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Abstract
Objective: To quantify associations of the dietary share of ultra-processed foods
(UPF) with the overall diet quality of First Nations peoples.
Design: A cross-sectional analysis of data from the First Nations Food, Nutrition
and Environment Study, designed to contribute to knowledge gaps regarding the
diet of First Nations peoples living on-reserve, south of the 60th parallel.
A multistage sampling of communities was conducted. All foods from 24h dietary
recalls were categorized into NOVA categories and analyses were performed to
evaluate the impact of UPF on diet quality.
Setting: Western and Central Canada.
Subjects: First Nations participants aged 19 years or older.
Results: The sample consisted of 3700 participants. UPF contributed 53·9% of
energy. Compared with the non-UPF fraction of the diet, the UPF fraction had 3·5
times less vitamin A, 2·4 times less K, 2·2 times less protein, 2·3 times more free
sugars and 1·8 times more Na. As the contribution of UPF to energy increased so
did the overall intakes of energy, carbohydrate, free sugar, saturated fat, Na, Ca
and vitamin C, and Na:K; while protein, fibre, K, Fe and vitamin A decreased. Diets
of individuals who ate traditional First Nations food (e.g. wild plants and game
animals) on the day of the recall were lower in UPF.
Conclusions: UPF were prevalent in First Nations diets. Efforts to curb UPF
consumption and increase intake of traditional First Nations foods and other fresh
or minimally processed foods would improve diet quality and health in First
Nations peoples.
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Colonialism

Indigenous peoples throughout the world, including in
Canada, suffer a disproportionate share of health problems
compared with their non-Indigenous counterparts(1). In
Canada in 2011, a total of 859 970 individuals reported being
First Nations peoples of Indigenous ancestry, representing
3% of the Canadian population(2). Almost half of these
individuals lived on reserves and they were younger than
the non-Indigenous share of the Canadian population(3).

Compared with non-Indigenous peoples, First Nations
peoples have a lower life expectancy(1), higher prevalence

of chronic and infectious diseases, and are more prone to
have mental health issues(4–6). Rates of being overweight
or obese in First Nations communities are also consistently
higher than among other Canadians(7) and the worldwide
prevalence of 39%(8). First Nations peoples are much
more likely than other Canadians to have obesity-related
chronic diseases such as type 2 diabetes mellitus and
CVD(9,10). These health disparities result from a complex
intersection of factors, many of which have their origin in a
long history of colonialism and assaults on indigenous
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ways of being and knowing. The alienation of lands and
resources and the disempowering of Indigenous peoples
from self-determination with respect to the stewardship of
their environment have contributed to the socio-economic
and political marginalization of these peoples(11).

Traditional food (TF) is the collective name for the fresh or
minimally processed foods obtained from the local envir-
onments of First Nations peoples. First Nations diets in the
pre-colonial and early-colonial periods consisted of a wide
range of wild foods such as fish, shellfish, game, fowl, and
roots, berries and other plants that were gathered from the
land. Many First Nations peoples developed mariculture or
horticulture to enhance food production, such as the creation
of shellfish and root beds, the burning of forest and prairies,
and the active collection and storage of seeds for future crops
(corn, beans and squash). TF continues to be important to
First Nations peoples for multiple reasons(12). In addition to
providing a cost-effective alternative to buying food in a
store, TF can contribute to better health and a greater sense
of well-being by providing a rich source of nutrients; social
cohesion through food preparation and sharing practices; a
sense of identity from engaging in customary food procuring
traditions; and enhanced physical activity from the exertion
required to obtain such foods(12–18). The introduction of
market or store-bought foods (MF) into the diets of First
Nations peoples contributed to a nutrition transition that
resulted in the adoption of high-energy, nutrient-poor MF
and the corresponding erosion of some customary practices
associated with TF harvesting and consumption(12,19).
Because MF are quite heterogeneous in terms of nutritional
quality (e.g. fruits v. carbonated beverages), there is a need
to analyse MF with more specificity to better understand their
impacts on the quality of the diet of First Nations peoples.

As the study of nutritional sciences evolves, it becomes
apparent that one needs to look at more than just nutrients
in a diet, and hence better methods of investigating the
types of food (e.g. whole v. processed) that are consumed
have been developed(20,21). The NOVA classification
enables researchers to classify foods according to the
nature, extent and purpose of food processing, and has
been used to evaluate the impact of food processing on
diet quality and health-related outcomes(22–27).

Studies using the NOVA classification have shown that
consumption of ultra-processed foods (UPF) negatively
impacts the nutritional quality of diets(22,24–26,28) and is
associated with weight gain, obesity(24,26,29) and non-
communicable diseases (NCD)(30,31). UPF are industrial
food and drink formulations made mostly from refined
substances extracted or derived from other food sources
and additives. They include sweet or savoury snacks,
carbonated soft drinks, ready-to-eat meals, mass-produced
packaged breads and buns, poultry and fish nuggets and
other reconstituted meat products(32). International bodies
such as the Pan American Health Organization and WHO
have proposed using the energy share of UPF as an overall
indicator of diet quality(33).

