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ABSTRACT

Traditional food is fundamental for the cultural identity, mental and spiritual well-being, and
physical and nutritional health of First Nations in Canada. Rapid environment changes including
environmental contamination and degradation, climate change, urbanization and industry growth
reduce the availability and diversity of traditional foods. This is concomitant with changing
lifestyle and an increased prevalence of malnutrition, obesity, diabetes, and cardiovascular
diseases. The goal of this thesis is to investigate the roles of traditional fish consumption for First
Nations’ health in the complex interplays between environmental contaminant exposure, climate
change, and food and nutrition security. Data collected from the First Nations Food Nutrition and
Environment Study were used. The thesis is comprised of seven chapters presented in three
sections.

Section 1 addressed the importance of traditional fish consumption for food and nutritional
security among First Nations in Canada. With increased income-related food insecurity, First
Nations rely more on traditional foods including fish and participate more in fishing and other
traditional practices. Nevertheless, many factors such as climate change, governmental
restrictions, hydro and forestry operations continue to reduce the availability of traditional fish
and access to traditional food sources, land and waterways.

Section 2 explored the associations between locally-harvested fish consumption, long chain
omega-3 fatty acid (n-3 FA) intake and dietary exposure to persistent organic pollutants (POP)
with type 2 diabetes in First Nations in Canada. Dietary POP exposure was positively associated
with the prevalence of type 2 diabetes whereas fish consumption (n-3 FA) showed protective
dose-response associations. Furthermore, we found that relatively high POP exposure from fish
may outweigh the protective associations of fish on type 2 diabetes. Therefore, the balance of
risks and benefits associated with fish consumption is highly dependent on the regional POP
concentrations in fish.

Section 3 entailed studies on the nutritional benefits of seafood consumption and modelling
potential impacts of the climate-related decline in seafood abundance on the nutritional quality of
adult diets and cardiovascular health among coastal First Nations in British Columbia. We
estimated that projected climate change may reduce the intakes of essential nutrients by 21%-—
31% by 2050 relative to 2000. Moreover, hypothetical substitution of seafood with alternative
non-traditional foods would not provide adequate amounts of nutrients. Reduced fish
consumption and consequent n-3 FAs intake may increase the risk of cardiovascular diseases in
First Nations.

Our findings provide important information for communities, fishery governance, local resource
managers and public health professionals to promote traditional food systems, nutritional health,
food security, and food sovereignty in Canadian First Nations.
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1 INTRODUCTION
1.1 Background

1.1.1 Indigenous Peoples in Canada

Indigenous Peoples are defined as ethnic groups who are the original inhabitants of a given
region and who maintain traditions or other aspects of an early culture, associated with a given
area (Douglas 1999). There are approximately 370 million Indigenous People worldwide living
in more than 90 countries. While representing about 5% of the total world’s population,
Indigenous People account for one-third of the world’s extremely poor population and
recognized as some of the world’s vulnerable, disadvantaged and marginalized peoples (APF &
OHCHR 2013). Indigenous Peoples possess unique cultures, languages, and histories and have a
strong connection to the environment and their traditional lands, the ocean and territories (APF
& OHCHR 2013). Many Indigenous People rely on traditional food systems which is essential to
maintain their connections with nature, their identity, social cohesion, traditional knowledge and

cultural continuity (Kuhnlein, Erasmus, and Spigelski 2009).

In Canada, Indigenous Peoples, also known as Aboriginal peoples, represent the original
inhabitants of North America. The Canadian Constitution Action of 1982 (section 35) recognizes
three distinct cultural groups of Indigenous people: First Nations (“Indians”), Inuit and Métis.
The most recent National Census (2016) indicates that more than 1.67 million people in Canada
identified themselves as Aboriginal which accounted for 4.9% of the total population, compared
with 4.3% in the 2011 Census and 3.8% in the 2006 Census (Statistics Canada 2017a).
Aboriginal people in Canada are diverse by culture, histories, and homelands with more than 70
Aboriginal languages being spoken across Canada (Statistics Canada 2017c). First Nations

represent the greatest share of the Indigenous people in Canada (58.4%) and include individuals


https://en.wikipedia.org/wiki/Ethnic_group

who are members of a First Nation/Indian Band and those who are not, as well as those with and
without registered or treaty Indians status under the Indian Act (Statistics Canada 2017b). Within
the First Nations population, 744,855 (76.2%) have a registered or treaty Indian status with
44.2% living on reserve or in communities on Crown land. Almost one-quarter (24.2%) of First
Nations population reside in Ontario while 17.7% - in British Columbia and 13.4% - in Manitoba
(Statistics Canada 2017a). The Assembly of First Nations recognizes 634 First Nations/Indian
Bands, spread across provinces and territories in Canada. The majorities of First Nations
communities are located south of the 60" parallel with one-third (n=203) situated in the province
of British Columbia, followed by 126 communities in Ontario and 63 in Manitoba (AFN 2017)

(Figure 1).

Figure 1. Map of First Nations communities in Canada

 First Nations community

Source: Extracted from Global Forest Watch (canadiangeographic.ca)



1.1.2 First Nations’ traditional food systems

For millennia, First Nations in Canada have used their knowledge of the local environment and
traditional food systems to live off the land. The traditional food system is defined as “all foods
within a particular culture available from local natural resources and culturally accepted”
(Kuhnlein and Receveur 1996). Traditional foods are diverse across 20 terrestrial and marine
ecozones (www.ecozones.ca) of Canada and include a large variety of fish and marine foods,
game, birds, berries, plant and tree foods. Over thousands of years, First Nations people have
developed many resource management and food production technologies, including hunting,
trapping, foraging, and intensive food production (Deur and Turner 2005). Nowadays, the
harvest and consumption of wildlife remains fundamental to First Nations culture and provides
them with a range of social, spiritual, physical, economic, and nutritional benefits (Lambden,

Receveur, and Kuhnlein 2007).

Fish have always been an essential part of First Nations’ culture and diets (Dewailly et al. 2002;
Kuhnlein, Fediuk, et al. 2013; Mos et al. 2004; Moss 2016; Proust, Lucas, and Dewailly 2014).
Traditionally harvested from the ocean, lakes, ponds and rivers, fish and marine mammals have
sustained First Nations, providing them with the ability to survive and thrive in their traditional
territories (Brown and Brown 2009). Fish and seafood consumption significantly varied across
different ecozones in Canada reflecting THE geographical diversity of species (Chan et al. 2011,
2012, 2014, 2016, 2018). While inland First Nations commonly consume freshwater fish caught
from lakes and rivers, coastal communities rely on a great variety of marine sources (saltwater
fish, shellfish, seaweeds and marine mammals), with salmon as keystone species (Brown and
Brown 2009; Chan et al. 2011, 2012; Fediuk and Thom 2003; Mos et al. 2004). Traditional

activities, such as fishing, hand-gathering, spearing, netting, angling and trapping, have been



largely used in traditional ceremonies, festivals and other cultural events, enhancing the First
Nations spiritual connections to the land and individual communities (Long 2014). Beyond
various cultural benefits, traditional fish and seafood consumption significantly contributes to
food and nutrition security by supplying rich sources of high-quality protein, a number of
essential vitamins and minerals, and polyunsaturated omega-3 fatty acids (n-3 FAS), such as
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) (Kuhnlein et al. 2013; Mos et al.

2004).

1.1.3 Food security among First Nations in Canada

Food security (i.e. the state of having reliable access to a sufficient quantity of affordable,
nutritious and socially acceptable foods) is an important social determinant of health (World
Health Organization 2018). In Canada, the rates of food insecurity are disproportionally higher
among First Nations people compared to the non-Indigenous population (Halseth 2015). The
First Nations Regional Health Survey revealed that 52.4% of First Nations households living on
reserve reported being food insecure with 14.1% having to cut the size of their meals or to skip
meals due to a lack of monetary resources (FNIGC 2012). In contrast, 12.3% of Canadian
households experienced some level of food insecurity (including marginal food insecurity) with
2.5% of households to be categorized as severely food insecure (Tarasuk, Mitchell, and Dachner

2013).

Food security considerations are unique for First Nations people as their diets are characterized
by access to both market foods and traditional foods harvested from the local natural
environment (Egeland et al. 2011; Power 2008). Power (2008) proposed “traditional food
security” as an additional dimension of food security (Power 2008). Traditional foods are more

nutritious and more nutrient dense compared to market foods and remain fundamental to the diet

4



quality, cultural identity and social health of First Nations (Lambden et al. 2007; Power 2008).
Among First Nations, food insecurity is associated with poor overall health status, mental health
issues (family stress, learning impairment, depression, social exclusion) and a weak sense of

community belonging (Willows et al. 2011b).

1.1.4 Nutrition transition among First Nations in Canada

Over the last few decades, the First Nations people in Canada have experienced a rapid transition
in diets and lifestyle (Halseth 2015; Popkin 2004). This change is characterized by a shift from
traditional eating patterns to “western” diets. (Halseth 2015; Johnson-Down and Egeland 2012;
Kuhnlein et al. 2004; Mos et al. 2004; Robidoux et al. 2012; Sheehy, Roache, and Sharma 2013).
Traditional foods have been gradually replaced with store-bought foods that are usually high in
refined carbohydrates and saturated fats (Receveur, Boulay, and Kuhnlein 1997). High-energy
and low-nutrient diets coupled with a sedentary lifestyle have led to increasing rates of obesity,
malnutrition and other diet-related chronic diseases (Johnson-Down et al. 2015; Johnson-Down
and Egeland 2012). Nowadays, heart diseases, cancer and metabolic diseases are among the
leading causes of mortality in First Nations adults (Health Canada 2014a) whereas the rates of
obesity, type 2 diabetes (T2D) and heart diseases are reaching epidemic proportions (Roland

Dyck et al. 2010; FNIGC 2012; Haman et al. 2010; Young et al. 2000).

The decline in traditional food consumption including fish and seafood has stemmed from many
social, economic and environmental factors (Batal 2001; Halseth 2015). Colonization is
considered as a fundamental underlying driver of the nutrition and lifestyle transition among
First Nations (Reading and Wein 2009). The loss of traditional land due to the dispossession and
settlement onto reserves, as well as forced attendance of residential schools, have led to erosion

of First Nations’ culture, loss of language, reduced access to traditional food sources and



diminished traditional knowledge transition (Adelson 2005; Halseth 2015; Richmond and Ross
2009; Sharma 2010). Socio-economic barriers, such as poverty, unemployment, high cost and
limited variety and availability of healthy market foods, as well as high cost of hunting
equipment contribute to the nutrition and food insecurity in Indigenous communities (Kuhnlein,
Fediuk, et al. 2013; Kuhnlein, Goodman, et al. 2013; Lambden et al. 2006). Under these
conditions, many First Nations turn to cheap low-nutrient market foods (Halseth 2015; Kuhnlein,
Erasmus, et al. 2013). Other factors such as environmental changes, including rapid urbanization
and industry growth, environmental contamination and degradation and climate change have
negative impacts on biodiversity and availability of traditional foods (Halseth 2015; Kuhnlein,

Fediuk, et al. 2013; Willows 2005).

1.1.5 Environmental changes

Rapid global industrialization over the past 70 years has resulted in pollution of the world’s
ecosystems. Long-range transport of industrial chemicals from lower latitudes to the northern
regions with consequent accumulation and biomagnification of environmental contaminants in
food chains presents serious challenges for Indigenous populations who live off the land and for
whom consumption of traditional foods are essential to their cultural identity, nutritional health
and overall wellbeing (Kuhnlein and Chan 2000; Brian D Laird et al. 2013). Fish and seafood are
recognized as the primary pathway of exposure to environmental contaminants, in particular,
methylmercury (MeHg) and persistent organic pollutants (POPs) including polychlorinated
biphenyls (PCBs) and dichlorodiphenyldichloroethylene (DDE) (Assembly of First Nations
2007; Kuhnlein and Chan 2000; Brian D Laird et al. 2013; Seabert et al. 2014). People eating
locally harvested fish can accumulate high levels of these contaminants in their bodies

(Donaldson et al. 2010; Fitzgerald et al. 1999, 2004; Philibert, Schwartz, and Mergler 2009;



Seabert et al. 2014). Exposure to mercury negatively affects growth and development of fetuses
and children, immune system and may increase the risk of cardiovascular diseases (CVD), such
as myocardial infarction (MI) (Bjerklund et al. 2017; Ha et al. 2017). PCB exposure through fish
consumption was associated with impaired cognitive functions in newborns and children, and
low birth weight (Ross 2004). Furthermore, POPs are endocrine disrupting chemicals that disturb
normal endocrine functions and increase the risk of obesity, diabetes and CVD (Diamanti-

Kandarakis et al. 2009).

