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ABSTRACT
Purpose: The Food and Nutrition for Manitoba Youth (FANS) study exam-
ined dietary intakes, food behaviours, food security status, health indica-
tors, and body mass index of a cohort of grade 9 students. This paper
describes regional differences and similarities in dietary intake (food
and nutrients) and quality of youth participants in the FANS study.
Methods: Grade 9 students completed a web-based survey on dietary
intakes (24-hour recall), food behaviours, self-reported health indicators,
and sociodemographic variables. Nutrient intakes were compared with
national guidelines and diet quality was assessed using a modified
Healthy Eating Index.
Results: A total of 1587 students participated from northern, rural, and
urban regions in Manitoba. Northern and rural students had higher
intakes of sugar, sodium, and saturated fat compared with urban.
Northern students consumed fewer grain products compared to urban,
and more servings of “other” foods compared with rural and urban.
While most participants were classified into the “needs improvement” or
“poor” Healthy Eating Index categories, significantly more northern partic-
ipants were in the “poor” category.
Conclusions: Most adolescents in the study are at nutritional risk; how-
ever, there are additional vulnerabilities for those in rural and northern
communities. Dietitians can use results to advocate for and plan interven-
tions to improve adolescent nutrition.

Key words: Diet, nutrition, adolescent, Healthy Eating Index, student,
Manitoba, Canada.
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RÉSUMÉ
Objectif. L’étude FANS (Food and Nutrition Security for Manitoba Youth) a
examiné les apports alimentaires, les comportements alimentaires, la sit-
uation en matière de sécurité alimentaire, des indicateurs de santé et l’in-
dice de masse corporelle d’une cohorte d’élèves de 9e année. Cet article
décrit les différences et les similitudes régionales quant à l’apport alimen-
taire (aliments et nutriments) et à la qualité dans le cadre de l’étude FANS.
Méthodes. Des élèves de 9e année ont répondu à un sondage Web sur
les apports alimentaires (rappel de 24 heures), les comportements ali-
mentaires, des indicateurs de santé autodéclarés et des variables
sociodémographiques. Les apports en nutriments ont été comparés aux
lignes directrices nationales, et la qualité de l’alimentation a été évaluée
à l’aide d’un Indice de saine alimentation modifié.
Résultats. Au total, 1587 élèves provenant de régions nordiques, rurales
et urbaines du Manitoba ont participé à l’étude. Les élèves des régions
nordiques et rurales avaient un apport plus élevé en sucre, en sodium et
en gras saturés que ceux des régions urbaines. Les élèves des régions
nordiques consommaient moins de produits céréaliers que ceux des
régions urbaines et plus de portions d’« autres » aliments que ceux des
régions rurales et urbaines. Bien que la plupart des participants aient
été classés dans les catégories « à améliorer » ou « mauvais » de
l’Indice de saine alimentation, beaucoup plus de participants nordiques
ont été classés dans la catégorie « mauvais ».
Conclusions. La plupart des adolescents de l’étude présentent un risque
nutritionnel; toutefois, ceux des communautés rurales et nordiques mon-
trent des vulnérabilités supplémentaires. Les diététistes peuvent utiliser
ces résultats pour demander et planifier des interventions visant à
améliorer la nutrition des adolescents.

Mots-clés : alimentation, nutrition, adolescent, Indice de saine
alimentation, élève, Manitoba, Canada.
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BACKGROUND
Nutritionally adequate diets are a cornerstone of health
and well-being, especially during critical life stages [1].
Adolescence is a key period of growth and development with
increased requirements for micro- and macronutrients [2].
Older children and adolescents are also becoming more
independent from parents, with eating behaviours increasingly
shaped by other factors such as personal preferences, peer in-
fluence, diverse social settings, and exposure to media and
social media [3]. Poor dietary intakes and suboptimal
nutritional behaviours during this time can compromise

adolescents’ short- and long-term health through the develop-
ment of obesity and other risk factors for non-communicable
disease later in life such as Type 2 Diabetes [1]. Within
higher-income countries, regional differences in nutritional
health may be observed due to differential access to nutrient-
dense foods such as fruits and vegetables [4–6].

