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Abstract
The objective of this study is to examine the potential cardiovascular risk of climate-related declines in seafood consumption

among First Nations in British Columbia by assessing the combined effects of reduced omega-3 fatty acids and mercury intake
from seafood on the risk of myocardial infarction (MI) in 2050 relative to 2009. The data were derived from the First Nations
Food, Nutrition, and Environment Study. Seafood consumption among 369 randomly selected participants was estimated, and
hair mercury concentrations were measured. Declines in seafood consumption were modelled based on previously projected
climate change scenarios, and the associated changes in nutrients and contaminants were used to estimate the cardiovascular
risk. Reduced seafood consumption was projected to increase the risk of MI by 4.5%–6.5% among older individuals (≥50 years),
by 1.9%–2.6% in men, and by 1.3%–1.8% in women under lower and upper climate change scenarios, respectively. Reduced
seafood consumption may have profound cardiovascular implications. Effective strategies are needed to promote sustainable
seafood harvests and access to seafood for coastal First Nations.

Key words: seafood consumption, climate change, polyunsaturated omega-3 fatty acids, myocardial infarction, nutrition,
mercury

Introduction
First Nations people experience significant socio-economic

and health disparities compared with non-Indigenous popu-
lations in Canada (Reading and Wein 2009). They continue
to face serious health challenges, including shorter life ex-
pectancy, high rates of mortality, and chronic diseases such
as obesity, diabetes, and cardiovascular problems (Reading
and Wein 2009; FNIGC 2012; Tjepkema et al. 2012; Young
2012; Bruce et al. 2014). Cardiovascular diseases (CVDs) are
conditions that describe diseases of the heart and/or blood
vessels, including ischemic heart diseases (IHD), cerebrovas-
cular disease (stroke), heart failure, congenital heart disease,
inflammatory, rheumatic, and hypertensive heart diseases
(WHO/WHF/WSO 2011). Overweight and obesity, a sedentary

lifestyle, smoking, and eating a diet high in saturated fat,
sodium, and sugar are well-known risk factors for CVD (Can-
non 2007).

Among First Nations, CVD remains the second leading
cause of death (FNHA 2012; Health Canada 2014; Reading
2015). Historically, the mortality from CVD in First Nations
was lower than that among the general Canadian population
(Young 2012). Studies conducted in recent decades, however,
have demonstrated that heart diseases in First Nations have
increased compared with the general Canadian population
(RHS 1999). The First Nations Regional Health Survey (RHS)
(2002/03) found that the overall prevalence of self-reported
heart disease was slightly higher in First Nations than in non-
Indigenous people in Canada (7.6% vs. 5.6%) whereas, among
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older individuals (50–59 years), the rate of heart disease was
more than two times higher than in the general Canadian
population (11.5% vs. 5.5%) (FNC 2005).

In British Columbia (BC), First Nations living on reserves
had rates for ischemic heart diseases 25% higher than the
rates among other residents in the province (BC Provincial
Health Officer 2009). In 2008/10, the RHS reported that 5.7%
of First Nations in Canada (FNIGC 2012) and 6.4% of First Na-
tions in BC were diagnosed with heart disease (First Nations
Health Authority 2012). The data on the prevalence of acute
myocardial infarction (MI) in First Nations, however, are lim-
ited (Reading 2015). Nevertheless, the mortality rates due to
MI were estimated to be 25% higher in First Nations men
and 55% higher in First Nations women compared with non-
Indigenous populations in Canada (Tjepkema et al. 2012).

Harvesting, consuming, and sharing traditional foods (i.e.,
all culturally acceptable foods within a particular local, nat-
ural environment) contribute to physical fitness, provide an
abundance of essential nutrients, and are vital for the cul-
tural identity, spiritual and mental health, and social well-
being of First Nations (Egeland et al. 2001; Kuhnlein and Re-
ceveur 2007; Sheehy et al. 2015). In BC, traditional diets of
First Nations include a rich diversity of marine foods such
as fish, shellfish, seaweeds, and marine mammals (Mos et
al. 2004; Chan et al. 2011), which supply significant sources
of protein, micronutrients, and essential polyunsaturated
omega-3 fatty acids (n-3 FAs), such as eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA) (Sheehy et al. 2015).

Health effects of fish and dietary n-3 FAs have been inten-
sively investigated since the first study in the 1970s, demon-
strating an inverse relationship between n-3 FAs and IHD
among Greenland Inuit (Bang et al. 1971). Following this ob-
servation, several clinical and epidemiological studies con-
tinue to demonstrate protective effects of fish and dietary n-3
FAs intakes against CVD, such as stroke, MI (Leung Yinko et
al. 2014; Elagizi et al. 2018), reduced cardiac death, and to-
tal mortality (Breslow 2006; Leung Yinko et al. 2014; Shahidi
and Ambigaipalan 2018). These cardioprotective effects of
EPA and DHA are attributed to the beneficial modulation of
several risk factors for CVD (Innes and Calder 2020). Many
prospective studies have demonstrated that EPA and DHA
lower plasma triglycerides, improve high-density lipoprotein
(HDL) cholesterol, lower blood pressure, inhibit platelet ag-
gregation, and improve endothelial function and vascular re-
activity (Yashodhara et al. 2009; McLennan 2014; Shahidi and
Ambigaipalan 2018). EPA and DHA have also been reported to
reduce inflammatory markers such as acute-phase protein, C-
reactive protein, pro-inflammatory cytokines, tumour necro-
sis factor (TNF)-α, and interleukin (IL)-6 (McLennan 2014;
Innes and Calder 2020).

