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ABSTRACT

ARTICLE HISTORY

We investigated the food types consumed by 3276 First Nations citizens from the First Nations
Food Nutrition and Environment Study (FNFNES) living on-reserve in Canada. Data from 24-h
dietary recalls were classified into NOVA categories: fresh or minimally processed foods (MPF),
processed culinary ingredients, processed foods, and ultra-processed foods (UPF). Individuals
were classified as traditional food (TF) eaters if they ate MPF of their First Nations culture. UPF
accounted for 54.0% of energy intake; 23% of participants ate TF. Increasing age and household
size, living in British Columbia and TF eating were associated with a lower intake of energy from
UPF. Eating TF appeared to be protective against intake of UPF.
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Introduction
First Nations peoples represent approximately 62% of
Indigenous peoples in Canada (Statistics Canada
2015a) and 3% of the general Canadian population
(Statistics Canada 2015b). Half of First Nations peoples live on federal government reserves (tracts of land
which are often remote, set aside for the use of a First
Nation) while half live off-reserve, most often in urban
centres (Statistics Canada 2015a). In comparison with
the non-Indigenous Canadian population, First
Nations peoples are younger, with fewer years of formal education, live in overcrowded homes that are
likely to require major repairs, and are more likely to
experience poverty (Statistics Canada 2015a). First
Nations peoples have undergone a nutrition transition
as a result of European colonisation and the introduction of high-calorie and nutrient-poor store-bought
foods, with resultant adverse health consequences
(Willows 2005). For example, obesity-related chronic
diseases are highly prevalent as a result of poor diet and
inactivity associated with the nutrition transition
CONTACT Noreen Willows
noreen.willows@ualberta.ca
11405 87 Avenue, Edmonton, AB, Canada T6G 2P5
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(Young et al. 2000; Liu et al. 2006; Public Health Agency
of Canada 2011). Colonialism with the accompanying
marginalisation and political and economic disadvantages have thus led to health disparities (Adelson 2005).
A strong sense of cultural identity is important for
the well-being of First Nations peoples considering the
many challenges that they face. This is because health
and well-being are perceived as being holistic and
based on a balance among physical, mental, emotional,
spiritual and social factors (National Aboriginal
Health Organization (NAHO) 2007). First Nations
diets in the pre-colonial and early-colonial periods
consisted solely of fresh and minimally processed traditional foods (TF) such as game, fish, fowl, eggs, plants
and berries. Across ecosystems, First Nations peoples
used diverse resource management and food production technologies including hunting, foraging, trapping
and intensive food production strategies such as clam
gardens, estuarine root beds, berry patches, crab-apple
orchards and plant species domestication including
sunflower, corn, beans and squash (Deur and Turner
2005). TF continue to be important to the health of
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First Nations peoples because they are nutrient-dense,
contribute to a sense of cultural identity and physical
activity is required for their procurement (Batal et al.
2005; Willows 2005; Chan et al. 2011; Chan et al. 2012;
Johnson-Down and Egeland 2013; Chan et al. 2014;
Chan et al. 2016). Processed foods, rather than TF or
fresh foods, often constitute a substantial portion of
the diet of contemporary First Nations peoples
(Willows 2005; Ho et al. 2008). The significance of
industrial processing on the nature of food and on the
state of human health has been insufficiently addressed.
NOVA (a name, not an acronym) is a tool that classifies foods according to the nature, extent and purpose
of food processing, rather than in terms of nutrients.
The NOVA classification permits an examination of
the importance of processed foods in the diet
(Moubarac et al. 2014; Adams and White 2015; Food
and Agriculture Organization 2015). Previous research
has revealed that while food processing can be beneficial to the diet (e.g. through increased bioavailability of
some nutrients), ultra-processed food (UPF) per se are
nutritionally imbalanced and their consumption negatively impacts the nutritional quality of diets (Monteiro
et al. 2011; Moubarac et al. 2013; Louzada et al. 2015b;
Martinez Steele et al. 2016; Moubarac et al. 2017).
Canadian studies in the general population and First
Nations reported that diets with a high proportion of
UPF were nutritionally inferior (Batal et al. 2017;
Moubarac et al. 2017). Using the NOVA classification,
the relationship between UPF intake and sociodemographic factors in a population can be studied to help
to determine who may be at greatest risk of dietary
inadequacy and nutritional deficiencies.
Investigating the importance of processed food in
the diet is relatively new and relating this to sociodemographic variables has been investigated in only a
few populations (Adams and White 2015; Louzada
et al. 2015a) but never explored in an Indigenous
population such as the economically disadvantaged
on-reserve First Nations population in Canada. Using
a cross-sectional analysis, we aimed to use the NOVA
categorisation to investigate the possible associations
between selected sociodemographic variables and the
intake of UPF among First Nations people living onreserve in four Canadian provinces.

