similar result due to their general differences 
in dietary pattern (92). In NZ, recent increases in the food price index (101) are likely to 
promote the purchase of less expensive, heavily processed foods for many Māori and 
Pasifika.

As Māori tend to eat differently to other populations in NZ, it is reasonable to assume 
that this impacts their gut microbiome and could lead to significant taxonomic and 
functional differences between the gut microbiomes of Māori and non-Māori. Moreover, 
it is likely that the Māori gut microbiome underwent drastic changes over the last two 
centuries due to rapid urbanization altering Māori eating habits, food gathering styles 
and sanitation over a short time frame. This phenomenon has been seen in a limited 
number of observational studies in other Indigenous populations (27–30). However, 
interventional studies are needed to examine whether diet impacts the gut microbiome 
of Indigenous peoples differently from other populations. To date, observational studies 
often extrapolate from one population to another rather than tracking dietary differen­
ces over a period of time, which would assess how particular diets impact the gut 
microbiomes of Indigenous peoples.

Socioeconomic status

Indigenous populations across the globe experience higher rates of lifestyle and 
income-related disparities and have a lower human development index compared to 
their non-Indigenous counterparts (15). This is despite the countries in question often 
ranking among the top 10 globally in terms of human development index (15). Indeed, 
migration to a wealthier country can, somewhat counter-intuitively, be associated 
with an altered gut microbiome linked to worsened health for immigrants (102, 103). 
Using census data, a large cohort study measured multiple disparities across Indige­
nous populations in NZ, Australia, and Canada (104). Between 1981 and 2006, overall 
social and health outcomes were worse for Indigenous compared to non-Indigenous 
populations in all three countries (104). Specifically, there was a lack of progress to 
improve education and SES for Indigenous people. Every year, the annual income of 
Indigenous populations across these countries was less than that of non-Indigenous 
people. In the NZ population, the employment and education gap between Māori and 
non-Māori had even increased, with Māori continuing to have a higher rate of unemploy­
ment and lower median weekly income compared to non-Māori (105). Compared to NZ 
Europeans, Māori are also approximately four times more likely to experience household 
crowding (106), which occurs when the number of inhabitants in a home exceeds the 
dwelling space available and is a major consequence of poverty and low SES (107). 
However, it is important to note that household crowding is not always a negative 
experience. For example, on average, Pacific peoples living in crowded households 
report lower rates of loneliness, and a greater sense of family connection, which may 
in turn improve mental health (108). Factors that contribute to SES, such as dietary 
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differences, health status, and social aspects like household crowding are also thought to 
impact the gut microbiome (109, 110).

Few studies have explored the relationship between SES and the gut microbiome 
(111, 112), and only one focusses on an Indigenous population (31). This Israeli study 
examined the gut microbiomes of Indigenous, Arab children across three villages of 
differing SES (31). Household SES was significantly associated with the gut microbiomes 
of children, with bacterial diversity being higher (but with reduced evenness) in the 
village with the lowest average household SES and there being distinct compositional 
differences between the low SES village and the two higher SES villages (31). A strong 
positive association between household crowding and species richness was established, 
as well as significant compositional differences based on household crowding index. This 
is an interesting paradox as, while household crowding is often seen as a detriment 
to health, an increase in gut microbial richness may have positive health outcomes 
(113). The authors hypothesize that potential reasons for these differences include 
the “old friends” hypothesis, where having a larger family may benefit the immune 
system through increased microbial exposure impacting the gut microbiome (31, 114). 
Alternatively, the increased bacterial species may reflect longer contact with hosts for 
colonization, which is enhanced by household crowding.

A factor that is strongly associated with SES is education, as schools in low socioe­
conomic communities often lack proper support and funding, and parents may not 
be able to afford an adequate education for their children (115). Upon adjusting for 
gender, age and BMI z-score, the Koala Birth Cohort Study, comprised of 281 Dutch 
children, suggested that maternal education level was associated with changes in the 
gut microbiome composition among their children, pointing to a potential role for 
education level in influencing the gut microbiome profile (111).

The links between SES and the gut microbiome are consistent across populations, 
with data from the Guangdong Gut Microbiome Project showing that up to 40% of 
detected OTUs were associated with economic status and spending amount (112). 
The main OTUs positively associated with economic status were taxa from the genus 
Bacteroides, while the relative abundance of the genus Prevotella was negatively 
associated with SES. This is an interesting finding as Prevotella species are often enriched 
in Indigenous populations and negatively associated with westernization (34, 35).

SES impacts other gut microbiome-modifying factors, such as breastfeeding, which 
is less actively initiated and occurs in shorter durations on average in mothers with 
a lower SES (116, 117). Breastfeeding impacts the gut microbiome profiles of infants, 
and potentially even influences those of adults later in life (118, 119). Typically, Māori 
and other Indigenous peoples tend to breastfeed their babies less than non-Indigenous 
people, which is particularly significant in urban environments (120–122). Breastfeeding 
likelihood is impacted by SES and household incomes (121, 123). Reasons for this include 
misinformation surrounding the benefits of breastfeeding versus bottle-feeding, being 
shamed for breastfeeding in public, or the stress of living in a low-income household 
leading to working mothers having less time for breastfeeding (124, 125). However, 
there is currently no literature on the combined effect of SES and breastfeeding on the 
gut microbiome, and certainly not in Indigenous peoples. There is no one reason as 
to why SES impacts the gut microbiome, but likely multiple correlated environmental 
factors are involved (126). It is reasonable to assume these factors are probably different 
for Indigenous compared to non-Indigenous populations due to differences in socioeco­
nomic and other disparities.

There is evidence that SES could impact the gut microbiome of Indigenous peoples 
(31). The SES effect on Indigenous microbiomes is particularly understudied, despite 
Indigenous populations being especially impacted by SES disparities. Therefore, as Māori 
are more likely to reside in a low household SES and be exposed to household crowding, 
this may cause changes to the gut microbiome of Māori compared to non-Māori, as has 
been previously demonstrated (31).
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Health and wellness

Of all the disparities faced by Indigenous populations, those related to health are 
the most well-studied. Indigenous peoples’ health is consistently poorer than that of 
non-Indigenous populations. This is due to numerous social determinants, such as a 
higher prevalence of poverty and less access to healthcare, especially to culturally 
safe healthcare environments (45, 127, 128). In Indigenous populations who have 
faced colonization, these health disparities have evolved over time. With the advent 
of colonization in NZ in the early 1800s, Māori were introduced to new communicable 
diseases from Europe, such as measles and influenza, with devastating consequences. 
As there is evidence that communicable disease can impact the gut microbiome, it is 
reasonable to hypothesize that introduced disease could have initiated shifts in gut 
microbiome composition during the initial colonization of NZ (129–131). This may have 
been through infection of pathogens causing direct changes to gut composition, or 
a more general deterioration in health leading to indirect changes. Since then, life­
style changes associated with colonization have contributed to the rise of numerous 
non-communicable diseases that are associated with major health disparities (20, 21). 
Even when Māori can access healthcare services, they commonly report being exposed 
to racism, mispronunciation of their names by non-Māori doctors, difficulty building 
relationships with doctors, and lack of Rongoā (Māori medical practices) or acknowl­
edgement of its benefits for Māori (45). This leads to poor engagement and less effective 
healthcare for Māori in general. Māori have a disproportionately higher incidence of 
cardiovascular disease, Type 2 Diabetes Mellitus, metabolic syndrome, and obesity (21, 
63, 132). Such non-communicable diseases can lead to changes in the gut microbiome. 
T2DM has been linked to an altered gut microbiome profile (8, 9), for example differences 
in the Firmicutes/Bacteroidetes phyla ratio have been associated with both T2DM and 
obesity (133), although this pattern is by no means universal (134). Specific microbial 
species play a potential protective role against T2DM, such as Akkermansia muciniphila 
(135, 136). Cardiovascular disease may also be linked to the gut microbiome, as microbes 
can produce metabolites associated with an increased risk of cardiovascular disease (10). 
With Māori being more likely to develop such diseases, Māori gut microbiomes may 
differ significantly from those of non-Māori.