Although dietary n-3 FAs confer a wide range of cardiovas-
cular benefits, they can be attenuated by the adverse effects
of the presence of methylmercury (MeHg) in fish (Lipfert and
Sullivan 2006; Laird et al. 2013). Indeed, consuming tradi-
tionally harvested fish and marine mammals constitutes the
major pathway of MeHg exposure among Indigenous people
(Laird et al. 2013). The adverse effects of MeHg on the nervous
system, growth and development of fetuses and children, and
immune function are well-established (Bjørklund et al. 2017;

Ha et al. 2017). Recent evidence also indicates that chronic
exposure to MeHg may increase the risk of CVD (Hu et al.
2018), including MI (Genchi et al. 2017). The mechanism by
which MeHg produces toxic effects on the cardiovascular sys-
tem is not fully elucidated, but it is believed to increase ox-
idative stress, increase the production of free radicals, affect
heart rate variability, and promote inflammation, hyperten-
sion, and plaque development (Genchi et al. 2017). The intake
of EPA + DHA and MeHg from seafood depends on the con-
centrations of EPA + DHA and MeHg, which significantly vary
between seafood species and across different regions (Laird et
al. 2013; Hu et al. 2017; Chan et al. 2020).

Current seafood consumption contributes to reaching
the daily recommendations of EPA and DHA (Marushka et
al. 2018a, 2018b). However, traditional food consumption
among First Nations has been declining over the past decades
and has been gradually replaced with nutrient-poor market
foods (Kuhnlein and Receveur 1996; Johnson-Down and Ege-
land 2013; Sheehy et al. 2013). Several socio-economic and
environmental factors, such as poverty, food insecurity, and
concerns about the risk of environmental exposure, are con-
tributing to the diet transition (Chan et al. 2011; Kuhnlein et
al. 2013). Furthermore, climate change exacerbates the nu-
trition transition through its impacts on traditional food sys-
tems (Ford et al. 2010). Climate change was documented to
decrease the abundance and availability of wildlife species
by affecting the magnitude and cycles of animals’ growth, re-
production, distributions, and migrations in oceans, rivers,
and on land (Hori 2010; Lemmen et al. 2016). Weatherdon et
al. (2016) found that climate change may reduce the abun-
dance and alter the distribution of the majority of marine
species harvested by coastal First Nations in BC (Weatherdon
et al. 2016). We have previously projected the impact of cli-
mate change on seafood consumption and the diet quality
of coastal First Nations in BC and estimated a decrease in
the intake of essential nutrients from seafood by 21% un-
der lower (Representative Concentration Pathway [RCP] 2.6)
and 31% under higher (RCP 8.5) climate change scenarios by
2050 relative to 2000 (Marushka et al. 2018b). This follow-
up study further investigated the potential implications for
human health. The objective of this study was to model the
effects of projected declines in seafood consumption on the
relative risk (RR) of MI in coastal First Nations in BC under
lower and upper climate change scenarios (i.e., 21% and 31%).
Specifically, we modelled the combined effects of reduced
EPA + DHA and MeHg intake from seafood on the RR of MI.

Methodology

Population and study design
The First Nations Food Nutrition and Environment Study

(FNFNES) is a regionally representative survey that was de-
signed to assess traditional food consumption patterns, to-
tal diets, and food-related exposure to environmental con-
taminants in First Nations people living on reserves, south
of the 60th parallel across Canada (Chan et al. 2019). In BC,
21 First Nations communities were randomly selected using
a combined ecozone area framework to ensure that the di-
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Fig. 1. Map of the six participating First Nations communities in British Columbia.

versity in ecozones and cultural areas was represented in
the sampling strategy (Chan et al. 2011). An ecozone is a
large geographical region identified based on the distribu-
tion patterns of plants, animals, geographical characteristics,
and climate (www.ecozone.ca). Sampling proceeded in three
stages: (1) primary sampling unit——a systematic random sam-
pling of communities within each region; (2) secondary sam-
pling unit——a random sampling of 125 households within
each selected community; and (3) tertiary sampling unit——
one randomly selected adult in each household who was self-
identified as being a First Nations person living on reserve
aged 19 and older was asked to participate in the study. For
the purpose of this study, data from the six First Nations

communities in the Pacific Maritime ecozone were included
(Fig. 1). There are 106 First Nations communities in the Pacific
Maritime ecozone with a total population of 33,877. In total,
369 participants aged 19 years and older who self-identified
as First Nations living on-reserve were recruited in six First
Nations communities (total population of 3,566) in this study
in the fall of 2008 and 2009. The participation rate in the Pa-
cific Maritime ecozone was 67%. All data were weighted to
obtain representative estimates of the total First Nations pop-
ulation living in coastal British Columbia (33,877). The design
weights were adjusted based on the assumption that the re-
sponding communities represent both responding and non-
responding communities (Chan et al. 2011).
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The study was approved by the Ethical Review Boards at
Health Canada, the University of Northern British Columbia,
the University of Ottawa, and the Université de Montréal.

Modelling framework
We modelled the increased risk of MI under the projected

scenarios of a decline in nutrient intake from seafood with
the method developed by Wennberg et al. (2012). This model
describes the combined effect of EPA + DHA and MeHg expo-
sure on the risk of MI and is adjusted for confounding factors
such as smoking, BMI, blood pressure, diabetes, apolipopro-
tein (apo) B and apo A-I, education, alcohol intake, and phys-
ical activity (Wennberg et al. 2012). The modelling equations
and parameters are described below.

MI risk under projected seafood intake
scenarios

Equation 1 estimates the RR of MI (RRMI) in scenarios
of a decline in seafood consumption. where baseline serum
EPA + DHA levels were adopted from James Bay Cree First Na-
tions (Dewailly et al. 2002), and baseline hair mercury (Hg) lev-
els were measured from FNFNES participants in BC. Changes
in EPA + DHA and hair Hg levels were estimated using eqs.
2–5. The projected serum EPA + DHA and hair Hg values were
calculated by subtracting the change values from the baseline
values.