An important determinant of obesity and NCD is the
proportion of sugar in the diet(34,35). The WHO introduced
the term ‘free sugars’ in 2002 to refer to monosaccharides
(such as glucose, fructose) and disaccharides (such as
sucrose or table sugar) added to foods and drinks by the
manufacturer, cook or consumer, and sugars naturally
present in honey, syrups, fruit juices and fruit juice
concentrates(36). The WHO’s latest recommendation states
that free sugars be less than 10% of total energy intake to
reduce the risk of overweight, obesity and tooth decay(37).

The objective of the present study was to investigate
diet quality by estimating the consumption of UPF in the
diets of adult First Nations living on reserves in four pro-
vinces in Canada and the impact of UPF on their free sugar
consumption and overall diet quality. To our knowledge,
this type of study has not been done previously.

Methods

Study
Following the passage of a resolution by the Assembly of
First Nations in 2007, calling for the generation of more
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 developed to address gaps in these areas with respect
to First Nations peoples(15–18). FNFNES is a joint project
between the Assembly of First Nations, University of
Northern British Columbia, University of Ottawa and
Université de Montréal, with funding and technical sup-
port from Health Canada, to investigate First Nations’ total
diet and food-related exposures to environmental con-
taminants. This study was guided by the Tri-Council Policy
Statement: Ethical Conduct for Research Involving
Humans, and the First Nations data-related principles of
Ownership, Control, Access and Possession (OCAPTM)(38).
All research activities were planned conjointly with indi-
vidual communities through a methodology workshop in
each targeted region (using Assembly of First Nations’
regions which largely correspond to the Canadian pro-
vinces), and original data, tabulated results and reports
were returned to the communities mainly via face-to-face
meetings with community members and workers before
aggregate reports were provided for each region.

Sampling
A random multistage sampling strategy was established
based on communities, households and individuals in four
Canadian provinces (British Columbia, Alberta, Manitoba
and Ontario)(15–18). There are 442 First Nation commu-
nities in total in these four provinces. Community sampling
was conducted based on ecological zones, which are
naturally occurring divisions of the earth’s surface based
on the distribution and systemic interdependence of
plants and animals and their physical environment(39).
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Households were then randomly selected within com-
munities. In households where more than one individual
aged 19 years or older was present, the person with the
next birthday was selected to participate in the research.

From 2008 to 2013, 5355 households in fifty-eight
communities were sampled using the aforementioned
process. Of the fifty-eight communities included in the
analyses, eleven (19%) were remote (fly-in or winter road
only) and an additional twenty-five (43%) were rural and
≥60 km away from the nearest urban centre. Of the 5355
households, fifty were not eligible (not First Nations,
19 years or older, or living on-reserve; or for health rea-
sons such as deafness, cognitive impairment, etc.) and
138 homes were vacant. A total of 3847 inhabitants of the
5167 households completed an interview for a participa-
tion rate of 74·5%. These participants were aged 19 years
or older, living on-reserve and self-identified as First
Nations. Pregnant and breast-feeding women were
excluded (n 143) as well as individuals with no food
intake the prior day (n 4). The final sample size was 3700
individuals from households in participating First Nations
communities in the four provinces.

Data collection
Questionnaires were administered to each household par-
ticipant by trained community members, with the guidance
of a trained dietitian, to collect information on dietary
patterns, lifestyle, general health status, environmental
concerns and food security. Height and weight measure-
ments were both self-reported and measured for indivi-
duals who agreed to have these values recorded. Where
measured, participants’ weight was recorded using a Seca
803 digital scale (Seca Measuring Systems and Scales,
Hanover, MD, USA) with the participant lightly clothed, and
height was obtained with participants shoeless on an even
surface using a measuring tape. BMI was calculated as
weight/height2 (kg/m2) for 3362 participants. In 27·4%
(n 922) of cases, BMI was calculated from measured height
and weight; in 20·6% (n 691) of cases it was calculated
from a combination of measured and reported data; and in
52·0% (n 1749) of cases, it was calculated from reported
measures. To test for bias in reported anthropometric
values, paired t tests by gender were used to test for dif-
ferences in BMI values using reported and measured
heights and weights for participants who provided both
these values. To adjust for a possible reporting bias in each
province, if the difference between the reported and
measured BMI was significant, then the estimated differ-
ence between the means (or estimated bias value) was
added to the reported BMI where participants provided
only reported values. This was necessary for Ontario and
Alberta but not for British Columbia and Manitoba. BMI
values were missing for 339 individuals who did not con-
sent to provide anthropometric measures. Participants were
considered overweight if their BMI was ≥25·0 kg/m2 and
obese if it was ≥30·0 kg/m2(40).

The questionnaires included a 24 h diet recall
conducted in the autumn. The recall used a three-stage
multiple-pass method, i.e. quick list, detailed description
and review(41). Portion sizes were estimated using three-
dimensional food models (Santé Québec, Montréal, QC,
Canada). Because 24 h recalls give reliable estimates of the
nutrient intake of groups of individuals, no analyses
requiring the evaluation of nutrient cut-offs were done(42).
A question on self-reported diabetes was considered in the
analysis. This question was not present in the first year of
the study in British Columbia and is thus considered in the
analysis for only 3314 participants.