Climate change is another critical factor affecting traditional food systems. Rising temperature,
changes in precipitation patterns, strong winds, thinning ice, melting permafrost and coastal
erosion have been well-documented in the Canadian Arctic and southern regions (Ford et al.
2010). These changes impact abundance and availability of wildlife, access to wild food, as well
as quality and safety of traditional foods (Guyot and Chan 2006; Rosol, Powell-hellyer, and
Chan 2016). Along with other Indigenous people, First Nations are especially vulnerable to the
effects of climate change since their close relationship with the land and sea, and their
subsistence activities (Ford et al. 2010; Lemelin et al. 2010). Literature documented that climate
change affects the distribution, abundance, behaviour and health of wildlife species (Hori 2010;
Nancarrow and Chan 2010; Wesche and Chan 2010). Increased water temperature and changes
in circulation patterns alter the location and timing of life cycles (such as reproduction and
migration), lead to the shift of fish species to northern regions, increase abnormalities and
diseases in fish populations, and the loss of keystone species (Chan et al. 2006; Hori 2010;
Lemelin et al. 2010; Royer and Herrmann 2011; Thompson et al. 2014). Furthermore, climate

change was projected to negatively impact the abundance and catch potential of many marine



species, commercially and culturally important for First Nations communities (Weatherdon et al.

2016).

1.2 Rationale

It is clear that the health and well-being of First Nations are closely linked to foods and diets
provided by local food systems. Traditional diets provide a strong foundation for cultural
identity, spiritual well-being and sustainable livelihoods. Fish and marine sources are particularly
important since they are naturally rich in omega-3 fatty acids, protein, minerals, such as calcium,
iron, and phosphorus, trace elements and vitamins, and thus, promote food and nutrition security
for First Nations. Historically, coastal communities obtained 90% of their protein from marine
sources (Chisholm and Nelson 1983). However, during the last centuries, a dramatic decline in
the use and consumption of fish and marine foods in First Nations communities was observed
(Butler and Campbell 2004; Colin 2017; Lee, Reyburn, and Carrow 1971; Moss 1993). For
salmon alone, estimates suggest that pre-contact per capita annual consumption among Coast
Salish communities was from 272 to 316 kg/year (Bennett 1971; Chisholm and Nelson 1983). In
contrast, a recent study estimated that Central Coast Salish people consumed salmon on average
10.3 kg/person/year (Mos et al. 2004). Furthermore, a significant decline in salmon and other
seafood consumption was observed among younger people (Mos et al. 2004). These data

demonstrate a significant dietary transition among First Nations people.

Exposure to environmental contaminants raises a concern about the safety of traditional foods,
such as fish and lead to a shift away from traditional lifestyle (Fitzgerald et al. 2004). Whereas
locally-harvested fish is the major source of contaminant exposure (Fitzgerald et al. 1999, 2004;
Kuhnlein and Chan 2000; Seabert et al. 2014), health implications for First Nations are still
unknown. Given the increasing rates of T2D among First Nations and growing body of evidence
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that exposure to POP increases the risks of T2D (Fitzgerald et al. 1999, 2004), fish consumption
may present a risk for T2D among First Nations (Sharp 2009a). On the other hand, fish provides
numerous health benefits including cardioprotective effects and preventing T2D (Chowdhury et
al. 2012; Leung Yinko et al. 2014). Therefore, the risks and benefits associated with traditional

fish consumption in First Nations need further investigation.

Furthermore, climate change represents significant challenges for First Nations communities. It
poses serious threats to biodiversity and access to traditional land and ocean. Many First Nations
have already noted the impacts of climate change on species’ abundance and distribution, and
changes in migration patterns (Chan et al. 2011, 2012, 2014). In coastal communities, climate
change has a potential to lead to a decline in keystone species, such as salmon and herring, which
are nutritionally, culturally and commercially important for First Nations (Weatherdon et al.
2016). This climate change represents serious implications for food security, nutrition and health
of First Nations. In the light of the knowledge that health of First Nations people is vulnerable to
environmental contamination, degradation and climate change through impacts on traditional
food systems, limited research has examined the links between the environmental changes and

First Nations’ health.

1.3 The Thesis
1.3.1 Thesis Objectives

The overall goal of this thesis is to investigate the roles of traditional fish consumption for First
Nations’ health in the complex interplays between environmental contaminant exposure, climate

change, and food and nutrition security. This thesis attempts to explore how rapid environmental



changes, such as environmental contamination and climate change, combined with socio-

economic factors affect diets, food security, nutrition, and health of First Nations in Canada.

Figure 2. Thesis framework: the complex interplay between human health and traditional fish in
the context of risk, benefits and sustainability
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Specific research objectives of the thesis are as follows:
1. To explore the relative importance of fish consumption in the context of food and nutrition
security among First Nations in Manitoba and Ontario, Canada
e Investigate the relationships between fish consumption patterns and factors related to
food security statuses
e Estimate the contribution of fish to daily nutrient requirements by food security status

e Characterize barriers to the access to and availability of traditional foods including fish
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Figure 3. Relationship between traditional fish consumption, food insecurity & human nutrition
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2. To perform a risk-benefit assessment of fish consumption with respect to dietary PCB and
DDE exposure and n-3 FAs (EPA+DHA\) intake with T2D in Manitoba First Nations, Canada

e Describe fish consumption patterns among First Nation adults in Manitoba

e Estimate dietary n-3 FAs intake and PCB and DDE exposure from fish

e Explore the associations between fish consumption, dietary n-3 FAs intake and DDE and

PCB exposure with self-reported T2D among First Nations in Manitoba

3. To perform a risk-benefit assessment of fish consumption with respect to dietary PCB and
DDE exposure and n-3 FAs (EPA+DHA) intake with T2D in Ontario First Nations, Canada

e Describe fish consumption patterns among First Nation adults in Ontario

e Estimate dietary n-3 FAs intake and PCBs and DDE exposure from fish

e Explore the associations between fish consumption, dietary n-3 FAs intake and DDE and

PCBs exposure with self-reported T2D among First Nations in Ontario
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4. To examine if relatively high exposure to POPs (PCBs and DDE) may outweigh the beneficial
associations of fish (n-3 FAs) with the prevalence of T2D in Manitoba and Ontario First Nations,
Canada
e Test the relationship between dietary POP (PCBs and DDE) exposure and the prevalence
of T2D using a difference in difference (DID) model
e Examine a non-linear relationship between dietary POP intake and prevalence of T2D

e Estimate the thresholds of daily dietary POP exposure that increase the risk of T2D

Figure 4. Risks and benefits of fish consumption in the context of exposure to environmental
contaminants and beneficial nutrients
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5. To characterize seafood consumption patterns, their nutritional benefits and associated socio-
demographic and lifestyle factors among First Nations in British Columbia, Canada
e Describe seafood consumption patterns in First Nations in British Columbia ecozones

e Examine dietary and lifestyle characteristics associated with seafood consumption
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e |dentify the top 10 most consumed seafood species, their contribution to EPA+DHA

intake and dietary exposure to PCBs, DDE, and MeHg

Figure 5. Contribution of fish and seafood consumption to EPA & DHA intake
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6. To estimate the potential impacts of the climate-related declines in seafood abundance on the
nutritional quality of adult diets among coastal First Nations in British Columbia, Canada
e Model impacts of the climate-related decline of seafood harvest on seafood consumption
patterns and nutritional status of coastal First Nations
e Project potential changes in nutrient intakes, after assuming the hypothetical substitution

of traditional seafood with alternative non-traditional foods

Figure 6. Linking fishery decline and nutritional health

Declining fisheries Decreased fish consumption Diet quality, nutritional health
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7. To model the impacts of declined seafood consumption and consequent EPA and DHA intake
on the relative risk of myocardial infarction (MI) among coastal First Nations in British
Columbia

e Model the combined effects of reduced EPA+DHA intake and MeHg exposure from

seafood on the relative risk of M1 under lower and upper climate change scenarios

Figure 7. Linking seafood consumption and human health
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1.3.2 Research design
This thesis includes epidemiological research involving analysis of data from the First Nations

Food Nutrition and Environment Study (FNFNES).

FNFNES was designed to assess traditional food consumption, the exposure to environmental
contaminants, total diets and food security status of First Nations people living on reserves, south
of the 60th parallel across Canada. This information is needed for the promotion of a healthy
environment and healthy foods for First Nations. The FNFNES has been implemented in the
eight Assembly of First Nation regions over a 10-year period and is representative of all First
Nations for regions south of the 60th parallel. Using a combined ecozone/cultural area
framework, the FNFNES collects data from about 100 randomly selected First Nations
communities (Figure 8). This strategy was used to ensure that the diversity in ecozones and
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cultural areas were represented in the sampling strategy. An ecozone is a large geographical
region identified by the distribution patterns of plants, animals, geographical characteristics and

climate (www.ecozone.ca). A cultural area is a concept used to define geographic areas within

which Indigenous communities share a greater number of traits/cultural affinities than those

outside the region (Sturtevant 1978).

The FNFNES collected comprehensive baseline data on diets (traditional and market foods),
health and socio-economic characteristics, and food security. The levels of key environmental
chemicals of concern were measured in traditional foods that are commonly consumed by
members of participating First Nations communities. Furthermore, hair samples were collected
and analyzed for mercury exposure. The study was first undertaken in 21 First Nations
communities in British Columbia in 2008 and 2009 (Chan et al. 2011). In 2010, data collection
occurred in 9 Manitoba First Nations (Chan et al. 2012). A total of 18 First Nations in Ontario
participated in 2011 and 2012 (Chan et al. 2014). In 2013, 10 First Nations from Alberta
participated in the study (Chan et al. 2016). In 2014, 11 First Nations in the Atlantic region were
surveyed (Chan et al. 2017). A total of 14 First Nations communities were surveyed in
Saskatchewan in 2015 (Chan et al. 2018), and 10 First Nations from Quebec participated in
2017. In the current research, data from three provinces: British Columbia, Manitoba and Ontario

were analyzed (Figure 8).

1.3.3 Ethical approval

Individual participation in the project was voluntary and based on informed written consent after
an oral and written explanation of each project component. This survey was conducted following
the “Tri-Council Policy Statement: Ethical Conduct for Research Involving Humans” and in

particular Chapter 9 research involving the First Nations, Inuit and Métis Peoples of Canada. The
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Ethical Review Boards at the University of Northern British Columbia, the University of Ottawa,

the Université de Montreéal, and Health Canada approved the study.

Figure 8. Map of participating communities of the First Nation Food Nutrition and Environment
Study (2008-2017).
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1.3.4 Dissertation Structure

This dissertation is comprised of ten chapters. Seven chapters (chapter 3 — 9) include

manuscripts for publications in peer-reviewed academic journals and are presented in three

sections. Section 1 and 2 combine research related to fish consumption in Manitoba and Ontario

First Nations. In particular, section 1 outlines the importance of traditionally-harvested fish

consumption for food and nutrition security for Manitoba and Ontario First Nations. Section 2
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focuses on the assessment of risks and benefits of fish consumption regarding exposure to POPs
(PCBs and DDE) and beneficial n-3 FAs (EPA+DHA) with T2D in Manitoba and Ontario First
Nations. Section 3 includes three studies conducted among British Columbia First Nations.
Collectively, they examine determinants of seafood consumption and project the impacts of the
climate-related decline of seafood harvest on seafood consumption patterns, nutritional status

and cardiovascular health of First Nations in British Columbia.

Chapter 1 presents the background and rationale of the thesis, the overall and specific objectives
of this research project as well as an overview of methodology and the structure of the

dissertation.

Chapter 2 summarizes the current state of knowledge and place the research within the existing
literature on traditional food systems, in particular fish and seafood and the health status of First

Nations in Canada.
Section 1: Fish and Food Security in First Nations

This section explores the role of fish consumption for food and nutrition security among First
Nations in two provinces, Manitoba and Ontario, in Canada. The manuscript also summarizes
barriers to the availability of and access to traditional food including fish and to food harvesting

activities.