Studies indicating that health status leads to changes in Indigenous gut micro­
biomes are sparse but do make important inferences. Correlations between age, BMI, 
glycated hemoglobin (HbA1c) and gut microbial richness have been examined in 
Native Hawaiians and Pacific Islanders (30). Examination of microbial profiles revealed 
differences in numerous phyla across age groups, notably: Bacteroidetes, Firmicutes, 
Actinobacteria, Deferribacteres and Proteobacteria. Certain species within the Bacteroi­
detes phylum also displayed a negative correlation with glycemia and obesity, while the 
genus Bifidobacterium was negatively correlated with age, HbA1c, and BMI, pointing to 
its positive associations with health in Native Hawaiians and Pacific Islanders (30). Unlike 
in other populations where T2DM is most closely associated with BMI, in this cohort 
age had a greater positive association with T2DM than BMI. As this finding contra­
dicted previous research undertaken in other ethnicities, the importance of studying 
Indigenous populations to highlight potential ethnic or culture­specific relationships is 
evident. This observation supports the contention that findings in majority, westernized 
ethnicities may not be generalizable to minority, Indigenous populations, and emphasi­
zes the importance of Indigenous-focused studies.

As noted previously, differences between the gut microbiomes of Torres Strait 
Islanders from Mer and Waiben highlighted how particular bacterial genera or species 
may shape health (27). Interestingly, despite having a “less-western” diet, Torres Strait 
Islanders residing in Mer had a higher mean arterial blood pressure with specific 
bacteria being associated with blood pressure. For example, Lachnospiraceae bacterium 
8_1_57FAA mediated a positive relationship with mean arterial blood pressure and 
interleukin-15 (IL-15) concentrations. IL-15 is positively associated with cardiovascular 
disease (137) and gut dysbiosis, and can alter the gut microbiome (138). Furthermore, 
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Alistipes onderdonkii had a relationship with systolic blood pressure (27). In the Mer 
population, systolic blood pressure was increased in the absence of A. onderdonkii. 
In contrast, in A. onderdonkii-positive Waiben residents, there was no difference in 
systolic blood pressure (27). This shows that associations between specific gut microbes 
and health or disease may be mediated by geographic location and other lifestyle 
factors, and not just based on their Indigenous ethnicity, further displaying Indigenous 
intrapopulation heterogeneity.

Communicable disease in Indigenous populations, particularly disease-associated gut 
dysbiosis, also impacts the gut microbiome. A study in the Orang Asli demonstrated that 
eukaryotic helminth infection was associated with increased gut microbiome diversity 
and increased with the severity of infection (32). Specific bacterial associations with 
helminth infection were village dependent, further showing how geographic location 
may impact specific bacterial relationships with health factors (27). A similar study 
examined members of Wiwa, an Indigenous Colombian tribe, who suffer high instan­
ces of gut infection (33). Associations were found between relative abundances of 
specific bacterial genera and gut infections. For example, enterohemorrhagic Escheri­
chia coli infection was positively associated with the abundance of Sutterella species, 
and relative Firmicutes abundance was associated with infection by enteropathogenic 
E. coli and helminth species. This research also shows how communicable pathogens 
such as helminths can impact the gut microbiome in Indigenous populations and how 
medications may further impact the gut microbiome.

While it is clear that physical health has a significant connection to the gut micro­
biome, the association between mental health and the gut microbiome remains unclear. 
Previous research has shown a bidirectional link between the gut and the brain, 
known as the gut-brain axis (139), with communication occurring through factors of 
the nervous, endocrine, and immune systems (139). While having no specific link to 
Indigenous populations, a study examining discrimination between different ethnicities 
found significant changes in brain resting state connectivity, as measured by functional 
magnetic resonance imaging, associated with specific species in the gut microbiome 
(140). Particularly, Prevotella copri was strongly positively associated with discrimination 
in Black and Hispanic individuals. Discrimination was linked with altered brain connectiv­
ity and increased inflammation, which can lead to increased reactive oxygen species 
that P. copri can utilize to survive in inflammatory environments (140). This bacterium 
is associated with worsened health outcomes such as rheumatoid arthritis, displaying 
the link between mental health, the gut microbiome, and physical health (141). Māori 
and Indigenous populations have increased rates of mental health disorders and are 
subject to more racial discrimination (142, 143). The downstream effects of colonization, 
urbanization and cultural disconnection of Māori are believed to play key roles in these 
increased mental distress rates (144). Therefore, the specific effects of discrimination and 
worsened Indigenous mental health on the gut microbiome should be investigated.

Due to a lack of accessible healthcare, other factors such as immunization and 
antibiotic use are likely to impact the gut microbiomes of Indigenous populations. In 
NZ, on average, Māori display higher vaccine hesitancy, alongside having less access 
to healthcare, which has led to decreased vaccine uptake in Māori populations (145). 
Vaccinations are thought to have a bidirectional relationship with the gut microbiome 
(146). Specifically, COVID-19 vaccines can decrease gut microbiome diversity, confer 
compositional shifts and impact specific microbial species, and baseline gut microbiome 
composition can contribute to adverse effects of the vaccines (147). Other xenobiotics 
such as antibiotics can also impact the gut microbiome, especially those which are broad 
spectrum (148). In NZ, inappropriate prescription of antibiotics is particularly prevalent 
compared to other nations (149). Māori are faced with both the potential of being 
over-prescribed and under-prescribed antibiotics: on the one hand, rates of prescriptions 
to Māori are higher than for non-Māori populations, however disease burden in Māori is 
also disproportionately higher (150). This implies a potential inclination to over or under 
prescribe antibiotics in specific cases, necessitating further investigation to ensure Māori 
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are receiving proper treatment. In either case, this could impact the gut microbiome of 
Māori in NZ. More research on antibiotic usage and Māori gut microbiomes is required to 
truly understand this interplay.

In general, Indigenous peoples suffer greater health disparities than their non-Indig­
enous counterparts. These disparities can influence gut microbiome diversity and 
composition, which may contribute to worsened health outcomes in these populations. 
While it is well documented that Māori face health disparities, literature on the connec­
tion between Māori, the gut microbiome and health has yet to be published.

CONCLUSION

Globally, human gut microbiome research conducted by and for Indigenous populations 
is currently lacking. Utilizing Indigenous science, like Mātauranga and Kaupapa Māori 
methodologies, may benefit the microbial ecology space through the formation of 
new knowledge, and start to break down social and cultural barriers to Indigenous 
participation in human clinical trials. Indigenous peoples tend to have differing diets 
and, on average, suffer greater SES and health disparities compared to non-Indige­
nous peoples, primarily due to the downstream effects of colonization and urbaniza­
tion. Such disparities may play an influential role in shaping the gut microbiomes of 
Indigenous peoples, both urbanized and non-urbanized. As gut microbiome research 
with Indigenous populations is becoming more common, the implementation of robust 
and culturally-responsible research ethics, in parallel, is becoming increasingly impor­
tant. There remains a significant need to deconstruct and further understand the 
impact of disparities on the gut microbiome and how associated microbial changes 
impact the health of Indigenous peoples. While it is apparent that we cannot generalize 
findings between Indigenous and non-Indigenous peoples, it is also true that Indigenous 
populations are heterogenous, and care should be taken when comparing Indigenous 
groups to one another. Research led by and involving specific Indigenous populations, 
like Māori, is required to elucidate these differences, and the implications this may have 
on the gut microbiome.

ACKNOWLEDGMENTS

We would like to acknowledge the efforts of our reviewers in improving this paper by 
providing detailed suggestions and perspectives on this important and relevant topic. It 
is clear that all of you have great sensitivity and passion within this field of work, and you 
have contributed extensively to this perspective piece.

