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ABSTRACT

The average Canadian adult consumes too much sodium and energy, and too little fibre.
Dietary habits of university students are still evolving and will influence future food
choices with implications for long-term health. This research determined whether the
menu of prepared foods at a university cafeteria allowed students to choose a diet that
met recommendations for sodium (1500 mg), energy (1717 kcal-3418 kcal), and fibre
(149/1000 kcal). Over a 35-day dining cycle, the nutritive values of the three nutrients for
prepared foods listed on the foodservice company’s website were recorded. A “Nutrition
Simulation” software program randomly analyzed 2500 potential meals per day based on
students’ consumption patterns. The results were that sodium and energy levels were too
high (mean sodium=6490 mg, energy=3356 kcal), and fibre was too low (8.59/1000
kcal). Thus, in this eating environment, it was either impossible (sodium) or difficult

(energy and fibre) for students to meet daily recommended intakes.
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Chapter 1: Introduction

1.1 Introduction

Food intakes of university students have been the interest of several nutrition and
dietary assessments. Most studies that have assessed student food choice have
determined that most post-secondary students do not meet dietary recommendations
(Allen et al., 2011; Makrides et al., 1998; Pérusse-Lachance et al., 2010; Strawson et
al., 2013; Williams et al., 2013), which puts them at an increased risk of a variety of
health complications (Bélanger et al., 2014; Brown et al., 2005; Richards et al., 2006).
Few studies, however, have examined student dining environments. For students who
live on campus, food is provided predominantly by on-campus foodservices in venues
such as cafeterias, and many off-campus students also rely on the convenience of
these venues. Ideally, food options would support students’ healthy food choices,
however, the nutritive value of these foods has rarely been examined.

Cardiovascular disease and Type Il diabetes cause significant morbidity
worldwide (Stevens et al., 2014), but many of the associated risk factors are
preventable. Common risk factors include high blood pressure (Stevens et al., 2014;
Turlova et al., 2013), prediabetes/glucose intolerance, hyperlipidemia, inactivity,
obesity (Stevens et al., 2014), and coronary heart disease (Turlova et al., 2013). These
risk factors are often exacerbated by failure to meet dietary recommendations which
include — but are not limited to — overconsumption of sodium and energy (calories),
and inadequate consumption of fibre. These behaviours increase an individual’s risk

of cardiovascular disease (Arts et al., 2014). Over half of young adults (18-24 years



of age) possess at least one cardiovascular disease risk factor, and the number tends to
increase as they age; some factors may surface in adolescence and worsen over time
into adulthood (Arts et al., 2014), while other risks and diseases take years to appear
(Richards et al., 2006).

This research focused on the content of sodium, energy (calories), and fibre in the
food menu offered by a multinational foodservice provider at a Canadian university
cafeteria and assessed whether the foods available permit students to consume
recommended daily amounts. Sodium was chosen for investigation as it is already
recognized as a problem nutrient in the Canadian food supply. A newly-released
report from Health Canada (2018) found that since the introduction of voluntary
guidelines in 2012 for the food industry to reduce sodium levels in food, only 14% of
food categories met the targeted reduction and almost half (48%) made no meaningful
progress in reducing sodium levels. The high sodium levels in processed food
contribute to high dietary intakes (Health Canada, 2018): the average Canadian
consumes 3400 mg per day, which is more than double the recommended amount
(1500 mg) (Health Canada, 2017). Individual palates become accustomed to various
tastes, therefore if students adjust to high sodium foods during eight months in
residence, they may continue to prefer higher concentrations of sodium, which is
associated with increased risk for cardiovascular disease (Arts et al., 2014).

Energy, too, is often over-consumed, as is shown by the frequent increase in
weight during university years (Lacaille et al., 2011). Fibre intake, however, is often
under-consumed; and since good sources of fibre include fruits, vegetables, and

whole grains (Guillaume et al., 2010), it can be used as an indicator of overall diet



quality. It is important to understand the amount of key nutrients being offered to
students so that effective strategies can be implemented to improve their health and
dietary patterns; at this time, it is unknown whether the types of food available to
students allow them to consume a diet that meets nutrient recommendations.

This study was designed to address this gap by analyzing cafeteria menu options
of prepared foods to determine the feasibility of students’ meeting recommendations
for sodium, energy (calories), and fibre. Based on existing literature, it is anticipated
that the food choices would make it difficult for students to meet recommendations
for the above nutrients. The remainder of this chapter will review relevant literature:
background information on energy, sodium, and fibre recommendations and their
influence on the health of Canadian adults, and research on cafeteria menus and food

availability in North American universities and hospitals.

1.2 Review of the Literature

Relevant literature was researched using the Scopus, PubMed, and Google
Scholar databases. Search terms were used in the Advanced search functions of each
and results were first confined to Canada, then further expanded to include the United
States (US). Given the proximity, similar cultures, and similar dietary
recommendations, and the fact that the foodservice provider in question also operates
internationally, research from the US was deemed relevant. Search terms included
those pertaining to post-secondary cafeteria menus, health concerns of post-secondary
aged individuals, and how energy, sodium, and fibre affect health. Search terms were

later expanded to include settings in which food is also often provided via foodservice



provider (i.e. hospitals and worksites) because of the limited availability of menu
analyses from post-secondary institutions.

Results were assessed for relevance based on the article title and abstract. Articles
were included based on the population, setting (post-secondary institution, hospital),

and nutrients assessed (sodium, energy, and fibre).

1.2.1 Sodium

Although sodium is an essential nutrient to regulate blood volume and pH
(Turlova et al., 2013), and is important in cellular nutrient transport and osmotic
balance (Turlova et al., 2013; Barr et al., 2010), excess sodium consumption is the
main dietary contributor to high blood pressure (Bazzano et al., 2002; Turlova et al.,
2013), which is the top risk factor for stroke (Turlova et al., 2013). Excess sodium
consumption is also associated with kidney damage, gastric cancer, disordered
mineral metabolism (Barr et al., 2010; Turlova et al., 2013), ventricular fibrosis,
oxidative stress, and endothelial dysfunction (Turlova et al., 2013). Reports suggest
that more than 90% of college students exceed sodium recommendations, and high
sodium levels lead to an increased risk of coronary heart disease (Arts et al., 2014).

The current adequate intake (Al) for sodium is 1500 mg/day and the
recommended upper level (UL) is 2300 mg/day (Health Canada, 2010), however it
has been reported that many Canadians consume approximately double the
recommended amount (Turlova et al., 2013). The average Canadian male exceeds the
upper level intake by 57% (3611 mg of sodium daily), and females exceed it by 17%
(2691 mg of sodium daily) (Bélanger et al., 2014). Using 2004 Canadian Community

Health Survey-Nutrition data, the British Columbia Nutrition Survey (British



Columbia Ministry of Health Services, 2004) determined that 32% of British
Columbians’ sodium intake was from energy dense, nutrient poor foods (British
Columbia Ministry of Health Services, 2004), and this was supported by Garriguet
(2007) in his report that stated Canadians received approximately 20% of their daily

sodium from foods such as pizza, sandwiches, submarines, hamburgers and hotdogs.

1.2.2 Energy

“Emerging adulthood” (noted to exist between the ages of 18 and 25) (Laska et
al., 2007) is when many individuals go through the first major phase of transition
from living at home to living away from home, and become more independent (Arts
etal., 2014; Kwan et al., 2013). This transition is also associated with declines in diet
quality, weight gain, and excess consumption of energy-dense food items (Arts et al.,
2014; Laska et al., 2009). Individuals within the 18-29 age category experience the
greatest increase in weight compared to other age groups, and behaviours developed
during this time continue to trend into future behavioural patterns (Nelson et al.,
2008).