Ln (RRMI) = −0.127

×
[(

SerumEPA + DHAprojected
)3

100
− (SerumEPA + DHAbaseline )3

100

]

+0.096 ×

⎡
⎢⎣

(
HairHgprojected

)2

10
− (HairHgbaseline )

10

2

⎤
⎥⎦

(1)

Baseline serum EPA + DHA and hair Hg

Serum EPA + DHA

The best available data on the n-3 FAs profile of a First Na-
tion population were from the Cree Nation of Eeyou Istchee
from the 1991 Santé Québec Health Survey (Dewailly et al.
2002). Both the FNFNES participants in BC and the Cree Na-
tion of Eeyou Istchee consumed a similar amount of fish
(approximately 60 g/day). Baseline EPA and DHA profiles in
plasma phospholipids (weight% of total lipids) for the FNFNES
participants in BC were assumed to be the same as those of
members of the Cree Nation of Eeyou Istchee. EPA and DHA
in serum were assumed to be the same as in plasma phos-
pholipids for the main analysis. Sensitivity analysis with con-
verted serum EPA and DHA is provided in the supplemental
material.

Hair Hg

Hair Hg concentrations were measured for the FNFNES par-
ticipants. Data on total hair Hg were available from 121 par-
ticipants. Details on the hair sampling methodology are pre-
sented in Chan et al. (2011). Briefly, each hair bundle was cut

into 1 cm segments, starting from the scalp end. Three seg-
ments were analyzed to determine the level of total mercury
in participants’ hair for approximately the last three months.
Since MeHg represents 80%–90% of the total mercury in hair,
total mercury is commonly used to assess exposure to MeHg
(Basu et al. 2018). The limit of quantitation for total mercury
was 0.06 ppm (or μg/g) in hair. In total, two hair samples
had total mercury concentrations below the limit of detec-
tion (LOD). Those values were replaced with ½ of the LOD
(e.g., 0.03 μg/g). Hair samples were collected in the fall of
2008–2009 and analyzed in the First Nations and Inuit Health
Branch (FNIHB) Laboratory (Chan et al. 2011). Participation in
hair sampling was voluntary and based on informed written
consent after a verbal and written explanation of the project
component (Chan et al. 2011).

Baseline seafood consumption, EPA + DHA and
methyl mercury intake

Seafood consumption and EPA-DHA intake

Baseline seafood consumption was estimated from the 24 h
dietary recall and Food Frequency Questionnaire (FFQ) from
FNFNES 2008–09. The FFQ collected information on the fre-
quency of consumption of all available traditional foods dur-
ing the four seasons of the prior year and was representa-
tive of each participating community. Overall, 208 traditional
food items were included in the FFQ. Seafood species com-
prised 65 food items, including fish (n = 41), shellfish (n = 16),
seaweed (n = 4), and marine mammals (n = 4).

The mean portion size of each corresponding food item was
calculated from the 24 h dietary recall. The daily intake of
each seafood species (grams/day) was estimated by totalling
the number of days in the past four seasons when a partic-
ular species was consumed, multiplied by the mean portion
size, and divided by 360 days (a year included four seasons of
90 days each). The total intake of seafood was calculated as
the sum of all seafood species consumed per day. The Cana-
dian Nutrient File (Health Canada 2015), a national food com-
position database, was used to estimate the daily intake of
EPA + DHA from each seafood item, taking into account the
preparation method (i.e., baked or broiled, boiled or raw). The
total EPA + DHA intake was calculated using eq. 2:

EPA + DHAintake =
∑65

i
seafoodi (g/day)

× (EPA + DHAi ) (g/g)

(2)

Methylmercury (MeHg) intake

The concentrations of mercury in seafood species were
measured by the FNFNES. Dietary intake of MeHg from
seafood was calculated by multiplying the concentration of
MeHg (mg per g) in each species by the total amount of each
seafood item consumed per day (g). The total MeHg intake
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was estimated with eq. 3:

MeHgintake =
∑65

i
seafoodi (g/day) × MeHgi (μg/g)(3)

MeHg concentrations in seafood were measured in the
FNFNES 2008–09. Seafood species sampled for contaminant
analyses were selected as follows: (1) commonly consumed
species in each participating community, (2) those species
that are of the most significant concern from an environ-
mental perspective, and (3) those seafood species known to
accumulate higher concentrations of contaminants (Chan
et al. 2011). Each seafood sample was a composite of tis-
sues from up to five different animals or seaweeds. The
collected seafood samples were analyzed for several chem-
ical contaminants, including MeHg at Maxxam Analytics,
formerly CANTEST (Burnaby, BC). Detailed information on
mercury analyses was published elsewhere (Marushka et al.
2018a).

Serum EPA + DHA and hair Hg change
The change in plasma EPA + DHA concentrations due to

the projected decline in nutrient intake (i.e., 21% and 31%)
was estimated using eq. 4 developed by Patterson et al. (2015).
The projected serum EPA + DHA levels were calculated as the
difference between baseline serum EPA + DHA and the esti-
mated changes in serum EPA + DHA.

PlasmaEPA + DHAchange = 2.67 × EPA

+DHAintake (g/day) + 3.49

(4)

The changes in hair Hg due to the projected decline in
seafood intake (i.e., 21% and 31%) were estimated using an in-
ternational standard of hair to blood ratio of 250 and a single-
compartment toxicokinetic model (eq. 5) (JECFA 2004 cited
from Legrand et al. 2010; WHO 1990). The following assump-
tions were made for Equation 5: 95% of the MeHg intake is
absorbed, 5% of the absorbed amount goes to the blood com-
partment, the average blood volume for survey participants is
5 L, and the elimination constant is 0.01 per day (WHO 1990).
The projected hair Hg was estimated as the difference between
baseline hair Hg and the estimated changes in hair Hg.