AUTHOR AFFILIATIONS

1Department of Medicine, University of Otago, Christchurch, New Zealand
2High-Value Nutrition National Science Challenge, Auckland, New Zealand
3Edible Research, Ohoka, New Zealand
4Department of Human Nutrition, University of Otago, Dunedin, New Zealand
5Riddet Institute, Palmerston North, New Zealand
6School of Biological Sciences, University of Auckland, Auckland, New Zealand
7Institute of Biotechnology, Helsinki Institute of Life Science (HiLIFE), University of 
Helsinki, Helsinki, Finland
8Department of Microbiology, Faculty of Agriculture and Forestry, University of Helsinki, 
Helsinki, Finland
9Research Program for Clinical and Molecular Metabolism, Faculty of Medicine, University 
of Helsinki, Helsinki, Finland
10Liggins Institute, University of Auckland, Auckland, New Zealand

AUTHOR ORCIDs

Ella T. Silk  http://orcid.org/0009-0000-2598-9220

Perspective mSystems

November 2024  Volume 9  Issue 11 10.1128/msystems.00909-2417

https://doi.org/10.1128/msystems.00909-24


Richard B. Gearry  http://orcid.org/0000-0002-2298-5141

FUNDING

Funder Grant(s) Author(s)

University of Otago (Te Whare Wānanga o 
Otāgo)

Doctoral Scholarship Ella T. Silk

Manatu Hauora | Health Research Council of 
New Zealand (HRC)

HRC 23/314 Ella T. Silk

Nicole C. Roy

Meika Foster

Michael W. Taylor

High Value Nutrition (New Zealand) UOAX1421,UOAX1902 Ella T. Silk

Simone B. Bayer

Nicole C. Roy

Meika Foster

Michael W. Taylor

AUTHOR CONTRIBUTIONS

Ella T. Silk, Conceptualization, Writing – original draft, Writing – review and editing | 
Simone B. Bayer, Supervision, Writing – review and editing | Meika Foster, Writing – 
review and editing | Nicole C. Roy, Funding acquisition, Project administration, Supervi­
sion, Writing – review and editing | Michael W. Taylor, Supervision, Writing – review and 
editing | Tommi Vatanen, Writing – review and editing | Richard B. Gearry, Supervision, 
Writing – review and editing

ADDITIONAL FILES

The following material is available online.

Open Peer Review

PEER REVIEW HISTORY (review-history.pdf). An accounting of the reviewer comments 
and feedback.

REFERENCES

1. Ogunrinola GA, Oyewale JO, Oshamika OO, Olasehinde GI. 2020. The 
human microbiome and its impacts on health. Int J Microbiol 
2020:8045646. https://doi.org/10.1155/2020/8045646

2. Sender R, Fuchs S, Milo R. 2016. Revised estimates for the number of 
human and bacteria cells in the body. PLOS Biol 14:e1002533. https://
doi.org/10.1371/journal.pbio.1002533

3. Human Microbiome Project Consortium. 2012. Structure, function and 
diversity of the healthy human microbiome. Nat New Biol 486:207–214. 
https://doi.org/10.1038/nature11234

4. Pollie R. 2023. Genomic sequencing costs set to head down again. 
Engineering (Beijing) 23:3–6. https://doi.org/10.1016/j.eng.2023.02.002

5. Cantarel BL, Lombard V, Henrissat B. 2012. Complex carbohydrate 
utilization by the healthy human microbiome. PLOS One 7:e28742. 
https://doi.org/10.1371/journal.pone.0028742

6. Dabke K, Hendrick G, Devkota S. 2019. The gut microbiome and 
metabolic syndrome. J Clin Invest 129:4050–4057. https://doi.org/10.
1172/JCI129194

7. Zheng D, Liwinski T, Elinav E. 2020. Interaction between microbiota and 
immunity in health and disease. Cell Res 30:492–506. https://doi.org/10.
1038/s41422-020-0332-7

8. Craciun C-I, Neag M-A, Catinean A, Mitre A-O, Rusu A, Bala C, Roman G, 
Buzoianu A-D, Muntean D-M, Craciun A-E. 2022. The relationships 
between gut microbiota and diabetes mellitus, and treatments for 

diabetes mellitus. Biomedicines 10:308. https://doi.org/10.3390/
biomedicines10020308

9. Iatcu CO, Steen A, Covasa M. 2021. Gut microbiota and complications of 
type-2 diabetes. Nutrients 14:166. https://doi.org/10.3390/nu14010166

10. Hou K, Wu Z-X, Chen X-Y, Wang J-Q, Zhang D, Xiao C, Zhu D, Koya JB, 
Wei L, Li J, Chen Z-S. 2022. Microbiota in health and diseases. Signal 
Transduct Target Ther 7:135. https://doi.org/10.1038/s41392-022-
00974-4

11. Afzaal M, Saeed F, Shah YA, Hussain M, Rabail R, Socol CT, Hassoun A, 
Pateiro M, Lorenzo JM, Rusu AV, Aadil RM. 2022. Human gut microbiota 
in health and disease: unveiling the relationship. Front Microbiol 
13:999001. https://doi.org/10.3389/fmicb.2022.999001

12. Madhogaria B, Bhowmik P, Kundu A. 2022. Correlation between human 
gut microbiome and diseases. Infect Med (Beijing) 1:180–191. https://
doi.org/10.1016/j.imj.2022.08.004

13. Dwiyanto J, Hussain MH, Reidpath D, Ong KS, Qasim A, Lee SWH, Lee 
SM, Foo SC, Chong CW, Rahman S. 2021. Ethnicity influences the gut 
microbiota of individuals sharing a geographical location: a cross-
sectional study from a middle-income country. Sci Rep 11:2618. https://
doi.org/10.1038/s41598-021-82311-3

14. World Bank. 2022. Indigenous peoples. Available from: https://www.
worldbank.org/en/topic/indigenouspeoples

15. Cooke M, Mitrou F, Lawrence D, Guimond E, Beavon D. 2007. 
Indigenous well-being in four countries: an application of the UNDP’S 

Perspective mSystems

November 2024  Volume 9  Issue 11 10.1128/msystems.00909-2418

https://doi.org/10.1128/msystems.00909-24
https://doi.org/10.1155/2020/8045646
https://doi.org/10.1371/journal.pbio.1002533
https://doi.org/10.1038/nature11234
https://doi.org/10.1016/j.eng.2023.02.002
https://doi.org/10.1371/journal.pone.0028742
https://doi.org/10.1172/JCI129194
https://doi.org/10.1038/s41422-020-0332-7
https://doi.org/10.3390/biomedicines10020308
https://doi.org/10.3390/nu14010166
https://doi.org/10.1038/s41392-022-00974-4
https://doi.org/10.3389/fmicb.2022.999001
https://doi.org/10.1016/j.imj.2022.08.004
https://doi.org/10.1038/s41598-021-82311-3
https://www.worldbank.org/en/topic/indigenouspeoples
https://doi.org/10.1128/msystems.00909-24


human development index to indigenous peoples in Australia, Canada, 
New Zealand, and the United States. BMC Int Health Hum Rights 7:9. 
https://doi.org/10.1186/1472-698X-7-9

16. United Nations. 2021. Leaving no one behind: Indigenous peoples and 
the call for a new social contract. International day of the world’s 
Indigenous peoples

17. Robinson JM, Redvers N, Camargo A, Bosch CA, Breed MF, Brenner LA, 
Carney MA, Chauhan A, Dasari M, Dietz LG, et al. 2022. Twenty 
important research questions in microbial exposure and social equity. 
mSystems 7:e0124021. https://doi.org/10.1128/msystems.01240-21

18. Warbrick I, Heke D, Breed M. 2023. Indigenous knowledge and the 
microbiome—bridging the disconnect between colonized places, 
peoples, and the unseen influences that shape our health and well-
being. mSystems 8:e0087522. https://doi.org/10.1128/msystems.
00875-22

19. Stats NZ. 2022. Māori population estimates: at 30 June 2022
20. Atlantis E, Joshy G, Williams M, Simmons D. 2017. Diabetes among 

Māori and other ethnic groups in New Zealand, p 165–190. In Diabetes 
mellitus in dev countries and underserved communities

21. Selak V, Poppe K, Grey C, Mehta S, Winter-Smith J, Jackson R, Wells S, 
Exeter D, Kerr A, Riddell T, Harwood M. 2020. Ethnic differences in 
cardiovascular risk profiles among 475,241 adults in primary care in 
Aotearoa, New Zealand. N Z Med J 133:14–27.

22. Li W-Z, Stirling K, Yang J-J, Zhang L. 2020. Gut microbiota and diabetes: 
from correlation to causality and mechanism. World J Diabetes 11:293–
308. https://doi.org/10.4239/wjd.v11.i7.293

23. Sanchez-Rodriguez E, Egea-Zorrilla A, Plaza-Díaz J, Aragón-Vela J, 
Muñoz-Quezada S, Tercedor-Sánchez L, Abadia-Molina F. 2020. The gut 
microbiota and its implication in the development of atherosclerosis 
and related cardiovascular diseases. Nutrients 12:605. https://doi.org/
10.3390/nu12030605

24. Harmsworth GR, Awatere S. n.d. Indigenous Māori knowledge and 
perspectives of ecosystems, p 274–286. In Ecosystem services in New 
Zealand—conditions and trends Manaaki Whenua Press. Vol. 2013. 
Lincoln, New Zealand.