Chapter 3 presents the manuscript “Importance of fish consumption for the food and nutrition
security of First Nations in Manitoba and Ontario, Canada” which has been prepared for the

Canadian Journal of Public health.
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Section 2. Risk and Benefit assessments of Fish Consumption

This section is comprised of three studies. The first and second studies explore the potential risks
and benefits of locally-harvested fish consumption regarding exposure to certain POPs (DDE and
PCBs) and beneficial nutrients such as n-3 FAs with T2D in Manitoba and Ontario First Nations.
The third manuscript aims to interpret our inconsistent findings on the associations between fish
consumption, n-3 FAs and POPs intake with T2D in Manitoba and Ontario. By using the DID
model, the study examines if relatively high exposure to POPs may outweigh the protective
associations of fish (n-3 FAs) on T2D. In addition, the study estimates the thresholds of daily

dietary DDE and PCB exposure that increase the risk of T2D.

Chapter 4 presents the manuscript "Fish consumption is inversely associated with type 2

diabetes in Manitoba First Nation communities” which was published in FACETS.

Chapter 5 presents the manuscript “Association between fish consumption, dietary omega-3
fatty acids and persistent organic pollutants intake, and type 2 diabetes in 18 First Nations in

Ontario, Canada”, which was published in the Environmental Research journal.

Chapter 6 presents the manuscript “The relationship between persistent organic pollutants
exposure and type 2 diabetes among First Nations in Ontario and Manitoba, Canada: difference
in difference analysis”, which was published in the International Journal of Environmental

Research and Public Health.

Section 3. Climate Change and Human Health
This section entailed studies on the nutritional benefits of seafood consumption and modelling
potential impacts of the climate-related decline in seafood abundance on the nutritional quality of

diets and cardiovascular health among First Nations in British Columbia. This section involves
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two datasets: projected scenarios of climate-related change on seafood catch potential for coastal
First Nations in British Columbia and dietary data collected by the FNFNES, as well as model

formulas and assumptions, extracted from various epidemiology studies.

Chapter 7 presents the manuscript “Seafood consumption patterns, their nutritional benefits and
associated socio-demographic and lifestyle factors among First Nations in British Columbia,

Canada”, which was published in the Public Health Nutrition journal.

Chapter 8 presents the manuscript “Impacts of the climate-related decline of seafood harvest on
nutritional status for coastal First Nations in British Columbia, Canada”, which was accepted for

publication in PLOS One.

Chapter 9 presents the manuscript “Potential impacts of reduced seafood consumption on
cardiovascular health in First Nations in British Columbia” which was prepared for the Canadian

Journal of Public Health.

Chapter 10 summarizes the main findings of the dissertation and discusses the significance and

implications of the thesis.
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2 LITERATURE REVIEW

2.1 Health disparities experienced by First Nations in Canada

Although the health of First Nations people in Canada has been improved in recent years,
disparities in health status remain between First Nations and non-Indigenous population in
Canada (Health Canada 2014b; Reading 2009). First Nations continue to experience a lower life
expectancy, higher rates of infant mortality and chronic diseases compared with the general
population in Canada (Health Canada 2014b; King 2010; Smylie et al. 2010). Other health issues
include certain infectious diseases, mental disorders, injuries and drug abuse (Firestone et al.
2015; Health 2012). The majority (59.8%) of First Nations adults have at least one chronic health
condition (FNIGC 2018), and three-quarters (74.4%) are overweight or obese (FNIGC 2012,
2018). Among First Nations, the rates of death are two times higher compared to the non-
Indigenous population in Canada while diseases of circulatory system, cancer as well as
respiratory and metabolic disorders are among the leading causes of mortality (Health Canada
2014b). First Nations continue to experience a disproportionally higher burden of obesity,
diabetes and heart diseases (Dyck et al. 2010; FNIGC 2012; Haman et al. 2010; Young et al.

2000).

2.1.1. Cardiovascular diseases

Historically, the rate of CVD among First Nations was lower than that among general Canadians
(Reading 2009; Young 2012). Since 1997, heart diseases among First Nations increased
drastically and were three times higher compared to the general Canadian population (RHS
1999). The First Nations Regional Health Survey (RHS) 2002/03 reported that older First
Nations (aged 50-59 years) had more than a two-fold higher prevalence of self-reported heart

disease than the non-Indigenous population in Canada (11.5% vs 5.5%) (FNC 2005). In British

20



Columbia, Status Indians had rates for ischemic heart diseases 25% higher the rates among other
residents in the province (British Columbia Office of the Provincial Health Officer 2009). The
RHS (2008/10) found that the prevalence of heart disease among First Nations was 7.6%
compared to 5.7% among other Canadians (FNIGC 2012). Data on the rates of MI among First
Nations are limited. However, death rates due to MI were estimated to be 25% higher in First
Nations men and 55% higher in First Nations women compared to non-Indigenous Canadian

population (Statistics Canada 2013; Tjepkema et al. 2012).

2.1.2. Diabetes

Diabetes is one of the most critical health issues among First Nations in Canada. Overall, the
prevalence of diabetes among First Nations communities is 3 to 5 times higher than among the
non-Indigenous Canadians (Dyck et al. 2010; Young et al. 2000). The First Nations RHS
(2008/10) showed that self-reported prevalence of diabetes among on-reserve First Nations was
20.7% (FNIGC 2012). The most recent First Nations RHS (2015/16) revealed that about 19.2%
of on-reserve First Nations were diagnosed with diabetes (FNIGC 2018). Data from the FNFNES
indicated that prevalence of diabetes among First Nations ranged from 18.1 to 24.3% across
different regions in Canada (Chan et al. 2018) but can reach as high as 29% among Quebec’s
First Nations (INSPQ 2015) and 36% in northern First Nations communities (Imbeault et al.
2011). This stands against 10.3% among off-reserve First Nations, 7.3% among Metis and 5% in
the non-Indigenous population (Public Health Agency of Canada, 2011). Type 2 or non-insulin-
dependent diabetes (T2D) is the most prevalent type of diabetes which is characterized by insulin
resistance, relative insulin deficiency, and subsequent hyperglycemia. The risk of T2D increases
with older age, obesity, poor quality diets and lack of physical activity (NCCAH 2012). First

Nations tend to be younger at onset, have greater severity of the disease and have more health
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complications from T2D (e.g. coronary heart disease, stroke, blindness, kidney failure, and
peripheral arterial disease) compared with non-Indigenous Canadians (Dannenbaum et al. 2008;

Valera, Dewailly, and Poirier 2011).

2.2. Risk factors for Type 2 Diabetes

The development of T2D is a result of an interaction between environmental and genetic factors.
Environmental or lifestyle risk factors of T2D include obesity, sedentary lifestyle, smoking and
an unhealthy diet. Obesity, in particular, abdominal adiposity, is a major determinant of the
development of T2D. Adipose tissue affects metabolism by secreting hormones and other
substances such as leptin, cytokines, adiponectin, proinflammatory substances and nonesterified
fatty acids. These substances are involved in the development of insulin resistance and in the
impairment of B-cell function (Al-Goblan et al. 2014). Several studies have shown that body
mass index (BMI) has a strong relationship with insulin resistance and T2D (Al-Goblan et al.
2014).

Physical activity plays a key role in the prevention and management of T2D. Regular physical
activity reduces abdominal adiposity and induces glucose uptake by skeletal muscle, adipose
tissue and liver (Den Boer et al. 2013). In addition, exercise increases insulin sensitivity and
glucose tolerance as well as improves blood lipid profiles in persons with T2D (Colberg et al.
2010).

Cigarette smoking is another important risk factor for the development of T2D. Several
prospective studies confirmed that smoking is associated with increased risk of T2D (Manson et
al. 2000). In fact, smokers are 30—40% more likely to develop T2D than non-smokers, and
smokers with T2D have higher risks for micro and macrovascular complications (US DHHS

2014). Also, smoking increases inflammation and oxidative stress, it damages [3-cell function and
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impairs endothelial function (Chang 2012). Since smoking is very prevalent among Indigenous
populations, the smoking cessation is important targets for prevention of T2D.

Unhealthy diet also contributes to the development of T2D. A number of epidemiological studies
demonstrated positive relations between diets low in fiber and high in simple carbohydrates with
T2D (Liu et al. 2000). High intake of saturated fat and proceeded meat also contributes to the
elevated risk of obesity and T2D (Dhingra et al. 2007). In contrast, high fruit and vegetable
consumptions showed a preventive effect against T2D (Wu et al. 2015). Over the past decades,
Indigenous people in Canada have been undergoing a rapid nutrition transition characterized by a
shift away from traditional diets towards store-bought food which is high in energy, fat, and
sugars (Kuhnlein et al. 2004). This lifestyle transition has been concomitant with a sedentary

lifestyle and is associated with increased prevalence of obesity and T2D (Young et al. 2000).

Besides several modifiable factors, genetic predisposition also contributes to the development of
T2D. Several studies have indicated that a family history of diabetes is a strong predictor of
diabetes. In fact, the lifetime risk of developing T2D is 40% for individuals who have one parent
with T2D and 70% if both parents are affected (Meigs et al. 2000). Moreover, first degree
relatives of individuals with T2D are 3 times more likely to develop the disease than individuals
without a family history of T2D (Ali 2013). In women, gestational diabetes during pregnancy
increases the risk of T2D later in life and elevates the risk of diabetes in offspring. Among

Indigenous people, women are more likely to develop T2D compared to men (Dyck et al. 2010).

Ethnicity is considered as a risk factor for T2D which is not correlated with other risk factors.
Epidemiological studies suggest that some ethnic groups, such as Hispanics, Asians and North
America Indians have a predisposition to T2D (Abate and Chandalia 2003). Neel proposed a

“thrifty gene effect” theory which is based on the hypothesis that North America Aboriginal
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populations are genetically adapted to starvation conditions by storing nutrients more efficiently
when food is available (Neel 1999). This “thrifty gene” was beneficial because Aboriginal
individuals lived hunter-gatherer lifestyles, and the access to foods was not stable (Byrne and
Nkongolo, 2012). With modern conditions of relatively constant nutrient abundance and a high
glycemic load diet, this physiological response results in insulin resistance, hyperglycemia,
obesity and diabetes (Young et al. 2000). However, there is still debate concerning the
importance of genetic versus other environmental factors associated with susceptibility to T2D

(Southam et al. 2009).

2.3 Social determinants of health

For Indigenous people, holistic understanding of “Health” generally comprises “physical,
mental, spiritual, emotional and social dimensions and not merely the absence of disease or
infirmity” (WHO 2007). The health inequities experienced by First Nations people are
determined by multiple factors, including colonization, racism and marginalization (Nesdole et
al. 2014). Reading and Wien (2009) grouped various social determinants into three categories:
proximal, intermediate, and distal (Reading and Wein 2009). Proximal determinants of health
involve conditions that have a direct impact on individual’s physical, emotional, mental or
spiritual health and include health behaviours, physical environments, employment and income,
education, and food security. Intermediate determinants combined educational and health care
systems, community infrastructure and resources, environmental stewardship and cultural
continuity, and were defined as those responsible for the proximal determinants. Lastly, distal
determinants encompass political, economic and social contexts and have the most profound

influence on Indigenous health (Reading and Wein 2009) (Figure 2).
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The colonization of Indigenous Peoples is considered as a fundamental underlying health
determinant which produced social, political and economic inequalities through the creation of
unfavourable intermediate and distal determinants (Adelson 2005). Historically, many
Indigenous people were disposed of and relocated from their lands, culture, language and
traditional ways of life, which resulted in dramatic and devastating social and cultural changes.
Likewise, residential schools, one of the most powerful methods of assimilation, destroyed the
connections between children and their families and communities and, thus profoundly impacted
their cultural identity, language and the transfer of traditional knowledge (Reading and Wein
2009). Although there are no longer residential schools, the trauma continues to affect First
Nations’ lives and well-being. According to the RHS (2008-10), almost half (47.3%) of the
survivors of residential schools perceived a negative effect on their health and well-being
whereas 43% of their children believed that residential schools negatively affected the parenting

skills of their parents (FNIGC 2012).

The health of an individual and their families is also impacted by intermediate determinants,
such as education and healthcare systems, community infrastructure and resources. Many First
Nations especially those living in remote and isolated communities have difficulties accessing
health care services because of not available limited local services, inadequate or culturally
inappropriate health care services. In addition, low levels of incomes do not allow First Nations
to afford the cost of healthcare and services (FNC 2005). Beckett et al. (2017) reported a
significant relationship between a self-reported diagnosis of diabetes with a lack of culturally
appropriate health care, not having a doctor available in the area, inadequate or a lack of
available health care services and facilities in the area among urban First Nations people (Beckett

et al. 2018). Furthermore, the insufficient educational system directly impacts an individual’s
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income, employment and living conditions. A lack of post-secondary education funding from the
Canadian government makes education less accessible for First Nations students (Bains 2014).
Likewise, limited infrastructure and resource development opportunities significantly contribute

to economic insecurity and marginalization (Reading and Wein 2009).