There is evidence that Canadian adolescents are consum-
ing a suboptimal diet. The Canadian Community Health
Survey-Nutrition (2015) (CCHS) indicated that most adoles-
cents are not meeting the minimum recommended number
of Canada’s Food Guide servings for vegetables and fruit [7].
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Further analysis using the Health Canada Surveillance Tool
Tier system (assesses nutritional quality of foods within the
Food Guide recommendations) showed poor nutrition qual-
ity, with “Other” foods (outside the four food groups)
accounting for 21–25% of daily energy intake and majority of
these calories coming from high fat and sugary foods [8,9].
Diet is linked with excess body weight in Canadian adoles-
cents [10]; 23.2% of 12–17 year olds were overweight or obese
in 2020, with 28.9% in Manitoba [11].

Adolescents engage in food-related behaviours that con-
tribute to their nutritional risk. These include meal skipping
and weight loss dieting, which are associated with lower diet
quality [12]. Some studies suggest that low frequency of family
meal consumption is associated with less healthy dietary
intake, including higher sugar-sweetened beverage and lower
fruit and vegetable consumption [13]. Adolescents are also
higher consumers of fast food compared to other age groups
[14]. Dietary risk factors in adolescents may not, however, be
equally distributed through the population, including
geographically.

Canada is the second-largest country in the world
geographically, yet one of the least densely populated [15].
The majority of Canada’s residents reside in urban centres;
however, within each province or territory between 14% and
64% live in rural settings [16]. In Manitoba, 40% of the popu-
lation live in non-metropolitan areas [17]. Many communities
are remote, far from major towns and cities with services such
as large grocery stores, creating different benefits and chal-
lenges for residents.

Research suggests that health indicators differ across the
urban-to-rural gradient, such as child obesity being higher in
rural and northern areas [18]. Rural communities have been
shown to experience a health disadvantage [19]. Nutritional
risk factors such as food insecurity may be a contributing
factor. Northern communities have higher rates of food inse-
curity, with those living most remotely in the north (47%)
having almost four times the Canadian average (12%) [20].
Lack of access to healthier foods, such as fruits and vegetables,
and high prices due to transportation costs are contributing
factors to the rural and northern food environments [21].
These and other factors related to procurement may also
impact the availability of healthy food through school snack
and meal programmes [22].

At the same time, rural communities may lack the plethora
of fast-food outlets that increasingly inhabit the urban food
scape [23]. Consequently, it is important to understand the
impact of geographic residence on the nutritional health of
adolescents in order to formulate appropriate policy
responses. Provincial-level nutrition indicators such as those
found in the CCHS-Nutrition (2015) can hide important
regional differences, as the limited sample size of the CCHS
makes sub-provincial analysis of adolescents difficult [24]. In
order to overcome this limitation, the Food and Nutrition
Security for Manitoba Youth (FANS) study undertook a
nutrition survey of Manitoba grade 9 students with sufficient

sample size to describe regional differences and similarities in
nutritional health. The purpose of this paper is to describe
regional differences and similarities in dietary intake (food
and nutrients) and dietary quality.

METHODS
Ethics approval for this study was obtained from the Joint
Faculty Research Ethics Board at the University of Manitoba
(protocol HS2166 J2018:040), and all experimental methods
were performed in accordance with the relevant guidelines
and regulations. Detailed methods for the FANS study have
been published elsewhere [25].

Sample
The FANS survey was a self-administered web-based survey of
grade 9 students (aged 13–16 years) that collected information
on dietary intakes, food behaviours, self-reported health
indicators, and sociodemographic variables. Thirty-seven
(24 urban, 8 rural, and 5 northern) of 62 eligible English-
speaking public schools agreed to participate. Data
collection took place from October 2018 to May 2019.
Overall, 1571 students completed the survey once.

Regional classification
Participating school divisions and schools were classified into
northern, rural, and urban regions of the province.
Classification criteria align with geographical boundaries of
Manitoba Regional Health Authorities: School divisions
within the Winnipeg Health Regional are urban, school divi-
sions in the Northern Health Region are classified as northern
(more remote and in the northern part of the province), and
remaining school divisions are considered rural [26].