25. Smith LT. 1999. Decolonizing methodologies: research and indigenous. 
Otago University Press, Dunedin.

26. Finlay-Smits S, Manning S, Edwards P, Walton M, Koroheke C, Espig M. 
2024. Journeys towards decolonising research practices in Aotearoa 
New Zealand. J Responsible Innov 11:2347701. https://doi.org/10.1080/
23299460.2024.2347701

27. Mobegi FM, Leong LE, Thompson F, Taylor SM, Harriss LR, Choo JM, 
Taylor SL, Wesselingh SL, McDermott R, Ivey KL, Rogers GB. 2020. 
Intestinal microbiology shapes population health impacts of diet and 
lifestyle risk exposures in Torres Strait Islander communities. Elife 
9:e58407. https://doi.org/10.7554/eLife.58407

28. Fragiadakis GK, Smits SA, Sonnenburg ED, Van Treuren W, Reid G, 
Knight R, Manjurano A, Changalucha J, Dominguez-Bello MG, Leach J, 
Sonnenburg JL. 2019. Links between environment, diet, and the 
hunter-gatherer microbiome. Gut Microbes 10:216–227. https://doi.
org/10.1080/19490976.2018.1494103

29. Dubois G, Girard C, Lapointe F-J, Shapiro BJ. 2017. The Inuit gut 
microbiome is dynamic over time and shaped by traditional foods. 
Microbiome 5:151. https://doi.org/10.1186/s40168-017-0370-7

30. Wells RK, Kunihiro BP, Phankitnirundorn K, Peres R, McCracken TA, 
Umeda L, Lee RH, Kim DY, Juarez R, Maunakea AK. 2022. Gut microbial 
indicators of metabolic health underlie age-related differences in 
obesity and diabetes risk among Native Hawaiians and Pacific Islanders. 
Front Cell Infect Microbiol 12:1035641. https://doi.org/10.3389/fcimb.
2022.1035641

31. Lapidot Y, Reshef L, Maya M, Cohen D, Gophna U, Muhsen K. 2022. 
Socioeconomic disparities and household crowding in association with 
the fecal microbiome of school-age children. NPJ Biofilms Microbiomes 
8:10. https://doi.org/10.1038/s41522-022-00271-6

32. Tee MZ, Er YX, Easton AV, Yap NJ, Lee IL, Devlin J, Chen Z, Ng KS, 
Subramanian P, Angelova A, Oyesola O, Sargsian S, Ngui R, Beiting DP, 
Boey CCM, Chua KH, Cadwell K, Lim YAL, Loke P, Lee SC. 2022. Gut 
microbiome of helminth-infected indigenous Malaysians is context 
dependent. Microbiome 10:214. https://doi.org/10.1186/s40168-022-
01385-x

33. Kann S, Eberhardt K, Hinz R, Schwarz NG, Dib JC, Aristizabal A, Mendoza 
GAC, Hagen RM, Frickmann H, Barrantes I, Kreikemeyer B. 2023. The gut 
microbiome of an Indigenous agropastoralist population in a remote 
area of Colombia with high rates of gastrointestinal infections and 
dysbiosis. Microorganisms 11:625. https://doi.org/10.3390/microor­
ganisms11030625

34. Yeo L-F, Lee SC, Palanisamy UD, Khalid B, Ayub Q, Lim SY, Lim YA, 
Phipps ME. 2022. The oral, gut microbiota and cardiometabolic health 
of indigenous orang asli communities. Front Cell Infect Microbiol 
12:812345. https://doi.org/10.3389/fcimb.2022.812345

35. Sánchez-Quinto A, Cerqueda-García D, Falcón LI, Gaona O, Martínez-
Correa S, Nieto J, G-Santoyo I. 2020. Gut microbiome in children from 
Indigenous and urban communities in México: different subsistence 
models, different microbiomes. Microorganisms 8:1592. https://doi.org/
10.3390/microorganisms8101592

36. Clemente JC, Pehrsson EC, Blaser MJ, Sandhu K, Gao Z, Wang B, Magris 
M, Hidalgo G, Contreras M, Noya-Alarcón Ó, Lander O, McDonald J, Cox 
M, Walter J, Oh PL, Ruiz JF, Rodriguez S, Shen N, Song SJ, Metcalf J, 
Knight R, Dantas G, Dominguez-Bello MG. 2015. The microbiome of 
uncontacted Amerindians. Sci Adv 1:e1500183. https://doi.org/10.
1126/sciadv.1500183

37. Renall N, Lawley B, Vatanen T, Merz B, Douwes J, Corbin M, Te Morenga 
L, Kruger R, Breier BH, Tannock GW. 2023. The fecal microbiotas of 
women of Pacific and New Zealand European ethnicities are character­
ized by distinctive enterotypes that reflect dietary intakes and fecal 
water content. Gut Microbes 15:2178801. https://doi.org/10.1080/
19490976.2023.2178801

38. United Nations. n.d. Who are Indigenous peoples?
39. Rameka L. 2018. A Māori perspective of being and belonging. Contemp 

Issues Early Childhood 19:367–378. https://doi.org/10.1177/
1463949118808099

40. Connor H. 2019. Whakapapa back: mixed indigenous Māori and Pākehā 
genealogy and heritage in Aotearoa/New Zealand. G E N 3:73. https://
doi.org/10.3390/genealogy3040073

41. Kurita R. 2020. Displacing Indigeneity and whiteness: a case study of 
northwestern adelaide. Anthropos 115:115–126. https://doi.org/10.
5771/0257-9774-2020-1-115

42. Van MeijlT2020. Culture versus class: towards an understanding of 
Māori poverty. Race Cl 62:78–96. https://doi.org/10.1177/-
0306396820923482. Van.

43. Wilson D, Mikahere-Hall A, Sherwood J. 2022. Using indigenous 
kaupapa Māori research methodology with constructivist grounded 
theory: generating a theoretical explanation of indigenous womens 
realities. Int J Soc Res Methodol 25:375–390. https://doi.org/10.1080/
13645579.2021.1897756

44. Smith L, Pihama L, Cameron N, Mataki T, Morgan H, Te Nana R. 2019. 
Thought space Wānanga—a kaupapa Māori decolonizing approach to 
research translation. Genealogy 3:74. https://doi.org/10.3390/
genealogy3040074

45. Graham R, Masters‐Awatere B. 2020. Experiences of Māori of Aotearoa 
New Zealand's public health system: a systematic review of two 
decades of published qualitative research. Aust N Z J Public Health 
44:193–200.

46. Moewaka Barnes H, McCreanor T. 2019. Colonisation, hauora and 
whenua in Aotearoa. J R S N Z 49:19–33. https://doi.org/10.1080/
03036758.2019.1668439

47. Reid P, Cormack D, Paine S-J. 2019. Colonial histories, racism and 
health-the experience of Māori and Indigenous peoples. Public Health 
172:119–124. https://doi.org/10.1016/j.puhe.2019.03.027

48. Dunlop M. University academics' claim mātauranga Māori “not science” 
sparks controversy. Radio New Zealand News. 2021.

49. May S. 2021. Dismissing Mātauranga Māori: racism and arrogance in 
academia. Newsroom

50. Broughton D, Te Aitanga-a-Hauiti T, PorouN, McBreen K, Waitaha KM, 
Tahu N. 2015. Mātauranga Māori, tino rangatiratanga and the future of 
New Zealand science. J R S N Z 45:83–88. https://doi.org/10.1080/
03036758.2015.1011171

51. Durie M. 2004. Exploring the interface between science and Indigenous 
knowledge. APEC Research and Development Leaders Forum, 
Christchurch, New Zealand.