Figure 2. Social determinants of health for Indigenous People (Adapted from Reading & Wien, 2009)
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- educational systems

- community infrastructure

- resources and capacities

- environmental stewardship
- cultural continuity

Distal Determinants:

- colonialism

- racism

- social exclusion

- self-determinanation

Educational attainment is an important determinate of the health of both children and adults.
Education is associated with literacy, awareness about health and nutrition, as well as an ability

to make a healthy choice. Additionally, education offers benefits for better employment and
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income (National Collaborating Centre for Aboriginal Health (NCCAH) 2017). Despite some
improvement over the last years, there is still a gap in educational attainment between First
Nations adults and the general population in Canada. Indeed, 33.7% of First Nations compared to
11.5% of the general Canadians who had less than a high school education while 10.9% of First
Nations compared to 26.5% of non-Indigenous Canadians who obtained university degree

(FNIGC 2018; National Collaborating Centre for Aboriginal Health (NCCAH) 2017).

In Canada, the poverty rate is disproportionally higher among First Nations compared to the non-
Indigenous people and is directly linked to low educational attainment and high unemployment
rates (Reading and Wein 2009). According to the most recent First Nations RHS (2015/16), the
rate of unemployment was 31.6% while almost half (48.6%) of younger First Nations (18-29
years) did not work (FNIGC 2018). For comparison, the unemployment rate among the general
population in Canada was 7% (FNIGC 2018). Furthermore, 58% of First Nations adults reported
an annual income of less than $20,000 (FNIGC 2012). Among First Nations, low income has
been associated with food insecurity which leads to increased rates of obesity and diet-related
chronic diseases (Kuhnlein, Erasmus, et al. 2013). Poverty is also linked to poor health status,
mental health issues, social exclusion and crime (Kolahdooz et al. 2015; Reading and Wein
2009). Furthermore, financial constraints present barriers to traditional harvesting activities since

the high cost of gas and hunting equipment (Chan et al. 2006; Gabrielle 2008).

2.4 Food insecurity among First Nations

Food insecurity (i.e. the inability to afford nutritionally adequate and safe foods) is highly
prevalent and recognized as a serious public health issue for First Nations in Canada (Huet,
Rosol, and Egeland 2012; Skinner, Hanning, and Tsuji 2013). Food insecurity is directly related

to unhealthy diets and associated with decreased consumption of fruits and vegetables, grains
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and dairy products, and increased intake of energy from fat and sugary foods (Huet et al. 2012).
This results in compromised nutritional status and increased susceptibility to infections and diet-
related chronic diseases (such as obesity, diabetes and heart diseases) (Ford 2013; Seligman,

Laraia, and Kushel 2009).

There are unique considerations of food security for First Nations. In addition to food insecurity
related to monetary access to market food, “traditional food security” is an additional level
related to harvesting and consumption of traditional foods (Power 2008). The four dimensions of
“traditional food security” are considered as following: food access (i.e. access to traditional
food systems through harvesting activities), food availability and supply (i.e. environmental
contamination of traditional foods and the impacts of climate change on ecosystems; thus, how
these changes may affect the safety, availability and supply of traditional foods), and food
utilization (i.e. the levels of traditional knowledge about nutritional quality of traditional foods
(Lambden et al. 2007; Power 2008). Therefore, the context of food security for Indigenous

people involves both market and traditional food systems (Power 2008).

Several socio-economic and demographic factors contribute to the income-related food
insecurity in First Nations communities. Among those, high rates of poverty which are directly
linked to the high rates of unemployment, low education attainment and low income remain
critical issues in First Nations communities (Reading and Wein 2009). Also, high cost, poor
quality, lack of variety and availability of perishable market foods represent additional barriers,
especially in remote and isolated communities (Earle 2011; Health 2012; Willows et al. 2008).
“Traditional food security” is also affected by several factors. These include the loss of access to
traditional lands, environmental contaminants in wildlife, decreased diversity and distribution of

species and changes in animal migratory patterns. In addition, the high costs of hunting and
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fishing equipment were documented as factors limiting the ability to harvest wild foods (Chan et

al. 2012, 2014; Lambden et al. 2006).

2.5 Traditional food use among First Nations

The consumption of traditional foods differs by many factors, such as region, location and size of
communities, age, gender and seasonal availability of wildlife. At pre-contact, traditional diets
provided large amounts of animal protein and fat, and low amounts of carbohydrates (Haman et
al. 2010). Carbon isotope estimates indicate that prehistoric coastal people in British Columbia
derived 90% of their energy from marine protein and fat whereas 10% was obtained from
gardening (vegetable and fruits) (Chisholm and Nelson 1983). In fact, among the Central Coast
Salish people, annual consumption of salmon ranged from 272 to 320 kg per person (Fediuk and
Thom 2003). Other studies indicated that annual consumption of marine and land foods among
First Nations communities in Canada ranged from 365 to 730 kg per person (Fediuk and Thom
2003). Wein (1990) documented that Métis and First Nations in northern Alberta consumed
traditional food about 319 times per year with fish consumed on average 62 times per year
(Wein, Sabry, and Evers 1990). Among Yukon First Nations, traditional foods were consumed
on average 1.14 times per day providing 17% of total daily energy whereas salmon species were
the most consumed fishes (Wein and Freeman 1995). Batal (2004) estimated that among First
Nations and Métis communities in the Denendeh and Yukon daily consumption of fish ranged

from 184 g to 225 g per person (Batal et al. 2004).

Kuhnlein (2013) documented that an annual rate of salmon consumption among Nuxalk people
was approximately 165 kg per family in 1981 and increased up to 424 kg per family following
the Nuxalk Food and Nutrition Program (Kuhnlein et al. 2013). However, a dramatic decline in

fish (such as salmon and eulachon) and other traditional foods was observed by 2009 (Kuhnlein
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2013). Among the James Bay Cree adults in northern Quebec, average daily consumption of fish
was 60 grams per day, while heavy fish consumers ate 291 grams of fish per day. Coastal
communities consumed a higher amount of fish (78g/d) compared to inland ones (34 g)

(Dewailly et al. 2002).

Limited data on traditional food consumption are available for First Nations living in southern
regions of Canada. Philibert (2009) reported that a First Nations community in Northern Ontario
consumed on average 4.6 fish meals per month (Philibert et al. 2009). The ongoing FNFNES,
conducted in 100 First Nations communities south of 60" parallel across Canada, has provided
reliable regional information about traditional food consumption patterns among First Nations

people living on-reserve (www.fnfnes.ca). In British Columbia, fish consumption was reported

by 95% of First Nations with salmon, a keystone species, consumed on average, once per week
(Chan et al. 2011). In Manitoba, fish consumption was reported by 83% of respondents with
walleye and lake whitefish, the most consumed species, eaten about 11 and 4 times per year,
respectively (Chan et al. 2012). In Ontario, the majority (73%) of First Nations reported eating
wild fish in the prior year. On average, daily consumption of walleye, lake whitefish and
northern pike was 7.2, 2.9 and 1.5 grams per day, respectively (Chan et al. 2014). Overall,
research indicates that northern and remote communities consumed more fish and other
traditional foods compared with southern ones. In addition, men and older individuals reported
higher consumption of traditional foods compared to women, young adults and children

(Kuhnlein, Goodman, et al. 2013; Nakano et al. 2005).
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2.6 Health benefits of fish and omega-3 fatty acids
Fish is widely promoted as a healthy food choice. The health benefits of fish and seafood are
mainly attributed to the content of high-quality protein, vitamins, minerals and n-3 FAs. These

nutrients are essential for human health, growth, and development (HLPE 2014).

A body of literature shows that the consumption of fish, rich in n-3 FAs, such as EPA and DHA,
provides many health benefits (Shahidi and Ambigaipalan 2018). EPA and DHA intake have
favourable effects on neurological and cognitive development in the fetus and infants and may
reduce the risk of premature birth (Shahidi and Ambigaipalan 2018). Clinical and
epidemiological studies demonstrated protective effects of fish and n-3 FAs against CVD
including stroke and MI (Elagizi et al. 2018; Leung Yinko et al. 2014), and lower the risk of
sudden cardiac death and cardiovascular mortality (Breslow 2006; Leung Yinko et al. 2014;
Shahidi and Ambigaipalan 2018). Epidemiological studies among the Greenland Inuit confirmed
that traditional diets rich in marine mammals and fish reduce the incidence of CVD (Bang HO,
Dyerberg J 1971). The mechanisms of the EPA and DHA effects include lowering plasma
triglycerides, inhibiting platelet aggregation and inflammation, lowering blood pressure,
preventing arrhythmias, improving endothelial function and vascular reactivity (Elagizi et al.

2018; McLennan 2014; Shahidi and Ambigaipalan 2018; Yashodhara et al. 2009).

Recent evidence suggests that fish and n-3 FAs may help prevent T2D since their beneficial
effects on lipid profile, insulin resistance and inflammation (Chen, Yu, and Shao 2015; Fedor
and Kelley 2009; He 2009; Panagiotakos et al. 2007). Also, increased intake of dietary n-3 FAs
improves glucose tolerance and metabolic syndrome (Ebbesson et al., 2005; Paquet et al., 2013).
Insulin resistance is a pathological condition in which cells fail to respond to the action of insulin

in transporting glucose from the bloodstream into muscle and other tissues. Metabolic syndrome
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is a clustering of at least three of the five following medical conditions: central obesity, high
blood pressure, high blood sugar, high serum triglycerides, and low serum high-density
lipoprotein (Ebbesson et al., 2005). Systematic meta-analyses, however, reported geographical
differences in the relationship between fish, n-3 FA intake and T2D with protective associations
being observed in the populations of Asian countries, and positive associations being observed in
the American population (Wallin et al. 2012; Zheng et al. 2012). These discrepancies may be
explained by differences in levels of n-3 FAs and contaminants (POPs, MeHg) present in fish
(Lee et al. 2014; Lee and Jacobs 2010) which significantly vary by fish species and geographical
location (Aguilar, Borrell, and Reijnders 2002). Scientists suggest that relatively high exposure
to POPs through fish may outweigh the beneficial effects of n-3 FAs on T2D (Christensen et al.

2016; Domingo 2014; Lee and Jacobs 2010; Wallin et al. 2015)

2.7 Environmental contaminants and their effects on human health

Despite numerous benefits, fish, seafood and marine mammals may be a pathway of exposure to
environmental pollutants. Environmental pollutants travel from southern latitudes to the North
through the atmosphere and water currents and bioaccumulate and biomagnify in the Arctic food
webs. Since predator species are at upper trophic levels of food chains, they accumulate high
levels of contaminants in their fatty tissues. Indigenous people including First Nations are
particularly vulnerable to environmental chemicals through consumption of wild fish and marine
mammals (Laird, Goncharov, and Chan 2013; Seabert et al. 2014). Indeed, elevated exposure to
POPs and mercury have been observed in the Inuit whose diets greatly rely on marine mammals
(Donaldson et al. 2010; Laird et al. 2013; Oostdam et al. 2005). Among First Nations in Northern
Ontario, POPs and mercury blood concentrations were on average 3.5 times higher among those

consuming wild foods compared to non-consumers (Seabert et al. 2014). Likewise, blood
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concentrations of PCBs were predicted by local fish consumption among Mohawk men and
women at Akwesasne (Fitzgerald et al. 1999, 2004). The Grassy Narrows and Wabaseemoong
First Nations in Northwest Ontario have been exposed to mercury via consumption of fish

contaminated by pulp mill (Takaoka et al. 2014).

2.7.1 Persistent organic pollutants (POPs)

POP exposure exhibits several adverse health effects, including impaired reproductive functions,
neurobehavioral deficits, certain types of cancer and hormone-related disorders (Birnbaum 2012;
Diamanti-Kandarakis et al. 2009; Ross 2004). Exposure to PCBs can increase the risk of CVD,
such as stroke and M1 (Bergkvist et al. 2014, 2016). Recently, evidence has linked low-dose
chronic POP exposure with obesity, insulin resistance, and T2D (Lee et al. 2014). A number of
cross-sectional (Aminov et al. 2016; Lee et al. 2006) and prospective (Lee et al. 2010; Vasiliu et
al. 2006) studies confirmed that exposure to PCBs and DDE may increase the risk of T2D.
Systematic review and meta-analyses reported that exposure to certain POPs, such as PCBs and
DDE, dioxin and dioxin-like chemicals are associated with T2D (Fakhri et al. 2016; Lee et al.
2014; Ngwa et al. 2015; Taylor et al. 2013). Similarly, research among the Inuit and First
Nations in Canada reported positive associations between exposure to certain POPs with T2D
(Philibert et al. 2009; Singh and Chan 2017). Pal (2013) observed significantly higher plasma
concentrations of POPs in diabetic compared to non-diabetic First Nations adults (Pal et al.

