Supporting healthy and sustainable campuses:

Examining food and nutrition interventions in real-world settings

by

Kirsten Melissa Lee

A thesis
presented to the University of Waterloo
in fulfilment of the
thesis requirement for the degree of
Doctor of Philosophy
in

Public Health and Health Systems

Waterloo, Ontario, Canada, 2021

© Kirsten Melissa Lee 2021



EXAMINING COMMITTEE MEMBERSHIP

The following served on the Examining Committee for this thesis. The decision of the

Examining Committee is the majority vote.

External Examiner

Supervisor

Internal Members

Internal-External Member

DR. JUNE I. MATTHEWS
Associate Professor
School of Food and Nutritional Sciences

Western University

DR. SHARON I. KIRKPATRICK
Associate Professor
School of Public Health Sciences

University of Waterloo

DR. DAVID HAMMOND
Professor
School of Public Health Sciences

University of Waterloo

DR. MICHAEL P. WALLACE
Assistant Professor
Statistics and Actuarial Science

University of Waterloo

DR. HEATHER H. KELLER

Professor

Schlegel-University of Waterloo Research Institute for
Aging

University of Waterloo



AUTHOR’S DECLARATION

This thesis consists of material all of which | authored or co-authored: see Statement of
Contributions included in the thesis. This is a true copy of the thesis, including any required final

revisions, as accepted by my examiners.

| understand that my thesis may be made electronically available to the public.



STATEMENT OF CONTRIBUTIONS

This thesis consists in part of three manuscripts that have been published or prepared for

publication. Exceptions to sole authorship include:

Chapter 5: Lee KM, Dias GM, Boluk K, Scott S, Chang Y-S, Williams TE, Kirkpatrick SI.
Toward a healthy and sustainable campus food environment: A scoping review of post-

secondary food interventions. Advances in Nutrition. 2021.

Chapter 6: Lee KM, Hammond D, Wallace MP, Price M, Hobin E, Olstad DL, Minaker LM,
Kirkpatrick SI. Comparing the impact of numeric versus traffic light calorie labelling at the

point-of-purchase on young adults’ food and beverage purchases.

Chapter 7: Lee KM, Hammond D, Wallace MP, Dodd KW, Price M, Hobin E, Olstad DL,
Minaker LM, Kirkpatrick SI. Examining the impact of numeric versus traffic light calorie

labelling at the point-of-purchase on diet quality of food and beverage purchases.

As lead author of these three chapters, |1 was responsible for conceptualizing the study designs,
developing study materials, leading data collection and measure selection, conducting the data
analysis, and drafting the manuscripts. My co-authors provided guidance during each step of the
research and provided feedback on draft manuscripts, with significant editorial contributions

from my advisor, Dr. Sharon Kirkpatrick.

Under Dr. Sharon Kirkpatrick’s supervision, I also prepared the remaining chapters in this thesis,

which were not written for publication.



ABSTRACT

Background: Food and nutrition are major contributors to public health and environmental
sustainability challenges. There is currently an unprecedented level of focus on identifying
interventions to support eating patterns that are consistent with human and planetary health. Post-
secondary campuses represent a microcosm of food environments, providing a real-world setting
for evaluating the potential for interventions to improve healthy and environmentally sustainable
eating among students. However, the current state of evidence on interventions to support
healthy and sustainable eating within post-secondary settings is not well understood.
Additionally, there is high policy interest in calorie labelling at the point-of-purchase as a
strategy to support healthy eating patterns; however, evidence from real-world settings
comparing the impact of numeric versus interpretive calorie labelling on food and beverage

purchases is limited.

Objectives: The objectives of this dissertation were to: (1) investigate the extent to which health
and environmental sustainability are considered in the implementation and evaluation of food
and nutrition interventions on post-secondary campuses (Chapter 4); (2) evaluate the impact of
numeric and interpretive calorie labelling at the point-of-purchase on consumer noticing, use,
and perceptions of the labels, as well as calories purchased and sales (Chapter 5); and (3)
examine the implications of numeric and interpretive calorie labelling on quality of foods and

beverages purchased based on food groups and nutrients of public health concern (Chapter 6).