Measures
Dietary intakes were collected using the Waterloo Eating
Behaviour Questionnaire (WEB-Q). WEB-Q has been validated
as a reliable self-administered tool for measuring the food and
nutrient intake of adolescents using a 24-hour dietary recall
[27]. The survey was administered in schools and overseen by
a research coordinator. Dietary intake was assessed through a
24-hour recall module that collected data separately for meals
and snacks. Students chose foods and beverages they consumed
from a list of approximately 800 food items that were included
in the database. Prompt screens with photographic images and
associated text assisted students with choosing foods, beverages,
and respective portion sizes.

Nutrient intakes were assessed using the 2010 Canadian
Nutrient File [28] and Food Processor (version 8.0, ESHA
Research, Salem, OR, 2002) and compared with Dietary
Reference Intakes (DRIs) [29]. Adequate intake was used for
dietary fibre. Excess sodium intakes were assessed based on
tolerable upper intake levels. Food groups and servings were
based on Eating Well with Canada’s Food Guide (2007)
(EWCFG) [30]. “Other” food servings (those not part of the
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four EWCFG food groups) were determined from serving
sizes based on the Canadian Nutrient File [28, 31].

Diet quality was assessed using a modified Healthy Eating
Index-Canada (HEI-C) adapted from Statistics Canada [32].
HEI-C is based on recommended intakes from the dietary
components of EWCFG and DRI. Two additional compo-
nents were added to align with 2019 Canada’s Food Guide
recommendations: “low fat vitamin-D fortified milk and
dairy-free beverage alternatives” and “seafood and plant based
proteins” [33]. Possible HEI-C scores ranged from 0 to 100,
and participant diets were categorized as poor (< 50), needs
improvement (50–80), or good (> 50) [34].

Data analysis
Diet and survey records were manually checked for quality
during the data collection period. Final line-level data were
imported into SPSS software and verified for missing and
biologically implausible values. Students’ dietary intake data
were excluded from analyses if they consumed less than
200 kcal/day or exceeded 6000 kcal/day (n = 35), which
resulted in a final analytical sample of 1536.

Study data were analyzed using SAS (version 9.4, SAS
Institute Inc., Cary, North Carolina, USA, 2013) (variable der-
ivation) and SPSS (version 27, IBM Corp., Armonk, NY, USA,
2020) (tables and statistical outputs) statistical software pack-
ages. Chi-squared goodness of fit was used to compare sample
data with existing student population data in the province of
Manitoba. Mean and median nutrient and food group intakes
were calculated with corresponding measures of variability.
Chi-squared tests were performed to compare intakes for
nutrients and food groups of northern, rural, and urban region
participants, and Cramer’s V was used as a measure of effect
size. Chi-squared test was performed to determine significant
differences in percentage not meeting recommendations.
Data were checked for normality using the Shapiro–Wilk test.

Where assumptions of normality were violated, Kruskal
Wallis H non-parametric test and post-hoc Mann–Whitney
U-test for pair-wise comparisons were used. Fisher–
Freeman–Halton Exact test was performed with HEI classifi-
cation categories due to low expected cell counts. Statistical
significance was accepted at p≤ 0.05. All analyses were under-
taken using unweighted sample data.

RESULTS
Of the 1587 participants, 8%, 14%, and 78% were from
northern, rural, and urban regions, respectively (Table 1).
Just over half of respondents from northern and urban regions
were female. A higher percentage of females participated from
the rural region. Participant ages ranged from 13 to 16 years
with the majority in northern (90.3%), rural (98.2%), and
urban (96.4%) being 14 and 15 years old. The student sample
was representative of the total sample frame (Manitoba
School Division) for sex in the northern (X2

goodness of fit= 1.73,
p = 0.19) and urban (X2

goodness of fit = 3.00, p = 0.08) regions,
but not in the rural (X2

goodness of fit= 15.02, p< 0.001) region.
Median energy intake was similar in the three regions

(Table 2). Macronutrient and micronutrient intakes were gen-
erally similar by geographical region with some exceptions.
While carbohydrate consumption did not vary significantly,
median sugar, sodium, and saturated fat intake were each sig-
nificantly higher in rural and northern regions. Vitamin C,
folate, and calcium were also significantly higher in the
northern region. Figure 1 shows that across regions the major-
ity of adolescents did not meet requirements for several
nutrients on the day of their dietary recall. Fibre, vitamin D,
iron, folate, and zinc did not differ by region; however, signifi-
cantly more urban students did not meet calcium recommen-
dations compared to urban and rural.