HairHg (μg/g) change = 0.95

×0.7 xMeHgintake (μg/day) × 250/1000

(5)

Projected climate change scenarios for coastal
First Nations’ fisheries

This study used previously published projections of the ef-
fects of climate change on the distribution, relative abun-
dance, and richness of 98 seafood species representing com-
mercial and cultural importance to First Nations in coastal
BC (Weatherdon et al. 2016). Changes in seafood species dis-
tribution were modelled under two climate change scenarios:
low emission “strong mitigation” (Representative Concentra-
tion Pathway (RCP) 2.6) and high emission “business-as-usual”
(RCP 8.5) by 2050 relative to 2000. Model simulations were

based on the dynamic bioclimate envelope model (DBEM),
which is a mechanistic species distribution model projecting
changes in annual average species abundance on a 0.5˚ lati-
tude x 0.5˚ longitude grid of the world ocean (Fernandes et al.
2013; Cheung et al. 2016; Weatherdon et al. 2016). Changes in
ocean conditions (e.g., sea surface and bottom temperature,
salinity, oxygen concentration, surface advection, and net
primary production) under climate change scenarios were
projected from the Geophysical Fluid Dynamics Laboratory
Earth System Model 2M (GFDLESM 2M) (Weatherdon et al.
2016). The DBEM includes four components: (1) temperature
and oxygen-dependent size, growth, and mortality, (2) pop-
ulation carrying capacity estimation in each grid cell based
on environmental conditions and species’ habitat prefer-
ences, (3) modelled ocean conditions-dependent spatial pop-
ulation dynamics with adult movement, and (4) larval disper-
sal modelled using an advection–diffusion–reaction model
(Fernandes et al. 2013). The total annual average abundance
on the Pacific Coast of Canada (within Canada’s Exclusive Eco-
nomic Zone) was calculated for each seafood species. Changes
in species richness were inferred for 2050 (average between
2041 and 2060) relative to 2000 (average between 1991 and
2010) (Weatherdon et al. 2016). More details on the BBEM are
available elsewhere (Fernandes et al. 2013, Cheung et al. 2016;
Weatherdon et al. 2016).

Based on the projected scenarios of seafood catch decline,
we modelled potential impacts on seafood consumption pat-
terns and nutrient intakes (such as EPA + DHA) for coastal
First Nations in BC (Marushka et al. 2019). In the main analy-
sis, declines in EPA + DHA and mercury intake from seafood
were assumed to be the same as declines in seafood consump-
tion/availability, which in turn were assumed to be the same
as the projected catch decline of all (mixed) seafood species
under the lower (RCP 2.6) and upper (RCP 8.5) climate change
scenarios, assuming EPA + DHA and mercury concentrations
in seafood remained unchanged over time (Marushka et al.
2019).

Statistical analyses
Data management and analysis were performed with

STATA statistical software 14.2 (Stata Corp., College Station,
TX, USA). Descriptive statistics included the calculation of
means and 95% confidence intervals (95%CI) for continuous
variables and proportions (%) for categorical variables. Ge-
ometric means (95%CI) were estimated for hair Hg concen-
trations. Student’s t-tests and χ2 tests were used to assess if
differences between groups were statistically significant. Re-
sults with a p-value of less than 0.05 were considered statis-
tically significant. We estimated total seafood consumption
and the intake of the top 10 most consumed seafood species,
as well as their contribution to the EPA + DHA and MeHg in-
take for sex and age groups (19–34 years, 35–49 years, and
50 years and above). Sensitivity analyses on the associations
(no effect, 50%, 150%, and 200% of the original effect) between
mercury, EPA + DHA, and MI were conducted to estimate the
uncertainties in the impact of the projected seafood intake
decline on MI risk.
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Table 1A. Intake of the top 10 seafood species and their contribution to EPA + DHA and methylmercury (MeHg) intake in BC
First Nations men and women (2008/09).

Men Women

Food intake EPA + DHA MeHg Food intake EPA + DHA MeHg

g/d (95%CI) g/d (95%CI) μg/d (95%CI) g/d (95%CI) g/d (95%CI) μg/d (95%CI)

Sockeye salmon 18.0 (6.5, 29.4) 0.22 (0.08, 0.36) 0.77 (0.30, 1.30) 9.6 (5.7, 13.6) 0.12 (0.07, 0.17) 0.41 (0.23, 0.58)

Halibut 6.4 (2.5, 10.2) 0.01 (0.01, 0.02) 1.60 (0.64, 2.55) 5.6 (2.8, 8.3) 0.01 (0.01, 0.02) 1.49 (0.74, 2.22)

Chinook salmon 5.8 (1.8, 11.9) 0.10 (0.00, 0.21) 0.27 (0.01, 0.55) 3.1 (1.5, 4.7) 0.05 (0.02, 0.08) 0.14 (0.06, 0.22)

Herring roe 2.0 (1.3, 6.6) 0.05 (0.02, 0.07) 0.00 (0.00, 0.00) 3.4 (1.5, 2.4) 0.08 (0.01, 0.15) 0.00 (0.00, 0.00)

Coho salmon 3.9 (0.9, 3.1) 0.04 (0.01, 0.07) 0.15 (0.05, 0.26) 1.9 (0.5, 6.4) 0.02 (0.02, 0.03) 0.08 (0.06, 0.10)

Prawn 2.9 (1.1, 4.6) 0.01 (0.00, 0.01) 0.06 (0.02, 0.10) 2.0 (0.3, 4.3) 0.00 (0.00, 0.01) 0.05 (0.01, 0.09)

Clam 2.3 (1.8, 2.8) 0.01 (0.01, 0.01) 0.01 (0.01, 0.01) 2.1 (0.6, 3.5) 0.01 (0.00, 0.01) 0.01 (0.002, 0.02)

Salmon egg 2.5 (0.5, 4.6) 0.06 (0.03, 0.09) 0.00 (0.00, 0.00) 1.9 (0.2, 4.0) 0.05 (0.02, 0.08) 0.00 (0.00, 0.00)