Excess consumption of energy leads to obesity which increases the risk for
several chronic diseases (Nestle, 2003), such as dyslipidemia, metabolic syndrome,
diabetes mellitus, and cardiovascular disease (Arts et al., 2014). Individuals face an
increased risk for these health complications the earlier that excess weight is gained;
for every year a young adult is obese, their risk for heart disease increases by 2-4%
(Arts et al., 2014). Vella-Zarb et al. (2010) determined that first year students at
Carleton University in Ottawa, Ontario gained an average of 0.89 kg over the course

of 11 weeks. Students who lived on campus gained a statistically significant greater



amount of weight (1.65 kg) compared to students who did not (0.13 kg) (Vella-Zarb
et al., 2010). This result is supported in findings that show first-semester post-
secondary students often gain weight up to 11 times faster compared to those not
attending a post-secondary institution (Arts et al., 2014). Increases in weight during
late adolescence has been shown to persist into adulthood and is often caused by poor
dietary choices (Arts et al., 2014; Lacaille et al., 2011). These studies did not assess
the extent to which the food environments allowed individuals to consume a lower

caloric intake.

1.2.3 Fibre

Due to the high fibre content of vegetables, fruit, and whole grain foods, assessing
dietary fibre intake can be a useful indication of overall diet quality. Vegetables, fruit,
and whole grains contain substances that have been found to be protective against
various chronic diseases (Williams et al., 2013; Brown et al., 2005; Van’t Veer et al.,
2000; Guillaumie et al., 2010). Compounds such as fibre, vitamin C, carotenoids,
glucosinolates, folic acid, and isoflavinoids, as well as other micronutrients,
antioxidants, and phytochemicals are abundant in many vegetables, fruit and whole
grains. Therefore, a strong inverse relationship has been observed between vegetable,
fruit and whole grain consumption and various chronic diseases such as
cerebrovascular risk, various cancers (mainly of the digestive system), incidence of
overweight and obesity, stroke incidence and mortality, ischemic heart disease
mortality, cardiovascular disease risk and mortality, hypertension, coronary heart
disease risk, type Il diabetes, and all-cause mortality (Bazzano et al., 2002; Williams

et al., 2013; Minaker et al., 2016).



Consuming too little fibre is associated with higher incidences of rectal and
colorectal cancer. Recent research by Siegal et al. (2017) reported that colorectal and
rectal cancer rates have increased significantly in the 20-29 age category in recent
years. From the mid 1980’s to 2013, colorectal cancer rates increased by 2.4% per
year, while rectal cancer rates increased by 3.2% per year from 1974 to 2013. This
dramatic increase is thought to be attributed to a general increase in unhealthy
lifestyle behaviours (including increased rates of obesity), and decreased fibre intake
(Siegal et al., 2017).

Bélanger et al. (2014) determined that the average Canadian male consumed
approximately half the recommended daily number of vegetable and fruit servings,
while the average Canadian female consumed approximately 60% of the
recommendation. As expected, it was also found that the average consumption of
fibre was at 54% and 67% of recommended intakes, respectively (Bélanger et al.,
2014). Many studies on vegetable and fruit consumption show that most individuals
do not consume the minimum number of recommended servings for their age/sex
group (de Brujin et al., 2010; Starkey et al., 2001). In a large cross-sectional study by
Leatherdale et al. (2013) that consisted of 1,487,400 students in grades 9 to 12, over
93% of the participants reported inadequate vegetable and fruit consumption, and this
situation does not seem to improve when students enter university. In a study
assessing university students enrolled in a pharmacy program, 86.5% of males and
67.6% of females did not meet vegetable and fruit recommendations (Allen et al.,
2011). Similarly, Laska et al. (2009) showed that 64.4% of student participants (not

limited to a specific degree program) did not meet minimum vegetable and fruit



recommendations. This is further supported by two other studies showing only
approximately 13% of university students met the minimum vegetable and fruit
recommendations (Strawson et al., 2013; American College Health Association,
2013), the latter of which found that most students in 32 Canadian universities only
consumed approximately 1-2 servings of vegetables and fruit per day (American
College Health Association, 2013). Strawson et al. (2013) found that no students
enrolled in at least one nutrition course met the whole grain recommendations. Only
16% of grain product consumption for most Canadians is from whole grain sources
(Williams et al., 2013), and American students, regardless of enrollment in a nutrition
course, were still consuming 10% or less of the whole grains’ recommendation
(Williams et al., 2013; Arts et al., 2014). In the study by Allen et al. (2011), 50% of
Canadian pharmacy students did not meet the recommendations for grains, based on

self-reported food intake.

1.3 Foodservice and Students in Universities

Over two million Canadians were enrolled in post-secondary education in the
2014/2015 academic year (Statistics Canada, 2016), and the average age of university
students in Canada during the 2015-2016 academic year was 24 (Statistics Canada,
2017). The Canadian University Survey Consortium (Prairie Research Associates,
2011) surveyed 8,549 undergraduate students at 25 Canadian universities and
reported that 16% of respondents lived in on-campus residences, and the majority
were first year undergraduates (27% of respondents). Strawson et al (2013) reported,
without accounting for whether students lived on or off of campus, that students

attending post-secondary institutions are at risk for developing unhealthy dietary



behaviours. Based on this finding, it is important to improve this situation so that
universities support healthy dietary patterns by students.

Many studies target K-12 schools as prime environments to influence students’
dietary consumption (Minaker et al., 2016), however, despite the numerous
investigations into dietary intakes of students at this age, there has been little research
performed on foods in cafeterias at post-secondary institutions and the extent to
which they support healthy dietary behaviours. Canadian post-secondary students in a
study by Tomasone et al. (2015) reported that a perceived lack of healthy food
options and uncertainty about food preparation methods were primary barriers to their
vegetable and fruit consumption. Similarly, students at an American university who
participated in a study by Greaney, et al. (2009) reported that a barrier to their weight
management was the ready availability of unhealthy foods served in the campus
cafeteria. Five focus groups with 53 students at another American university yielded
similar results. All focus groups identified the following as barriers to healthy eating,
and they were the three most common barriers mentioned: cost prohibitive (n=32
mentions), lack of availability of healthy foods (n=26 mentions), and excessive
exposure to unhealthy foods (n=17 mentions) (Mongiello et al., 2015). One challenge
that many on-campus students face is the “all-you-can-eat” option at university
cafeterias; the virtually unlimited supply of a wide variety of food choices and larger
portion sizes influences weight gain (Levitsky et al., 2004).