More than 85% of participants did not meet requirements
for fibre or vitamin D. Half of respondents did not meet

Table 1. Characteristics of Food and Nutrition Security for Manitoba Youth (FANS) study participants,
by region (n = 1587).

Northernb

(n = 134)
Rural

(n = 223)
Urbanb

(n = 1230)

n %c n %c n %c

Sexa

Female 70 54.3 129 61.4 603 51.5
Male 59 45.7 81 38.6 569 48.5

Agea

13 years 9 6.8 3 1.3 42 3.4
14 years 86 64.7 160 71.7 1050 85.6
15 years 34 25.6 59 26.5 132 10.8
16 years 4 3.0 1 0.4 3 0.2

aSelf-report.
bChi-squared goodness of fit test for sex indicates percentages do not differ significantly from the population (p > 0.05).
cColumn percentages.
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Table 2. Median nutrient intakes and interquartile ranges (n = 1536).

Variable Reference
Recommended

intakes
Northern (n = 132 recalls) Rural (n = 216 recalls) Urban (n = 1188 recalls)

p-value25th Median 75th 25th Median 75th 25th Median 75th

Energy (kcals) 1420.9 1987.1 2686.7 1430.1 1972.1 2623.8 1367.4 1956.8 2605.6 0.847
Nutrients

Carbohydrates (g) EAR 100 176.8 239.0 347.7 176.0 246.6 323.0 174.1 251.4 329.4 0.957
Sugar† (g) 53.3 87.4a 136.2 51.4 92.0a 134.4 42.4 72.9b 111.7 <0.001*
Fibre (g) AI 26§, 38|| 9.5 13.8 21.1 9.9 16.4 22.2 9.0 14.2 20.4 0.064
Fat (g) 46.9 72.8a,b 103.4 53.1 53.1a 71.6 42.2 66.6b 100.1 0.047*
Saturated fat (g) 16.6 27.2a,b 38.9 18.1 25.8a 36.9 13.8 23.5b 36.6 0.034*
Monounsaturated fat (g) 16.4 24.9b 37.8 15.3 23.5a,b 34.3 13.5 22.3a 33.4 0.044*
Polyunsaturated fat (g) 7.3 11.5 18.4 7.8 12.2 18.6 7.1 11.5 17.5 0.233
Unsaturated Fat (g) EWCFG 30–45 24.6 36.4 54.8 24.4 36.2 53.2 21.1 34.1 51.0 0.098
Protein‡ (g/kg) EAR 0.71§, 0.73|| 0.83 1.25 1.98 0.92 1.37 1.82 0.90 1.40 2.02 0.200
Vitamin A (μg RAE) EAR 485§, 630|| 213.9 408.0 709.7 231.2 450.8 772.8 220.9 427.7 728.7 0.547
Thiamine, B1 (mg) EAR 0.9§, 1.0|| 0.9 1.4 1.9 0.9 1.4 2.0 0.9 1.3 2.0 0.924
Riboflavin, B2 (mg) EAR 0.9§, 1.1|| 1.2 1.7 2.8 1.2 1.7 2.4 1.1 1.6 2.4 0.159
Niacin, B3 (mg) EAR 11§, 12|| 11.7 18.5 28.8 11.5 17.0 27.0 10.9 17.8 26.5 0.484
Vitamin B12 (μg) EAR 2.0 2.1 3.5 5.9 1.8 3.5 5.6 1.8 3.4 5.6 0.807
Vitamin C (mg) EAR 56§, 63|| 24.4 82.6a 185.6 15.3 55.0b 141.4 14.9 51.8b 128.3 0.004*
Vitamin D (μg) EAR 10 1.1 3.2 5.6 0.8 3.0 6.2 1.1 3.2 6.0 0.983
Folate (μg DFE) EAR 330 256.6 395.4a 517.0 229.2 336.5a,b 516.7 197.6 331.6b 500.4 0.042*
Calcium (mg) EAR 1100 475.4 817.3a,b 1267.9 494.2 791.6a 1268.0 404.6 718.9b 1112.2 0.025*
Iron (mg) EAR 7.9§, 7.7|| 8.9 11.9 16.3 8.4 12.3 17.5 7.9 12.0 16.9 0.787
Zinc (mg) EAR 7.3§, 8.5|| 5.6 8.1 10.9 5.2 8.5 12.6 5.3 8.2 12.2 0.886
Sodium (mg) UL 2300 1736.3 2921.9a 4350.1 1542.5 2708.2a,b 3940.3 1411.2 2440.6b 3738.7 0.022*
Saturated fat (% total E) WHO < 10% 9.4 12.3a 15.0 9.5 12.7a 14.5 8.5 11.4b 14.03 0.001*