Materials and methods
Study
After passage of a resolution by the Assembly of First
Nations (AFN) in 2007 for the generation of additional knowledge on the diet and environment of

First Nations living on reserve south of the 60th parallel, the First Nations Food, Nutrition and
Environment Study (FNFNES) was designed to contribute to filling gaps in these areas with respect to
First Nations peoples (Chan et al. 2011, 2012, 2014,
2016). FNFNES is a joint project between the AFN,
University of Northern British Columbia, University
of Ottawa and Universite de Montreal, with funding
and technical support from Health Canada, to investigate diet and food-related exposures to environmental
contaminants. First Nations Principles of Ownership,
R ) as well as
Control, Access and Possession (OCAPV
“the Tri-Council Policy Statement: Ethical Conduct
for Research Involving Humans” guided the study.
Study activities were planned with the involvement of
individual communities, and data, results and reports
were communicated to the communities in face-to
face meetings with community members and workers
before reports were issued.
The Research Ethics Boards of Health Canada, the
University of Northern British Columbia, the
University of Alberta, the University of Ottawa and
the Universite de Montreal granted ethical approval.
Sampling and data collection
To date, FNFNES data are available from participants
who were randomly selected using a multi-stage sampling strategy in four Canadian provinces (British
Columbia, Alberta, Manitoba and Ontario) (Chan
et al. 2011, 2012, 2014, 2016). First, ecological zones
or naturally occurring divisions of the earth’s surface
by the distribution of plants and animals were the
basis for community sampling (Wiken 1986). Second,
households were randomly selected within each community. The person with the next birthday was
selected to participate when more than one adult was
present in a household. Criteria for inclusion were: 19
years of age and older, living on-reserve and self-identified as First Nations.
Data collection took place from 2008 to 2013.
Trained community members administered questionnaires to one participant from each household to collect information on dietary patterns, lifestyle, general
health status, environmental concerns and food security. Dietary intake data were collected using a 24-h
recall, employing a 3-stage multiple pass method:
quick list, detailed description and review (Raper et al.
2004) with estimation of portion sizes with the aid of
3-dimensional food models (Sante Quebec, Montreal,
Quebec, Canada).
Of the 5355 households in 58 communities that
were sampled, 50 households were ineligible (not First
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Table 1. Description of NOVA classificationa.
Fresh or minimally
processed foods
(MPF)

Processed culinary
ingredients (PCI)

Processed foods (PF)
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Ultra-processed
foods (UPF)