Horacek et al. (2013) used the Nutrition Environment Measures Survey (NEMS)
(a validated measure used to assess the healthfulness, availability, and quality of

foods) at various dining venues in 15 post-secondary institutions in the western



United States. They determined that on-campus cafeterias tend to have significantly
more healthy food options compared to off-campus dining venues: >90% of cafeterias
offered whole wheat bread; >80% offered salad bars, vegetarian options, and fruit
without added sugar; >70% had healthy entrées and non-fried vegetables available.
This finding was supported by a similar study conducted at a public California
university that also used the NEMS Tool (adjusted for Assessing the Nutrition
Environment on College Campuses) and assessed and compared the healthfulness,
quality, and availability of foods offered at various venues on the university campus,
and those near the campus. The only “all-you-can-eat” cafeteria on campus scored
well, primarily due to the high number of healthful side dishes, however only 12% of
entrées and 31% of main dish salads offered on campus (food courts, kiosks, cafés,
and cafeteria) received a score of ‘healthy.” Overall, this study determined that
although most food venues offered some healthful menu items, the majority were not
considered healthy (Tseng et al., 2015). The NEMS assesses healthfulness based on a
variety of criteria that do not include sodium and fibre content; however, healthy
entrées were assessed based on energy content (<800 kcal/entrée, <650 kcal/a la carte
burgers and sandwiches). Furthermore, side dishes were assessed based on
availability of NEMS-approved healthy options (Tseng et al., 2015), and each meal
was assessed as a stand-alone meal. The current study is different but complementary
to the Tseng et al. (2015) research. This study assessed eating environments, but
analyzed potential dietary patterns of students, not focusing on the availability of
individual items. Specifically, it used nutrient information to assess whether the

students were able to meet sodium, energy, and fibre recommendations over the
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course of a full day eating in that environment, as compared to the energy content per
menu item assessed by the NEMS.

Lee et al. (2013) aimed to provide foodservice managers with information that
would allow them to tailor menus and food presentation to what students value in
healthy food options. Students were surveyed using questionnaires, and reported that
reducing energy intake was the factor they weighted most heavily (though statistically
insignificant) in determining what represents a “healthy” food option to them, and
listed reducing sodium and increasing fibre as relatively equal when asked what was
important in choosing a healthy food option (Lee et al., 2013).

Thus, although the literature reports that students attending post-secondary
institutions tend to over-consume calories and do not meet recommendations for
fruits and vegetables and whole grains; and that while healthy food may be available,
other less healthy options are also available, no study was found that examined
availability of nutrients, including availability of energy, sodium, and fibre. To date,
no baseline analysis exists of the nutrient values of the cafeteria menus. This
information would increase researchers’ and foodservice providers’ understanding of
the extent to which the food environment enables students to make healthy choices.

Due to the lack of literature regarding cafeteria menus at post-secondary
institutions, studies on hospital menus were assessed. The comparison is useful as a
general indication only as there are significant differences between university
cafeterias and hospitals. For example, hospital patients are sick while students eating
at universities are generally healthy; hospital stays are relatively short compared with

the university year and hospital patients often have a limited choice of foods while
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university students often have extensive choices.

Just as new university students may experience poorer food intakes, patients who
are newly admitted to a hospital also experienced a decrease in nutritional status
(Greig et al., 2016). When investigating the sodium content of both patient-selected
and standard menus at various Ontario hospitals, results showed that 100% of patient
meal plans exceeded the daily Al (1500 mg/day) of sodium, and that 86% of meal
plans exceeded the upper limit (2300 mg/day) (Arcand et al., 2012). When assessing
long-term medical care facilities and acute care hospitals, nutritional inadequacies
were also found in other provinces. Using nutrition software to determine the
estimated energy, vitamin, and mineral content of each menu item and in-house
recipes, long-term care facility menus in Saskatoon were found to contain
micronutrients below the recommended daily allowance (RDA), and inadequate
vegetable, fruit, and grain product servings. Overall, it was reported that 11% of
hospital menus met the grain product recommendations, and 35% met vegetable and
fruit recommendations (Trang et al., 2015). In another study investigating the
nutritional adequacy of Ontario hospitals, it was reported that 71% of the menus
contained less than the recommended amount of fibre (Trang et al., 2015). These
results indicate potential challenges to meeting sodium and fibre recommendations;
none of the studies used a randomized simulation program to assess food

environments.

1.4 Purpose, Significance, and Remainder of the Thesis

The purpose of this study was to estimate whether the foods available at a

university cafeteria allowed students to consume a diet that met daily
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recommendations for sodium, energy and fibre. This was done through random meal
simulations based on student consumption patterns.

Dietary behaviours developed during students’ time in post-secondary education
have the potential to support healthy dietary behaviours for the future. Currently, it is
unknown the extent to which food environments at university cafeterias allow
students to consume healthy levels of energy, sodium, and fibre. This research will
contribute to the knowledge of post-secondary students’ food environment, which can
help inform future improvements, as needed.

This thesis is article-based; Chapter 2 contains the article written according to the
publication guidelines of the planned journal for publication, Public Health Nutrition.
With an impact factor of 2.326, Public Health Nutrition is “an international peer-
reviewed forum for the publication and dissemination of research and scholarship
aimed at understanding the causes of, and approaches and solutions to, nutrition-
related public health achievements, situations and problems around the world”
(Cambridge University Press, 2018). Chapter 3 contains additional study results and

further discussion and a summary and significance of this research.
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Chapter 2: Article

Is the Healthy Choice the Easy Choice: Availability of Sodium, Calories, and Fibre at a
University Cafeteria

Emily Taylor, Mary McKenna, and John A. Kershaw, Jr.

2.1 Abstract

The average Canadian adult consumes too much sodium and energy, and too little fibre.
Dietary habits of university students are still evolving and will influence food choices in
later life, with implications for long-term health. This research determined whether the
menu of prepared foods at a university cafeteria allowed students to choose a diet that
met recommendations for sodium (1500 mg), energy (1717 kcal-3418 kcal), and fibre
(149/1000 kcal). Over a 35-day dining cycle, the nutritive values of the three nutrients for
all prepared foods listed on the foodservice company’s website were recorded. A
“Nutrition Simulation” software program randomly analyzed 2500 potential meals per
day based on students’ consumption patterns. The results were that sodium and energy
levels were too high (mean sodium=6490 mg, energy=3356 kcal), and fibre was too low
(8.59/1000 kcal). Thus, in this eating environment, it was either impossible (sodium) or
difficult (energy and fibre) for students to meet daily recommended intakes. Actions that
food service providers can take to make it easier for students to make healthy choices
include: eliminate the foods with the highest sodium levels and reduce the sodium
content of other foods; decrease the overall availability of prepared foods, especially high
calorie items; and increase the availability and variety of dishes that contain vegetables,

fruits, whole grains, and other fibre-rich foods.
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2.2 Introduction

Food intakes of university students have been the interest of several nutrition and
dietary assessments. Most studies that have assessed student food choice have determined
that most post-secondary students do not meet dietary recommendations (Allen et al.,
2011; Makrides et al., 1998; Pérusse-Lachance et al., 2010; Strawson et al., 2013;
Williams et al., 2013), which puts them at an increased risk of a variety of health
complications (Bélanger et al., 2014; Brown et al., 2005; Richards et al., 2006). Few
studies, however, have examined student dining environments; including the nutritional
value of foods provided to students. For students who live on campus, food is provided
predominantly by on-campus foodservices in venues such as cafeterias, and many off-
campus students also rely on the convenience of these venues. Ideally, food options
would support students’ healthy food choices, however, the nutritive value of these foods
has rarely been examined.

Over two million Canadians were enrolled in post-secondary education in the
2014/2015 academic year (Statistics Canada, 2016), and the average age of university
students in Canada during the 2015-2016 academic year was 24 (Statistics Canada,
2017). “Emerging adulthood” (noted to exist between the ages of 18 and 25) (Laska et al.,
2007) is when many individuals undergo the first major phase of transition from living at
home to living away from home, and become more independent (Arts et al., 2014; Kwan
et al., 2013). This transition is also associated with declines in diet quality, weight gain,
and excess consumption of energy-dense food items (Arts et al., 2014; Laska et al.,
2009). Individuals within the 18-29 age category experience the greatest increase in

weight compared to other age groups, and behaviours developed during this time
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continue to trend into future behavioural patterns (Nelson et al., 2008). In 2011, most
students choosing to live in campus residences were in their first year of undergraduate
study (Prairie Research Associates, 2011), and the early years of post-secondary
education are when individuals are at risk to develop unhealthy lifestyle behaviours and
subsequently gain body weight (Pérusse-Lachance et al., 2010).