Perspective mSystems

November 2024  Volume 9  Issue 11 10.1128/msystems.00909-2419

https://doi.org/10.1186/1472-698X-7-9
https://doi.org/10.1128/msystems.01240-21
https://doi.org/10.1128/msystems.00875-22
https://doi.org/10.4239/wjd.v11.i7.293
https://doi.org/10.3390/nu12030605
https://doi.org/10.1080/23299460.2024.2347701
https://doi.org/10.7554/eLife.58407
https://doi.org/10.1080/19490976.2018.1494103
https://doi.org/10.1186/s40168-017-0370-7
https://doi.org/10.3389/fcimb.2022.1035641
https://doi.org/10.1038/s41522-022-00271-6
https://doi.org/10.1186/s40168-022-01385-x
https://doi.org/10.3390/microorganisms11030625
https://doi.org/10.3389/fcimb.2022.812345
https://doi.org/10.3390/microorganisms8101592
https://doi.org/10.1126/sciadv.1500183
https://doi.org/10.1080/19490976.2023.2178801
https://doi.org/10.1177/1463949118808099
https://doi.org/10.3390/genealogy3040073
https://doi.org/10.5771/0257-9774-2020-1-115
https://doi.org/10.1177/0306396820923482
https://doi.org/10.1080/13645579.2021.1897756
https://doi.org/10.3390/genealogy3040074
https://doi.org/10.1080/03036758.2019.1668439
https://doi.org/10.1016/j.puhe.2019.03.027
https://doi.org/10.1080/03036758.2015.1011171
https://doi.org/10.1128/msystems.00909-24


52. Roberts M, Haami B, Benton RA, Satterfield T, Finucane ML, Henare M, 
Henare M. 2004. Whakapapa as a Māori mental construct: some 
implications for the debate over genetic modification of organisms. cp 
16:1–28. https://doi.org/10.1353/cp.2004.0026

53. Hudson ML, Ahuriri-Driscoll ALM, Lea MG, Lea RA. 2007. Whakapapa – a 
foundation for genetic research? Bioeth Inq 4:43–49. https://doi.org/10.
1007/s11673-007-9033-x

54. Simon JC, Marchesi JR, Mougel C, Selosse MA. 2019. Host-microbiota 
interactions: from holobiont theory to analysis. Microbiome 7:5. https://
doi.org/10.1186/s40168-019-0619-4

55. Mead HM. 2016. Tikanga Māori (revised edition): living by maori values. 
Huia publishers.

56. Beaton A, Hudson M, Milne M, Port RV, Russell K, Smith B, Toki V, Uerata 
L, Wilcox P, Bartholomew K, Wihongi H. 2017. Engaging Māori in 
biobanking and genomic research: a model for biobanks to guide 
culturally informed governance, operational, and community 
engagement activities. Genet Med 19:345–351. https://doi.org/10.
1038/gim.2016.111

57. Garba I, Sterling R, Plevel R, Carson W, Cordova-Marks FM, Cummins J, 
Curley C, David-Chavez D, Fernandez A, Hiraldo D, Hiratsuka V, Hudson 
M, Jäger MB, Jennings LL, Martinez A, Yracheta J, Garrison NA, Carroll 
SR. 2023. Indigenous peoples and research: self-determination in 
research governance. Front Res Metr Anal 8:1272318. https://doi.org/
10.3389/frma.2023.1272318

58. Kukutai T, Taylor J. 2016. Indigenous data sovereignty: toward an 
agenda. ANU press.

59. Litmus Limited. 2013. Evaluation of the bowel screening pilot: eligible 
population perspectives. Ministry of Health NZ

60. Parry-Strong A, Gearry R, Merry TL, Weatherall M, Davies C, Worthing­
ton A, Bishop R, Wright SR, Lithander FE, Foster M, Krebs J. 2023. A high 
quality aotearoa New Zealand dietary pattern adapting a mediterra­
nean diet for metabolic health: a feasibility study. BMC Nutr 9:146. 
https://doi.org/10.1186/s40795-023-00805-x

61. De Wolfe TJ, Arefin MR, Benezra A, Rebolleda Gómez M. 2021. Chasing 
ghosts: race, racism, and the future of microbiome research. mSystems 
6:e0060421. https://doi.org/10.1128/mSystems.00604-21

62. Rolleston A, Miskelly P, McDonald M, Wiles J, Poppe K, Doughty R. 2022. 
Cultural context in New Zealand: incorporating kaupapa Māori values 
in clinical research and practice. Health Promot Int 37:daac065. https://
doi.org/10.1093/heapro/daac065

63. Whalley GA, Pitama S, Troughton RW, Doughty RN, Gamble GD, Gillies 
T, Wells JE, Faatoese A, Huria T, Richards M, Cameron VA. 2015. Higher 
prevalence of left ventricular hypertrophy in two Māori cohorts: 
findings from the Hauora Manawa/Community Heart Study. Aust N Z J 
Public Health 39:26–31. https://doi.org/10.1111/1753-6405.12300

64. Dyall L, Kepa M, Hayman K, Teh R, Moyes S, Broad JB, Kerse N. 2013. 
Engagement and recruitment of Māori and non-Māori people of 
advanced age to LiLACS NZ. Aust N Z J Public Health 37:124–131. https:
//doi.org/10.1111/1753-6405.12029

65. Haitana T, Pitama S, Cormack D, Clarke M, Lacey C. 2020. The 
transformative potential of Kaupapa Māori research and indigenous 
methodologies: positioning Māori patient experiences of mental health 
services. Int J Qual Methods 19:160940692095375. https://doi.org/10.
1177/1609406920953752

66. Gillett G, Tamatea AJ. 2012. The warrior gene: epigenetic considera­
tions. New Genet Soc 31:41–53. https://doi.org/10.1080/14636778.
2011.597982

67. Pihama L, Cameron N, Te Nana R. 2019. Historical trauma and whānau 
violence. New Zealand Family Violence Clearinghouse.

68. Carroll SR, Garba I, Figueroa-Rodríguez OL, Holbrook J, Lovett R, 
Materechera S, Parsons M, Raseroka K, Rodriguez-Lonebear D, Rowe R, 
Sara R, Walker JD, Anderson J, Hudson M. 2020. The CARE principles for 
Indigenous data governance. Data Sci J 19:43. https://doi.org/10.5334/
dsj-2020-043

69. Jennings L, Anderson T, Martinez A, Sterling R, Chavez DD, Garba I, 
Hudson M, Garrison NA, Carroll SR. 2023. Applying the ‘CARE principles 
for indigenous data governance’to ecology and biodiversity research. 
Nat Ecol Evol 7:1547–1551. https://doi.org/10.1038/s41559-023-02161-
2

70. Haar J, Martin WJ. 2022. He aronga takirua : cultural double-shift of 
Māori scientists . Hum Rel 75:1001–1027. 
https://doi.org/10.1177/00187267211003955

71. Fleming J, Star J. 2017. The emergence of science communication in 
Aotearoa New Zealand. JCOM 16:A02. https://doi.org/10.22323/2.
16030202

72. Del Popolo F, Oyarce AM, Ribotta B, Rodríguez Vignoli J. 2007. 
Indigenous peoples and urban settlements: spatial distribution, 
internal migration and living conditions. CEPAL.

73. Brablec D. 2021. Who counts as an authentic indigenous? Collective 
identity negotiations in the chilean Urban context. Sociology 55:129–
145. https://doi.org/10.1177/0038038520915435

74. Fredericks B. 2013 We don’t leave our identities at the city limits’: 
aboriginal and torres strait islander people living in urban localities. 
Aust aborig stud 2013:4–16.

75. Crengle S, Davie G, Whitehead J, de Graaf B, Lawrenson R, Nixon G. 
2022. Mortality outcomes and inequities experienced by rural Māori in 
Aotearoa New Zealand. Lancet Reg Health West Pac 28:100570. https://
doi.org/10.1016/j.lanwpc.2022.100570

76. Chong CYL, Vatanen T, Alexander T, Bloomfield FH, O’Sullivan JM. 2021. 
Factors associated with the microbiome in moderate–late preterm 
babies: a cohort study from the DIAMOND randomized controlled trial. 
Front Cell Infect Microbiol 11:595323. https://doi.org/10.3389/fcimb.
2021.595323

77. Gacesa R, Kurilshikov A, Vich Vila A, Sinha T, Klaassen MAY, Bolte LA, 
Andreu-Sánchez S, Chen L, Collij V, Hu S, et al. 2022. Environmental 
factors shaping the gut microbiome in a dutch population. Nature New 
Biol 604:732–739. https://doi.org/10.1038/s41586-022-04567-7

78. Richmond C, Steckley M, Neufeld H, Kerr RB, Wilson K, Dokis B. 2020. 
First nations food environments: exploring the role of place, income, 
and social connection. Curr Dev Nutr 4:zaa108. https://doi.org/10.1093/
cdn/nzaa108

79. Paulo LS, Msema Bwire G, Klipstein-Grobusch K, Kamuhabwa A, 
Kwesigabo G, Chillo P, Asselbergs FW, Lenters VC. n.d. Urbanization 
gradient, diet, and gut microbiota in Sub-Saharan Africa: a systematic 
review. Front Microbiomes 2:1208166. https://doi.org/10.3389/frmbi.
2023.1208166