2013).

Several possible biological mechanisms have been proposed to explain the effects of POPs.
POPs are well-know endocrine-disrupting chemicals which interfere with the synthesis,
secretion, transport and activity of hormones and thus, mimic and disturb hormone functions

(Chevalier and Fénichel 2015). PCBs may cause mitochondrial dysfunction via mutations in
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mitochondrial DNA and nuclear genes, and through glutathione depletion (Montgomery and
Turner 2015; De Tata 2014). Mitochondrial dysfunction, in turn, plays a crucial role in chronic
low-grade inflammation and may lead to ectopic fat accumulation in the liver, muscle and
pancreas. Also, low-grade inflammation in adipose tissue plays an important role in the
development of insulin resistance and T2D (Lee et al. 2014; Montgomery and Turner 2015).
Furthermore, PCBs may disrupt the function of pancreatic beta cells (Hectors et al. 2011, 2013;

De Tata 2014).

2.7.2 Mercury

Mercury can exist in three forms: elemental mercury, inorganic mercury and organic mercury,
e.i. methylmercury (MeHg). The most toxic form is MeHg which affects the central nervous
system, particularly in the developing fetus (Bjerklund et al. 2017). Literature shows that
prenatal exposure to MeHg is associated with low birth weight, impaired neurodevelopment,
growth and development of children (Azevedo et al. 2012; Ha et al. 2017). There is growing
evidence that exposure to MeHg increases the risk of metabolic conditions such as obesity,
elevated cholesterol and triglyceride levels, high blood pressure, glucose levels, and diabetes (Ha
et al. 2017; He et al. 2013). Furthermore, epidemiological studies indicate that chronic exposure
to MeHg increases the risk of CVD such as Ml (Bjerklund et al. 2017; Ha et al. 2017), through
the increases in oxidative stress and the production of free radicals. It also affects heart rate
variability and promotes inflammation, hypertension and plaque development (Genchi et al.

2017).

2.7.3 Biomonitoring survey among First Nations

The First Nations Biomonitoring Initiative (FNBI) established baseline information on human

exposure to environmental chemicals for on-reserve First Nations people south of the 60™
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parallel (Assembly of First Nations 2013). The FNBI was conducted among fifteen First Nations
communities across Canada. Among 97 environmental chemicals, PCBs, DDE and MeHg were
measured in biospecimens. The FNBI results showed that plasma levels of PCBs and DDE in
First Nations were significantly lower than corresponding levels observed in the general
population based on the Canadian Health Measure Survey (CHMS). However, the FNBI
participants aged 60 - 99 years in the Great Lake ecozone had elevated DDE levels. The blood
levels of total mercury among First Nations were comparable to those levels collected by the
CHMS (geometric mean (G.M) 0.95 ug/L and 0.83 pg/L, respectively). However, First Nations
in the Pacific ecozone and the Great Lake ecozone had significantly higher levels of total
mercury (G.M. 1.91 pg/L and 1.07 pg/L) than the CHMS population. The Canadian total blood
mercury guidance value is 20 pg/L for the general population and 8 pg/L for children, pregnant

women, and women of child-bearing age (Legrand et al. 2010).

2.8 Traditional food consumption advisories

When there is a concern about the quality and safety of traditional foods related to potential
contaminant exposure, food consumption advisories are issued (McAuley and Knopper 2011).
For example, Mohawk First Nations of Akwesasne were advised to limit their fish consumption
due to high levels of PCBs (Fitzgerald et al. 1999). Likewise, advisories on fish consumption in
the Great Lake areas were posted as a result of concerns about exposure to PCBs and mercury
(Health Professionals Task Force 2004; Turyk et al. 2012). Also, recommendations on fish
consumption were provided among Cree living in Northern Quebec because of elevated exposure
to mercury affected by the La Grande Reservoir Complex (Chevalier et al. 1997). Although food
consumption advisories help to reduce the body burden of contaminants, they lead to reduced

reliance on traditional foods with consequently increased reliance on store-bought foods and low
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intake of essential nutrients. Maintaining of traditional lifestyle is fundamental for health and
well-being of First Nations. Consumption of traditional food is associated with better diet quality
and nutritional adequacy whereas harvesting activities contribute to physical health. Also, food-
sharing practices support social cohesion and spiritual and mental wellness. Given this
importance, benefits of traditional food use must be weighed against the risk of contaminant

exposure.

2.9 Climate change

Global warming is recognized as the biggest threat of the 21 century. Indigenous people are
particularly affected by climate change since their close relationship with the environment and
heavy dependence on natural resources for their livelihood and culture (Downing and Cuerrier
2011). First Nations and other Indigenous and northern communities have already noted
significant changes in weather patterns and their impacts on abundance and availability of
wildlife, access to wild foods, quality and safety of traditional foods (Downing and Cuerrier
2011; Ford et al. 2010; Ford, Smit, and Wandel 2006; Lemmen, Warren, and Resources 2016).
Indeed, First Nations communities from the Northwest Territories and Yukon reported rapid
changes in water levels, weather patterns, ice dynamics and wildlife distribution (Guyot 2006).
Northern Indigenous communities observed significant thinning of the sea- and freshwater ice,
reduction in snow cover, coastal erosion, reduction in water levels in rivers and ponds which
negatively impact the health and distribution of fish species and other wildlife (Ford et al. 2010;
Furgal and Seguin 2006). The Weenusk First Nation at Peawanuck (Northern Ontario) indicated
changes in travel routes on water and land, the disappearance of particular insects, bird species,
changes in flora and fauna (Lemelin et al. 2010). First Nations communities in the western James

Bay region of northern Ontario reported that climate variability and extreme events precipitated
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fish die-offs and changes in the timing of harvesting of fish (Hori 2010). Hence, the limited
access to subsistence species is likely to reduced traditional food use which, coupled with
ongoing nutrition transition, affects food security and nutritional status of Indigenous people

(Council of Canadian Academies 2014; Ford et al. 2010; Kuhnlein, Erasmus, et al. 2013).

Climate change poses a significant threat to marine ecosystems. Changes in water temperature,
oxygen content, pH levels and other ocean properties directly affect the production and
distribution of marine species (Cheung et al. 2013; Lam et al. 2016). Recent research indicates
that climate change will lead to the large-scale redistribution of global catch potential with the
most apparent changes in the Pacific Ocean (Cheung et al. 2010). This represents a particular
challenge to coastal communities including First Nations living in British Columbia whose
traditional diets heavily rely on marine sources for food and economy (Cisneros-Montemayor et
al. 2016). First Nations communities living along the Pacific coast harvest a wide variety of
marine foods (fish, shellfish, and seaweeds) while salmon is a cultural keystone species
(Garibaldi and Turner 2004) for their diet (Chan et al. 2011; Mos et al. 2004). These coastal First
Nations have developed special skills and technologies to manage their environments and have
gained experience to accommodate to environmental changes using traditional ecological
knowledge (Butler and Campbell 2004; Campbell and Butler 2010; Turner and Clifton 2009).
However, rapid, unpredictable climate change negatively affects their subsistence and
commercial fishing practices (Downing and Cuerrier 2011). Recently, researchers projected that
the majority of marine species harvested by coastal First Nations will decline in abundance and
shift poleward relative to BC’s marine environment. The keystone species, such as salmon and

herring, are likely to experience the most significant relative impact. (Weatherdon et al. 2016).
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Along with the direct impacts on wildlife abundance and distribution, climate change poses risks
for harvesting activities. Extreme weather patterns, changes in the timing of freeze-up and
breakup of sea ice make harvesting more dangerous and reduce the access to certain hunting
areas (CIER 2008; Furgal and Seguin 2006). Strong winds and unsafe travel conditions limit
hunting of marine mammals from the open ocean (Ford et al. 2010). Diminished harvesting
activities, in turn, lead to cultural changes, loss of language and affect transmission of traditional
knowledge about the land, wildlife and harvesting practices with consequent negative
implications for food and nutrition security (Centre for Indigenous Environmental Resources

(CIER) 2006; Ford et al. 2010; King and Furgal 2014).

Climate change may also affect the levels of environmental pollutants in traditional food systems
through influence on long-range transport from southern latitudes to northern regions, affect
biodegradation of pollutants, as well as accumulation and biomagnification of contaminants in
food chains (Assembly of First Nations 2007). Indeed, levels of contaminants (such as PCBs,
pesticides and heavy metals) may increase due to declining water levels (lakes, ponds, rivers)

caused by warming temperature (Assembly of First Nations 2007; Kundzewicz et al. 2009).

2.10 Summary

Notwithstanding significant dietary, lifestyle and cultural transformations among First Nations
over the last few decades, locally harvested fish and seafood continue to be an integral part of
their diets delivering important health and cultural benefits (Kuhnlein al. 2013). Even consumed
in small amounts, fish and other wild foods provide significant sources of energy, protein,
vitamins, minerals, and n-3 FAs (Gagne et al. 2012; Johnson-Down and Egeland 2012; Kuhnlein
and Receveur 1996, 2007; Sheehy et al. 2015) and thus, promote nutritional health of First

Nations people. Moreover, many First Nations desire to consume more fish and seafood species
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that are available for harvesting (Chan et al. 2011, 2012, 2014; Fediuk and Thom 2003).
However, various anthropogenic stressors, such as climate change and environmental
contamination, affect traditional food systems and represent a critical challenge to food security
and sustainability of harvesting practices (Downing and Cuerrier 2011; Ford et al. 2006;
Kuhnlein, Erasmus, et al. 2013; Lemelin et al. 2010). Nevertheless, there is a lack of research
characterizing how multiple factors combined affect food security, health and nutrition of First

Nations in Canada.
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ABSTRACT

Fish, harvested from the local environment, is an essential part of culture, diets and nutritional
health among Indigenous Peoples in Canada. In this study, we explore the relationships between
fish consumption patterns and factors related to food security statuses in Manitoba and Ontario
First Nations (FNs). We estimated the contribution of fish to their daily nutrient requirements.
Barriers to the availability of traditional foods including fish are also reported. Data collected
from the First Nations Food Nutrition and Environment Study, a cross-sectional study, were
used. The sample comprised 646 randomly selected adult FNs participants from Manitoba and
1376 from Ontario. Fish consumption was estimated using traditional food frequency
questionnaire. Food security status was assessed with the income-related Household Food
Security Survey Module. The contribution of fish to protein, omega-3 polyunsaturated fatty acids
(n-3 PUFA), vitamins (A, thiamin, riboflavin, niacin, B6, B12, and D), and minerals
(magnesium, phosphorus, potassium, selenium and zinc) requirements was assessed using
Dietary Reference Intakes (DRIs). Regional differences were observed between fish
consumption patterns and food security status. In Ontario, food insecure individuals tend to rely
more on wild fish and other traditional foods and to engage in fishing and hunting activities. In
Manitoba, financial constraints among food insecure households limit their access to both market
and traditional foods. Fish consumption provides good sources of protein, n-3 PUFA, vitamins
B12, D, thiamin, niacin, selenium, and phosphorus. However, many factors including high cost
of harvesting equipment, governmental restrictions and climate change continue to reduce the
access to and availability of fish and other wildlife. Our results show that traditionally harvested
fish continue to be vital to the diet and nutritional health of FNs. Improving access to fish and
other wildlife has the potential to reduce food insecurity and to promote sustainable livelihood.
Future policies and interventions should address socioeconomic determinants of food insecurity,

support traditional harvesting activities and sustainable fisheries in FNs communities.