a

These include fresh, squeezed, chilled, frozen, or dried fruits and leafy and root vegetables; grains such as rice, corn and
wheat; legumes of all types; roots and tubers such as potatoes; meat, poultry, fish and seafood, whole or in the form
of steaks, fillets and other cuts, or chilled or frozen; eggs; milk, pasteurised or powdered; fresh or pasteurised fruit or
vegetable juices without added sugar, sweeteners or flavours; grits, flakes or flour made from corn, wheat, oats, or
cassava; pasta, couscous made with flours, flakes or grits and water; tree and ground nuts and other oil seeds without
added salt or sugar; spices and herbs; plain yogurt with no added sugar or artificial sweeteners added; tea, coffee,
and drinking water. This also includes foods with two or more items, such as dried mixed fruits or granola made
from cereals, nuts and dried fruits with no added sugar, honey or oil, and foods with vitamins and minerals added
generally to replace nutrients lost during processing, such as wheat or corn flour fortified with iron or folic acid
These foods are not normally consumed alone but mainly used as ingredients to prepare, season and fresh or minimally
processed foods. Examples are salt, sugar, molasses, honey, maple syrup, vinegar, vegetable oils, seeds, butter, lard
and starches extracted from corn and other plants. These foods may have two ingredients such as salted butter or
may have added vitamins or minerals, such as iodised salt, and vinegar made by acetic fermentation of wine or other
alcoholic drinks. These items may contain additives that preserve the product's original properties. Examples are vegetable oils with added anti-oxidants, salt with added anti-humectants, and vinegar with added preservatives that prevent microorganism proliferation
Most processed foods have two or more ingredients. These processes may include preservation or cooking methods,
and, in the case of breads and cheese, non-alcoholic fermentation. The main purpose of processing is to increase the
shelf life, or to modify or enhance the taste. Examples are canned vegetables, fruits and legumes; salted or sugared
nuts and seeds; salted, cured, or smoked meats; canned fish; as well as breads and cheeses
These are industrial formulations that typically have five or more ingredients. Constituents of ultra-processed foods
include substances not commonly used in culinary preparations, such as hydrolysed protein, modified starches and
hydrogenated oils, and other additives such as colourants, flavourings, non-sugar sweeteners, etc. The main purpose
of industrial ultra-processing is to create products that are ready-to-eat, to drink or to heat. Examples of these are carbonated drinks; sweet or savoury packaged snacks; ice cream, chocolate, candies; packaged breads and buns; margarines and spreads; cookies, pastries, cakes, and cake mixes; breakfast ‘cereals’, ‘cereal’ and ‘energy’ bars and drinks;
‘fruit’ yogurts and drinks; cocoa drinks; meat and chicken extracts and ‘instant’ sauces; powdered or ‘fortified’ meal
and substitutes; and many ready-to-heat products including pre-prepared pies and pasta and pizza dishes; fried
poultry and fish, sausages, burgers, hot dogs, and other reconstituted meat products, and packaged ‘instant’ soups,
noodles and desserts

Moubarac et al. (2017).

Nations, 19 years or older, or living on-reserve; or for
health reasons such as deafness and cognitive impairment) and 138 homes were vacant. Of these 58 communities, 11 (19%) were remote (fly-in or winter road
only) and 25 (43%) were rural and at least 60 km
away from the nearest urban centre. Of the 5167 eligible households, a total of 3847 households completed interviews, for a participation rate of 74.5%.
For the present study, responses were excluded from
pregnant and breastfeeding women (n ¼ 143) as well
as from individuals with no food intake on the day
prior to being interviewed (n ¼ 4). For the remaining
3700 participants, data on variables used for analysis
were missing for 424 individuals and the final sample
size for these analyses was 3276.
Data processing and analysis
The 24-h dietary recalls were entered by research
nutritionists at the Universite de Montreal and analysed using CANDAT (Godin, London, Ontario,
Canada) which is a nutrient analysis software that
uses the 2010 Canadian Nutrient File (CNF) (Health
Canada 2010). In addition to the CNF, a food file was
created that contained nutritional information on
foods missing from the CNF. The accuracy of 24-h
recalls was ensured using several steps: (1) a sub-sample of 10% of the records were cross-checked and any
discrepancies were reconciled, (2) if many errors were

found in step 1, a further 10% check were reviewed
and (3) a review of outliers such as unusual foods and
intakes that were ±2 SD of the mean for energy and
selected nutrients. The remainder of the questionnaire
data were entered into a database using Epi-Info version 3.5.4 (CDC, Atlanta, GA).
The NOVA classification was used to categorise
foods and food products into four categories: (1) fresh
or minimally processed foods (MPF) such as fresh,
dried or frozen fruits and vegetables, meats, grains
and pasteurised milk; (2) processed culinary ingredient
(PCI) such as sugar, oils, fats and salt used in cooking;
(3) processed foods (PF) such as canned foods, artisanal breads, cheese and smoked foods; and (4) ultraprocessed foods (UPF) which are industrial formulations based on refined substances and additives such
as sweetened breakfast cereals, sweetened drinks and
juices, snack foods and “instant” soups and noodles
(Moubarac et al. 2014; Adams and White 2015; Food
and Agriculture Organization 2015; Batal et al. 2017;
Moubarac et al. 2017) (Table 1). Mean estimates of the
proportion of food energy (% total energy) were calculated for each NOVA food group. Quintiles of the
energy contribution of UPF were used as proxy for
diet quality; where highest diet quality would be represented by the first quintile and poorer diet quality by
the fifth quintile. In parallel, participants were classified as being consumers of TF when TF was reported
consumed at least once on the 24-h dietary recall.
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Table 2. Top five traditional foods reported on the 24 h recalls collected in the fall season in
adults 19 years and older from 58 on reserve First Nations communities in British Columbia,
Manitoba, Alberta and Ontario (Canada), 2008–2013.
Province
Foods

British Columbia
Moose
Salmon
Raspberries
Deer
Blueberries

Alberta
Moose
Wild mint (tea)
Deer
Elk
Northern pike & grousea

Manitoba
Moose
Caribou
Deer
Duck
Blueberries

Ontario
Moose
Walleye
Whitefish
Deer
Maple syrup

Downloaded by [University of Ottawa] at 10:23 05 January 2018

Source: FNFNES study.
a
Tied.