Data processing and analysis
All collected data were entered into a database by the
research coordinators, except for information derived from
the 24 h recalls, which were entered by research nutri-
tionists at the Université de Montréal. Questionnaire data
were entered using Epi-Info version 3.4 (Centers for Dis-
ease Control and Prevention, Atlanta, GA, USA). The 24 h
recalls were analysed using CANDAT (Godin, London,
ON, Canada) which is a nutrient analysis software that
uses the 2010 Canadian Nutrient File (CNF)(43). In addition
to the CNF, a file created by the FNFNES analyst and
containing nutritional information on some TF and other
MF not available in the CNF was used to complete the CNF
and estimate food and nutrient intakes. The accuracy of
data entry of the 24 h recalls was ensured using several
steps. First, a sub-sample of 10% of the records were
cross-checked and discrepancies reconciled. If many
errors were found during this first process, a further 10%
check was conducted. Preliminary analyses were then
performed to review for outliers such as unusual foods
and intakes that were ±2 SD of the mean for energy and
selected nutrients. Finally, all data entry errors were
reconciled before finalizing the file for data analyses.

Food processing, as described by the NOVA classification,
involves the physical, biological and chemical processes
used to modify foods in their natural state. All foods and
drinks reported in the 24h recall data were classified into
four NOVA groups: (i) fresh or minimally processed foods
(fresh, dried or frozen fruits and vegetables, meats, grains
and pasteurized milk); (ii) processed culinary ingredients
(sugar, oils, fats and salt used in cooking); (iii) processed
foods (canned foods, artisanal breads, cheese and smoked
or fermented foods); and (iv) UPF (industrial formulations
based on refined substances and additives such as flavours,
emulsifiers, etc.)(22,44,45). Next, mean estimates and SE for
energy intake and proportion of energy (percentage of
energy) were calculated from each NOVA food group and
selected subgroups within them. TF consumption was
investigated (based on whether TF was reported eaten at
least once on the 24h recall) to determine whether it was
associated with the consumption of NOVA food groups.

Free sugar content as a percentage of energy was esti-
mated using a publicly available database developed at
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the University of Toronto which provided estimates for
free sugars for more than 4000 food and drink products
sold in Canadian food markets(46). Each NOVA food group
was matched manually with a corresponding item found
in the free sugars database to estimate the proportion of
free sugars from total sugar (i.e. both free sugars and
naturally occurring sugars in fresh fruits, vegetables and
milk). Products were matched by brand name when
available, or by using a mean value for the various brands
of the product. For items not found in the database, free
sugars were estimated using the US Department of Agri-
culture’s database on added sugars(47). Added sugars are
sugars and syrups incorporated into foods during pre-
paration or processing, or added at the table, but not
naturally occurring sugars in foods(47). Food items (n 320)
in the food database with missing values for total sugars
were also corrected using the University of Toronto and
the US Department of Agriculture databases.

Diet quality was estimated by comparing the nutrient
content of fresh or minimally processed foods, processed
culinary ingredients and processed foods (collectively
referred to as non-UPF) with that of UPF. Thereafter, the
population was divided into quintiles of the proportion of
energy from UPF. The first quintile thus included the lowest
consumers of UPF and the fifth quintile included the
highest consumers. The average dietary content of macro-
nutrients (expressed as % of total energy), energy density
(kJ/g) and energy-adjusted micronutrients and fibre
(expressed as μg, mg or g/4184 kJ (1000 kcal)) was com-
pared across quintiles of dietary share of UPF. Trend and
χ2 analyses were used to identify differences in the dietary
contribution between quintiles of UPF and non-UPF.

The 95% CI were used to evaluate differences in intake
between the NOVA categories and trend analyses (using
logistic regression) and χ2 for differences between quin-
tiles of energy from UPF, with significance at P< 0·05.
Unweighted data analysis used the statistical software
packages SAS/STAT version 9.2 (2009) and IBM SPSS
Statistics version 22·0 (2013).

Results

Table 1 summarizes some sociodemographic and health
characteristics of the participants. Participants were, on
average, 45·1 (95% CI 44·6, 45·6) years old, had a BMI of
30·2 (95% CI 30·0, 30·4) kg/m2 and were 62·7% female.
The majority (80%) of participants were overweight, of
whom 46% were obese. One-fifth (20·5%) self-reported
having diabetes, of which 70·9% of cases were type 2,
10·8% were type 1 and 18·3% were unknown type.