Keywords: First Nations, food security, traditional foods, fish consumption, nutrient intake
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1. Introduction

For thousands of years, Indigenous Peoples (First Nations, Metis, and Inuit) in Canada have been
using their knowledge of the local environment and traditional food systems to live off the land
(Batal et al. 2004; Egeland et al. 2001). Traditional food systems are diverse across geographical
regions and include a great variety of fish species, game meat, and plants. The harvest and
consumption of wildlife remain fundamental to Indigenous Peoples’ culture and provides them
with social, spiritual, physical, economic, and nutritional benefits (Lambden et al. 2007). Diets
rich in traditional foods prove to be significant sources of energy, protein, and micronutrients [4—
6] whereas activities involved in the acquisition, preparation and consumption of traditional
foods sustain a spiritual connection with nature, facilitate the transfer of knowledge and
contribute to physical fitness and overall well-being of Indigenous Peoples (Egeland et al. 2001,
Kuhnlein et al. 2013). There are 977,230 First Nations living in Canada (Statistics Canada
2017b), out of which 744,855 have registered or treaty Indian status and 329,226 were reported
to live on reserves, i.e. small communities across Canada (Statistics Canada 2017b). There are
634 unique First Nations/Indian Bands, with 126 located in the province of Ontario and 63 in

Manitoba (AFN 2017).

Fish, which is consumed by over 80% of First Nations adults in Canada, has always been an
essential part of Indigenous culture and diets (Chan et al. 2011, 2012, 2014, 2016). Fishing
activities, including hand-gathering, spearing, netting, angling and trapping, have been largely
used in traditional ceremonies, festivals and other cultural events, enhancing the First Nations
spiritual connections to the land and individual communities (Long 2014). Beyond various
cultural benefits, traditional fish consumption significantly contributes to food and nutrition

security by supplying rich sources of high-quality protein, vitamins (such as B12, riboflavin, and
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D), several minerals (selenium, zinc, iron and phosphorus) and omega-3 polyunsaturated fatty

acids (n-3 PUFA) (Kuhnlein et al. 2013; Mos et al. 2004; Moss 2016).

Over the last few decades, First Nations have been experiencing a rapid nutrition transition when
traditional diets have been gradually replaced by market foods that are high in saturated fat,
sodium and sugar (Haman et al. 2010; Johnson-Down and Egeland 2012). This nutrition
transition has been concomitant with changes in lifestyle practices such as low physical activity
and associated with increased prevalence of obesity, diabetes and CVD (Bruce et al. 2010;
Riediger et al. 2014; Riediger, Lukianchuk, and Bruce 2015). Several socio-economic factors
including poverty, high unemployment rates, high cost and limited variety and availability of
healthy market foods (especially in remote areas) contribute to this transition (Willows et al.
2008). Furthermore, rapid environmental changes, such as climate change, urbanization, industry
growth, environmental contamination and degradation reduce the availability, diversity and
access of Indigenous People to traditional foods. This, in turn, aggravates nutrition transition and
food insecurity among First Nations communities (Ford et al. 2010; Kuhnlein and Receveur

1996; Laberge Gaudin et al. 2015; Turner, Mark, and Kuhnlein 2013).

As defined by the World Food Summit in 1996, food security exists “when all people, at all
times, have physical and economic access to sufficient, safe and nutritious food that meets their
dietary needs and food preferences for an active and healthy life” (FAO 1996). The experience of
food insecurity can range from concerns about running out of food before there is more money to
buy more (marginal food insecurity), to the inability to afford a balanced diet (moderate food
insecurity), to going hungry, missing meals, and in extreme cases, not eating for a whole day
because of a lack of food and money for food (severe food insecurity) (Tarasuk et al. 2013).

There are four pillars of income-related food security: food availability, food access, appropriate
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food use and stability of supply (World Health Organization 2018). Insufficient food quantity or
quality is associated with the consumption of an unhealthy diet and, consequently, the low intake
of essential nutrients. This results in nutritional deficiencies and increased susceptibility to diet-
related chronic diseases (Ford 2013; Seligman et al. 2009). Among Indigenous populations in
Canada, food insecurity (i.e. the inability to afford nutritionally adequate and safe foods) is
highly prevalent and recognized as a serious public health issue (Huet et al. 2012; Skinner,
Hanning, and Tsuji 2013). Overall, more than half (54.2%) of on-reserve First Nations
households in Canada experienced food insecurity, with 14.1% reporting having to cut the size of
their meals or skip meals altogether due to a lack of monetary resources (FNIGC 2012). In
contrast, 12.3% of Canadian households experienced some level of food insecurity with 5.6%
being categorised as moderately food insecure and 2.5% - as severely food insecure (Tarasuk et
al. 2013). In First Nations communities, food insecurity is often associated with a compromised
diet quality (Egeland et al. 2011), poor general and mental health and a weak sense of

community belonging (Willows et al. 2011b).

It is important to note that food security considerations are unique for Indigenous people as their
diets are characterized by access to both market foods and traditional foods harvested locally
from the “land”. Power (2008) proposed “traditional food security” as an additional dimension of
food security (Power Elaine 2008). The four dimensions of traditional food security were defined
as follows: food access (i.e. access to traditional foods), food availability and supply (i.e.
environmental exposure and the impacts of climate change on ecosystems; how these changes
may affect the safety, availability and supply of traditional foods), and food utilization (i.e.

knowledge about nutritional quality of tradition foods) (Power Elaine 2008).
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Given that traditional foods in particular fish can play an integral role for the sustainable
livelihood of Indigenous people, the objective of our study was to investigate the relative
importance of fish consumption in the context of food security among First Nations in two
provinces, Manitoba and Ontario, Canada. Specifically, we explored the relationships between
fish consumption patterns and factors related to food security statuses. We also estimated the
contribution of fish to their daily nutrient requirements. Barriers to the availability of traditional

food including fish were also characterized and reported.

2. Methodology
2.1. Study population

Data used in this study were derived from the First Nation Food Nutrition and Environment
Study (FNFNES). The FNFNES is a 10-year cross-sectional survey (2008-2018) designed to
assess diets, food-related exposure to environmental contaminants and the food security status of
First Nations living on reserves south of the 60th parallel across Canada (Chan et al. 2012,

2014). More details on the study’s design and methodology are available on www.fnfnes.ca. The

selection of First Nations communities was performed using a combined ecozone/cultural area
framework to ensure the diversity in ecozones and cultural areas (Wiken EB 1986), and it
proceeded in three stages. First, communities were randomly sampled using a systematic random
selection with probability proportional to the size of the community. Second, 125 households
were randomly sampled within each selected community. Third, one adult who met the
following criteria was asked to participate in the study: 19 years of age or older, able to provide
written informed consent, self-identified as being a First Nation person living on reserve, and
whose birthday was next. Sample weights were calculated in order to obtain representative

estimates of the total population. Using sample weights minimizes nonresponse bias. The design
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weight was adjusted based on the assumption that the responding communities represent both
responding and non-responding communities. The Bootstrap method was adopted for the

estimation of the sampling error of the estimates produced for this study [1,2].

The current study included data collected from the Manitoba and Ontario regions. In Manitoba,
nine First Nations communities across four ecozones: 1 - Prairies/Plains, Prairies/Subarctic, 2 -
Boreal Plains, Plains/Subarctic, 3 - Boreal Shield/Subarctic, and 4 - Taiga Shield/Subarctic were
surveyed from September to December 2010 (Fig. 1A). In Ontario, eighteen First Nations
communities across four Ontario ecozones: 1 - Boreal Shield/ Subarctic, 2 - Boreal
Shield/Northeast, 3 - Hudson Plains/Subarctic, 4 - Mixed-wood Plains/Northeast were surveyed
from September to December in 2011 and 2012 (Fig. 1B). From a total of 27 communities,
eighteen have year-round road access while nine (Manitoba (n=2) and Ontario (n=7)) were
remote (fly-in or winter roads only). Participation rates were 82% in Manitoba and 79% in
Ontario. In total, 2132 participants were recruited for the study. Individuals that did not complete
the Household Food Security Survey Module (HFSSM) were excluded from the analysis.
Therefore, the final sample comprised 2022 individuals (646 from Manitoba and 1376 from

Ontario) aged 19 years or older.
2.2. Ethics

This survey was conducted following the Tri-Council Policy Statement: Ethical Conduct for
Research Involving Humans” and in particular Chapter 9 research involving the First Nations,
Inuit and Métis Peoples of Canada. Ethical approval was granted by the Research Ethics Boards
of Health Canada, the University of Northern British Columbia, the University of Ottawa, and

the Université de Montréal.
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2.3. Data collection

Data were collected using household interviews conducted “in person” by trained community
research assistants. All participating individuals completed the following questionnaires: a
dietary 24-hour recall, a traditional food frequency questionnaire (FFQ), a socio/health/lifestyle
questionnaire (SHL), and a food security questionnaire (Chan et al. 2012, 2014). The FFQ
collected information regarding consumption of all identified locally-harvested traditional foods.
The study participants were asked to recall the number of days on which they consumed each
traditional food during the four seasons in the past year. Age- and gender-specific portion sizes
of each traditional food item were estimated from the 24-hour recall data. In Manitoba, the FFQ
consisted of 146 foods including 30 fish products, 23 land mammals, 25 wild birds, 23 wild
berries, 4 wild nuts, 29 wild plants, 10 tree foods, and 2 mushrooms. In Ontario, the FFQ
included 143 traditional food items: 30 fish species, 21 land mammals, 25 wild birds, 23 wild
berries, 4 wild nuts, 29 plants, 9 tree foods, and 2 mushrooms. The FFQ was developed based on
a comprehensive list of traditional foods and was representative of each participating

community.

The SHL questionnaire collected data on age, sex, weight, height, physical activity level,
smoking behaviour, educational attainment, household size, employment status, self-perceived
health status, source of income, traditional food gathering activity, access to and availability of
traditional foods and factors preventing households from using traditional foods. The access and
availability of traditional foods were assessed with the following questions: 1) Does your
household like to have more traditional foods? 2) Do you worry that your traditional foods would

run out before you could get more (in the last 12 month)? 3) The traditional food that you got

47



just didn't last, and you couldn't get any more (in the last 12 month). The body mass index (BMI)

was calculated as weight (in kilograms) divided by the square of height (in meters).

Food security information was collected with the income-related HFSSM adapted from the
United States Department of Agriculture (USDA) Food Security Survey Module (Bickel et al.
2000). The HFSSM was used in the CCHS 2.2 questionnaire (Agriculture and Agri-Food Canada
1998) and was further adapted for Aboriginal households (Lawn and Harvey 2004). The module
consisted of 18 questions (10 items for adults’ status and an additional 8 for households with
children) examining the ability of households to afford enough food. Households were classified
as “food secure” when no item or only one item in the adult or child scale was affirmed.
Moderately insecure households were defined as respondents affirmed 2-5 questions.
Households that responded affirmatively to six and more questions were categorized as “severely
food insecure”. Moderately and severely food insecure groups were combined. It is important to
note that this questionnaire reflects “household” food security status and not necessarily the
status of a particular individual within the household while the FFQ is a tool used with

individuals.
2.4. Traditional food consumption

Consumption of traditional foods (grams/day) was estimated by totaling the number of days in
the past four seasons when consumption of a particular food item was reported, then multiplied
by the age- and gender-specific portion size of the corresponding food (estimated from a 24-hour
recall) and divided by 360 days (four seasons of 90 days each). For the purpose of this study,
traditional foods consumed by participants were combined into food subgroups: wild fish (fish
species), wild game (land mammal species), wild birds (bird species), wild berries, and wild

plants (wild nuts, wild plants, tree foods, and mushrooms).
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2.5. Estimation of nutrient intakes from fish