TF eating was used as a proxy variable to indicate the
individual had a more culturally attuned First Nations
way of life.
Considering reports that TF is consumed more
often by older individuals (Kuhnlein and Receveur
1996; Kuhnlein and Delormier 1999; Johnson-Down
and Egeland 2013), means of sociodemographic variables were calculated by adult age categories established
using Institute of Medicine categories for nutrient
requirements: 19–30 years; 31–50 years; 51–70 years;
71 years and older (Institute of Medicine, Food and
Nutrition Board 2005). Proportions of categorical variables were established for these age categories, for sex,
main source of income (wages; worker’s compensation
or employment insurance; social assistance; pension/
senior’s benefits), employment (where anyone in the
household performed any part- or full-time work) and
province of residence.
Unadjusted linear regression models were run for
each of the sociodemographic variables to investigate
possible associations with the quintiles of percent of
food energy from UPF. Quintiles of percent energy as
UPF were chosen as the dependent variable rather
than percent energy as UPF because a single 24-h
dietary recall is a good measure of group intake but
not individual intake (Willett 2012). To aid in the
interpretation of data, categorical variables with more
than two groupings were coded as numbers. Provinces
were coded as 1 for British Columbia, 2 for Alberta, 3
for Manitoba, and 4 for Ontario in order to determine
if there was a west to east geographical trend in the
data. Income source was coded 1 for wages, 2 for
worker’s compensation/employment insurance, 3 for
pension/senior’s benefits and 4 for social assistance
(also known as welfare).
After exploring possible collinearity between variables, a stepwise multiple regression was run with quintiles of percent of energy as UPF as the dependent
variable and all sociodemographic variables as independent variables, eliminating variables with a p value
greater than 0.10. All analyses were unweighted and

used SAS/STAT software version 9.4 (SAS, Cary, NC,
2013). p Values less than 0.05 were considered
significant.

Results
Ontario had the majority of participants at 34.7% followed by British Columbia (30.0%), Manitoba (19.3%)
and Alberta (16.1%). Mean age of participants was
45.2 ± 14.9 years and 62.6% were women. Mean years
of schooling was 10.6 ± 3.18 (implying that many individuals had not completed high school) and mean
household size was 3.74 ± 2.31. About half (50.8%) of
participants reported wages or self-employment as
their main source of income and 64% of participants
reported at least one member of their household
working part-time or full-time in the wage economy.
Twenty-three percent of participants reported having
eaten at least one TF on the day of the 24-h recall,
with British Columbia having the highest percentage
of TF eaters (35.7%). Table 2 presents the five most
reported TF from each of the four participating provinces, in order of frequency of consumption. Moose
was the most commonly eaten TF, deer was frequently
eaten irrespective of province of residence, while other
frequent TF varied by province. Sociodemographic
and dietary characteristics by age groupings are
reported in Table 3. There was a young to old age gradient for increased TF consumption.
Mean energy intake of First Nations individuals
was 1950 ± 1021 kcal/d. On an average, UPF accounted
for 54.0% of energy (range 0–100%), MPF 36.3%
(range 0–100%), PCI 6.2% (range 0–100%) and PF
3.5% (range 0–71.9%). Figure 1 shows the proportion
of food energy from the 4 NOVA food categories by
quintiles of the energy contribution of UPF. Mean
percent energy intake as UPF ranged from 18.5% in
quintile 1 to 87.8% in quintile 5, a 69% increase
between 1st and 5th quintiles (Figure 1). On the other
hand, MPF, PCI, and PF decreased by 59%, 6% and
4%, respectively (Figure 1) between the 1st and 5th
quintiles of UPF as percent of food energy.
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Table 3. Demographic and lifestyle characteristics of adults 19 years and older from 58 on reserve
First Nations communities in British Columbia, Manitoba, Alberta and Ontario (Canada),
2008–2013.
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Characteristic
n
Women (n (%))
Men (n (%))
Educationa (year)
Main source of income
Wages (n (%))
Workers comp/EI (n (%))
Pension/seniors benefits (n (%))
Social assistance (n (%))
Employmentb (n (%))
Household sizea (n)
Province
British Columbia (n (%))
Alberta (n (%))
Manitoba (n (%))
Ontario (n (%))
TF on day of 24-h recall (n (%))