First Nations participants had a mean energy intake of
8166 (95% CI 8029, 8303) kJ/d (1952 (95% CI 1920, 1984)
kcal/d). UPF accounted for 53·9 (95% CI 53·1, 54·7)% of
total energy, fresh or minimally processed foods for 36·4
(95% CI 35·7, 37·2)%, processed culinary ingredients for
6·1 (95% CI 5·89, 6·42)% and processed foods for 3·5
(95% CI 3·20, 3·70)% of total energy. Table 2 presents the
mean energy intake and dietary share of the NOVA food
subgroups in the First Nations diet. MF and TF are dis-
tinguished in the table. Energy in the diet from UPF came
mostly from fast food and ready-to-eat dishes (15·9%),
commercial breads (9·3%), carbonated, energy and fruit
drinks, and fruit juices (8·0%), deli and processed meats

Table 1 Demographic, anthropometric, health and lifestyle characteristics of adults aged 19 years or older from fifty-eight on-reserve First
Nations communities in British Columbia, Alberta, Manitoba and Ontario (Canada), 2008–2013

Men Women All

Characteristic n % n % n %

Completed a 24h food recall 1379 37·3 2321 62·7 3700
Traditional food on day of 24 h recall 341 24·7 499 21·5 840 22·7
Age (years), mean and 95% CI 45·9 45·1, 46·8 44·6 44·0, 45·2 45·1 44·6, 45·6
19–30 years 255 18·6 434 18·8 689 18·7
31–50 years 602 43·9 1112 48·2 1718 46·4
51–70 years 432 31·5 626 27·1 1058 28·6
≥71 years 84 6·12 135 5·81 219 5·92

Anthropometry recorded†, n 1315 2047 3362
BMI (kg/m2), mean and 95% CI 29·6 29·3, 29·9 30·6 30·3, 30·9 30·2 30·0, 30·4
BMI≥ 25·0 kg/m2 506 38·5 626 30·6 1132 33·7
BMI≥ 30·0 kg/m2 545 41·5 1001 48·9 1546 46·0

Education‡, n 1227 2075 3302
Years of schooling, mean and 95% CI 10·3 10·1, 10·4 10·9 10·8, 11·0 10·7 10·6, 10·8
Less than high school 609 49·7 895 43·1 1504 45·5
High school or equivalent 522 42·5 855 41·2 1377 41·7
Post-secondary degree 95 7·70 325 15·7 420 12·7

Reported diabetes status§, n 1233 2080 3314
Diabetes, self-reported§ 248 20·1 431 20·7 679 20·5

First Nations Food, Nutrition and Environment Study (FNFNES). Data are unweighted, and presented as n and % unless indicated otherwise.
†Number of individuals with self-reported or measured anthropometry was less than those who were interviewed for a 24 h recall.
‡Number of individuals who reported their education on the questionnaire was less than those who were interviewed for a 24 h recall.
§Self-reported prevalence based on the question: ‘Have you been diagnosed with diabetes?’ Number of individuals who self-reported having been diagnosed
with diabetes or not on the questionnaire was less than those who were interviewed for a 24 h recall.
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(4·6%), and salty snacks (3·6%). Most of the energy in the
diet from fresh or minimally processed foods came from
meat and poultry (12·6% of energy), grains and flours
(6·2%), eggs (3·4%), and roots and tubers (2·8%). Energy
from market meats was four times that from traditional game
and birds (839kJ/d (201kcal/d) v. 209 kJ/d (50 kcal/d)),
whereas traditional fish provided more energy than market

fish (53·1kJ/d (12·7kcal/d) v. 27·3kJ/d (6·52kcal/d)).
Processed culinary ingredients that contributed the most to
total energy were sugars (3·0% of energy) and animal fats
(1·9%), mostly from market sources (6·1%).

Table 3 compares the energy and nutrient content of
NOVA food groupings in the First Nations diet. The diet
fraction from UPF was more energy-dense compared with

Table 2 Mean energy contribution of NOVA food groups and subgroups to the diet of 3700 adults aged 19 years or older from fifty-eight
on-reserve First Nations communities in British Columbia, Alberta, Manitoba and Ontario (Canada), 2008–2013

Absolute energy intake
(kJ/d)

Relative energy intake
(% of total)

Food group/subgroup Mean 95% CI Mean 95% CI

Fresh or minimally processed foods 2900 2822, 2979 36·4 35·7, 37·2
Meat and poultry – market 839 795, 883 10·0 9·55, 10·5
Meat – traditional 209 184, 233 2·64 2·36, 2·91
Grain products and flours 484 454, 514 6·20 5·84, 6·56
Eggs 254 238, 269 3·41 3·20, 3·62
Roots and tubers 214 199, 229 2·75 2·56, 2·94
Pasta 215 194, 235 2·62 2·37, 2·86
Home-made dishes† 222 197, 246 2·61 2·34, 2·87
Milk and plain yoghurt 145 134, 156 1·88 1·75, 2·02
Fruits – market 117 108, 126 1·66 1·53, 1·80
Fruits – traditional 1·27 0·54, 1·99 0·02 0·00, 0·03
Fish – market 27·3 19·5, 35·0 0·35 0·26, 0·44
Fish – traditional 53·1 41·3, 64·9 0·60 0·48, 0·73
Vegetables – market 61·8 56·9, 66·8 0·87 0·80, 0·95
Vegetables – traditional 0·28 0·00, 0·57 0·00 0·00, 0·01
Other fresh or minimally processed foods‡ 57·9 47·9, 37·8 0·80 0·67, 0·94
Other fresh or minimally processed – traditional food§ 0·14 0·00, 0·31 0·00 0·00, 0·01