80. Lu J, Zhang L, Zhai Q, Zhao J, Zhang H, Lee Y-K, Lu W, Li M, Chen W. 
2021. Chinese gut microbiota and its associations with staple food type, 
ethnicity, and urbanization. npj Biofilms Microbiomes 7:71. https://doi.
org/10.1038/s41522-021-00245-0

81. OECD. 2019. Linking Indigenous communities with regional develop­
ment in Canada. Paris.

82. AIHW. 2015. The health and welfare of Australia’s aboriginal and torres 
strait islander peoples. Canberra: AIHW.

83. Carson E, Sharmin S, Maier AB, Meij JJ. 2018. Comparing indigenous 
mortality across urban, rural and very remote areas: a systematic review 
and meta-analysis. Int Health 10:219–227. https://doi.org/10.1093/
inthealth/ihy021

84. Chen X, Orom H, Hay JL, Waters EA, Schofield E, Li Y, Kiviniemi MT. 2019. 
Differences in rural and urban health information access and use. J 
Rural Health 35:405–417. https://doi.org/10.1111/jrh.12335

85. Beavis BS, McKerchar C, Maaka J, Mainvil LA. 2019. Exploration of Māori 
household experiences of food insecurity. Nutrition Dietetics 76:344–
352. https://doi.org/10.1111/1747-0080.12477

86. First Nations Information Governance Centre. 2012. First nations 
regional health survey (RHS) 2008/10: national report on adults, youth 
and children living in first nations communities. First Nations 
Information Governance Centre

87. Cambie RC, Ferguson LR. 2003. Potential functional foods in the 
traditional Maori diet. Mutat Res Fundam Mol Mech Mutagen 523–
524:109–117. https://doi.org/10.1016/S0027-5107(02)00344-5

88. Lipski E. 2010. Traditional non-Western diets. Nutr Clin Pract 25:585–
593. https://doi.org/10.1177/0884533610385821

89. Troci A, Rausch P, Waschina S, Lieb W, Franke A, Bang C. 2023. Long-
term dietary effects on human gut microbiota composition employing 
shotgun metagenomics data analysis. Mol Nutr Food Res 67:e2101098. 
https://doi.org/10.1002/mnfr.202101098

90. Singh RK, Chang H-W, Yan D, Lee KM, Ucmak D, Wong K, Abrouk M, 
Farahnik B, Nakamura M, Zhu TH, Bhutani T, Liao W. 2017. Influence of 

Perspective mSystems

November 2024  Volume 9  Issue 11 10.1128/msystems.00909-2420

https://doi.org/10.1353/cp.2004.0026
https://doi.org/10.1007/s11673-007-9033-x
https://doi.org/10.1186/s40168-019-0619-4
https://doi.org/10.1038/gim.2016.111
https://doi.org/10.3389/frma.2023.1272318
https://doi.org/10.1186/s40795-023-00805-x
https://doi.org/10.1128/mSystems.00604-21
https://doi.org/10.1093/heapro/daac065
https://doi.org/10.1111/1753-6405.12300
https://doi.org/10.1111/1753-6405.12029
https://doi.org/10.1177/1609406920953752
https://doi.org/10.1080/14636778.2011.597982
https://doi.org/10.5334/dsj-2020-043
https://doi.org/10.1038/s41559-023-02161-2
https://doi.org/10.1177/00187267211003955
https://doi.org/10.22323/2.16030202
https://doi.org/10.1177/0038038520915435
https://doi.org/10.1016/j.lanwpc.2022.100570
https://doi.org/10.3389/fcimb.2021.595323
https://doi.org/10.1038/s41586-022-04567-7
https://doi.org/10.1093/cdn/nzaa108
https://doi.org/10.3389/frmbi.2023.1208166
https://doi.org/10.1038/s41522-021-00245-0
https://doi.org/10.1093/inthealth/ihy021
https://doi.org/10.1111/jrh.12335
https://doi.org/10.1111/1747-0080.12477
https://doi.org/10.1016/S0027-5107(02)00344-5
https://doi.org/10.1177/0884533610385821
https://doi.org/10.1002/mnfr.202101098
https://doi.org/10.1128/msystems.00909-24


diet on the gut microbiome and implications for human health. J Transl 
Med 15:73. https://doi.org/10.1186/s12967-017-1175-y

91. Rakhra V, Galappaththy SL, Bulchandani S, Cabandugama PK. 2020. 
Obesity and the western diet: how we got here. Mo Med 117:536–538.

92. Metcalf PA, Scragg RRK, Schaaf D, Dyall L, Black PN, Jackson R. 2008. 
Dietary intakes of European, Māori, Pacific and Asian adults living in 
Auckland: the diabetes, heart and health study. Aust N Z J Public Health 
32:454–460. https://doi.org/10.1111/j.1753-6405.2008.00279.x

93. Li F, Hullar MAJ, Schwarz Y, Lampe JW. 2009. Human gut bacterial 
communities are altered by addition of cruciferous vegetables to a 
controlled fruit- and vegetable-free diet. J Nutr 139:1685–1691. https://
doi.org/10.3945/jn.109.108191

94. Vujkovic-Cvijin I, Sklar J, Jiang L, Natarajan L, Knight R, Belkaid Y. 2020. 
Host variables confound gut microbiota studies of human disease. 
Nature New Biol 587:448–454. https://doi.org/10.1038/s41586-020-
2881-9

95. Charles R, Jenny K-S. 2013. Maori foods - kai Maori. Te Ara - the 
Encyclopedia of New Zealand

96. Best E. M. 1930. Cultivated food-plants of the Maori and native methods 
of agriculture. J Polynesian Soc 39:346–380.

97. Rangiwai B. 2021. Some Brief Notes on Kai Māori. tekaharoa 17. https://
doi.org/10.24135/tekaharoa.v17i1.359

98. Hikuroa D. 2017. Mātauranga Māori—the ūkaipō of knowledge in New 
Zealand. J R S N Z 47:5–10. https://doi.org/10.1080/03036758.2016.
1252407

99. Canani RB, Costanzo MD, Leone L, Pedata M, Meli R, Calignano A. 2011. 
Potential beneficial effects of butyrate in intestinal and extraintestinal 
diseases. World J Gastroenterol 17:1519–1528. https://doi.org/10.3748/
wjg.v17.i12.1519

100. Darmon N, Drewnowski A. 2015. Contribution of food prices and diet 
cost to socioeconomic disparities in diet quality and health: a 
systematic review and analysis. Nutr Rev 73:643–660. https://doi.org/
10.1093/nutrit/nuv027

101. Stats NZ. 2023. Food Price Index
102. Vangay P, Johnson AJ, Ward TL, Al-Ghalith GA, Shields-Cutler RR, 

Hillmann BM, Lucas SK, Beura LK, Thompson EA, Till LM, Batres R, Paw B, 
Pergament SL, Saenyakul P, Xiong M, Kim AD, Kim G, Masopust D, 
Martens EC, Angkurawaranon C, McGready R, Kashyap PC, Culhane-
Pera KA, Knights D. 2018. US immigration westernizes the human gut 
microbiome. Cell 175:962–972. https://doi.org/10.1016/j.cell.2018.10.
029

103. Wang Z, Usyk M, Vázquez-Baeza Y, Chen G-C, Isasi CR, Williams-Nguyen 
JS, Hua S, McDonald D, Thyagarajan B, Daviglus ML, Cai J, North KE, 
Wang T, Knight R, Burk RD, Kaplan RC, Qi Q. 2021. Microbial co-
occurrence complicates associations of gut microbiome with US 
immigration, dietary intake and obesity. Genome Biol 22:336. https://
doi.org/10.1186/s13059-021-02559-w

104. Mitrou F, Cooke M, Lawrence D, Povah D, Mobilia E, Guimond E, Zubrick 
SR. 2014. Gaps in Indigenous disadvantage not closing: a census cohort 
study of social determinants of health in Australia, Canada, and New 
Zealand from 1981-2006. BMC Public Health 14:201. https://doi.org/10.
1186/1471-2458-14-201

105. Ministry of Business Innovation & Employment. 2021. Overview of 
Māori employment outcomes in Aotearoa New Zealand

106. Stats NZ. 2018. Living in a crowded house: exploring the ethnicity and 
well-being of people in crowded households

107. Ferraro CF, Trotter CL, Nascimento MC, Jusot J-F, Omotara BA, Hodgson 
A, Ali O, Alavo S, Sow S, Daugla DM, Stuart JM. 2014. Household 
crowding, social mixing patterns and respiratory symptoms in seven 
countries of the African meningitis belt. PLoS One 9:e101129. https://
doi.org/10.1371/journal.pone.0101129

108. Stats NZ. 2023. Pacific housing: people, place, and wellbeing in 
Aotearoa New Zealand. January 2023 by Stats NZ Tatauranga Aotearoa 
Wellington, New Zealand

109. Nobre JG, Alpuim Costa D. 2022. "Sociobiome”: how do socioeconomi­
cal factors influences gut microbiota and enhances pathology 
susceptibility?–a mini-review. Front Gastroenterol 1:36.