Note: AI, adequate intake; DFE, dietary folate equivalent; E, energy; EAR, estimated average requirement; EWCFG, Eating Well with Canada’s Food Guide (2007); RAE, retinol activity equivalent; UL, upper limit; WHO, World Health
Organization. † Sugar includes naturally occurring and added sugars. ‡ Protein requirements based on individual body size; total (n = 1289), females (n = 634), and males (n = 602). § Recommendations for females.
|| Recommendations for males. a,b Median intakes in a row with unlike letters are significantly different (p ≤ 0.05). * p ≤ 0.05: Kruskal Wallis H test for median nutrient intakes by region.
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requirements for vitamin A or calcium, and one-quarter did
not meet requirements for vitamin C or zinc, in all regions.
Energy and sodium intake exceeded recommendations for all
regions.

Food groups and ‘Other’ foods are compared by region in
Table 3. Across the three regions, the majority of participants
were not meeting requirements for most food groups. The
median intake of grain products was lower in the north com-
pared to the urban region, and a higher proportion of
northern compared to urban participants were not consuming
the recommended servings (55% vs. 41%). The median intake
of milk and alternatives was lower in urban compared to rural,
though the percentage not meeting recommendations did not
differ significantly. Participants in northern and rural areas
consumed significantly more servings of ‘Other’ foods
(4.0 and 3.5 servings, respectively) than urban participants
(3.0 servings).

Diet quality varied significantly by region, as shown in
Table 4. Significantly more northern adolescents had “poor”
HEI-C scores than those in urban or rural regions. Overall,

however, only 30 participants (2%) were in the “good” cat-
egory, with the majority within northern (99.2%), rural
(98.5%), and urban (97.8%) regions in the “needs improve-
ment” and “poor” categories.

DISCUSSION
Research on adolescent nutrition is essential to inform appro-
priate food and nutrition-related programmes and policies
that can reduce risk of future poor health outcomes and
enhance well-being. This is one of the first studies in Canada
with sufficient sample size to generate sub-provincial (urban,
rural, northern) analyses of adolescent dietary patterns.
Although not statistically representative, results point to chal-
lenges with adolescent nutritional health in Manitoba that, left
unaddressed, will lead to significant human and financial
health burdens down the road.

As described, almost no students were classified as having
a “good” diet, while significantly more northern students were
in the “poor” diet category than in rural or urban regions.
Northern students had fewer servings of grain products but

Figure 1. Percentage of students not meeting recommendations for select nutrients on day of recall. Estimated average
requirement (EAR) guidelines were used for all micronutrients except for sodium (upper limit) and fibre (adequate intake). For
guidelines that vary by sex (fibre, iron, zinc), participants not reporting sex (n = 72) were excluded from analysis. Histogram
bars represent the percentage of participant not meeting recommendations; error bars represent 95% confidence intervals.
p-values and Cramer’s V are presented for comparison between regions. Bars with different letters (a,b) denote significant

differences (*p ≤ 0.05).
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significantly more servings of Other foods (e.g., sweets, salty
snacks, sugar-sweetened beverages) than urban counterparts.
This was reflected in regional variations for sugar, sodium,
and saturated fat intake, which were higher in rural and
northern students. Urban students consumed slightly fewer
servings of milk and alternatives, which was reflected in lower
calcium intakes; they also had slightly lower intakes of
vitamin C and folate. While regional differences were not

found for energy, macronutrients, other micronutrients, vege-
tables and fruit, or the percentage not meeting milk and alter-
natives, the intakes of food group recommendations and
several key nutrients were low for many students in all regions.
Low intake of fruits and vegetables, and milk and alternatives,
negatively impacts youth nutrition profiles through
inadequate consumption of fibre, folate, vitamin D, and
calcium, as shown in this study. This can increase the risk of