19-30 years
614
382 (62.2)
232 (37.8)
11.0 ± 2.3

31-50 years
1517
984 (64.9)
533 (35.1)
11.3 ± 2.8

51-70 years
954
565 (59.2)
389 (40.8)
10.1 ± 3.6

71 þ years
191
117 (61.3)
74 (38.7)
7.28 ± 4.03

306 (49.8)
46 (7.49)
5 (0.81)
257 (41.9)
411 (66.9)
4.21 ± 2.15

928 (61.2)
110 (7.25)
20 (1.32)
459 (30.3)
1077 (71.0)
4.13 ± 2.35

425 (44.6)
69 (7.23)
250 (26.2)
210 (22.0)
561 (58.8)
3.02 ± 2.15

6 (3.14)
1 (0.52)
179 (93.7)
5 (2.62)
56 (29.3)
2.70 ± 2.14

184
90
142
1989
82

(30.0)
(14.7)
(23.1)
(32.3)
(13.4)

467
271
294
485
312

(30.8)
(17.9)
(19.4)
(32.0)
(20.6)

301
129
162
362
280

(31.6)
(13.5)
(17.0)
(37.9)
(29.4)

35
38
23
95
68

(18.3)
(19.9)
(12.0)
(49.7)
(35.6)

Source: FNFNES study. Data are unweighted.
a
Mean ± standard deviation.
b
Employment was defined as anyone in the household working for wages either part of full time.

100
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80
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8.09
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Figure 1. Proportion of energy from the 4 NOVA food categories by quintiles of the percent food energy coming from ultra-processed foods (UPF) in adults 19 years and older from 58 on-reserve First Nations communities in British Columbia, Manitoba, Alberta
and Ontario (Canada), 2008–2013 (n ¼ 3276). Source: FNFNES study. Data are unweighted.

Unadjusted regression of characteristics with quintiles of the energy contribution of UPF was higher
among younger (p < .01) and less educated individuals
(p < .01), people living in larger households (p < .01),
and wage-earners (p < .01), and, lower for those on
social assistance (p < .01), from British Columbia
(p < .01) and among TF eaters (p < .01, see Table 4).
Multiple regression adjusting for all the characteristics yielded age, household size, province and TF eating as significantly affecting quintiles of percent
energy as UPF (Table 4). Results showed that the
quintiles of percent energy as UPF decreased with TF
consumption, increasing age and household size, and
moving from east to west. It is interesting to note that
although the quintiles of percent energy as UPF

increased with household size, after adjustment for the
other variables, percent energy as UPF decreased with
increasing household size; thus, it appears that this
variable was confounded by other variables. The highest regression coefficient in the model predicting the
quintiles of percent energy as UPF, while holding all
other variables in the model constant, was eating TF
on the day of the recall (Table 4).

Discussion
To our knowledge, this is only the second study to
look at the extent of processed food in the diet and
the relationship between UPF consumption and sociodemographic characteristics in an Indigenous
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Table 4. Linear regression of quintiles of the percent of energy intake as ultra-processed foods (UPF) with sociodemographic and
lifestyle characteristics of adults 19 years and older from 58 on reserve First Nations communities in British Columbia, Manitoba,
Alberta and Ontario (Canada), 2008–2013.
Unadjusted
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Characteristic
All
Gender
Women (referent)
Men
Agea
Mean years of schooling
Household size
Employmentb
No work (referent)
Any workc
Main source of incomed
Wages (referent)
Workers comp/EIe
Pension/seniors benefits
Social assistance
Provincef
British Columbia (referent)
Alberta
Manitoba
Ontario
Traditional food eaterg
No Traditional food eater (referent)
Traditional food eater