Methods and results: The first study (Chapter 5) presents a scoping review of food and
nutrition interventions implemented and evaluated on post-secondary campuses to examine the
extent to which they integrate considerations related to human health and/or environmental
sustainability, as well as to synthesize the nature and effectiveness of interventions and to
identify knowledge gaps in the literature. Drawing upon 38 peer-reviewed articles, representing
37 unique interventions, interventions were synthesized according to policy domains within the
World Cancer Research Fund’s NOURISHING framework. Overall, interventions to support
both healthy and environmentally sustainable eating patterns within the context of postsecondary

contexts are limited and there is a greater emphasis on human health versus sustainability.



The second study (Chapter 6) is comprised of a pre-post quasi-experimental controlled study,
where three post-secondary cafeterias were randomized to receive numeric calorie labels, traffic
light labelling (red, amber, or green symbol for calories), or no labelling for two weeks. Exit
surveys, collecting information on socio-demographics, details of most recent purchase, and
consumer noticing, use, and perceptions of labels, were conducted with cafeteria patrons prior to
(n=862) and following (n=980) implementation of labels. Generalized estimating equations
compared the effects of the labels on noticing, use and perceptions of labels, and calories
purchased. Sales data were also collected and examined using ANOVA tests. The increase in
noticing of nutrition information from pre-test to post-intervention was significantly greater at
the numeric site (+19.5%; OR=3.13, 95% CI=1.79-5.47) and the traffic light labelling site
(+33.6%; OR=5.14, 2.95-8.96) than the control (—0.53%). Reported use of nutrition information
was significantly greater from pre-test to post-intervention at the numeric (+9.20% vs. —0.30%;
OR=2.43, 95% Cl=1.14-5.19) and traffic light labelling (+27.5%; OR=5.26, 2.51-11.0) sites
relative to the control. Among post-intervention patrons, 32% rated numeric and 48% rated
traffic light labels as easy to understand, and 25% rated numeric and 42% rated traffic light
labels as easy to use. No differences in three-way interactions with site and time were observed
by gender, health literacy, disordered eating, and socioeconomic status for noticing, use, and
perceptions of nutrition information. The analyses of the impact of the labels on calories
purchased were inconclusive given the assumption of parallel trends across sites could not be
satisfied. Numeric and traffic light labels had no effect on total sales, total transactions, and sales

per patron.

The third study (Chapter 7) utilized data collected from the calorie labelling intervention to
examine implications for quality of purchases based on food groups and nutrients of public
health concern. The change in purchases of green-, amber-, and red-labelled items and in food
groups and nutrients purchased at all sites from pre-test to post-test was assessed. Foods and
beverages were coded to food composition databases to calculate amounts of food groups and
nutrients, including fruits, vegetables, whole grains, refined grains, plant-based proteins, red
meats, added sugars, saturated fats, and sodium, expressed per 1000 kcal. No change in
purchasing of red-, amber-, and green-categories at the numeric and traffic light labelling sites

versus the control was observed, though the assumption of parallel trends across sites could not

Vi



be satisfied. A significant three-way interaction between site, time, and socioeconomic status
was observed for purchases of red-labelled items (B=0.11, 95% CI=0.02-0.21; p=0.01). There
was a 0.57 oz equivalents/1000 kcal decrease in refined grains purchased at the traffic light
labelling site (p=-1.07, 95% CI=-1.82—-0.31; p=0.005) and a 0.05 tsp/1000 kcal decrease in
added sugars purchased at the numeric site (p=4.71, 95% CI1=0.97-8.45; p=0.01) versus the

control. No differences were observed for other nutrients and food groups.