Nutrient composition data for fish species reported by First Nations participants were obtained
from the Canadian Nutrient File, a national food composition database (2015. Health Canada
2015), taking into account the preparation method (i.e. baked, broiled, boiled, or raw). Nutrients
analyzed in this study were: protein, n-3 PUFA, vitamins (A, thiamin (B1), riboflavin (B2),
niacin (B3), B6, B12, and D), and minerals (magnesium, phosphorus, potassium, zinc and
selenium). The Dietary Reference Intake (DRIs), such as the Recommended Dietary Allowance
(RDA) and Adequate Intake (Al) were used to assess the contribution of fish to nutrient
requirements (Institute of Medicine 2003). The DRIs is a comprehensive set of nutrient values
for healthy populations used for assessing and planning diets. The RDA is the average daily level
of intake sufficient to meet the nutrient requirements of nearly all (97%-98%) healthy people
(Otten, Jennifer, Hellwig, Jennifer Pitzi 2006). Al is established when evidence is insufficient to
develop an RDA and is set at a level assumed to ensure nutritional adequacy (Otten, Jennifer,
Hellwig, Jennifer Pitzi 2006). Pregnant and breastfeeding women (n=59) were excluded from our

analyses due to their different nutritional requirements.
2.6 Data analysis

Data management and statistical analyses were performed with STATA statistical software, 14.2
(StataCorp, College Station, Texas, USA). Descriptive statistics included the calculation of
means with 95% confidence interval (Cl) for continuous variables and proportions for
categorical variables. Chi-square and student t-test were performed to assess whether differences
between groups were statistically significant. The study participants were divided into two
groups by food security status, individually in Manitoba and Ontario. Lifestyle and demographic

characteristics and frequency (% consumers) and quantity (grams/person/day) of traditional food
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consumption (total and by subgroups) were compared between food secure and food insecure
participants. Consumers were defined as individuals reporting consuming more than 0 g/d of a
particular traditional food. The percentage contribution of fish to nutrient requirements (DRAs
and Al) were calculated according to sex and age groups (Otten et al. 2006; Ross et al. 2011).
The mean proportion method was used for the estimation of the percentage contribution of fish
to the DRIs (Krebs-smith, Kott, and Guenther 1989). P-values less than 0.05 were considered
statistically significant. All statistical analyses were conducted using weighting variables to

obtain representative estimates.
3. Results

A total of 2022 individuals (646 from Manitoba and 1376 from Ontario) were included in this
study. The mean (+ standard deviation, SD) age of study participants was 45.1 (+15.4). The
proportion of women was 64.7%, and mean BMI was 30.7 (+6.0) kg/m?. In total, 35.1% of
participants reported being food insecure. Overall, First Nations in Manitoba had a lower level of
socioeconomic status compared to First Nations in Ontario. In particular, participants in
Manitoba reported higher prevalence of unemployment (43.8% vs 33.6%), higher reliance on
social assistance as the main source of income (45.2% vs 26.7%), lower educational attainment
(56.5% vs 42.1% less than high school), higher proportion of households with children aged
under 18 years (73.8% vs 48.4%) and living in more crowded households (4.4 vs 3.3 persons in a

household).

Table 1 summarizes demographic and lifestyle characteristics of participants by food security
status in Manitoba and Ontario. The prevalence of food insecurity was higher among Manitoba
(38%) compared to Ontario participants (29%). In Manitoba, no statistically significant

differences in lifestyle characteristics were found between food secure and food insecure
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participants. However, a higher proportion of food insecure individuals lived in households
relying on social assistance as the main source of income (54.5% vs 38.7%, respectively) and
reported a higher unemployment rate (48.5% vs 40.6%, respectively) compared to food secure
participants. In Ontario, food insecure individuals were more likely to be younger, to be current
smokers, to be less physically active, and tended to report fair or poor health status compared to
food secure respondents. In addition, a higher proportion of food insecure households had
children under the age of 18 years (61.4% vs 42.1%) and lived in bigger households (3.8 vs 3.1
people per household, respectively). Furthermore, food insecure individuals in Ontario reported a
lower level of education, a higher unemployment rate (43.1 vs 39.0), and a higher reliance on

social assistance (46.2% vs 17.45) compared to food secure participants.

Mean consumption and proportion of consumers of traditional foods (total and by subgroups) in
Manitoba and Ontario First Nations are presented in Table 2. On average, First Nations in
Manitoba consumed 41.5 g/d of traditional foods which was similar to First Nations in Ontario,
(42.1g/d). However, Ontario First Nations reported the highest consumption of wild fish (17.1
g/d) followed by wild game (10.5g/d), berries (7.2g/d), wild birds (4.6g/d), and wild plants
(0.6g/d). In contrast, First Nations in Manitoba consumed more wild game (17.2g/d) followed by
wild fish (9.3g/d), wild birds (7.1g/d), wild berries (6.5g/d), and wild plants (1.9g/d). Overall,
wild fish contributed 43% and 22% to the total intake of traditional foods in Ontario and
Manitoba, respectively. The percentage of respondents consuming wild fish at least once in the
prior year was 82.2% in Manitoba and 72.3% in Ontario (Table 2). Commonly consumed fish
species were walleye, lake whitefish, lake trout, northern pike and yellow perch (Chan et al.

2012, 2014).
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We compared mean intake (g/d) and percentage of consumers (%) of wild fish and other food
subgroups between food secure, moderately and severely food insecure individuals in Manitoba
and Ontario First Nations (Figures 2-3). Overall, food secure and insecure individuals from
Manitoba did not significantly differ by the frequency and quantity of traditional food
consumption. However, the consumption of wild fish and wild birds was significantly lower
among severely food insecure respondents (2g/d each) compared to moderately food insecure
(119/d and 7g/d) and food secure respondents (9g/d and 8g/d, respectively) (Figure 2). In
contrast, food insecure participants (moderate and severe) in Ontario reported significantly
higher consumption of wild fish (23g/d, 20g/d and 14g/d), wild game (15¢g/d, 14g/d and 8g/d),
wild birds (8g/d, 7g/d and 3g/d), and total traditional foods (52g/d, 53g/d, and 35g/d) than food
secure subjects. Likewise, the proportions of consumers of traditional foods were higher among

food insecure than food secure participants (Figure 3).

The contribution of fish consumption to nutrient requirements by food security status in
Manitoba and Ontario are presented in Figures 4 A-B. Nutrients analyzed include protein, n-3
PUFA, vitamins (A, B6, B12, D, niacin, riboflavin, and thiamin), and minerals (magnesium,
phosphorus, potassium, zinc and selenium). In Manitoba, there were no statistically significant
differences in nutrient intakes between food secure and food insecure participants, except for
vitamin B12 (9.7% vs 15.8% of the DRA, respectively) and n-3 PUFA (4.8% vs 8.1% of Al,
respectively) (Fig 4A). In contrast, fish contributed higher levels of selected nutrients in Ontario
food insecure compared to food secure individuals, including protein, n-3 PUFA, vitamin B12,

niacin, phosphorus, and selenium (Fig 4B).

Table 3 summarizes responses on the access to and availability of traditional foods, and food

gathering activities in First Nations communities. Overall, 66% of participants in Manitoba and
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73% in Ontario reported that their households would like to have more traditional foods. A
higher proportion of First Nations in Manitoba compared to Ontario reported that they worry
whether their traditional foods (including wild fish) run out before they can get more, (49% and
29%, respectively) (p=0.01). Furthermore, a half (49%) of Manitoba respondents and one-third
(32%) in Ontario participants reported that their traditional foods did not last, and they could not
get any more. When considering food security status, a significantly higher percentage of food

insecure individuals in Manitoba (70%) and Ontario (54%) affirmed the former questions.

Traditional gathering activities (i.e. fishing, hunting, setting snares, collecting wild berries and
plants) were practiced by 55.8% households in Manitoba and 70.4% in Ontario regions. Fishing
was the most common practice reported by 45% of respondents in Manitoba and 55% in Ontario.
Overall, greater proportions of food insecure responders engaged in traditional food activities,

including fishing, compared to food secure households in both, Manitoba and Ontario (Table 3).

Table 4 summarizes barriers preventing First Nations households from using more traditionally
harvested fish and other wildlife (overall and by food security status). Many participants reported
the absence of a hunter in their households, lack of equipment and/or transportation, and lack of
time for harvesting. In Manitoba, almost one-third of participants (28%) said that their
households do not have a hunter. In contrast, individuals in Ontario tended to report the lack of
time for harvesting activities (18%). Other constraints that limit traditional gathering activities
included governmental restrictions, hydro/forestry operations, and roadways which were
reported by 31 - 43% respondents in Manitoba and 19 - 24% in Ontario (Table 4). When
considering food security status, a significantly greater percentage of food insecure respondents
reported inadequate access to equipment and/or transportation compared to food secure

individuals in both Manitoba (19.5% vs 7%) and Ontario (20.0% vs 5%). Also, government
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restrictions and forestry operations were perceived as the main barriers to traditional harvesting
activities by food insecure individuals in Manitoba (50.9% and 39.1%, respectively).
Furthermore, over half (54%) of First Nations in Manitoba and four out of five (79%) First
Nations in Ontario noticed significant climate change in their traditional territories over the last
ten years (Chan et al. 2012, 2014). Climate change was perceived to increase the difficulty in
getting traditional foods, to affect the animals’ usual cycles or patterns, and the growth of

traditional foods by one-third of participants (36% in Manitoba and 31% in Ontario).
4. Discussion

In response to the World Food Summit Plan of Action, Canada developed the Action Plan for
Food Security to develop economic, social and environmental programs and policies, and to
promote national and international food security (Government of Canada 1998). Among
Indigenous Peoples, food security was to be addressed by promoting traditional food acquisition,
sharing their awareness of traditional foods and actions related to sustainable resource
management (including fisheries) and supplementation with high-quality commercial foods
(Government of Canada 1998). Several national, provincial and community-based programs,
including Nutrition North Canada (NNC) (Government of Canada 2017), were developed to
address food insecurity among Indigenous people in Canada. Nevertheless, food insecurity
continues to remain a critical public health issue. Overall, more than one out of three households
(35%) in Manitoba and Ontario First Nations experience food insecurity which is three times
higher compared to the general Canadian population. Concomitant with our findings, several
previous studies reported disproportionally higher rates of food insecurity among Indigenous
people compared to the general Canadian population (Rosol et al. 2012; Skinner, Hanning, and

Tsuji 2014; Tarasuk et al. 2013).
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Consumption of fish and other traditional foods was significantly higher among food insecure
compared to food secure First Nations adults in Ontario. These findings suggest that individuals
with limited availability and access to store-bought foods, especially in isolated communities
(i.e. with fly-in or winter roads only), tend to rely more on traditional foods for their subsistence.
In fact, a greater proportion of food insecure compared to food secure respondents in Ontario
reported engaging in traditional gathering activities. Similar to our findings, seafood
consumption was associated with traditional gathering activities, such as fishing, hunting and
collecting seafood in First Nations men living on-reserve in British Columbia (Chapter 7). A
study among the Nenets people residing in the Arkhangelsk region in Russia reported that fish
consumption was positively associated with frequency of fishing and monthly income (Petrenya
et al. 2012). On the other hand, participants in Manitoba consumed similar amounts of traditional
foods including wild fish regardless of their food security status. Given relatively higher
prevalence of food insecurity and lower socioeconomic status among Manitoba than in Ontario
First Nations, these results may indicate that financial constraints limit the access of Manitoba
First Nations to both market foods and traditional foods. In fact, one out of five (20%) food
insecure individuals in Manitoba did not have an adequate access to fishing and hunting
equipment, and/or transportation due to the high cost. Lack of a hunter in the family was another
important factor mentioned by one-third of participants in Manitoba. Previous research reported
that the high cost of harvesting equipment and transportation were primary factors preventing
households from acquiring more traditional foods (Chan et al. 2006; Gaudin et al. 2015). Data
from the Yukon First Nations, Dene/Métis and Inuit study showed that up to 50% of respondents
had inadequate access to fishing and hunting equipment, and up to 46% of participants said they

could not afford to go hunting or fishing (Lambden et al. 2006). Among Yukon First Nations,
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Dene/Métis, Inuit living in Arctic communities in Canada, only 40 — 45% of women’s
households had the access to hunting and fishing equipment, with 11% and 29% of women
reporting that hunting and fishing, respectively, were too expensive for their families (Gabrielle
2008). Participants from the Dene Nation study indicated that the rising cost of fuel, as well as
high cost of hunting and fishing equipment, have been limiting their ability to go out on the land

to harvest traditional foods (Kuhnlein et al. 2013).

Our findings show that traditionally harvested fish continues to provide good sources of several
nutrients including protein, vitamin B12, D, thiamin, niacin, selenium, phosphorus, and n-3
PUFA. When stratified by food security status, nutrient intakes from fish was significantly
greater among food insecure compared to food secure respondents (specifically in Ontario),
which reflects higher consumption of fish (by weight) among food insecure households. This
confirms the critical role of locally-harvested fish in providing nutritional health and food
security in First Nations communities. Previous studies among Indigenous populations have also
documented that traditional foods substantially contribute to micronutrient intakes; however, the
level of contribution by individual species was not studied (Johnson-Down and Egeland 2010;

Kuhnlein et al. 2004; Kuhnlein and Receveur 2007; Sheehy et al. 2015).