n

Percent energy
as UPF

SD

3276

54.0

24.6

2048
1228
3276
3276
3276

54.4
53.4
54.0
54.0
54.0

1171
2105

Adjusted

Beta
coefficient

SE

Beta
coefficient

SE

p

24.4
25.1
24.6
24.6
24.6

0.0450

0.0509

.3764

0.0020

0.0483

.9668

0.0220
0.0478
0.0178

0.0016
0.0077
0.0106

<.0001
<.0001
.0952

–0.0192
0.0067
–0.0242h

0.0016
0.0080
0.0103

<.0001
.4038
.0188

51.6
55.3

25.6
24.0

0.1959

0.0513

<.0001

0.0356

0.0691

.6061

1665
226
454
931

55.6
54.9
46.6
54.4

23.9
22.9
25.3
25.5

0.0491

0.0185

.0079

0.0143

0.0246

.5605

987
528
621
1140

50.0
54.0
57.3
55.7

24.5
23.9
24.3
24.0

0.1055

0.0198

<.0001

0.0583h

0.0190

.00242

2534
742

58.1
40.1

23.9
21.9

1.0070

0.0563

<.0001

–0.8670h

0.5724

p

h

<.0001

n: number of participants; SD: standard deviation; SE: standard error; comp: compensation; EI: employment insurance. Source: FNFNES study. Data are
unweighted.
a
Age categories coded as 19–30 years: 1, 31–50 years: 2, 51–70 years: 3, 71 þ years: 4.
b
Employment coded as No work: 0, Any work: 1.
c
Any work refers to anyone in the household working for wages either part of full time.
d
Main source of income coded as Wages: 1, Workers comp/EI: 2, Pension/senior benefits: 3, Social assistance: 4.
e
Employment insurance is an insurance provided by the Canadian government for 1 year after an individual loses their job.
f
Province coded as British Columbia: 1, Alberta: 2, Manitoba: 3, Ontario: 4.
g
Traditional food eater coded as No Traditional Food eaten: 0, At least one Traditional Food eaten on the day of the recall: 1.
h
Beta coefficients for model containing only variables with p < .1.

population at high risk for the development of dietrelated chronic disease (Batal et al. 2017). We
observed that First Nations adults living on-reserve in
four Canadian provinces consumed, on average, 54.0%
of their food energy from UPF as compared with that
of the general Canadian population at 47.7%
(Moubarac et al. 2017). Tracking the intake of UPF is
a useful way to monitor the trend toward more readyto-eat, packaged and convenience foods and the
reduced intake of homemade or minimally processed
foods (Pan American Health Organization 2015). UPF
are more energy-dense but less nutrient-dense than
other foods (Moubarac et al. 2013; Louzada et al.
2015b; Moubarac et al. 2017); therefore, the degree of
UPF in the diet is likely a better predictor of diet
quality and health for Indigenous peoples (Fardet
et al. 2015) than reporting adherence to Canada’s
Food Guide to Healthy Eating, including Canada’s
Food Guide to Healthy Eating for First Nations,
Inuit and Metis (Health Canada 2007). Both these
food guides include examples of processed foods
and were not developed using actual healthy eating
patterns, unlike the Dietary Guidelines for the