Processed culinary ingredients 492 468, 516 6·15 5·89, 6·42
Sugars║ 230 215, 245 2·96 2·79, 3·14
Animal fats – market 147 136, 159 1·84 1·69, 1·98
Animal fats – traditional 5·52 0·48, 10·6 0·05 0·01, 0·09
Plant oils 109 97·2, 120 1·30 1·18, 1·42
Other ingredients¶ 0·37 0·15, 0·60 0·00 0·00, 0·01

Processed foods 289 265, 312 3·45 3·20, 3·70
Canned meat and fish – market 75·2 65·0, 85·3 1·01 0·88, 1·14
Canned meat and fish – traditional 7·05 3·45, 10·60 0·10 0·05, 0·15
Cheese 74·8 63·0, 86·6 0·84 0·72, 0·95
Canned fruits, vegetables and legumes 49·5 43·6, 55·4 0·62 0·55, 0·69
Other processed foods†† 82·1 67·3, 96·8 0·88 0·74, 1·03

Ultra-processed foods 4485 4376, 4593 53·9 53·1, 54·7
Fast food and ready-to-eat dishes‡‡ 1340 1278, 1402 15·9 15·3, 16·5
Mass-produced packaged breads 685 659, 709 9·27 8·95, 9·60
Carbonated, sports and energy drinks 321 298, 343 3·82 3·57, 4·07
Fruit juices and fruit drinks 358 330, 386 4·17 3·88, 4·45
Reconstituted meat products§§ 387 361, 413 4·61 4·33, 4·89
Chips, crackers and other salty snacks 342 311, 372 3·61 3·33, 3·89
Chocolate, candies and other sweets 255 232, 278 2·87 2·64, 3·10
Cookies, cakes and baked goods 205 184, 227 2·29 2·07, 2·51
Margarine 176 160, 193 2·08 1·92, 2·23
Breakfast cereals 149 135, 163 1·98 1·79, 2·17
Sauces and spreads 138 122, 153 1·60 1·47, 1·73
Other ultra-processed foods║║ 129 119, 139 1·74 1·61, 1·87

Total 8166 8029, 8303 100·0 –

†Soups, salads, sauces, baked goods, stews and other dishes made from fresh or minimally processed foods.
‡Spices and herbs, pulses, unsalted and unsweetened nuts; coffee, tea.
§Labrador tea, wild ginger tea and peppermint.
║White and brown sugar, icing sugar, molasses, honey and maple syrup.
¶Vinegar, leavening agents, unsweetened cocoa powder, corn starch.
††Salted, sweetened or oil-roasted nuts or seeds, plain tortillas and potato chips, tofu, soya sauce, condensed milk, peanut butter, French and pita breads,
bannock and dumplings.
‡‡Hot dogs, hamburgers, pizzas and sandwiches from fast-food outlets, commercial pies, canned or dehydrated soups; frozen and prepared French fries and
onion rings and frozen meals.
§§Sausages, luncheon meats, meat spreads, bacon, corned beef, beef jerky and fish sticks.
║║Cheese products, fish or seafood imitations, meal replacements, sweeteners, supplements and coffee whitener.
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the non-UPF fraction (i.e. the sum of minimally processed
foods, culinary ingredients and processed foods). Com-
pared with the non-UPF fraction of the diet, the UPF
fraction had 3·5 times less vitamin A, 2·4 times less K, 2·2
times less protein, 2·3 times more free sugars and 1·8 times
more Na. Saturated fats were equally high in both fractions
at over 10% of energy.

Table 4 presents how the mean nutrient content of the
diet varied across quintiles of energy from UPF. It also
reports the total energy and nutrients across categories. As
the dietary contribution of UPF to energy increased, the
contribution of energy density, carbohydrate, free sugar,
fibre, fat, saturated fat, vitamin C, Na and Ca increased, as
did Na:K, while protein, K, Fe and vitamin A intakes
decreased. Diets of individuals who ate TF on the day of
the recall were higher in fresh and minimally processed
foods, processed culinary ingredients and processed foods,
and lower in UPF, compared with the diets of individuals
who did not eat TF. The percentage of those who ate TF
decreased from 42·3% in the first quintile of energy from
UPF to 5·5% in the highest quintile of UPF intake.

Discussion

Organizations such as the FAO have recognized the need
to incorporate the collection of information on processed
foods into food consumption surveys(45). UPF sales are
increasing over time, especially rapidly in low- and
middle-income countries and populations around the
world(41), and may be related to the rising prevalence of
obesity(23,26,48) and related NCD(21,44,49,50).

Given the legacy of colonialism in Canada, many Indi-
genous peoples remain caught in a vicious cycle of

poverty and food insecurity, violence, educational failure
and ill health(51,52). For First Nations peoples, TF systems
have vital nutritional, cultural, symbolic and spiritual
value. Obstacles to attaining TF and fresh and minimally
processed MF are the high cost of healthy, nutritious foods
relative to income, along with numerous barriers to the
harvesting, sharing and consumption of TF(12). A con-
sequence of the involuntary transition from TF to market-
based diets is increased consumption of UPF and a greater
burden of obesity and obesity-related diseases(1). The
prevalence of obese (46%) and overweight individuals
(34%) was very high among First Nations participants in
the present study: there is some concern that cut-offs used
for determining obesity are different for First Nations
peoples(53), but others have confirmed that they are in fact
the same as for those of European ancestry(54). The pro-
portion of participants who reported having diabetes in
our study (21·5%) is 2·2 times higher than the national
average in Canada of 9·3%(55). In this sample of First
Nations peoples, we found high intakes of UPF (54% of
energy), while other studies have consistently shown the
benefits of TF(13,14,56). We have also shown that the con-
sumption of TF on the day of the recall was associated
with lower energy from UPF.