Table 3. Eating Well with Canada’s Food Guide (2007) food group servings, and percentage not meeting (NM) recommendations
(n = 1536).

Food group servings

EWCFG
recommended

servings
Northern

(n = 132 recalls)
Rural

(n = 216 recalls)
Urban

(n = 1188 recalls) p-value
Grain products 6†, 7‡

Mean (SD) 6.3 (4.0) 7.0 (4.0) 7.5 (4.1)
Median (IQR) 5.7a (4.3) 6.5a,b (5.0) 7.0b (5.5) 0.001*
NM, n (%) 70a (55.1) 93a,b (45.8) 463b (40.8) 0.005*

Vegetables and fruit 7†, 8‡
Mean (SD) 3.4 (3.0) 3.2 (2.5) 3.0 (2.6)
Median (IQR) 2.6 (3.6) 2.7 (3.6) 2.5 (3.5) 0.276
NM, n (%) 116 (91.3) 187 (92.1) 1071 (94.4) 0.208

Milk and alternatives 3–4
Mean (SD) 2.2 (1.7) 2.4 (2.3) 2.0 (1.9)
Median (IQR) 2.0a,b (2.2) 2.4a (2.4) 1.6b (2.3) 0.004*
NM, n (%) 94 (71.2) 152 (70.4) 896 (75.4) 0.203

Meat and alternatives 2†, 3‡
Mean (SD) 2.3 (1.8) 2.3 (2.0) 2.4 (2.0) 0.697
Median (IQR) 1.9 (2.5) 2.0 (2.2) 2.0 (2.3) 0.731
NM, n (%) 76 (59.8) 118 (58.1) 641 (56.5)

Other foods NA
Mean (SD) 5.1 (4.1) 4.3 (3.6) 3.6 (3.4)
Median (IQR) 4.0a (4.5) 3.5a (4.0) 3.0b (4.0) < 0.001*
NM, n (%) — — —

Note: EWCFG, Eating Well with Canada’s Food Guide (2007); IQR, interquartile range; NA, not applicable; NM, not meeting; SD, standard deviation. † Recommendations for females.
‡ Recommendations for males. a,b Values in a row with unlike letters are significantly different (p ≤ 0.05). * p ≤ 0.05: Kruskal Wallis H test for median food group servings and Pearson
chi-squared test for percentage not meeting recommendations by region.

Table 4. Healthy Eating Index-Canada (HEI-C) categories, by region.

Northern
(n = 132
recalls)

Rural
(n = 216
recalls)

Urban
(n = 1188
recalls)

Category Range n % n % N % p-value

Good HEI-C > 80 1E 0.8a 3E 1.5a 26 2.3a < 0.001*
Needs improvement HEI-C 50–80 65 51.2a 146 71.9b 808 71.3b

Poor HEI-C < 50 61 48.0a 54 26.6b 300 26.5b

Note: HEI-C, Healthy Eating Index-Canada. a,b Values in a row with unlike letters are significantly different (p ≤ 0.05). * p ≤ 0.05: Fisher–Freeman–Halton Exact test for HEI-C categories by
region. E use with caution (due to small numbers in “good category”).
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chronic illness in later life. These results are not surprising, as
vegetable and fruit intake is low in all population groups in
Canada and milk and alternative consumption has been
decreasing in Canada [7, 35]. While vitamin D can be
synthesized from sun exposure, the cold Canadian climate
and reduced sunlight hours in winter can reduce vitamin D
synthesis [36] and food sources are few. While milk in
Canada is fortified with vitamin D, consumption data suggest
that additional fortification strategies should be investigated
to improve vitamin D status in all age and sex groups [37].