Brazilian Population 2014 (Ministry of Health of
Brazil 2014).
Despite living in a high-income country, many First
Nations peoples in Canada experience a cycle of poverty, violence and educational failure (Kendall 2001)
and their living conditions are subpar compared to
their non-Indigenous counterparts (Statistics Canada
2015a, 2015b). First Nations systematically endure
lower life expectancy and educational attainment,
higher unemployment and a poorer economic status
as compared to the general Canadian population
(Mitrou et al. 2014; Anderson et al. 2016). In 2011,
the general Canadian population lived in households
with an average size of 2.5 persons (Statistics Canada
2013) as compared with 3.7 persons in our current
sample. The greater number of household members
suggests a greater likelihood of household crowding,
which may be due to more children per household
and extended family members living together by
choice, in addition to a lack of affordable housing or
limited housing availability.
Our data showed a geographic gradient in UPF and
TF consumption, with a greater proportion of First
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Nations individuals in British Columbia consuming
TF and having lower energy intake from UPF than
First Nations in the three more easterly provinces.
There are differences in food systems and environments between First Nations peoples in Canada that
makes it difficult to easily hypothesise the reasons why
we see these dissimilarities in food intake (Adelson
2005). Perhaps some differences could be explained by
regional variability in TF abundance, and contamination concerns of TF in certain areas (e.g. fish advisories related to mercury, shellfish closures due to
sewage), as well as differences in regional historical patterns of colonial marginalisation, treaty-making and
resource management approaches. More research is
required to understand the reasons for the regional differences in TF and UPF consumption that we observed.
The dietary intake of food energy from the NOVA
categories (UPF 54%; MPF 36.3%, PCI 6.2% and PF
3.5%) for First Nations adults in our study is similar
to that of the general Canadian population with
intakes of 47.7%, 39.2%, 6.1% and 7%, respectively
(Moubarac et al. 2017). The percent of food energy
from UPF is also similar to other high-income countries such as the USA (57.9%) (Martinez Steele et al.
2016) and the UK (53%) (Adams and White 2015).
Even though First Nations may prefer TF, they may
choose to eat UPF because they are readily available,
highly convenient, and an economical source of
energy (Moubarac et al. 2013, 2017). Additionally,
many UPF do not require refrigeration and can be
stored for a long time, so that they are likely easier to
transport to rural and remote locations with less
weight and spoilage than perishable fresh and minimally processed foods. UPF may also be associated with
social prestige (Renaud 2002) and as a convenient and
economical way to prepare meals (Yaghmaei 2016).
In this study of the sociodemographic determinants
of UPF intake, we used TF as a proxy for adherence
to indigenous cultural ways and our strongest and
most important finding was the strong inverse association between TF and UPF intake after adjusting for
confounders such as gender, age, household size and
province. TF nutritional benefits have been shown
repeatedly in First Nations populations (Batal et al.
2005; Johnson-Down and Egeland 2013; JohnsonDown et al. 2015). That TF eating is inversely associated with quintiles of energy as UPF suggests that
intake of culturally significant First Nations foods contributes to a healthy dietary pattern, in addition to
improved nutrient intake. This a validation of the
belief that TF promote health in these peoples.
A strength of our study was the use of reported
dietary intake. Because 24-h food recalls use an
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open-ended method, they are considered the best way
of collecting data for categorisation into NOVA
categories (Food and Agriculture Organization 2015).
We used standardised methods (Raper et al. 2004) to
surmount the potential bias of underestimating food
consumption with a 24-h recall (Livingstone and
Black 2003). It must be noted however that 24-h
recalls do tend to underestimate total intake as well as
overestimate foods that are considered healthy such as
TF while concurrently underestimating unhealthy
ones. Our multiple regression model was designed to
analyse group intake because one 24-h recall is a good
measure of this (Willett 2012). It is possible that our
results had a social desirability bias (that is, valuing
fresh foods and TF more than processed foods) resulting in over-reporting of the intake of MPF and the
under-reporting of the intake of UPF (Subar et al.
2015); consequently, total energy intake may have
been underestimated. The NOVA food categories were
created from the self-reported dietary data so social
desirability bias may have been minimised compared
with using a food-frequency questionnaire containing
the different NOVA food groups. The large sample
size provided sufficient statistical power to identify
associations not found in smaller samples.
Some misclassification of the NOVA food categories may have occurred due to limited food choices on
the CNF and a lack of brand names in the database.
Data entry originally occurred without consideration
for the NOVA classification, which has been noted as
a limitation in other studies (Adams and White 2015;
Food and Agriculture Organization 2015; Martinez
Steele et al. 2016). Because our nutrient analysis software, CANDAT, cannot disaggregate mixed foods
based on recipes, it is possible some UPF, such as
margarine used in food preparation, may have been
included in MPF.
Since Canada is a very geographically diverse country, we would expect differences in dietary intake
across the country. Consequently, because we are
reporting data from only four western and central
provinces, the results may not be representative of all
First Nations in Canada: cross-country data from
FNFNES will only be available after 2018.
First Nations peoples require improved determinants of health and improved food environments. We
found that UPF contribute substantially to the diet of
First Nations peoples living on-reserve and have displaced traditional freshly prepared food and MPF.
Future analyses should try to identify the optimal
combination of store-bought foods that can accompany TF to improve the diet quality of First Nations
peoples and allow them to avoid non-communicable
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diet-related chronic diseases. It is important to provide
physical and economic access to healthy culturally
relevant foods and establish dietary advice that will
aid public health initiatives for these First Nations
peoples.
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