Excess sodium consumption is the main contributor to high blood pressure
(Bazzano et al., 2002; Turlova et al., 2013), and the top risk factor for stroke (Turlova et
al., 2013). Reports suggest that more than 90% of college students exceed sodium intake
recommendations, and high sodium levels lead to an increased risk of cardiovascular
disease (Arts et al., 2014).

Excess consumption of energy leads to obesity, which increases the risk for several
chronic diseases (Nestle, 2003). First-semester post-secondary students were shown to
gain weight up to 11 times faster than individuals not enrolled in post-secondary
education (Arts et al., 2014), and students who live on campus gain a significantly greater
amount of weight compared to students who did not (Vella-Zarb et al., 2010). Increases
in weight during late adolescence often persists into adulthood (Arts et al., 2014; Lacaille
etal., 2011) and is often caused by poor dietary choices (Arts et al., 2014; Lacaille et al.,
2011). These studies did not assess the extent to which the food environments allowed
individuals to consume a lower caloric intake.

Regarding fibre, recent research reported that colorectal and rectal cancer rates
have increased significantly in the 20-29 age category in recent years, and this dramatic
increase is thought to be attributed to a general increase in unhealthy lifestyle behaviours

(including increased rates of obesity), and decreased fibre intake (Siegal et al., 2017).
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Despite the numerous investigations into dietary behaviours of university
students, there is little research on the nutritional value of the foods that are available in
university cafeterias and the extent to which they support healthy dietary behaviours.
Two American studies assessing the availability of healthy foods on and near post-
secondary campuses determined that although healthy food options are available to
students, they are limited (Horacek et al., 2013; Tseng et al., 2015). Similarly, students at
an American university who participated in a study by Greaney et al. (2009) reported that
a barrier to their weight management was the ready availability of unhealthy foods served
at the campus cafeteria. Students attending post-secondary institutions rely on their
foodservice providers for the provision of healthful food. Information regarding the
nutrient status of current menus would better equip university foodservices to implement
improvements.

The purpose of this study was to estimate whether the foods available at a
university cafeteria allowed students to consume a diet that met daily recommendations
for sodium, energy and fibre. This was done through random meal simulations based on
student consumption patterns. Based on the literature, it was predicted that students
would find it difficult to meet the recommendations for the above nutrients when dining

in a university cafeteria.

2.3 Methods

The research consisted of compiling nutrient information for the approximately 40
foods prepared daily and obtaining information about students’ actual consumption

patterns from the provider. Statistical randomization was used to analyze 87,500 potential
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meal combinations to determine the average availability of sodium, energy (kcal), and
fibre in one day.

Prepared foods (items made at the facility) at the main cafeteria on a Canadian
university campus were assessed. For the duration of one menu cycle, five weeks
between March and April of 2017, information about all prepared foods on the cafeteria
menu was obtained from the foodservice provider’s website. The website provided public
access to nutrition information on each prepared food using the same format as a nutrition
facts table used on food labels. The information taken from the website included the day
on which menu items were available, for which meal (i.e. breakfast (Monday-Friday),
lunch (Monday-Friday), dinner (everyday), or brunch (Saturday-Sunday), the name of the
menu item (e.g. “Cheesy Asiago Chicken and Rotini”), the type of dish (i.e. entrée, side,
or dessert), portion weight (g), energy content (calories (kcal)), sodium content ( mg),
and fibre content (g). Each menu item was labelled based on which day and at which
meal it was offered. This information was used to randomly assemble possible meal
combinations for each meal and for each day for the 5-week cycle.

Foods that were excluded from data collection were those that were provided to
the students, but did not require preparation, such as breakfast cereals, breads/bagels,
muffins and pastries, milk, yogurt, salad and sandwich bar items (which included a
variety of vegetables, deli meats, dressings, and toppings such as cheese, croutons, and

bacon bits), spreads (peanut butter, jams, butter, hummus), juices, and soft drinks.

2.3.1 Development of Criteria for Analysis

In order to prepare for the statistical randomization, two sets of criteria were

developed (Table 1): Eating Well with Canada’s Food Guide (CFG)-based (used to
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represent choices given students who were eating according to CFG), and consumption-
based. The former were based on the current recommendations made by CFG which were
developed using the Dietary Reference Intakes (DRIs) (Health Canada, 2007). The
number of items differed based on sex, since males have higher nutrient requirements
than females, on average (Health Canada, 2007; 2010).

CFG recommends that females consume an average of 15.5 total food group
servings (vegetables and fruit, grain products, and meat and alternatives) per day, and
males consume an average of 19 servings each day across the 14-18 and 19-50 age
categories. Milk and alternative servings were omitted from this calculation because
sources of these foods (dairy beverages and yogurt) were primarily provided through
foods that were not prepared by the foodservice provider. By not accounting for these
items, an average of 3.5 servings for males and 2 for females were removed from the total
(14% of total requirements). Given reports that students consume an average of 1-2
servings of “other foods” (which includes desserts) (Allen et al., 2011), 2 servings of
desserts were included in the CFG simulations. In addition to this, the results from the
2004 Canadian Community Health Survey (CCHS) (Statistics Canada, 2007) stated that
22% of energy intake is consumed at non-meal times. Based on this result, all nutrient
thresholds and servings were assessed at 64% of current recommendations, i.e.,
estimating that the intake of prepared foods by students would constitute 64% of their
total intake of energy, sodium, and fibre for the day.

The consumption-based criteria were based on consumption data provided by the
foodservice provider. Consumption data consisted of the number of servings of each dish

taken by students at each meal and the total student attendance at each meal. The
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foodservice workers determine how many portions of each dish are made, and estimate
the number of portions remaining or number of portions that were served. Consumption
data did not account for portions served that were not eaten by the students (discarded). A
pivot table was used to determine the average number of entrées, sides, and desserts taken
for each meal; the total number of servings for each dish taken at each meal was divided
by total attendance at each meal (no information was available on number of males and
number of females). Meal constituent portions for both sets of criteria are presented in

Table 1.

Table 1: Dish proportions for each meal based on CFG serving recommendations, and
based on student consumption data used to simulate meals using the program, Nutrition
Simulation.

Meal CFG Proportions Consumption
Male Female Data Proportions
Breakfast

Entrée 3 3 5.31

Lunch
Entrée 4 3 1.76
Side 1 1 0.65
Dessert 1 1 0.41

Dinner
Entrée 4 3 2.25
Side 1 1 1.28
Dessert 1 1 0.27

Brunch
Entrée 4 3 3.62
Side 2 2 0.14

2.3.2 Development of “Healthy Thresholds”

“Healthy” thresholds were determined for sodium, energy, and fibre using
information from the DRIs. The Adequate Intake for sodium is 1500 mg/day, therefore
this study used 64%, 960 mg/day, for both sexes (Table 2), and values exceeding this
were considered unhealthy.
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There was no DRI value for energy, so Estimated Energy Intake (EER) equations
were used. The EER equations differ based on sex, and account for age, weight, height,
and physical activity level to provide individuals with an estimate of energy intake needs
(Health Canada, 2010). The DRIs also included reference weights, heights, and physical
activity coefficients for both sexes, across age groups. These values were used to
calculate average ages, heights, and weights across the 14-18 and 19-30 age categories.
Given the known variation of student activity levels, from sedentary, to recreationally
active, to varsity athletes, an EER was calculated for each level of activity for both sexes
so that results could be interpreted relative to potential activity levels. Energy content that
exceeded the calculated values (Table 2) were considered unhealthy.