Chum 2.6 (1.1, 4.7) 0.03 (0.01, 0.05) 0.08 (0.02, 0.14) 1.9 (0.4, 2.4) 0.02 (0.00, 0.05) 0.06 (0.01, 0.11)

Crab 2.9 (1.0, 1.9) 0.01 (0.00, 0.02) 0.09 (0.04, 0.14) 1.4 (1.7, 2.1) 0.01 (0.00, 0.01) 0.03 (0.01, 0.06)

Top 10 combined 49.3 (26.6, 72.1) 0.54 (0.24, 0.84) 3.03 (1.30, 4.76) 32.8 (24.1, 44.4) 0.37 (0.22, 0.51) 2.27 (1.35, 3.18)

Total seafood 78.0 (37.8, 118.2) 0.81 (0.40, 1.21) 5.10 (2.20, 8.00) 50.1 (35.9, 64.2) 0.50 (0.31, 0.69) 3.14 (2.07, 4.21)

Results
This study included 369 participants (140 men and 229

women) with an average age of 47.6 (±14.3), ranging from 21
to 90 years old. Descriptive characteristics and hair Hg con-
centrations of the study population are presented in Tables
S1a and S1b. The hair Hg concentration was relatively higher
in men and older individuals than in women and younger
respondents. However, the hair Hg means were considerably
below the established Health Canada Hg guideline across all
genders and age groups (Legrand et al. 2010).

Tables 1A and 1B summarize the mean daily intake of the
most frequently consumed seafood species and the corre-
sponding EPA + DHA and MeHg exposure by gender and
age groups. The average daily intake of seafood was 78 g/day
in men and 50 g/day in women. Older participants reported
significantly higher seafood consumption compared with
younger individuals, with a mean intake of 34.8, 45.7, and
78.2 g/day among the 19–34, 35–49, and ≥50 years age groups,
respectively. The mean EPA + DHA intake from seafood was
higher in men compared with women (0.81 and 0.50 g/day,
respectively). Likewise, older individuals (≥50 years) con-
sumed more EPA + DHA (0.81 g/day) than the middle age
group (35–50 years) (0.49 g/day) and younger individuals (19–
34 years) (0.29 g/day). The average daily intake of MeHg
from seafood was 5.10 μg/day in men and 3.14 μg/day in
women. Among older participants (≥50 years), the average
daily MeHg intake was 5.02 μg/day, which is almost two times
higher than in younger age groups (2.60 μg/day in 19–34
years and 2.64 μg/day in 35–49 years). The top 10 most con-
sumed species contributed about 65% to the total seafood
consumption, 71% to the EPA + DHA intake, and 67% to the
MeHg intake. Salmon species (i.e., sockeye, chinook, coho,
and salmon eggs) were the most consumed fish types. Salmon
was also the main source of EPA + DHA and the second-
highest contributor to the MeHg intake. Halibut, the sec-
ond most consumed fish, was the major source of MeHg and
contributed 31% and 47% of total MeHg intake in men and

women, respectively. However, halibut provided a low intake
of EPA + DHA (Table S2). Herring roe was the fourth most
consumed species and provided a good source of EPA + DHA.
Shellfish, such as prawn, clam, and crab, contributed little to
either EPA + DHA or MeHg. Overall, the daily intake of MeHg
in First Nations was below the established Tolerable Daily In-
take (TDI) of 0.47 μg/kg bw/day (Legrand et al. 2010). Men and
older respondents had relatively higher estimated MeHg ex-
posure than women and younger individuals due to higher
seafood consumption.

The modelled effects of the projected decline in seafood
consumption on MI risk among coastal First Nations are pre-
sented in Fig. 2 and Table S3. Due to the small effect size esti-
mates, we present the percentage change in RR and translate
it into the percentage increase in MI risk. We reported the
combined effects of reduced EPA + DHA and MeHg intake
under lower and upper climate change scenarios (i.e., 21%
and 31%). Reduced seafood intake was estimated to increase
the risk of MI by 1.9% and 2.6% in men and 1.3% and 1.8%
in women under lower and upper climate change scenarios,
respectively, by 2050 relative to 2009. When considering age
groups, the most prominent adverse effects were observed in
participants 50 years of age and older, with the risk of MI pro-
jected to increase by 4.5% under lower and 6.5% under upper
scenarios of climate change (Fig. 2).

Figure 3 presents the increased MI risk due to the projected
decline of the top 10 most consumed seafood species, indi-
vidually, considering species’ specific data on the decline (Ta-
ble S4). The most pronounced adverse effects on MI were ob-
served for salmon species and herring, with the increased risk
of MI ranging from 0.2% to 0.7% under lower and from 0.2% to
1.0% under upper climate change scenarios (Fig. 3 and Table
S5). These species were projected to experience the greatest
relative impact of climate change (Table S4). In addition, they
contributed relatively high sources of EPA + DHA. The indi-
vidual effects of reduced halibut and shellfish species were
not significant due to their relatively low daily consumption
as well as low concentrations of EPA + DHA.

FA
C

E
T

S 
D

ow
nl

oa
de

d 
fr

om
 w

w
w

.f
ac

et
sj

ou
rn

al
.c

om
 b

y 
3.

14
5.

19
1.

16
9 

on
 0

5/
08

/2
4

http://dx.doi.org/10.1139/facets-2022-0245


Canadian Science Publishing

FACETS 9: 1–13 (2024) | dx.doi.org/10.1139/facets-2022-0245 7

Ta
b

le
1B

.I
n

ta
k

e
of

to
p

10
se

af
oo

d
sp

ec
ie

s
an

d
th

ei
r

co
n

tr
ib

u
ti

on
to

EP
A

+
D

H
A

an
d

m
et

h
yl

m
er

cu
ry

(M
eH

g)
in

ta
k

e
in

B
C

Fi
rs

t
N

at
io

n
s

by
ag

e
gr

ou
p

s
(2

00
8/

09
).