We found differences in traditional food consumption patterns across regions with greater
reliance on wild fish in Ontario but higher consumption of wild game in Manitoba First Nations.
These differences may reflect the diversity of traditional food systems across regions, cultural
food preferences, and the impacts of socio-economic and environmental factors. The majority of
First Nations in both Manitoba and Ontario would like to have more traditional foods in their
diets. Moreover, higher proportions of individuals who experience income-related food

insecurity affirmed that they worry that their traditional foods run out before they can get more,
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and/or their traditional foods just did not last, and they could not get any more. This indicates
that levels of availability for traditional foods fall short of levels of demand by First Nations.
Besides financial constraints which diminish the ability to obtain healthy market foods, First
Nations experience challenges acquiring traditional foods which, in turn, drastically
compromises their sustainability and food security. Our findings are consistent with the results of
a survey among Coast Salish people in British Columbia (Fediuk and Thom 2003). This study
showed that levels of available traditional foods fall far short of levels desired by almost all
respondents who wish to engage in traditional harvesting activities (Fediuk and Thom 2003). The
study participants also indicated barriers to harvesting, such as government restrictions,
environmental changes, poverty, privatizations and traditional knowledge loss (Fediuk and Thom

2003).

We found that barriers preventing First Nations from the consumption of traditional foods
differed in Manitoba and Ontario. Particularly, more First Nations in Manitoba than in Ontario
reported governmental restrictions, hydro/forestry operations and roadways as significant
constraints to harvesting activities. One-third of respondents from Manitoba observed that these
factors decreased their access to and the overall availability of fish species commonly harvested
in local areas (Chan et al. 2012). Aside from these barriers, First Nations participants were
concerned about climate change, which affects their ability to use the land. Similar to our
findings, other studies examining environmental impacts on traditional food systems and food
insecurity among Indigenous people reported changes in the timing of fish harvesting, the
disappearance of particular wildlife species, changes in travel routes on water and land, and
fluctuations in the distributions of particular fauna and flora (Chan et al. 2006; Fediuk and Thom

2003; Hori 2010; Lemelin et al. 2010; Royer and Herrmann 2011; Thompson et al. 2014).
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The barriers to traditional fish consumption may have significant implications for human health
due to their role in meeting the needs for essential micronutrients in the diet. Although several
nutrients (i.e. protein, vitamin B12, niacin) may be obtained from the consumption of alternative
traditional foods and/or market foods, the intake of nutrients primarily derived from fish species
(such as vitamin D, selenium and n-3 PUFA) would be substantially diminished (Rosol et al.
2016). While n-3 PUFA are well-known for their protective effects against CVD (Mori 2014),
vitamin D is essential for maintaining healthy bones and immune function, and selenium reduces
the risk of cancer, autoimmune and thyroid diseases (Kulie et al. 2009; Rayman 2012). Low
intake of vitamin A, D, calcium, iron and magnesium among Canadian First Nations has been
widely reported (Chan et al. 2012, 2014; Delormier and Kuhnlein 1999; Gates et al. 2012; Health
Canada 2012a). Furthermore, the high cost, lack of variety and quality of store-bought foods
(especially in isolated communities) has been well-documented as barriers to a healthy diet and
nutritional security (Chan et al. 2006; Lawn and Harvey 2004; Skinner et al. 2013). For instance,
the average cost of a nutritious food basket for a family of four ranges from $202 to $327 in
different ecozones in Manitoba which is drastically higher when compared to an average cost of
$145 in Winnipeg. Likewise, the average cost of a nutritious food basket ranges from 175$ to
344% in different Ontario ecozones compared to $205 in Ottawa (Chan et al. 2012, 2014). When
healthy and nutritious foods are unaffordable, people rely on less expensive, high-energy and
low nutrient-dense market foods. This, in turn, aggravates the on-going nutrition transition
characterised by the shift away from traditional diets and the adoption of sedentary lifestyle, and
leads to the increased incidence of chronic diseases, such as obesity, type 2 diabetes and heart
disease among First Nations people (Johnson-Down et al. 2015; Sheikh et al. 2012; Willows et

al. 2011b).
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In Northern Canada, several hunter and harvester support programs have been developed to
promote traditional harvesting activities. For example, the Nunavut Harvester Support Program
in Nunavut, the Inuit Hunting, Fishing and Trapping Support Program in Nunavik and the
Community Harvester Assistance Program and the Inuvialuit Harvesters Assistance Program in
Northwest Territories provide financial assistance to harvesters in the form of hunting equipment
(snowmobiles, boats and all-terrain vehicles) and small supplies (fishing nets, camp stoves,
sleeping bags, etc.). In James Bay, The Cree Hunters and Trappers Income Security Program
provides an annual income to Cree First Nations who regularly participate in hunting, trapping
and fishing activities. In Manitoba, numerous initiatives, such as harvest support programs,
traditional food education and nutrition school activities, land-based education programs and
communities freezer programs are implemented to support harvesters, to increase access to
traditional foods, to teach children and youth hunting skills and to incorporate traditional culture
into healthy eating in northern First Nations communities (Food Matters Manitoba 2013).
Despite these efforts, more programs are needed to support traditional harvesting practices and to
promote traditional food production and consumption in northern and southern First Nations

communities in Canada.

Food insecurity in First Nations communities presents a complex challenge and requires a
multidimensional approach. Potential strategies, such as increasing access to traditional land and
wildlife resources (i.e., protected rights to access lands and to harvest), traditional food subsidy
programs directed to offset high cost of hunting equipment, enhanced traditional knowledge
transition from Elders to younger community members, traditional foods sharing with
community members, as well as transformation of fisheries management would help to promote

food sovereignty and sustainable livelihood in First Nations communities.
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5. Conclusion

Our findings show that First Nations in Canada continue to experience high rates of food
insecurity. Traditional food systems remain important to the contemporary diet of First Nations.
Fish consumption provides essential contributions to nutritional health and food security. Several
socioeconomic and environmental barriers prevent First Nations from traditional harvesting
activities. Improving access to and availability of fish and other wildlife has a potential to reduce
food insecurity and to promote sustainable livelihood in First Nations. Future policies and
interventions should address socioeconomic determinants of food insecurity, support traditional

harvesting activities and sustainable fisheries in First Nations communities.
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Figure 1. A-B Maps of participating First Nations communities in Manitoba and Ontario (Chan
etal., 2012, 2014)
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Table 1. Sociodemographic characteristics of study participants by food security status in
Manitoba and Ontario? (n=2022)

Manitoba Ontario
food secure  food insecure P food secure  food insecure P

value value
N (%) 382 (62) 264 (38) 928 (71) 448 (29)
Age, years, mean (SD) 42,3 (13.9) 42.4(14.8) 0.51 48.6 (15.8) 41.9(14.5) 0.01
Female, n (%) 257 (67.3) 188 (71.8) 0.20 572 (61.6) 289 (64.8) 0.25
BMI, kg/m2, mean (SD) 30.4(6.4) 30.0(6.3) 0.90 31.2(5.8) 30.1(5.8) 0.05
Current smokers, n (%) 230 (60.2) 173 (66.0) 0.13 402 (43.3) 289 (64.5) 0.001
Physical inactivity, ® n (%) 272 (71.2) 197 (75.2) 0.26 584 (62.9) 305 (68.4) 0.04
Health status, n (%) 0.34 0.001
excellent/very good 94 (24.6) 52 (19.7) 262 (28.2) 80(17.9)
good 159 (41.6) 115 (43.6) 424 (45.7) 191 (42.8)
fair/poor 129 (33.8) 98 (37.1) 242 (26.1) 175(39.2)
Household size, mean (SD) 4.4 (2.7) 4.4 (2.5) 0.51 3.1(1.8) 3.8(2.1) 0.02
Children<18y, n (%) 284 (74.4) 191 (72.9) 0.61 391 (42.1) 274 (61.4) 0.01
Unemployment, n (%) 155 (40.6) 127 (48.5) 0.04 269 (29.0) 192 (43.1) 0.01
Education, n (%) 0.08 0.001
less than high school 208 (54.5) 157 (59.5) 333(35.8) 246 (54.9)
high school graduation 115(30.1) 82(31.1) 455 (49.0) 165 (36.8)
vocational training 44 (11.5) 22 (8.3) 69 (7.5) 25 (5.6)
post-secondary education 15(3.9) 3(1.1) 71 (7.7) 12 (2.7)
Income sources, n (%) 0.001 0.001
wages 181 (47.4) 87 (32.8) 533 (57.3) 180 (40.2)
social assistance 148 (38.7) 144 (54.5) 161 (17.4) 207 (46.2)
pension 34 (8.9) 21 (8.0) 196 (21.1) 49 (11.0)
workers compensation 19 (5.0) 12 (4.5) 38 (4.1) 12 (2.7)

4 Manitoba & Ontario First Nation Food Nutrition and Environment Study (2008-2012)
b Physical inactivity includes self-reported sedentary and somewhat active lifestyle
Data are n (%) or mean (SD), unweighted estimates
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Table 2. Mean? consumption (grams/person/day) and percentage of consumers of traditional

foods (by subgroup) in Manitoba and Ontario First Nations® (n=2022)

Manitoba Ontario

% consumers mean (g/d) 95%ClI % consumers mean (g/d) 95%CI
Wild fish® 82.2 9.3 0.7-17.7 72.3 17.1 8.8-25.2
Wild game 86.8 17.2 8.4-25.9 67.8 10.5 5.2-15.8
Wild birds 56.4 7.1 0.7-13.9 38.4 4.6 1.7-74
Wild berries 67.5 6.5 4.1-9.0 60.0 7.2 4.4-9.9
Wild plants® 28.1 1.9 0.3-4.1 35.2 0.6 0.4-08
Total traditional food 94.0 41.5 20.4-62.6 94.5 42.1 25.1-59.1

4Population mean (consumers and non-consumers), based on the food frequency questionnaire and
averaged across seasons, individuals aged >19 years

> Manitoba and Ontario First Nation Food Nutrition and Environment Study (2008-2012)

¢ Wild fish includes all locally-harvested fish species
4 Wild game includes all land mammal species

¢ Wild plants include wild nuts, wild plants, tree foods, and mushroom

Weighted estimates
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Figure 2. Mean? intake and proportion of consumers of traditional foods (by subgroups) by food
security status in Manitoba (n=646)
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Figure 3. Mean? intake and proportion of consumers of traditional foods (subgroups) by food
security status in Ontario (1376)
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Figure 1 (A, B). Contribution of fish consumption to nutrient requirements (DRIs) by food
security status in Manitoba and Ontario First Nations
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Table 3 Responses to questions related to access and availability of traditional foods, and traditional gathering activity by food

security status in Manitoba and Ontario

Manitoba Ontario

Food secure Food insecure Food secure Food insecure

% % % %
Does your household like to have more traditional foods? 63.1 77.2" 68.2 83.8""
Do you worry that your traditional foods would run out before  38.9 62.6™" 21.1 46.17
you could get more?
Traditional food didn't last, and you couldn't get any more 36.7 70.4™ 215 53.8™
Traditional activity by a participant 43.9 44.1 54.7 59.3"
Traditional activity by someone in a household 47.2 54.7 49.6 58.5™
Traditional activity by anyone in a household 56.8 62.3 68.2 4.7
Fishing activity by anyone in a household 455 50.8 52.4 61.17

Traditional activity includes fishing, hunting, setting snares for food, collecting wild plants, seafood or plant a garden

Weighted estimates
* p value<0.1, ** p value<0.05, *** p value<0.01
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Table 4 Barriers preventing households from using more traditional foods in Manitoba and Ontario (overall and by food security
status)

Manitoba Ontario

Total Food secure Food insecure Total Food secure Food insecure
Lack of a hunter in the household ~ 28.1 25.2 32.8 11.2""% 10.3 13.4
Lack of equipment/transportation ~ 11.7 7.0 19.57 10.0 5.0 20.0°"*
Lack of time 10.9 11.2 10.2 18.3"% 19,5 15.5
Lack of knowledge 5.0 4.8 5.4 8.9"8 8.3 10.4
Government restrictions 46.7 44.1 50.9" 24378 256 21.1
Hydro operations 38.3 34.3 44.8 18.77% 18.4 19.7
Forestry operations 31.9 27.5 39.1° 24.5 23.9 26.0
Roadways 33.7 29.3 39.7 22.4 23.7 19.3
Climate change?® 36.0 31.5 39.3 30.5 30.7 30.2

Values are percent (%)

& Climate change was perceived to decrease the availability of traditional food, increase the difficulty in getting traditional food, affect animals’
usual cycles or patterns and growth, and change fish run

“pvalue<0.1, ™ p value<0.05, ™" p value<0.01

5, significantly different from Manitoba total population

', significantly different from a corresponding food secure group

Weighted estimates
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