The DRIs recommend that all individuals, across all adult age groups, consume
149 of fibre/1000 kcal per day (Health Canada, 2010). This was applied to the calculated
EERs for both sexes across activity levels; fibre thresholds were calculated from the 64%
energy thresholds (Table 2). There is no Upper Limit for fibre, and values below the

thresholds were considered unhealthy.
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Table 2: Recommendations for energy (calories), sodium ( mg), and fibre (g), and the
calculated thresholds used as reference for this study (64%).

Fibre . 64%
Average (14g/1000 Sodium (
EER ( kcal) keal) mg) PA Level Energy (kcal) Fibre (g) Sodium ( mq)
Males
2320 325 1500 Sedentary 1485 20.8 960
2620 36.7 1500 Low Active 1676 23.5 960
2951 41.3 1500 Active 1888 26.4 960
3418 47.8 1500 Very Active 2187 30.6 960
Females
1717 24.4 1500 Sedentary 1099 154 960
1961 27.4 1500 Low Active 1255 17.6 960
2218 31.0 1500 Active 1419 19.9 960
2592 36.3 1500 Very Active 1659 23.2 960
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2.3.3 Data Analysis

Once the data on the food items were compiled and the thresholds set, the
simulation model was developed. It included the total number of prepared food items a
person can choose at any single meal (in this case there were two options: one based on
CFG and the second on actual consumption patterns) and assumed that each item could
be taken between 1 and 3 times, i.e., eat 1-3 tri-tater patties. Statistical analyses were
performed using the statistical software, R (R Development Core Team, 2008). A custom
simulation program, Nutrition Simulation, was developed for this project in the R
statistical language. The program assembled meals based on the previous criteria and
determined nutrient distributions for each meal. Simulations were repeated for each meal,
each day, for the entire 5-week cycle, for energy, sodium and fibre. Subsequent analyses
were performed to determine the daily range, mean, and median for each nutrient, in
addition to determining what percentage of meals fell within the healthy thresholds.

The simulation program was first run using the CFG-based criteria and a second
time using the consumption-based criteria. Each simulation assembled 2500 meals per
day, for a total of 87,500 meals per simulation, and assessed nutrient totals by adding the
totals from breakfast, lunch, and dinner to obtain a daily total. An approximate 95%
confidence interval was calculated from the CFG-based simulation results, and used to
determine if the average student (consumption-based) was choosing differently from
CFG-based. An empirical cumulative density function was used to estimate the p-values
for the differences between the CFG-based and consumption-based simulated meals
(=0.025); use of an empirical function was chosen over a t-test because the data

contained the entire population under investigation versus a sample.
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After completing the statistical analysis, a second approach to determining the
feasibility of meeting the nutrient recommendations was undertaken. A daily menu was
assembled by direct observation of the sodium, energy, and fibre values with the intent to
meet as many nutrient thresholds as possible. Day 18 was used as the reference menu
given it was the midpoint of the 35-day assessment period, and it fell on a Wednesday,
therefore the menu was not influenced by a weekend or impending/past holiday. When
constructing the menu, midpoint nutrient thresholds were used between the sedentary
female (minimum) and very active male (maximum) thresholds. Energy targets for each
meal were used based on the CCHS (Statistics Canada, 2007): adults consume
approximately 18% of their daily calories at breakfast, 24% at lunch, and 36% at supper
(22% at non-meal times, as mentioned and accounted for previously). Using these ratios,
a daily caloric target was determined (1643 kcal); sodium remained the same (960 mg),
and fibre was calculated from the caloric target to be 23 g. Construction of an “ideal”
menu was attempted (without restrictions on the number of dishes per meal) using 3
entrees for breakfast, one entrée and one side for lunch, and one entrée, two sides, and

one dessert for dinner.

2.4 Results

The CFG-based and consumption-based simulations were not found to be
significantly different for sodium (p=0.23), energy (p=0.24), nor fibre (p=0.23) (table 3).
Because of this, only consumption-based simulation results are presented and discussed.
It was also observed that not all of the menu items listed on the online menu were

actually made and served to students, a limitation of the CFG approach that did not occur
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with the consumption-based simulation as it only selected from foods that the students

were offered.

Table 3: The difference between consumption-based and CFG-based simulations for
fibre (g), sodium (mg), and energy (kcal) (a=0.025).

Consumption-based CFG-based
Males Females
Mean Mean 95% ClI P Mean 95% ClI P
Sodium ( mg) 6490 6495 3635-10,260 0.23 6485 3615-10,275 0.23
Energy ( kcal) 3356 3357 1980-5120 0.24 3353  1980-5127 0.24
Fibre (g) 28.4 28.4 14.5-48.5 02 284 145-480 0.23

Using the consumption-based criteria, the randomized simulation analysis
determined that zero simulated meals met or fell below the sodium threshold for males
and females (Table 4). The daily sodium content ranged from 2070 mg to 20,010 mg

(Figure 1), and the mean daily sodium content was 6490 mg (Table 4).
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Table 4: The number of daily meals of consumption-based simulated meals that met or
fell below energy (kcal) and sodium (mg), and met or exceeded fibre (g) thresholds
across activity levels for both males and females.

Activity Level

Sedentary Low Active Active Very active
Threshold 960 960 960 960
Sodium Meals <
Threshold 0 0 0 0
Threshold 1485 1676 1888 2187
Males Energy Meals <
Threshold 46 262 1317 5193
Threshold 20.8 23.5 26.4 30.6
Fibre Meals >
Threshold 71656 62142 49342 30701
Threshold 960 960 960 960
Sodium Meals <
Threshold 0 0 0 0
Threshold 1099 1255 1419 1659
Females Energy Meals <
Threshold 0 1 1 220
Threshold 15.4 17.6 19.9 23.2
Fibre Meals >
Threshold 84286 80014 74819 62142
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Figure 1: Distribution of the daily sodium content (mg) of meals over the course of 5
weeks of consumption-based simulated meals.
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The number of consumption-based simulated meals that met or fell below energy
thresholds are presented in Table 4. The daily energy content of meals ranged from 1230

kcal to 7240 kcal (Figure 2), and the mean daily energy content was 3356 kcal (Table 3).
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Figure 2: Distribution of the daily energy content (calories) of meals over the course of 5
weeks of consumption-based simulated meals.

The number of consumption-based simulated meals that met or exceeded the fibre
thresholds across activity levels for both male and females are presented in Table 4. The
daily fibre content of the meals ranged from 7.5g to 77.5g (Figure 3), and the mean daily

fibre content was 28.4g (Table 3).
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Figure 3: Distribution of the daily fibre content (grams) of meals over the course of 5
weeks of consumption-based simulated meals.

When comparing nutrient distributions based on each meal of the simulation,
lunch contributed the most energy, sodium and fibre during weekdays (Monday-Friday),
and dinner contributed the most nutrients during weekends (Saturday-Sunday). Breakfast
contributed the fewest nutrients during the weekdays (Monday-Friday) and brunch

contributed the fewest nutrients during the weekends (Saturday-Sunday) (Table 5).