Conclusions: This dissertation examines evidence from real-world settings to improve our
understanding of how food and nutrition interventions can support healthy and sustainable eating
patterns among post-secondary students. There is a paucity of interventions considering the
complexity and interconnectivity of human and planetary health; such approaches are needed to
address structural determinants that shape food systems and eating patterns. With respect to a
specific nutrition intervention of high policy relevance in Canada, numeric and traffic light
calorie labelling at the point-of-purchase has the potential to improve noticing and use of
nutrition information, with greater proportions of patrons reporting that TLL were easy to use
and understand. Given the lack of parallel trends needed to satisfy the assumptions for quasi-
experimental trials, the impact of the labels on purchasing by calories, food groups, and nutrients
requires further investigation using group-level sales data. Future research should consider a
‘whole-of-systems’ approach to identify and evaluate complementary strategies that holistically
consider impacts on both human and planetary health.
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CHAPTER 1: Introduction

1.1 Overview and scope

Food and nutrition can play a central role in supporting human health and protecting the planet.!?
However, current eating patterns and food systems have substantial negative implications for the
health of populations and the planet.2* As a result, there is an unprecedented level of attention
toward identifying interventions that support healthy and to a lesser extent, sustainable
population-level eating patterns.>® Although policy interventions have traditionally focused on
supporting healthy eating, co-benefits of interventions that simultaneously consider implications
for both human and planetary health are increasingly being recognized.” Evidence from real-
world settings can provide valuable insight into the effectiveness of such interventions in specific
settings, as well as the scalability of policy interventions to other contexts.®® In particular, post-
secondary institutions are increasingly committing to health and sustainability within their
campus communities and provide settings in which food and nutrition interventions can be

investigated.1%12

Through a scoping review and a real-world quasi-experimental trial of a high-profile nutrition
intervention, this dissertation aimed to investigate the potential of food and nutrition
interventions to support healthy and sustainable eating among young Canadian adults in post-
secondary settings. The scoping review sheds light on the range and effectiveness of food and
nutrition interventions that aim to support human and planetary health within post-secondary
contexts. Given nutrition labelling is a priority in Canada’s Healthy Eating Strategy,*® the quasi-
experimental study examines the potential for numeric versus interpretive calorie labelling at the
point-of-purchase in food service settings to support healthy eating patterns. The findings also
contribute to broader discussions regarding harmonized nutrition labelling systems in Canada;
for example, using similar labelling formats for nutrition information on menus in restaurants
and similar settings and for front-of-package labels on pre-packaged products. Overall, this
dissertation identifies the need for substantial work to realize interventions that are effective in

addressing both the human and planetary implications of eating patterns.



1.2 Dissertation organization

Chapter 2 reviews the literature by defining healthy and sustainable eating patterns, examining
the application of systems thinking to policy approaches to support human and planetary health,
highlighting the importance of real-world research and the role of post-secondary institutions,
and synthesizing the current evidence base on nutrition labelling at the point-of-purchase.
Chapter 3 summarizes the rationale for the dissertation and research objectives for the three
studies described in Chapters 5-7. Chapter 4 provides an overview of the methods and

analyses.

Chapters 5, 6, and 7 comprise of manuscripts that have been published or prepared for
publication, corresponding to three research objectives. Chapter 5 describes a scoping review
and Chapters 6 and 7 draw upon data collected from a quasi-experimental study of calorie
labelling in post-secondary cafeterias. The three manuscript chapters aimed to: (1) explore the
current state of knowledge on food and nutrition interventions to address human and planetary
health in the context of post-secondary settings; (2) compare the impacts of numeric versus
interpretive calorie labelling on noticing, use, and perceptions of nutrition information and food
and beverage purchasing among post-secondary students; and (3) examine the effect of numeric
versus interpretive calorie labelling on the quality of foods and beverages purchased by post-
secondary students, with respect to food groups and nutrients of public health concern.

Chapter 8 summarizes findings across the three chapters and provides interpretation relevant to
the overarching aim of the dissertation. Implications for policy and future research are also
provided, including recommendations related to: informing the implementation of nutrition
labelling at the point-of-purchase; underscoring the need for application of a systems thinking
lens to design and implement interventions to support healthy and sustainable eating patterns;
and emphasizing the importance of evaluating the impacts of interventions on factors relevant to
both human and planetary health, as well as considerations of trade-offs between the two.