19
–3

4
ye

ar
s

35
–4

9
ye

ar
s

≥5
0

ye
ar

s

Fo
od

in
ta

k
e

EP
A

+
D

H
A

M
eH

g
Fo

od
in

ta
k

e
EP

A
+

D
H

A
M

eH
g

Fo
od

in
ta

k
e

EP
A

+
D

H
A

M
eH

g

g/
da

y
(9

5%
C

I)
g/

da
y

(9
5%

C
I)

μ
g/

da
y

(9
5%

C
I)

g/
da

y
(9

5%
C

I)
g/

da
y

(9
5%

C
I)

μ
g/

da
y

(9
5%

C
I)

g/
da

y
(9

5%
C

I)
g/

da
y

(9
5%

C
I)

μ
g/

da
y

(9
5%

C
I)

So
ck

ey
e

sa
lm

on
9.

5
(4

.7
,1

4.
4)

0.
12

(0
.0

6,
0.

18
)

0.
41

(0
.2

0,
0.

61
)

10
.3

(6
.1

,1
4.

6)
0.

13
(0

.0
7,

0.
18

)
0.

44
(0

.2
6,

0.
63

)
14

.4
(6

.2
,2

2.
5)

0.
18

(0
.0

8,
0.

28
)

0.
61

(0
.2

7,
0.

96
)

H
al

ib
u

t
4.

5
(1

.6
,7

.4
)

0.
01

(0
.0

0,
0.

02
)

1.
14

(0
.4

1,
1.

87
)

4.
3

(3
.0

,5
.6

)
0.

01
(0

.0
1,

0.
01

)
1.

08
(0

.7
6,

1.
41

)
7.

5
(2

.6
,1

2.
4)

0.
02

(0
.0

1,
0.

03
)

2.
01

(0
.6

3,
3.

38
)

C
h

in
oo

k
sa

lm
on

1.
0

(0
.3

,1
.7

)
0.

02
(0

.0
1,

0.
03

)
0.

05
(0

.0
2,

0.
08

)
2.

6
(2

.0
,3

.2
)

0.
04

(0
.0

3,
0.

05
)

0.
12

(0
.0

9,
0.

15
)

6.
1

(0
.8

,1
1.

5)
0.

11
(0

.0
1,

0.
20

)
0.

29
(0

.0
4,

0.
54

)

H
er

ri
n

g
ro

e
0.

6
(0

.0
,1

.2
)

0.
01

(0
.0

0,
0.

03
)

0.
00

(0
.0

0,
0.

00
)

2.
2

(1
.4

,2
.9

)
0.

05
(0

.0
3,

0.
07

)
0.

00
(0

.0
0,

0.
00

)
4.

5
(0

.3
,8

.8
)

0.
11

(0
.0

1,
0.

21
)

0.
00

(0
.0

0,
0.

00
)

C
oh

o
sa

lm
on

1.
0

(0
.4

,1
.6

)
0.

01
(0

.0
0,

0.
02

)
0.

04
(0

.0
2,

0.
06

)
1.

7
(0

.5
,2

.9
)

0.
02

(0
.0

1,
0.

03
)

0.
07

(0
.0

2,
0.

12
)

3.
9

(2
.5

,5
.2

)
0.

04
(0

.0
3,

0.
05

)
0.

15
(0

.1
0,

0.
20

)

Pr
aw

n
3.

6
(0

.7
,6

.5
)

0.
01

(0
.0

0,
0.

01
)

0.
09

(0
.0

1,
0.

17
)

1.
7

(0
.3

,3
.1

)
0.

00
(0

.0
0,

0.
01

)
0.

04
(0

.0
1,

0.
07

)
2.

1
(0

.1
,4

.3
)

0.
00

(0
.0

0,
0.

01
)

0.
05

(0
.0

0,
0.

10
)

C
la

m
1.

2
(0

.6
,1

.8
)

0.
00

(0
.0

0,
0.

01
)

0.
00

(0
.0

0,
0.

01
)

2.
1

(1
.2

,3
.1

)
0.

01
(0

.0
0,

0.
01

)
0.

01
(0

.0
0,

0.
01

)
2.

6
(0

.5
,4

.7
)

0.
01

(0
.0

0,
0.

01
)

0.
01

(0
.0

0,
0.

02
)

Sa
lm

on
eg

g
0.

5
(0

.1
,0

.8
)

0.
01

(0
.0

0,
0.

02
)

0.
00

(0
.0

0,
0.

00
)

1.
1

(0
.3

,1
.8

)
0.

03
(0

.0
1,

0.
04

)
0.

00
(0

.0
0,

0.
00

)
3.

6
(0

.9
,6

.3
)

0.
09

(0
.0

2,
0.

15
)

0.
00

(0
.0

0,
0.

00
)

C
h

u
m

1.
6

(0
.2

,3
.0

)
0.

02
(0

.0
0,

0.
04

)
0.

05
(0

.0
1,

0.
09

)
2.

0
(-1

.0
,5

.0
)

0.
02

(0
.0

1,
0.

06
)

0.
06

(-0
.0

3,
0.

15
)

2.
5

(0
.1

,4
.8

)
0.

03
(0

.0
0,

0.
06

)
0.

07
(0

.0
0,

0.
14

)

C
ra

b
2.

5
(0

.2
,4

.7
)

0.
01

(0
.0

0,
0.

02
)

0.
06

(0
.0

1,
0.

12
)

1.
4

(0
.8

,2
.0

)
0.

01
(0

.0
0,

0.
01

)
0.

04
(0

.0
2,

0.
05

)
1.

9
(0

.4
,3

.3
)

0.
01

(0
.0

0,
0.

01
)

0.
06

(0
.0

2,
0.

09
)

To
p

10
co

m
bi

n
ed

26
.1

(1
3.

4,
38

.8
)

0.
22

(0
.1

3,
0.

32
)

1.
84

(0
.8

0,
2.

88
)

29
.4

(2
1.