32



Table 5: The range and mean of nutrients of consumption-based simulated means based
on student consumption data, and nutrient means across each meal.

Sodium Energy Fibre
Range 2070-20,010 1230-7240 7.5-77.5
Mean 6490 3356 28.4
Mean % ofDay Mean % of Day Mean % of Day

Breakfast 1171 10.5 569 9.8 3.9 7.9
Lunch 3090 27.8 1584 27.3 14.3 29.2
Dinner (M-F) 25.7 26.9 26.9
Dinner (S-Sun) 2854 35.6 1559 58.2 13.2 38.5
Brunch 2271 28.4 1018 38.8 8.8 25.5

The use of the nutrient data to create a menu that met nutrient thresholds could
not be achieved for Day 18. Nutrient totals equaled 2995 mg of sodium, 1685 kcal of
energy, and 24 g of fibre for this day (targets were 960 mg, 1643 kcal, and 23 g,
respectively). To try to meet the ideal, the number of dishes per meal were fewer than
consumption data patterns provided by the foodservice provider. Though it was feasible
to meet energy and fibre recommendations, sodium was approximately three times
greater than the daily target, similar to the means of the randomly assembled meals
(Table 6). The sodium recommendation was only met at a caloric level of approximately
1000 kcal. Thus, it was not possible to achieve a healthy balance among the three
nutrients; if thresholds were met for energy and fibre, sodium exceeded thresholds, and if

the sodium threshold was met, energy and fibre were too low.
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Table 6: Assembled menu to meet daily nutrient recommendations based on foods that
were offered on one given day at the meal hall under investigation.

Energy ( kcal) Sodium ( mg) Fibre (g)
1643.13 960 23
Breakfast
. Vegetarian Style
Entrée Baked Bean 120 400 4
. Hash Brown
Entrée Potatoes 140 40 2
Entrée Creamy Scrambled 150 150 0
Egg
Lunch
Sausage &
Entrée Mushroom 380 730 2
Flatbread Pizza
Orzo Salad with
Side Vegetables & 130 95 1
Herbs
Dinner
, Moroccan
Entrée Vegetable Chili 320 920 10
Side Whipped Fresh 110 380 2
Potatoes
. Tomato & Red
Side Onion Salad 35 40 1
Dessert PumpklpnieCustard 300 240 2
Totals 1685 2995 24

2.5 Discussion

Upon completion of the data analysis, it was determined that the food
environment would make it difficult or impossible for students to consume a diet that met
dietary recommendations for energy, sodium, nor fibre given student consumption
patterns. The menus provided to students would likely contribute to consumption of
excess energy and sodium, and inadequate fibre. Although healthier options were
available to the students, the large number of total options and high number of options
that were not healthy would pose a significant challenge; many students in Greaney, et
al.’s (2009) study reported that one barrier to healthy eating was the high number of

unhealthy food options available to them.
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The mean daily sodium intake of the average student (6490 mg) exceeded the UL
of 2300 mg of sodium per day by 282%, the adequate intake by 433%, and the threshold
of 960 mg sodium used for this study by 676%. This indicates that the average student in
this study is likely consuming more sodium than the average Canadian based on reports
by Bélanger et al. (2014) which stated that the average Canadian male exceeds sodium
UL by 57% (3611 mg) and the average Canadian female exceeds it by 17% (1691 mg).
Pizza was offered daily (often at both lunch and dinner) on the menu, daily sandwiches of
various kinds (ranging between sandwiches, submarines, and hamburgers) were also
offered, foods which Garriguet et al. (2007) reported contribute approximately 20% of
daily sodium to the diets of Canadians (in addition to hotdogs). Given students’ daily
exposure to these high-sodium foods, often at multiple meals each day, students would
find it nearly impossible to eat within sodium recommendations while dining at this
cafeteria.

When assessing the number of simulated meals, it was determined that 100% of
meals exceeded the current sodium Al (1500 mg/day), which agrees with what Arcand et
al. (2010) found when investigating the sodium content of patient-selected and standard
Ontario hospital menus. Arcand et al. (2012) also determined that 86% of patient meal
plans exceeded the daily sodium UL, whereas the current study determined that 99.9% of
the 87,500 simulated daily menus available to students exceeded the sodium UL. It is
important to note that students dine in a university cafeteria for approximately eight
months of each year, whereas many hospital patients are only there for days.

Due to the high sodium levels found in the statistical results and the attempted

‘ideal’ day, students who follow similar consumption patterns are increasing their risk of
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high blood pressure, coronary heart disease, and stroke, as well as other physiological
disorders such as kidney damage, gastric cancer and disordered mineral metabolism (Barr
et al., 2010; Turlova et al., 2013), ventricular fibrosis, oxidative stress, and endothelial
dysfunction (Turlova et al., 2013).

Given the caloric excess that students are likely consuming based on the above
data and analyses, it is expected that students would experience an increase in body
weight, which could lead to obesity. Obesity increases the risk of developing many
chronic diseases (Nestle, 2003), the risk of which increases the younger an individual is
at the onset of obesity (Arts et al., 2014). As previously mentioned, excess consumption
of energy is often derived from consumption of “other foods”, which are foods high in
calories, fat, sugar, and sodium (Health Canada, 1992). The simulation results showed
that the average student consumed an average of 0.68 servings of dessert each day (0.41
servings at lunch, 0.27 at dinner), which is less than what was reported by Allen et al.
(2011) at the University of Saskatchewan, which reported that 86.5% of males and 90.8%
of females consumed at least 1-2 servings of other foods (examples included soft drinks,
sweetened beverages, chips, cookies/cake, chocolate bars, candy) per day, and 51.4% of
males and 39.6% of females consume >3 servings/day. However, the food consumed at
the cafeteria hall, in addition to milk and alternatives, represents approximately 78% of
an individual’s daily intake (CCHS, Statistics Canada, 2007). Based on this, students may
be consuming additional servings of or “other foods” outside of the cafeteria, which may
explain the results of the study from the University of Saskatchewan. This research did
not cannot account for the food environment outside the cafeteria, however it was

determined that despite the average student taking fewer servings of “other foods” based
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on the consumption data, energy intake was approximately double that of
recommendations.

Approximately 1300 students lived in residences at the university assessed during
this study. Accounting for the percentage of simulated meals that met thresholds for
males and females across activity levels, should every student be a very active male (and
therefore have the highest energy threshold), only 77 students would consume a diet that
met or fell below their energy requirements. Furthermore, only 19 active males would
meet their energy threshold, 4 would meet a low active threshold, and none would meet
the sedentary threshold. If all students were female, students at sedentary, low active, and
active activity levels would exceed their energy thresholds, however, three would fall
within the very active threshold.

When assessing the distribution of energy for each meal, there was some
disagreement between the meal means and the CCHS (Statistics Canada, 2007).
Assuming the daily total of the meal means represented 64% of a student’s intake, the
average student consumed 9.82% of their daily energy at breakfast, 27.30% at lunch, and
26.88% at dinner compared to the CCHS that determined the average Canadian
consumed 18% of energy at breakfast, 24% at lunch, and 36% at dinner. The cumulative
discrepancy between the means of each meal is 14%. Some, if not all, of this discrepancy
could be explained by the omission of milk and alternatives (14% of servings omitted
from nutrient thresholds), consumption of which may not have been distributed evenly
across meals. Breakfast remained the meal that consisted of the fewest calories, however
dinner did not contain the most calories such as reported by the CCHS. This discrepancy

may be explained by the presence of brunch on the weekends instead of both breakfast
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and lunch. Brunch accounted for 38.84% of the daily calories consumed, slightly more
than the combined means of breakfast and lunch (37.12%), therefore students may have
been less inclined to consume as much at dinner. Students may also attend social events
on weekend evenings and therefore may consume less food during those meals either due
to later plans, or due to less time spent at the cafeteria.