CHAPTER 2: Literature Review

2.1 Food systems, human health, and planetary health

Food and nutrition are critical to efforts to support human health and protect the planet.

However, current eating patterns and food systems are contributing to substantial public health
and environmental sustainability challenges.>* Globally, unhealthy eating patterns are among the
leading risk factors for morbidity and mortality. For instance, low intakes of fruit and vegetables,
nuts and seeds, and whole grains, and high intakes of sodium are top contributors to diet-related
deaths.!* Over recent decades, eating patterns have shifted toward increased consumption of
foods that are highly processed, energy dense, and primarily sourced from animals.*>® At the
same time, there is a growing body of literature suggesting current eating patterns are associated
with high environmental impacts,?!” due to their connection to food system activities that heavily
rely on fossil fuels and finite natural resources.*® Evidence suggests wide-ranging impacts

including greenhouse gas emissions, climate change, and biodiversity loss.?%20

To date, the public health nutrition paradigm has focused on supporting eating patterns consistent
with human health, primarily by addressing nutrient deficiencies and promoting adequate intake
of dietary components.” More recently, the paradigm is shifting toward promoting eating patterns
that align with both human and planetary health.2"?-23 As a result, there is an upswing in global
advocacy toward identifying interventions that support healthy and sustainable eating

patterns.?!® The United Nations’ Sustainable Development Goals (SDGs) call for a food system
transformation as a means of reducing hunger (SDG2) and supporting health and well-being
(SDG3), emphasizing the need to shift activities in the food system to reduce environmental
impacts (SDG12).24% Such efforts speak to the need for a ‘de-siloing’ of the current policy
approach,? emphasizing the use of systems thinking to jointly consider human and planetary

health in the context of the whole food system rather than considering these as isolated issues.?’

To inform the research undertaken in this dissertation, this chapter defines healthy and
sustainable eating patterns, describes policy approaches to support healthy and sustainable eating
patterns, highlights the importance of evidence from real-world settings and the role of post-

secondary institutions, and synthesizes literature on nutrition labelling at the point-of-purchase.

3



2.2 Healthy and sustainable eating patterns

Eating patterns are defined as the combination of foods and beverages that represent the totality
of an individual’s complete dietary intake over time.?®*° Rather than emphasizing a single food
or dietary component, recognizing eating patterns as a whole is important for promoting overall
health and well-being.? In Canada’s Food Guide,?® recommendations for healthy eating patterns
include regular consumption of fruits and vegetables, whole grains, protein foods, and limited
intake of highly processed foods. The accompanying Canada’s Dietary Guidelines for Health
Professionals and Policy Makers®! further highlight the importance of appropriate energy
balance and reducing consumption of saturated fats, added sugars, and sodium. Internationally,
similar guidance for healthy eating patterns have been recommended, including by the World
Health Organization® and within the 2020-2025 Dietary Guidelines for Americans.*

The concept of sustainability broadly refers to the ability to meet the needs of current and future
generations, often relating to actions that protect and maintain environmental resources as a
means to support people and the planet.®® When applied to food and nutrition, a sustainable
eating pattern is defined as “diets with low environmental impacts which contribute to food and
nutrition security and healthy life for present and future generations”.?! The definition recognizes
that sustainable eating patterns includes an array of interconnected dimensions pertaining to
health and well-being; biodiversity, environment, and climate; equity and fair trade; eco-friendly,

local, and seasonal foods; culture and heritage; and food and nutrient security needs.*3*