2,
37

.5
)

0.
31

(0
.2

4,
0.

39
)

1.
86

(1
.3

4,
2.

37
)

49
.0

(2
7.

8,
70

.3
)

0.
58

(2
.4

3,
0.

92
)

3.
25

(1
.3

4,
5.

15
)

To
ta

ls
ea

fo
od

34
.8

(1
6.

8,
52

.7
)

0.
29

(0
.1

4,
0.

44
)

2.
60

(1
.3

5,
3.

84
)

45
.7

(3
7.

9,
53

.6
)

0.
49

(0
.3

6,
0.

54
)

2.
64

(2
.0

6,
3.

23
)

78
.2

(4
3.

3,
11

3.
1)

0.
81

(0
.4

3,
1.

20
)

5.
02

(2
.2

5,
7.

78
) Discussion

Although CVD has been decreasing in Canada (PHAC 2018),
First Nations continue to experience a growing burden of
CVD morbidity and mortality (Reading 2015). In this study, we
modelled the effects of the climate-related decline in seafood
consumption and consequent dietary EPA + DHA intake on
the increased risk of MI among coastal First Nations in BC.
Our results showed that reduced EPA + DHA intake may in-
crease the risk of MI by 1.9% and 2.6% in men and by 1.3% and
1.8% in women under lower and upper climate change scenar-
ios, respectively, by 2050 relative to 2009. The most signifi-
cant impact was observed among older individuals 50 years
of age and over, with the risk of MI increasing by 4.5% and
6.5% under the two climate change scenarios, respectively.
When considering individual seafood driving this health risk,
the most prominent adverse effects on MI risk were the es-
timated decline in salmon species, such as sockeye (0.4% to
1.0%) and chinook (0.5% to 0.7%) since they are the major
source of EPA + DHA intake. In addition, salmon was the
most consumed species, which reflects its status as a cultural
keystone and dominant food source for coastal First Nations.
On the other hand, salmon species are among those that are
most sensitive to climate change (Weatherdon et al. 2016). For
instance, the abundance of chinook salmon was projected to
decline by 47.8% and 46.8% under lower and upper climate
change scenarios, respectively (Weatherdon et al. 2016). Tra-
ditional seafood continues to play an essential role for coastal
First Nations, providing significant sources of n-3 FAs. In the
present study, seafood supplied 810 mg/day and 500 mg/day
of EPA + DHA in men and women, respectively, and 38%
(44% of men and 34% of women) of individuals met the rec-
ommended daily intake of 500 mg/day, which is considered
sufficient to obtain protective effects for primary prevention
of CVD (Academy 2014). Overall, First Nations people obtain
more n-3 FAs from fish consumption compared with the gen-
eral Canadian population. A study in a French-Canadian pop-
ulation found that, on average, daily intake of EPA + DHA was
250 mg among males and 270 mg among females (Garneau
et al. 2012). Fish and seafood consumption was estimated to
be, on average, 100 g/day (ranging from 98 g/day to 108 g/day)
among the general Canadian population, while contributing
up to 27% of EPA and 75% of DHA from all food sources (Hu
and Chan 2020). In contrast, n-3 FAs intake in coastal First
Nations in BC was lower than in the Canadian Inuit people,
whose traditional diets were mainly composed of fish and ma-
rine mammals rich in n-3 FAs. According to Hu et al. (2017),
traditional diets provided about 2.3 g and 1.5 g of EPA + DHA
daily for men and women, respectively (Hu et al. 2017). Like-
wise, Dewailly et al. (2001) reported that the Inuit of Nunavik
consumed on average 2.1 g/day of EPA + DHA (Dewailly et al.
2001). Indeed, low rates of IHD in the Inuit population were
attributed to the high consumption of n-3 FAs (Bang et al.
1971; Dewailly et al. 2001). At the same time, Inuit people are
exposed to higher levels of MeHg through the consumption
of marine foods, which diminishes the cardioprotective ef-
fect of EPA + DHA (Lipfert and Sullivan 2006). Hu et al. (2017)
estimated that seafood accounted for about 38 μg/day intake
of MeHg for Inuit men and 25 μg/day for Inuit women. In
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Fig. 2. Percent increase in myocardial infarction (MI) risk due to projected 21% and 31% decline in seafood consumption among
coastal First Nations in British Columbiaα by 2050 relative to 2009 as projected by Weatherdon et al. αRisk of MI was estimated
using a model developed by Wennberg et al. (2012).

contrast, First Nations in British Columbia had a MeHg in-
take of about 5.10 μg/day in men and 3.14 μg/day in women,
which is 7.5–8 times lower than among the Inuit population.
Compared with inland First Nations living in Manitoba and
Ontario, coastal First Nations in British Columbia consumed
higher amounts of n-3 FAs (Marushka et al. 2017a, 2017b),
which reflects differences in geographical diversity and avail-
ability of species. In the current study, younger individuals
consumed less seafood and consequently had a lower intake
of EPA + DHA than older participants. These findings are
consistent with previous studies among Indigenous people
(Dewailly et al. 2001; Hu et al. 2017; Marushka et al. 2018a)
that there might be a nutrition transition from a traditional
diet towards store-bought food, resulting in a decline in fish
consumption.

Sensitivity analyses showed that EPA + DHA intake and
their association with MI are the dominant contributors to
MI risk under current and projected seafood consumption
scenarios among coastal BC First Nations, given that their ex-
posure to MeHg from seafood is very low (Tables S6 and S7).
In addition to omega-3 FAs, seafood is rich in other essential
nutrients, such as selenium, that may provide many cardio-
vascular health benefits. Recent systematic reviews and meta-
analyses suggested that selenium intake was associated with
decreased risks of CVD incidence and mortality (Jenkins et
al. 2020; Kuria et al. 2021). A study among the Inuit popu-
lation found that high selenium intake from country food
may lower the odds ratios for MI associated with mercury ex-
posure (Hu et al. 2017a). However, results on the protective
effects of selenium against CVD are still inconclusive.