Regarding fibre, high amounts are found in vegetables and fruit, whole grains,
legumes, and other plant based foods. The main source of vegetables in this study were in
side dishes (e.g. “Split Pea Soup with Bacon” (13g fibre), “Vegan Six Bean Soup” (8g
fibre), “Roasted Harvest Vegetable Salad” (5g fibre), however, the average student
consumed fewer than two side dishes each day. This result supports Bélanger et al.
(2014) who reported that the average Canadian is consuming approximately half of the
recommended vegetable and fruit recommendations. Although some prepared dishes
were made with whole grains it is difficult to determine whether students were meeting
whole grain recommendations. Despite the suspected low vegetable and fruit and whole
grain intake, the average student was consuming 28.4g of fibre each day, which is below
the recommended 14g of fibre per 1000 calories but is an acceptable level for a 2000 kcal
diet. Thus, the likely over-consumption of calories had the indirect benefit of increasing
the students’ opportunities to increase their fibre intake. Obtaining adequate amounts of
fibre decreases students’ risk of gastrointestinal disorders, and rectal and colorectal
cancers. Although the average student met fibre recommendations based on the set
thresholds and simulations, this did not account for the associated caloric intake of the
consumption-based simulated meals. The average student consumed 3357 calories each

day, and 28.4g of fibre. Given the DRI recommendation of 14g of fibre per 1000 calories,
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students consumed 8.5g of fibre per 1000 kcal, approximately 60% of the recommended
amount.

Despite exceeding energy, it is possible for students to meet energy and fibre
recommendations by reducing overall portion intake, however it was impossible to obtain
a sodium intake below the UL. Because of this, sodium content is of the greatest concern.
This information can be used by foodservice providers to recognize that the sodium
content of the food they prepare and provide to students needs to be reduced. Given the
health consequences of excess sodium intake, it is important that foodservice providers
take initiatives at a corporate level to lower the sodium content of their recipes and ensure
that individual campuses implement the changes.

At this time, feasible changes that the foodservice provider could make would be
to reduce the overall number of food items offered at each meal given previous research
has shown that students reported one barrier to healthy eating is the high number of
unhealthy food options available (Greaney et al, 2009; Mongiello et al., 2015). Reducing
the total number of dishes, including the top contributors of sodium, would increase their
exposure to more healthy options, and reduce their choice of unhealthy options. Another
feasible change would be to place the salad bar (fibrous, low-sodium, and low-calorie)
within the service line, and place it near the start of the service line so that students must
pass it, thus are more likely to take salad prior to filling up their plates with more sodium
and energy dense items. Additionally, the current foodservice setting is “all-you-can-eat”,
where students decide portion sizes. Reinstating foodservice workers to serve
predetermined portions of the prepared items may be necessary to help combat over

consumption. Increasing the variety of types of dishes that contain fruits, vegetables,
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whole grains, and other sources of fibre would help increase the availability of fibre, as
long as the calorie content of the dishes remained in check. Universities also have a
responsibility to negotiate healthy food environments for students as part of foodservice
contracts, in addition to monitoring and evaluating the foods served to students. As
reported by students at an American university, they not only want more healthy options
in campus dining venues, but also to be taught about healthy eating; students
recommended that a nutrition course should be a core requirement for university
programs (Mongiello et al., 2015).

This research provides a baseline for future research on student nutrition. When
assessing student consumption patterns, it is important to also assess the eating
environment: are students actually able to adhere to healthy dietary patterns based on
what food is available to them? To our knowledge, this is the first investigation to use a

meal simulation randomization program to assess an eating environment.

2.6 Limitations

Because this study provides more ‘macro-level’ results; a number of limitations
preclude a more ‘micro-level’ analysis. When calculating the average student portions per
meal, the attendance was observed to be incorrect for two meals throughout the cycle,
and they were adjusted to correspond to other meal attendance for the rest of the 5 weeks.
It is also important to note that the attendance results not only included students who
entered the cafeteria, but any non-students (e.g. university employees).

The recipes and nutrition information for each dish was obtained from the
provider’s website. No changes were made when the data were entered; any errors that

may have been made by the company were included in the analysis. In addition, any local
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variations in preparation (e.g., chefs adding more or less salt than indicated in the recipe)
were not accounted for. Likewise, the consumption data was provided by the foodservice
company and depended on their estimates.

Another noted limitation derives from the number of assumptions and estimates
that were made in the development of nutrient thresholds, such as average reference
weights, heights, and ages in the development of the EER’s, in addition to the
understanding that each individual may have different energy requirements despite an
accurate EER equation. This caution also applies to sodium and fibre, as some
individuals require more or less sodium and fibre compared to the research thresholds.
For example, very active individuals need more sodium than less active counterparts to
replace electrolytes lost from perspiration. However, the mean daily sodium content was
still far above what a very active individual should consume. Likewise, the estimate that
the prepared foods analyzed in the study comprised 64% of intake, although based on
existing studies on food consumption among this age group, was still an estimate. Lastly,
this research focused on the availability of nutrients in a food environment and did not
account for psychosocial impacts on food and consumption choices, presentation and

marketing of food items, all of which may impact food selection.

2.7 Conclusion

Based on 87,500 randomly assembled consumption-based meal simulations that
represented what foods students took for meals over a 5 week menu cycle, students did
not meet recommendations for energy, sodium, nor fibre. Overconsumption of energy
and sodium, and under-consumption of fibre can increase students’ risks of many adverse

health conditions. Overall, students cannot eat healthfully if the foods they are provided
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do not support health. Foodservice providers and universities need to make changes to

increase student access to healthy foods.
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Chapter 3: Conclusion

This chapter will include a review of additional results that were omitted from the
above article, followed by a discussion of the study results including relation to previous
research in the field, implications, and recommendations for foodservice providers and

future researchers.

3.1 Additional Results

The CFG-based simulation was performed, though not discussed in the article for
publication as it was not significantly different from the consumption-based simulation.
The results were as follows. An approximate 95% confidence interval (Cl) was calculated
for each nutrient of the CFG-based simulated meals, and an empirical cumulative density
function was used to determine if the nutrient means of the consumption-based simulated
meals were different. The two simulated data sets were shown to not be significantly
different (a=0.025).

The mean daily sodium intake of the average student (consumption-based) was
6490 mg, and the 95% CI of the male proportion CFG-based simulation was 2060 mg-
16,885 mg (Appendix A), and the probability that there was a significant difference
between CGF-based meals and consumption-based was 0.23. The 95% CI of the female
proportion CFG-based simulation for sodium was 2165 mg-18,385 mg (Appendix A),
and the probability that there was a significant difference between CFG-based meals and
consumption-based was 0.23.

The mean daily energy intake of the average student (consumption-based) was

3356 kcal, and the 95% CI of the male proportion CFG-based simulation was 1185 kcal-
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7270 kcal (Appendix B) and the probability that there was a significant difference
between CFG-based meals and consumption-based meals was 0.24. The 95% CI of the
female proportion CFG-based simulation for energy was 1030 kcal-7610 kcal (Appendix
B), and the probability that there was a significant difference between CFG-based meals
and consumption-based was 0.24.