110. Izcue J, Palacios-García I, Rojas Traverso F, Koller M, Parada FJ. 2022. 
Perspectives on inequity and health disparities in Chile and their 
relationship to microbial ecology. mSystems 7:e0149621. https://doi.
org/10.1128/msystems.01496-21

111. Zhong H, Penders J, Shi Z, Ren H, Cai K, Fang C, Ding Q, Thijs C, Blaak EE, 
Stehouwer CDA, Xu X, Yang H, Wang J, Wang J, Jonkers DMAE, Masclee 
AAM, Brix S, Li J, Arts ICW, Kristiansen K. 2019. Impact of early events 
and lifestyle on the gut microbiota and metabolic phenotypes in young 
school-age children. Microbiome 7:2. https://doi.org/10.1186/s40168-
018-0608-z

112. He Y, Wu W, Wu S, Zheng H-M, Li P, Sheng H-F, Chen M-X, Chen Z-H, Ji 
G-Y, Zheng Z-D-X, Mujagond P, Chen X-J, Rong Z-H, Chen P, Lyu L-Y, 
Wang X, Xu J-B, Wu C-B, Yu N, Xu Y-J, Yin J, Raes J, Ma W-J, Zhou H-W. 
2018. Linking gut microbiota, metabolic syndrome and economic 
status based on a population-level analysis. Microbiome 6:172. https://
doi.org/10.1186/s40168-018-0557-6

113. Lozupone CA, Stombaugh JI, Gordon JI, Jansson JK, Knight R. 2012. 
Diversity, stability and resilience of the human gut microbiota. Nature 
New Biol 489:220–230. https://doi.org/10.1038/nature11550

114. Rook GAW, Brunet LR. 2005. Microbes, immunoregulation, and the gut. 
Gut 54:317–320. https://doi.org/10.1136/gut.2004.053785

115. Schellekens M, Ciarrochi J, Dillon A, Sahdra B, Brockman R, Mooney J, 
Parker P. 2022. The role of achievement, gender, SES, location and 
policy in explaining the Indigenous gap in high‐school completion. 
British Educational Res J 48:730–750. https://doi.org/10.1002/berj.3791

116. Heck KE, Braveman P, Cubbin C, Chávez GF, Kiely JL. 2006. Socioeco­
nomic status and breastfeeding initiation among California mothers. 
Public Health Rep 121:51–59. https://doi.org/10.1177/-
003335490612100111

117. Ajami M, Abdollahi M, Salehi F, Oldewage-Theron W, Jamshidi-Naeini Y. 
2018. The association between household socioeconomic status, 
breastfeeding, and infants' anthropometric indices. Int J Prev Med 9:89. 
https://doi.org/10.4103/ijpvm.IJPVM_52_17

118. Ma J, Li Z, Zhang W, Zhang C, Zhang Y, Mei H, Zhuo N, Wang H, Wang L, 
Wu D. 2020. Comparison of gut microbiota in exclusively breast-fed and 
formula-fed babies: a study of 91 term infants. Sci Rep 10:15792. https:/
/doi.org/10.1038/s41598-020-72635-x

119. Ding T, Schloss PD. 2014. Dynamics and associations of microbial 
community types across the human body. Nature New Biol 509:357–
360. https://doi.org/10.1038/nature13178

120. Manhire KM, Williams SM, Tipene-Leach D, Baddock SA, Abel S, 
Tangiora A, Jones R, Taylor BJ. 2018. Predictors of breastfeeding 
duration in a predominantly Māori population in New Zealand. BMC 
Pediatr 18:299. https://doi.org/10.1186/s12887-018-1274-9

121. Romano I, Cooke M, Wilk P. 2019. Factors affecting initiation and 
duration of breastfeeding among off­reserve Indigenous children in 
Canada. IIPJ 10:5. https://doi.org/10.18584/iipj.2019.10.1.5

122. Springall TL, McLachlan HL, Forster DA, Browne J, Chamberlain C. 2022. 
Breastfeeding rates of Aboriginal and Torres Strait Islander women in 
Australia: a systematic review and narrative analysis. Women Birth 
35:e624–e638. https://doi.org/10.1016/j.wombi.2022.02.011

123. Foster SF, Vazquez C, Cubbin C, Nichols AR, Rickman RR, Widen EM. 
2023. Breastfeeding, socioeconomic status, and long-term postpartum 
weight retention. Int Breastfeed J 18:1. https://doi.org/10.1186/s13006-
022-00534-0

124. Mitchell F, Walker T, Hill K, Browne J. 2023. Factors influencing infant 
feeding for Aboriginal and Torres Strait Islander women and their 
families: a systematic review of qualitative evidence. BMC Public Health 
23:297. https://doi.org/10.1186/s12889-022-14709-1

125. Dodgson JE, Duckett L, Garwick A, Graham BL. 2002. An ecological 
perspective of breastfeeding in an indigenous community. J Nurs 
Scholarsh 34:235–241. https://doi.org/10.1111/j.1547-5069.2002.00235.
x

126. Rook GAW. 2022. Evolution, the immune system, and the health 
consequences of socioeconomic inequality. mSystems 7:e0143821. 
https://doi.org/10.1128/msystems.01438-21

127. Kim PJ. 2019. Social determinants of health inequities in indigenous 
Canadians through a life course approach to colonialism and the 
residential school system. H E 3:378–381. https://doi.org/10.1089/heq.
2019.0041

128. Durey A, Thompson SC. 2012. Reducing the health disparities of 
Indigenous Australians: time to change focus. BMC Health Serv Res 
12:151. https://doi.org/10.1186/1472-6963-12-151

129. Xu F, Gan X, Tao Y, Li D, Xie P, Liu F, Yang F, Ma Y. 2023. Association 
between gut microbiota and influenza: a bidirectional two-sample 
mendelian randomization study. BMC Infect Dis 23:692. https://doi.org/
10.1186/s12879-023-08706-x

Perspective mSystems

November 2024  Volume 9  Issue 11 10.1128/msystems.00909-2421

https://doi.org/10.1186/s12967-017-1175-y
https://doi.org/10.1111/j.1753-6405.2008.00279.x
https://doi.org/10.3945/jn.109.108191
https://doi.org/10.1038/s41586-020-2881-9
https://doi.org/10.24135/tekaharoa.v17i1.359
https://doi.org/10.1080/03036758.2016.1252407
https://doi.org/10.3748/wjg.v17.i12.1519
https://doi.org/10.1093/nutrit/nuv027
https://doi.org/10.1016/j.cell.2018.10.029
https://doi.org/10.1186/s13059-021-02559-w
https://doi.org/10.1186/1471-2458-14-201
https://doi.org/10.1371/journal.pone.0101129
https://doi.org/10.1128/msystems.01496-21
https://doi.org/10.1186/s40168-018-0608-z
https://doi.org/10.1186/s40168-018-0557-6
https://doi.org/10.1038/nature11550
https://doi.org/10.1136/gut.2004.053785
https://doi.org/10.1002/berj.3791
https://doi.org/10.1177/003335490612100111
https://doi.org/10.4103/ijpvm.IJPVM_52_17
https://doi.org/10.1038/s41598-020-72635-x
https://doi.org/10.1038/nature13178
https://doi.org/10.1186/s12887-018-1274-9
https://doi.org/10.18584/iipj.2019.10.1.5
https://doi.org/10.1016/j.wombi.2022.02.011
https://doi.org/10.1186/s13006-022-00534-0
https://doi.org/10.1186/s12889-022-14709-1
https://doi.org/10.1111/j.1547-5069.2002.00235.x
https://doi.org/10.1128/msystems.01438-21
https://doi.org/10.1089/heq.2019.0041
https://doi.org/10.1186/1472-6963-12-151
https://doi.org/10.1186/s12879-023-08706-x
https://doi.org/10.1128/msystems.00909-24