The need for dietary guidance to address environmental sustainability was recognized as early as
1986.% In the past decade, research on how different eating patterns impact the planet has
accelerated.” Although food-based dietary guidelines have predominantly provided guidance on
eating patterns aligning with human health,® a few countries have recently moved toward
holistic approaches by integrating recommendations for eating patterns consistent with planetary
health.3” For instance, the Dietary Guidelines for the Brazilian Population®® identify social,
cultural, and environmental dimensions of food that contribute to overall health and well-being
and align with planetary health.3® The guidelines recommend that eating patterns should
primarily consist of freshly prepared foods, mostly from plants, and limited intake of minimally
processed foods. The report from the EAT-Lancet Commission on Healthy Diets from
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Sustainable Food Systems'® outlines a sustainable eating pattern as one that limits intake of red
meats and starchy vegetables, while also emphasizing consumption of fish, fruits, vegetables,
whole grains, legumes, and nuts. The report further suggests that healthy eating patterns (i.e.,
appropriate caloric intake, small amounts of highly processed foods and added sugars) align with
sustainable eating patterns (i.e., increased variety of plant-based foods, low amounts of animal
sources) due to reduced greenhouse gas emissions and land and water use.*® Although the EAT-
Lancet Commission®® provides guidance for a sustainable eating pattern, the recommendations
have been criticized for overlooking contextual factors that influence eating patterns and food

systems (e.g., affordability of the eating pattern, job loss in the food system).#*

While planetary health is not explicitly referenced in Canada’s Food Guide,? the guidance
emphasizing food groups such as fruits, vegetables, and whole grains is similar to
recommendations provided by the EAT-Lancet Commission.'® Canada’s Dietary Guidelines®:
recognize the impact that eating patterns have on the environment; for example, by linking a
focus on plant-based proteins and minimizing food waste to planetary health.3! The guidelines
include additional recommendations that may be theorized as relating to sustainable eating
patterns given the dimensions noted above such as culture and heritage,*3* including
consideration of social environments and behaviours related to cooking and eating meals with

others, enjoying cultural aspects of food, and being mindful of eating habits.

Though the specific characteristics of sustainable eating patterns in different contexts are
debated, eating patterns aligning with human and planetary health are broadly those that move
beyond a reductionist approach that solely focuses on meeting nutrient needs and reducing
chronic disease risk. Evidence from modelling studies suggests co-benefits of promoting healthy
and sustainable eating patterns, including reduced rates of morbidity and mortality from chronic
disease and mitigating environmental impacts related to climate change.** For the purpose of this
dissertation, healthy and sustainable eating patterns are conceptualized based on
recommendations provided in dietary guidance, including: adequate caloric intake; increased
consumption of fruits, vegetables, whole grains, and plant-based proteins (i.e., nuts, seeds,
legumes, soy); limited consumption of red meats and refined grains; and reduced intake of
saturated fats, added sugars, and sodium. Social and cultural aspects of sustainable eating
patterns are not explicitly considered.



2.3 Policy approaches and systems thinking

Globally, there is an unprecedented level of attention toward identifying food and nutrition
interventions to support eating patterns at the population-level.>*>-4" The World Cancer Research
Fund developed the NOURISHING framework to highlight ten key policy areas to support
healthy eating patterns, within the three domains of (1) modifications to the food environment
(e.g., nutrition labelling, economic measures); (2) harnessing the food system and supply chain
(e.g., supply chain incentives); and (3) behaviour change communication (e.g., media awareness
campaigns).® Internationally, jurisdictions are increasingly implementing interventions that aim
to alter food environments, such as front-of-package labelling and sugar-sweetened beverage
taxation, to support healthy eating patterns.® In Canada, the Healthy Eating Strategy'® identifies
multiple policy interventions to improve food environments, including improved nutrition
labelling, restrictions on marketing to children, and improvements to nutritional quality by

targeting sodium and trans fats in the food supply.

Despite the increased interest in interventions, policy approaches largely remain ‘siloed’ by
focusing on interventions aligning with human health but not planetary health. There are
opportunities within existing policy approaches to address sustainable eating patterns. For
example, Canada’s Food Guide® emphasizes consumption of fruits and vegetables, whole
grains, and plant-based proteins, aligning with recommendations for sustainable eating
patterns.*® However, the Food Guide?® does not explicitly address environmental sustainability
and it is not clear that efforts to evaluate whether Canadians follow the guidance or the impacts
on human health will consider implications for the environment. Similarly, the Healthy Eating
Strategy®® focuses on healthy rather than sustainable eating, although changes in eating patterns
potentially stimulated by facets of the Strategy,'® such as restrictions on marketing, may have
unintended effects and trade-offs for greenhouse gas emissions, packaging waste, and other

factors relevant to sustainability.