The mean daily fibre intake of the average student (consumption-based) was
28.4g, and the 95% CI of the male proportion CFG-based simulation was 6.5g-81.59
(Appendix C), and the probability that there was a significant difference between CFG-
based meals and consumption-based was 0.23. The 95% CI of the female proportion
CFG-based simulation for fibre was 7.0g-76.5g (Appendix C), and the probability that
there was a significant difference between CFG-based meals and consumption-based was

0.23.

3.2 Reflection and Recommendations

The results of the current study suggest that there are areas for improvement when
it comes to the provision of healthy foods. Other universities and other settings have used
education interventions to try to improve food choices by customers. For example,
cafeterias at a Midwestern American university underwent an intervention to assess
whether positioning of labels impacted student’s food choices. Christoph et al. (2016)
implemented point-of purchase labelling (nutrition information for each item placed on
the sneeze guard in front of said item) in one cafeteria, and large signage at the beginning
of the foodservice line outlining healthy choices in another cafeteria. Questionnaires
determined that approximately 50% of students attending both cafeterias were aware of

the labels, whereas only approximately 20% actually used their information when making
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meal choices, regardless of the type of labels used. The majority of those who were aware
of the labels although did not use them, reported that their reason for not using the label
information was because they did not care.

When investigating the hospital cafeteria setting, Mazza et al. (2017) assessed the
difference between two systems of labelling whether an item was healthy or not in a
Cincinnati hospital. System one was included traffic light and emoticon labels for food
items to denote whether they are a healthy choice or not. System two involved
information to assist consumers to make an informed decision on their food choices (i.e.
the exercise equivalent of the calories in an item). In addition to these two separate
interventions, the researchers of this study also reduced the price of water, and increased
the price of soft drinks. Traffic light labeling increased the purchases of both healthy
beverage and chip options, while the other interventions had the opposite effect to such a
degree that the positive effects of the traffic light system were negated. Notably, the
decreased price and resulting increased purchase of water was correlated with increased
purchased of unhealthy chips. Researchers attributed this result to a possible economic
effect; consumers used the savings from the water to purchase chips. Although food items
are not priced for individual purchase in many education settings due to meal cards and
plans, this research suggests that consumer’s food choices are complex; despite added
education in the second system of labelling and the success of the traffic light labelling in
system one, healthy food purchases were further influenced by cost.

The prevalence of individuals relying on foodservice providers extends farther
than universities and hospitals. Many worksites and other organizations also employ their

use. Brooks et al. (2017) assessed the cafeterias, food kiosks, and vending machines of
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various worksite and public institutions (hospitals, YMCAs, community health centres
and organizations that served those experiencing homelessness) in an intervention to
reduce the availability and/or purchase of pre-packaged items with a sodium content
above 200 mg. Following the initial assessment, each participating facility was sent a
report denoting the items that exceeded 200 mg of sodium, and the items that were not
pre-packaged, but easily made available (i.e. fruit). The researchers then provided each
facility with resources on goal setting, and strategies to reduce the overall sodium for
purchase. The year-long intervention had positive results; availability of fruit doubled,
and pre-packaged items containing greater than 200 mg sodium reduced by 7.5% which
was statistically significant.

In 2009, the Los Angeles County Department of Public Health began a
widespread initiative to improve the healthfulness of foods distributed and/or sold at
various venues, including specific recommendations to reduce sodium availability to its
population (approximately 9.8 million). It required that Requests for Proposals include
initiatives such as limiting the sodium to 600 mg per meal/entrée, and 360 mg per
side/snack, develop a gradual plan to reduce the sodium content of foods served, provide
nutrient information on menus, etc. By 2012, 25% of the county’s departments had
implemented the aforementioned (and/or additional) initiatives, to improve overall best
health practices. It was noted that for these major nutrition improvements to occur, time
is needed, and many strategies to reduce sodium work synergistically to improve the
overall health of foods offered (Cummings et al., 2014).

Based on the above research, influencing the behavior of consumers often leads to

mixed results, which the foodservice provider ultimately cannot control. The foodservice
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provider is, however, able to control what food they are serving, as indicated by Brooks
et al. (2017). The current study provides baseline information needed in order to help
determine the types of changes that need to be made to the current food being served to
students. Of particular concern is the high sodium content of the food. Sodium is a cost-
efficient seasoning to add flavor to food, however in high doses leads to negative health
outcomes, as summarized earlier. The preferred amount of sodium in food by individuals
is malleable; individuals prefer the level of saltiness to which they are accustomed, and
therefore gradual reductions in the sodium content of food can be made without a
reduction of palatability (Institute of Medicine (US) Committee on Strategies to Reduce
Sodium Intake, 2010). For the reduction to occur in a venue such as a university cafeteria,
it is recommended to make the reductions in sodium following a break from service. For
example, reduce the sodium between when students end a semester and start a new one.
At this time, further feasible changes that the foodservice provider could make
would be to reduce the overall number of food items offered at each meal, including
removing foods that contribute the maximum amount of sodium (as their recipes would
need to be dramatically changed to sufficiently reduce their sodium content to a healthy
level). Given that previous research has shown that students reported one barrier to
healthy eating is the high number of unhealthy food options available (Greaney et al,
2009; Mongiello, et al., 2015), reducing the total number of dishes including the top
contributors of sodium would increase their exposure to more healthy options, and reduce
their choice of unhealthy options. Another feasible change would be to place the salad
bar (fibrous, low-sodium, and low-calorie) within the service line, and place it near the

start of the service line so that students must pass it, and are more likely to take salad
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prior to filling up their plates with more sodium and energy dense items. Additionally, the
current foodservice setting is “all-you-can-eat”, where students decide portion sizes.
Reinstating foodservice workers to serve predetermined portions of the prepared items
may be necessary to help combat over consumption. Increasing the variety of types of
dishes that contain fruits, vegetables, whole grains, and other sources of fibre would help
increase the availability of fibre, provided the calorie content of the dishes remained in
check.

Making big changes to the food environment is not easy for many foodservice
providers, including the one included in the current study; they are a multinational
business that is juggling supply, demand and profit. Strategies to improve nutrient
availability, especially to reduce sodium, should be a priority not only at the corporate
level, but at local levels as well, where many regional providers are able to choose lower
sodium ingredients to prepare the recipes. Beyond the foodservice provider are the
institutions that hire them; in this case, the university also has an obligation to ensure that
they provide a healthy community for their students. The university involved in this study
aims to promote healthier communities, however that also needs to include its own
community. As reported by students at an American university, students reported that the
high demands of post-secondary education often leave them too tired or distracted to
focus on making healthy food choices, and often choose the easiest options provided to
them; these students reported that they felt the university should do more to increase the
number of healthy options available to them. In the same study, students reported that
making a nutrition course a core requirement for campus programs would improve

student awareness of the implications of unhealthy eating. (Mongiello, et al., 2015).
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During contract negotiations, the university needs to address health concerns related to
the foods provided to students, including partnering with the foodservice providers to
implement strategies that address the results of the current study. As the health of
Canadians declines, institutions that host younger generations, such as universities, need
to ensure that they are given the opportunity to develop healthy behaviours that will
continue into their future years. Despite the challenges that foodservices providers face in
making such changes, changes need to be made for the present and future health of their
consumers. Most students rely on the foodservice provider for 8 months of the year,
during which consistent overconsumption of energy and sodium, and under consumption

of fibre can increase the risk for serious adverse health conditions.
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Appendix B
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Appendix C
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