One striking finding was the diminished contribution of
protein to energy as the contribution of UPF to energy
increased. Percentages of energy as protein, carbohydrate
and fat were within the acceptable macronutrient distribution
ranges(57). As with other studies, we found that free sugar
increased with higher energy from UPF(24,58). These sugars
have been associated with weight gain and obesity(34).
The contribution of free sugar to energy in the highest
quintile of UPF intake was double the WHO recommenda-
tion of less than 10% of energy from free sugars. Saturated fat

Table 3 Mean energy and nutrients from non-ultra-processed foods (non-UPF)† and ultra-processed foods (UPF)† of 3700 adults aged 19
years or older from fifty-eight on-reserve First Nations communities in British Columbia, Alberta, Manitoba and Ontario (Canada), 2008–2013

Fresh or minimally
processed foods

Processed culinary
ingredients

Processed
foods

Ultra-processed
foods

Nutrient Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI

Energy (kJ) 2900 2822, 2979 492 468, 516 289 265, 312 4485 4376, 4593
Energy density (kJ/g)† 6·18 6·08, 6·28 20·3 20·0, 20·7 7·90 7·59, 8·22 12·2 12·0, 12·4
Protein (% energy) 29·2 28·7, 29·7 0·67 0·61, 0·73 10·2 9·65, 10·7 11·1 10·9, 11·3
Carbohydrates (% energy) 37·8 37·0, 38·5 39·4 38·0, 40·8 13·9 13·0, 14·8 54·5 54·0, 55·1
Free sugars (% energy) 0·74 0·61, 0·86 37·6 36·2, 38·9 1·83 1·58, 2·09 20·7 20·2, 21·3
Total fats (% energy) 30·9 30·4, 31·5 32·5 31·2, 33·8 14·2 13·4, 15·0 32·7 32·2, 33·2
Saturated fats (% of energy) 9·42 9·22, 9·61 12·8 12·0, 13·3 9·20 5·78, 6·62 10·2 9·98, 10·4
Fibre (g/4184 kJ) 8·08 7·73, 8·42 0·05 0·00, 0·13 6·35 5·82, 6·87 7·52 7·34, 7·71
Na (mg/4184 kJ) 961 859, 1062 2225 1552, 2898 3972 3428, 4515 2279 2203, 2355
K (mg/4184 kJ) 3933 3102, 4765 85·1 76·7, 93·6 799 739, 859 917 896, 939
Na:K 0·51 0·47, 0·56 43·6 31·3, 55·9 1·89 74, 2·04 3·79 3·06, 4·52
Ca (mg/4184 kJ) 607 506, 708 66·8 59·1, 74·5 269 250, 288 304 295, 313
Fe (mg/4184 kJ) 9·29 8·95, 9·63 0·17 0·13, 0·20 4·27 3·95, 4·59 7·43 7·27, 7·59
Vitamin A (μg/4184 kJ) 548 497, 600 165 155, 175 146 120, 172 132 125, 139
Vitamin C (mg/4184 kJ) 54·7 49·6, 59·9 0·39 0·33, 0·45 32·7 23·4, 42·1 47·3 44·0, 50·7

First Nations Food, Nutrition and Environment Study (FNFNES). Data are unweighted.
†Energy density calculated only for the solid fraction of the diet, referring to the sum of energy provided by solid foods divided by the amount of these foods
in grams.
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Table 4 Mean nutrients across quintiles of the dietary contribution of ultra-processed foods (UPF) to energy of 3700 adults aged 19 years or older from fifty-eight on-reserve First Nations
communities in British Columbia, Alberta, Manitoba and Ontario (Canada), 2008–2013

Quintiles of the contribution of UPF to energy

Q1 (n 740) Q2 (n 740) Q3 (n 740) Q4 (n 740) Q5 (n 740) Total energy and nutrient intakes