Policy approaches and interventions need to be grounded in systems thinking to better embrace
the complexity of eating patterns and food systems.®3# Systems thinking is increasingly being
used as a public health tool to conceptualize complex problems as part of a larger system of

interconnected drivers and actors.**->! Using systems thinking to examine eating patterns within
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the context of the broader food system offers an opportunity to identify strategic leverage points
for policy and to examine unintended effects or trade-offs elsewhere in the system.***°2 Systems
thinking also recognizes the need for policies to move beyond traditional ‘siloes’ by engaging
with actors and stakeholders across multiple levels (e.g., local, national, international, global),
sectors (e.g., public and private), and disciplines (e.g., public health, epidemiology,

environmental science, political science, economics, agriculture),*%0:°1:53

The social-ecological model (Figure 1)°*-°¢ is a notable example of a framework grounded in
systems thinking, demonstrating that eating patterns and food systems are influenced by a range
of factors at individual, sociocultural, community, national, and global levels. Application of the
framework suggests interventions should be targeted across multiple levels, and consider
interconnections and trade-offs among levels, to support healthy and sustainable eating
patterns.>%1%47 Implementation of a suite of integrated and reinforcing interventions is critical to
support healthy and sustainable eating patterns;>’ for example, a combination of interventions
that alter the food environment (e.g., nutrition labelling, taxation) and improve the food supply
(e.g., supply chain incentives to reduce carbon emissions, sodium reduction through industry

restrictions) is needed to achieve meaningful changes in population-level eating patterns.

@

Figure 1. Social-ecological model for supporting eating patterns, adapted from McLeroy et al.

(1988),>* Afshin et al. (2014),% and Golden et al. (2015).°®
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2.4 Evaluating interventions in real-world post-secondary settings

Implementation science in public health has increasingly recognized the value of evaluating
interventions in real-world settings.>® % While evidence from randomized controlled trials is
needed, particularly for its high internal validity, generalizability beyond controlled and
experimental settings is limited for the purpose of informing public health policy.®® Evidence
from real-world settings can better capture the array of and interactions among factors that may
influence the effectiveness of an intervention;5! for example, socio-demographic factors that may
interact with a given policy to influence an individual’s selection of foods and beverages in a
restaurant. Real-world evaluations can inform public health policy and interventions by

providing insight into the context and circumstances in which they may be effective.®®

Post-secondary campuses offer a real-world setting in which food and nutrition interventions can
be piloted and evaluated. Campuses have been previously defined as ‘living labs’, suggesting an
enclosed real-world setting where students, faculty, and staff make food and beverage purchasing
decisions in the context of settings where they work, live, and play.1°*? Recognizing that
campuses represent a microcosm of food environments, ‘whole-of-systems’ approaches to
interventions have also been recommended to promote health in campus communities and target