While there is a paucity of regional dietary data for
Canadian adolescents, reports on regional differences in
nutrition and health indicators for the overall population
show similarities and differences between studies. A 2006
Canadian report showed that fewer rural residents consume
five or more servings of vegetable and fruit each day compared
with urban residents [19] while a 2019 Manitoba report
showed no significant difference in those having five or more
servings per day between urban, rural, and northern residents
[38], as we also observed. Of note is that over 90% of students
in all regions did not meet the vegetable and fruit recommen-
dation. This is consistent with other reports that show low
fruit and vegetable intakes across populations suggesting pop-
ulation-wide strategies are required to improve consumption
[7, 39].

Higher prevalence of poor nutrition indicators and body
mass index in northern and rural areas (reported elsewhere)
[25, 40] may be related to factors such as food security. In par-
ticular, northern and some rural Manitoba communities have
high rates of food insecurity due to reduced access to healthy
foods, and high prices [4, 41, 42]. Healthier foods may be
replaced by Other foods as suggested by the higher number
of servings consumed by participants in northern and rural
regions. These foods are often “ultra-processed” and high in
salt, sugar, and saturated fat, which are typically more shelf-
stable and more available than their fresh counterparts [43].
Northern and remote communities also have much less choice
about where food is purchased, with many communities hav-
ing no store, or only one store controlling the supply [44].
Subsidizing more nutrient-dense foods such as healthy grains,
milk products, and fruits and vegetables could help improve
access to healthier foods in these communities.

Residents of northern Manitoba are further disadvantaged
from relatively high food prices by having significantly lower
incomes. According to the 2016 Census, the mean household
income in northern Manitoba was about $10,000 lower than
the provincial average [45].

This study has several limitations. Study results may not be
representative of all grade 9 adolescents in Manitoba, as there
may be selection bias. In particular, the study did not include
schools in First Nation communities, where incomes are very
low compared to other communities [46], and food costs and
insecurity are much higher than other communities in
Manitoba [47]. Therefore, results for the north and some rural
regions may not be reflective of the true situation. There was,

however, participation by schools from all regions of the prov-
ince, and the results are consistent with trends observed in
other Canadian regions [31]. Finally, only one dietary recall
was collected per student, and self-reported dietary intakes
tend to under-estimate intake, do not reflect within-person
variability, and may over/under-report foods due to social
desirability (i.e. reporting consumption of more “healthy
foods” and fewer “unhealthy foods”). Participants were also
not asked about vitamin and mineral supplement intakes.

Further research should include ongoing, regionally repre-
sentative surveillance of adolescent nutrition risk factors
throughout the province, including biological markers. It
should also assess adherence to the 2019 Canada’s Food
Guide [33]. Research should also examine “on the ground”
experiences in regional communities to determine local expe-
riences and potential responses to the issues identified in this
research.

RELEVANCE TO PRACTICE
This study examined the regional similarities and differences
in nutrient and food group intakes in Manitoba adolescents.
While most of the participants in this study are at nutritional
risk, there appear to be additional vulnerabilities in rural and
northern communities. Understanding these regional nuances
is critically important for developing appropriate and effective
programme and policy responses. Failure to do so will acceler-
ate progress towards already too-high rates of nutrition-
related chronic illness such as Type 2 Diabetes. The FANS
study’s collaboration with education and community-based
partners will strengthen these responses, which are urgently
warranted. The situation may have worsened since this study
due to COVID and resultant impacts on food supply chain
issues and inflation.

The high number of students with poor diet quality
throughout Manitoba, with a higher burden in northern and
rural communities with respect to some indicators, demon-
strate that provincial and regional responses are required to
improve youth diets and reduce risk for obesity and future
chronic illness. Dietitians can play a key role in advocating
for regular monitoring of child nutritional health as a means
to measure progress and effectiveness of interventions. These
can include increasing availability of and subsidies for healthy
foods in northern and remote communities; establishing uni-
versal school meal programmes that meet healthy eating
guidelines and local preferences; and implementing universal
school-based food literacy programmes.
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