Indicators Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI

Energy (kJ)† 7538 7254, 7821 8102 7812, 8391 8230 7943, 8516 8657 8357, 8986 8387* 8048, 8726 8166 8029, 8303
Energy density(kJ/g)† 7·34 7·16, 7·56 7·98 7·81, 8·16 8·45 8·25, 8·66 8·93 8·75, 9·10 10·4* 10·2, 10·9 8·65 8·54, 8·76
Protein (% energy)† 24·7 23·9, 25·5 19·9 19·4, 20·5 17·4 17·0, 17·8 15·2 14·8, 15·5 12·8* 12·5, 13·1 18·0 17·7, 18·3
Carbohydrates (% energy)† 41·1 40·0, 42·1 46·0 45·1, 46·8 48·2 47·4, 49·1 50·5 49·7, 51·4 52·6* 51·7, 53·5 47·7 47·2, 48·1
Free sugars (% energy)† 8·32 7·71, 8·94 13·0 12·2, 13·7 15·3 14·5, 16·0 17·4 16·5, 18·3 19·8* 18·8, 20·8 14·8 14·4, 15·1
Fat (% energy)† 34·2 33·3, 35·1 34·1 33·3, 34·9 34·4 33·6, 35·1 34·3 33·5, 35·0 34·6 33·8, 34·4 34·3 34·0, 34·7
Saturated fat (% energy)† 10·6 10·2, 11·0 10·7 10·4, 11·0 10·9 10·6, 11·2 11·1 10·8, 11·4 11·2* 10·9, 11·5 10·9 10·8, 11·1
Fibre (g/4184 kJ)† 7·36 7·00, 7·71 7·48 7·17, 7·79 7·14 6·86, 7·42 7·13 6·86, 7·41 6·62* 6·37, 6·86 7·14 7·01, 7·28
Na (mg/4184 kJ)† 1308 1246, 1369 1509 1453, 1565 1693 1638, 1749 1815 1751, 1878 2034* 1949, 2118 1672 1641, 1702
K (mg/4184 kJ)† 1669 1546, 1793 1467 1421, 1513 1301 1268, 1335 1237 1203, 1271 1101* 1066, 1137 1355 1326, 1385
Na:K ratio† 0·95 0·90, 1·00 1·18 1·12, 1·24 1·46 1·40, 1·52 1·67 1·59, 1·74 2·23* 1·94, 2·51 1·49 1·43, 1·56
Ca (mg/4184 kJ)† 298 282, 313 319 305, 333 332 319, 346 333 319, 347 342* 328, 355 325 318, 331
Fe (mg/4184 kJ)† 8·93 8·56, 9·30 8·11 7·82, 8·41 7·54 7·28, 7·79 7·25 7·00, 7·50 6·80* 6·57, 7·02 7·73 7·60, 7·85
Vitamin A (μg/4184 kJ)† 305 261, 349 314 263, 366 286 244, 329 242 208, 276 184* 164, 204 266 249, 284
Vitamin C (mg/4184 kJ)† 35·0 31·3, 38·6 38·3 34·8, 41·8 43·5 39·1, 47·9 49·5 43·2, 55·8 46·9* 41·3, 52·5 42·6 40·5, 44·8
Traditional food eater (%)‡,§ 42·3 29·6 20·3 15·8 5·54** 22·7

First Nations Food, Nutrition and Environment Study (FNFNES). Data are unweighted.
*P<0·05, **P< 0·01.
†Trend analyses across quintiles.
‡Differences using χ2 test.
§Based on whether First Nations traditional food was consumed at least once on the 24h recall.
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intake in our study was greater than 10% of energy in all
quintiles of UPF intake in First Nations individuals; higher
saturated fat intakes potentially increase CVD(59).

UPF in our study of dietary intake from 2008 to 2013
represented 54% of energy compared with other studies of
intake of non-indigenous populations in Brazil from 2008–
2009 (21·5%)(24), the USA from 2009–2010 (57·9%)(58) and
the UK from 2008–2012 (53%)(22). Because Brazil is classi-
fied as middle-income country and UPF are relatively more
expensive, a lower intake of UPF would be expected(21),
while our results are consistent with other upper-income
countries such as the USA and the UK despite the fact that
many First Nations in Canada live in low-income
households(60). Studies based on food expenditure data,
which consider household purchases only without
accounting for food waste, show 54% of UPF in Canada
(2011)(44), 28% in Brazil (2002–2003)(25) and 63% in the
UK (2008–2012)(22).

Our results agree with population-based studies in
Canada(44), the USA(58), the UK(22) and Brazil(24) that have
consistently shown that UPF are nutritionally inferior com-
pared with non-UPF and are linked to an overall deteriora-
tion of diet quality. These foods were found to have a higher
content of free sugars, saturated fats and Na, and were more
energy-dense compared with non-UPF, whereas UPF were
also lower in protein, minerals, most vitamins and fibre. The
nutritional quality of the diet fraction of UPF consumed by
First Nations peoples in our study was mostly consistent with
previous studies, with the exception of higher fibre and
vitamin C as UPF increased. The higher content of vitamin C
in UPF in Canada can be attributed to fortification practices.

Since the NOVA food categories are a relatively recent
development, few studies have been able to evaluate asso-
ciations of intake with mortality and morbidity(25). Studies in
Brazil indicate the existence of associations between UPF and
metabolic syndrome in adolescents(31), dyslipidaemias in
children(30) and obesity in all age groups(23,26). A cross-
sectional time-series analysis performed on thirteen Latin
American countries revealed an association between
increased sales of UPF and increased BMI in adults from 2000
to 2009(48). A recent prospective cohort study in Spain found
that consumption of UPF was associated with higher risk of
overweight and obesity(29). In future studies, we intend to
examine the association of UPF intake with NCD and BMI of
First Nations peoples who participated in the FNFNES.