130. Maciel-Fiuza MF, Muller GC, Campos DMS, do Socorro Silva Costa P, 
Peruzzo J, Bonamigo RR, Veit T, Vianna FSL. 2023. Role of gut 
microbiota in infectious and inflammatory diseases. Front Microbiol 
14:1098386. https://doi.org/10.3389/fmicb.2023.1098386

131. Kullberg RFJ, Wikki I, Haak BW, Kauko A, Galenkamp H, Peters-Sengers 
H, Butler JM, Havulinna AS, Palmu J, McDonald D, Benchraka C, Abdel-
Aziz MI, Prins M, Maitland van der Zee AH, van den Born B-J, Jousilahti 
P, de Vos WM, Salomaa V, Knight R, Lahti L, Nieuwdorp M, Niiranen T, 
Wiersinga WJ. 2024. Association between butyrate-producing gut 
bacteria and the risk of infectious disease hospitalisation: results from 
two observational, population-based microbiome studies. Lancet 
Microbe 5:100864. https://doi.org/10.1016/S2666-5247(24)00079-X

132. Ministry of Health NZ. 2020. Health and independence report 2019: the 
director-general of health’s annual report on the state of public health

133. Koliada A, Syzenko G, Moseiko V, Budovska L, Puchkov K, Perederiy V, 
Gavalko Y, Dorofeyev A, Romanenko M, Tkach S, Sineok L, Lushchak O, 
Vaiserman A. 2017. Association between body mass index and 
Firmicutes/Bacteroidetes ratio in an adult Ukrainian population. BMC 
Microbiol 17:120. https://doi.org/10.1186/s12866-017-1027-1

134. Taylor MW. 2017. Devil in the detail: a closer look at childhood obesity 
and the gut microbiota. Environ Microbiol 19:11–12. https://doi.org/10.
1111/1462-2920.13540

135. Zhao S, Liu W, Wang J, Shi J, Sun Y, Wang W, Ning G, Liu R, Hong J. 2017. 
Akkermansia muciniphila improves metabolic profiles by reducing 
inflammation in chow diet-fed mice. J Mol Endocrinol 58:1–14. https://
doi.org/10.1530/JME-16-0054

136. Sanjiwani MID, Aryadi IPH, Semadi IMS. 2022. Review of literature on 
Akkermansia muciniphila and its possible role in the etiopathogenesis 
and therapy of type 2 diabetes mellitus. J ASEAN Fed Endocr Soc 37:69–
74. https://doi.org/10.15605/jafes.037.01.13

137. Guo L, Liu MF, Huang JN, Li JM, Jiang J, Wang JA. 2020. Role of 
interleukin-15 in cardiovascular diseases. J Cell Mol Med 24:7094–7101. 
https://doi.org/10.1111/jcmm.15296

138. Meisel M, Mayassi T, Fehlner-Peach H, Koval JC, O’Brien SL, Hinterleitner 
R, Lesko K, Kim S, Bouziat R, Chen L, Weber CR, Mazmanian SK, Jabri B, 
Antonopoulos DA. 2017. Interleukin-15 promotes intestinal dysbiosis 
with butyrate deficiency associated with increased susceptibility to 
colitis. ISME J 11:15–30. https://doi.org/10.1038/ismej.2016.114

139. Martin CR, Osadchiy V, Kalani A, Mayer EA. 2018. The brain-gut-
microbiome axis. Cell Mol Gastroenterol Hepatol 6:133–148. https://doi.
org/10.1016/j.jcmgh.2018.04.003

140. Dong TS, Gee GC, Beltran-Sanchez H, Wang M, Osadchiy V, Kilpatrick 
LA, Chen Z, Subramanyam V, Zhang Y, Guo Y, Labus JS, Naliboff B, Cole 

S, Zhang X, Mayer EA, Gupta A. 2023. How discrimination gets under 
the skin: biological determinants of discrimination associated with 
dysregulation of the brain-gut microbiome system and psychological 
symptoms. Biol Psychiatry 94:203–214. https://doi.org/10.1016/j.
biopsych.2022.10.011

141. Scher JU, Sczesnak A, Longman RS, Segata N, Ubeda C, Bielski C, 
Rostron T, Cerundolo V, Pamer EG, Abramson SB, Huttenhower C, 
Littman DR. 2013. Expansion of intestinal Prevotella copri correlates with 
enhanced susceptibility to arthritis. Elife 2:e01202. https://doi.org/10.
7554/eLife.01202

142. Trauer T, Eagar K, Mellsop G. 2006. Ethnicity, deprivation and mental 
health outcomes. Aust Health Review 30:310. https://doi.org/10.1071/
AH060310

143. Tapsell R, Hallett C, Mellsop G. 2018. The rate of mental health service 
use in New Zealand as analysed by ethnicity. Australas Psychiatry 
26:290–293. https://doi.org/10.1177/1039856217715989

144. Gordon S, Davey S, Waa A, Tiatia R, Waaka T. 2017. Social inclusion and 
exclusion, stigma and discrimination, and the experience of mental 
distress. BMC Public Health

145. Lee CHJ, Sibley CG. 2020. Attitudes toward vaccinations are becoming 
more polarized in New Zealand: findings from a longitudinal survey. 
EClinMed 23:100387. https://doi.org/10.1016/j.eclinm.2020.100387

146. Eloe-Fadrosh EA, McArthur MA, Seekatz AM, Drabek EF, Rasko DA, 
Sztein MB, Fraser CM. 2013. Impact of oral typhoid vaccination on the 
human gut microbiota and correlations with S. Typhi­specific 
immunological responses. PLoS ONE 8:e62026. https://doi.org/10.1371/
journal.pone.0062026

147. Ng SC, Peng Y, Zhang L, Mok CK, Zhao S, Li A, Ching JY, Liu Y, Yan S, 
Chan DLS, Zhu J, Chen C, Fung AC, Wong KK, Hui DS, Chan FK, Tun HM. 
2022. Gut microbiota composition is associated with SARS-CoV-2 
vaccine immunogenicity and adverse events. Gut 71:1106–1116. https:/
/doi.org/10.1136/gutjnl-2021-326563

148. Patangia DV, Anthony Ryan C, Dempsey E, Paul Ross R, Stanton C. 2022. 
Impact of antibiotics on the human microbiome and consequences for 
host health. Microbiologyopen 11:e1260. https://doi.org/10.1002/
mbo3.1260

149. Thomas M, Whyler N, Tomlin A, Tilyard M. 2019. Ethnic disparities in 
community antibacterial dispensing in New Zealand-is current 
antibacterial dispensing for Māori and Pacific people insufficient or 
excessive, or both? N Z Med J 132:100–104.

150. Metcalfe S, Vallabh M, Murray P, Proffitt C, Williams G. 2019. Over and 
under? Ethnic inequities in community antibacterial prescribing. N Z 
Med J 132:65–68.

Perspective mSystems

November 2024  Volume 9  Issue 11 10.1128/msystems.00909-2422

https://doi.org/10.3389/fmicb.2023.1098386
https://doi.org/10.1016/S2666-5247(24)00079-X
https://doi.org/10.1186/s12866-017-1027-1
https://doi.org/10.1111/1462-2920.13540
https://doi.org/10.1530/JME-16-0054
https://doi.org/10.15605/jafes.037.01.13
https://doi.org/10.1111/jcmm.15296
https://doi.org/10.1038/ismej.2016.114
https://doi.org/10.1016/j.jcmgh.2018.04.003
https://doi.org/10.1016/j.biopsych.2022.10.011
https://doi.org/10.7554/eLife.01202
https://doi.org/10.1071/AH060310
https://doi.org/10.1177/1039856217715989
https://doi.org/10.1016/j.eclinm.2020.100387
https://doi.org/10.1371/journal.pone.0062026
https://doi.org/10.1136/gutjnl-2021-326563
https://doi.org/10.1002/mbo3.1260
https://doi.org/10.1128/msystems.00909-24

	Advancing microbiome research in Māori populations: insights from recent literature exploring the gut microbiomes of underrepresented and Indigenous peoples
	DEFINING INDIGENEITY IN RESEARCH
	BOLSTERING RESEARCH ON GUT MICROBIOMES OF INDIGENOUS PEOPLES
	MĀTAURANGA MĀORI IN HUMAN GUT MICROBIOME RESEARCH
	THE INTERSECTION BETWEEN INDIGENEITY AND FACTORS THAT IMPACT THE GUT MICROBIOME
	Urbanization
	Diet
	Socioeconomic status
	Health and wellness

	CONCLUSION