First Nations continue to experience a disproportional bur-
den of food insecurity (i.e., the inability to afford nutrition-
ally adequate and safe foods), with prevalence rates greatly
exceeding those of the non-Indigenous population in Canada
(Chan et al. 2011; Tarasuk 2012). Indeed, 41% of on-reserve
First Nations in British Columbia reported living in food-
insecure households, compared with 8.4% of the general pop-
ulation in British Columbia (Statistics Canada 2010; Chan et

al. 2011). Food insecurity is directly related to unhealthy di-
ets reflecting a low intake of essential nutrients and an in-
creased intake of energy from sugar and fatty foods, which in
turn increases the risk of CVD. Several studies have demon-
strated that trans-fats increase the “bad” LDL-cholesterol and
decrease the “good” HDL-cholesterol levels. Also, trans-fats
promote inflammation, increase abdominal fat, and decrease
the health of the endothelium, which has metabolic conse-
quences including obesity, diabetes, and CVD (de Souza et
al. 2015). Several factors, such as limited income, high cost,
and insufficient availability and access to affordable, healthy,
and nutritious market food, contribute to food insecurity
(Willows 2005).

Traditional food systems undergo significant pressure from
various environmental factors, such as climate change, which
negatively impacts the availability, diversity, and access to
traditional foods, including seafood. Climate change may also
affect the bioaccumulation rates of environmental contami-
nants (such as MeHg) in marine food webs (Alava et al. 2017,
2018). Indigenous people, especially remote and coastal com-
munities, are particularly vulnerable to climate change im-
pacts as they live off the land and the ocean and have limited
resources and abilities to adapt to changing conditions. Most
of the previous research on the impact of climate change
on traditional food systems was performed among Inuit and
Northern First Nations in the Canadian Arctic (Ford et al.
2010; Nancarrow and Chan 2010; Rosol et al. 2016). The main
documented effects of climate-related changes by the Inuit
and Northern First Nations included: warming, increased pre-
cipitation, more unpredictable weather patterns, stronger
winds, increased coastal erosion, and alteration in sea-ice
dynamics (Ford et al. 2010; Rosol et al. 2016). These factors
have been reported to affect the availability, distribution, and
health of wildlife species, with consequent serious implica-
tions for food security in Indigenous communities (Ford et
al. 2010; Rosol et al. 2016). Among First Nations in British
Columbia, the majority (75%) of participants observed that
climate change decreased the availability of traditional foods
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Fig. 3. Percent increase in myocardial infarction (MI)α risk due to projected decline of the top 10 most consumed seafood
species (individually) among coastal First Nations in British Columbia by 2050 relative to 2009 as projected by Weatherdon
et al. ∗Lower and upper declines represent projected species’ specific estimates (Table S4). αRisk of MI was estimated using a
model developed by Wennberg et al. (2012).

for harvest through declining abundances, altered growth
and migration patterns, and observed diseases in animals
(Chan et al. 2011). In addition to climate change, First Na-
tions noted other constraints on traditional food consump-
tion, including government restrictions and industrial activ-
ities such as forestry, hydroelectricity, mining, farming, and

oil/gas industries. These barriers combined were perceived by
68% of BC First Nations to decrease access to salmon, shell-
fish, and other fish species (Chan et al. 2011).

This is the first study that models the potential impacts of
the climate-related decline in seafood consumption and con-
sequent reduced EPA + DHA intake on the risk of MI among
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coastal First Nations. The main strengths of this study are
a representative sample of coastal First Nations in BC, the
use of a comprehensive traditional food frequency question-
naire over the prior year to estimate seafood consumption
patterns, as well as empirical analysis of mercury concentra-
tions in seafood species and the hair of the study participants.

There are several uncertainties in this study. First, the
strength of associations between n-3 FAs, MeHg, and MI
among First Nations in BC may not be the same as observed
by Wennberg and colleagues (2012). Second, the baseline
serum EPA + DHA concentrations were not measured in the
study participants but were adopted from the Cree Nation
of Eeyou Istchee. This may introduce bias in the RR esti-
mates. RR estimates with converted serum EPA + DHA values
are smaller compared with the corresponding estimates with
plasma phospholipid values (Table S3). However, the conclu-
sion will not change since the modelled increase in the MI
risk due to seafood decline scenarios mainly depends on the
proportional change in EPA + DHA, rather than the absolute
value. Cardiovascular health outcomes can be further exacer-
bated due to significant dietary changes and the consequent
increased intake of processed food. Therefore, the estimated
increase in MI risk might be underestimated. The levels of
MeHg in seafood species may change over time (increase or
decrease) due to different environmental factors, including
climate change. Our model assumes that the MeHg concen-
trations in seafood will remain constant over time. Finally,
there are some uncertainties about the DBEM model in the
projected seafood declines (see Weatherdone et al. 2016).

Conclusion
Marine species continue to be important sources of key nu-

trients for coastal First Nations in BC, and they play a pro-
tective role in cardiovascular health. Our findings show that
the potential decline in seafood consumption may negatively
impact cardiovascular health among coastal First Nations in
BC. The most significant impacts were observed among men
and individuals 50 years of age and older because of their
stronger reliance on seafood. This study highlights the ur-
gent need for effective strategies to improve seafood har-
vest potential and access to seafood for coastal First Nations,
which would promote nutritional and cardiovascular health
among First Nations, in addition to the well-described physi-
cal activity and cultural and spiritual benefits. Transforma-
tion in fishery management and implementing mitigation
and adaptation programs rooted in Indigenous knowledge
and fishing and hunting practices would support sustainable
fisheries in First Nations communities. In addition, programs
and initiatives to improve the availability and affordability of
high-quality market food are recommended to improve the
quality of diets and reduce the risk of chronic diseases, such
as CVD.
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