As was evident from our data, decreasing K and
increasing Na intakes with higher UPF may lead to
increased risk of hypertension in an already susceptible
population(61). Reduced Na intakes have long been
recommended as a public health initiative to reduce blood
pressure and CVD(62,63). Concurrently, higher K has a
protective effect on blood pressure and related NCD(61).
Furthermore, the increasing Na:K is a concern as this has
also been associated with blood pressure and CVD(64,65).

TF provides a very important food source for Indigen-
ous populations in Canada(12) and some of the TF most

common in such diets are clearly beneficial to health(66).
First Nations peoples in Canada have been going through
a nutrition transition where MF are increasingly replacing
TF in their diets(12). Increased health challenges in some
First Nations communities, such as high rates of obesity,
diabetes and CVD(1), make it imperative to identify ways
to slow down these epidemics. There is plenty of evidence
that diets including TF are more nutrient-dense(67,68);
therefore, it can be speculated that diets higher in TF may
result in a lower prevalence of obesity and diet-related
NCD(1). An inverse association between TF intake and
energy from UPF in our results is an interesting and novel
finding that shows the positive benefit of TF consumption
for First Nations people. Given the many co-benefits of TF
for Indigenous populations (e.g. social cohesion, sense of
identity, physical exertion), there is simply no good reason
to avoid stressing the importance of TF to decision makers
so that access to and concomitant conservation of TF
become increasingly possible.

Public health recommendations are made targeting
nutrient intakes that may not be easily understood and
applied by the general population. Food-based advice is
generally easier to follow. A recommendation to decrease
UPF intake in First Nations participants could significantly
increase protein and K intakes and decrease free sugar, Na
and overall energy intakes. A reduction of UPF would also
lead to a healthier diet as these foods would potentially be
replaced by foods with a better nutritive profile. Doing this
would require policy changes that reduce the availability
of UPF and allow all Canadians, regardless of income or
geography, to choose a diet rich in fresh and minimally
processed foods, and additionally address both climate
change and pollution of natural resources. Support is also
needed for individuals to make these changes through
educational initiatives to promote the optimal use of MF
and TF, when available.

One of the limitations of our study was missing data,
mainly due to a refusal to answer questions about years of
education (12·2% missing data), highest degree obtained
(10·8%), age (7·8%) and BMI (9·2%). However, the pro-
portion of missing data was greatest with respect to edu-
cation and diabetes (10·5% missing data) because these
questions were not included during the first year of data
collection (i.e. in British Columbia).

However, the large sample allowed us to identify trends
that may not have been evident with a smaller population.
While the study may not be representative of all First
Nations in Canada, as data from only four out of the ten
provinces were represented, and there may be systematic
differences in dietary intake across other regions in
Canada, further data from across the country will be
available when FNFNES is completed in 2018.

A potential limitation of our study is that, due to social
desirability bias (i.e. valuing fresh foods more than pro-
cessed foods), the intake of minimally processed foods
and TF may have been over-reported by participants
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whereas the intake of UPF may have been under-
reported(69); consequently 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 minimized compared with using an
FFQ containing the different NOVA food groups. The
standardized methods that we used may help better
estimate intake(41). This method may also lead to the
overestimation of healthy foods and the underestimation
of unhealthy foods that may have influenced our results.
The FAO considers 24 h recalls as one of the best ways of
collecting data for this type of analysis, as more informa-
tion is gathered on the types of foods using an
open-ended approach(45). However, with one 24 h recall,
only the intake of the group can be considered, not the
proportion of the population meeting nutrition recom-
mendations. National nutrient databases evolve over time
and there is always some possibility of error and missing
information on nutrients.

As the NOVA food classification was applied a
posteriori from the entry and coding of the recalls, it is
possible that some foods were misclassified due to limited
food choices in the CNF and a lack of brand names in the
database. If data entry had been designed to correspond
with the NOVA classification, more accurate distribution
may have been obtained and other studies have noted this
possible limitation(22,45,58). Since the NOVA food classifi-
cation does not group foods according to their nutritional
quality, but rather based on the degree and nature of
processing, some groupings might appear unusual from a
nutritional perspective. However, the current study and
others have shown the linear relationship between the
increased contribution to energy from UPF and reduced
diet quality, regardless of the inclusion/exclusion of spe-
cific food items in the UPF group and their individual
nutrient profile. In addition, CANDAT, our nutrient ana-
lysis software, does not allow us to disaggregate mixed
foods based on recipes, so it is possible that some UPF
used in culinary preparations, such as margarine used in
making a traditional First Nations’ quick bread called
bannock, may have been included in the fresh and mini-
mally processed foods.

Future studies could benefit from standard guidelines
for assignment to NOVA categories, such as brand names,
home prepared v. ready-to-consume, and name of res-
taurant where food is purchased(22). Future analyses might
identify the MF that, when consumed in combination with
TF, will contribute to a diet for First Nations peoples that is
more congruent with the current dietary recommendations
and more protective against the development of NCD.
This, in turn, will allow public health initiatives to better
target dietary advice to this particular population, thereby
supporting not only better health and nutrition, but also a
wide range of other factors that can contribute to the
overall well-being and cultural resilience of Indigenous
peoples in Canada.
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