issues related to sustainability, such as food waste.%24

Post-secondary campuses comprise of consumer food environments with a wide range of eateries
and offerings,%-" contributing to purchasing power and capacity to shift demand within the food
supply chain (e.g., through procurement contracts with multinational corporations and
suppliers).”™"? Several studies have measured elements of the post-secondary food
environment®®- to provide evidence on facilitators and barriers to supporting healthy eating
patterns on campuses. Evidence suggests opportunities to implement interventions related to
improving the availability and variety of healthy foods (e.g., improving offerings, placing
healthy foods and beverages in more accessible locations),®>"0 increasing availability of nutrition
information and signage to support informed food and beverage purchasing decisions,®”¢° and
adjusting the cost of healthy items (e.g., through incentives).®® Further, campuses are
increasingly committing to supporting the health of students, while also reducing their impacts
on the planet, including through actions related to food and nutrition.”>"®
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Young adulthood is a critical period for establishing life-long health behaviours.”®8! In
2017/2018, nearly half of all young adults in Canada (approximately 1.4 million) attended a post-
secondary institution, further signifying the responsibility of campus stakeholders to support
the health and wellbeing of students. A cohort study of young adults in five Canadian cities
found that 20% of meals were prepared outside of the home, with most purchased at fast-food
and quick-service outlets and coffee shops.83 Among adults aged 19 years and older, dietary
intake data from the 2015 Canadian Community Health Survey demonstrated the majority
consumed excess amounts of sodium.®* The data also revealed that consumption of “other
foods”, such as foods high in fat and sugar and sugar-sweetened beverages, represented
approximately one-quarter of calories per day.®>®® Estimates from the 2004 Canadian
Community Health Survey found that the economic burden of not meeting Canada’s Food
Guide?® was $13.8 billion per year, with low consumption of nuts and seeds and whole grains
being top contributors of health care costs.®” Eating patterns among young adults are influenced
by factors throughout the socio-ecological model, including individual-level factors (e.g., taste
preferences, time and convenience, stress), socio-cultural factors (e.g., family, friends and peers),
barriers in the physical environment (e.g., availability and affordability of foods and beverages),

and policies in the macro-environment (e.g., media and advertising).8-%

Several reviews have synthesized literature on interventions to support healthy eating patterns in
post-secondary settings. Current evidence suggests the potential impact of strategies related to
improving the availability of nutrition information (e.g., point-of-purchase nutrition labelling)
and increasing the affordability and accessibility of healthy foods.®?* A recent review of
governance documents from universities in Australia and New Zealand suggests campuses have
capacity to leverage a ‘whole-0f-systems’ approach by implementing strategies beyond
education to promote sustainability.®* However, current reviews focused on food sustainability
have largely considered pedagogy focused on food waste (e.g., sustainability education) rather
than interventions to address structural determinants as a means to shift eating patterns.®>-°
There is a gap in the existing literature related to understanding the extent to which human and
planetary health are being jointly considered in the design, implementation, and evaluation of

food and nutrition interventions on post-secondary campuses.



2.5 Nutrition labelling at the point-of-purchase

Nutrition labelling is one type of policy intervention that has received significant global
attention.>®*® In Canada, nutrition labelling has been a long-standing policy to support informed
food selection and purchasing decisions among consumers.*?® Canadian guidelines for voluntary
nutrition labelling on pre-packaged foods and beverages were put in place in 1988, with the
Nutrition Facts Table becoming mandatory in 2007.19%:192 The Nutrition Facts Table includes
quantitative indicators (calories and amounts of 13 nutrients in a serving) to enable comparison
of similar products, and the % Daily Value to indicate if a serving of a food or beverage is low or
high in specified nutrients. 3194 [_abelling schemes have been shown to stimulate manufacturers
to reformulate products,*®-1% potentially resulting in a healthier food supply (e.g., removal of
trans fats and lowering of sodium and sugar levels). Canada’s Healthy Eating Strategy®
continues to prioritize nutrition labelling as a strategy to support healthy eating patterns by
‘making the healthy choice the easy choice’ and helping consumers make informed food and

beverage purchasing decisions.

Although nutrition labelling has traditionally focused on pre-packaged foods and beverages,
evidence suggests a shift toward increased consumption of foods prepared outside of the home in
recent decades.'%!1 As a result, increased attention has been placed on nutrition labelling at the
point-of-purchase in food service settings,'*13 such as restaurants and fast-food chains.
Nutrition labelling at the point-of-purchase has primarily focused on displaying calorie amounts
on menus to inform food selection and purchasing decisions and ultimately, support healthy
eating patterns. The underlying rationale for a focus on calories is driven by observations that
energy content can vary among similar menu items and that consumers generally lack awareness

about the caloric content of products prepared and consumed outside of the home. 14116

In Canada and internationally, a number of jurisdictions have mandated calorie labelling on
menus. In Ontario, the Healthy Menu Choices Act!!! requires establishments with 20 or more
locations to present numeric calorie information and a contextual statement on menus. British
Columbia’s Informed Dining in Health Care!!’ program requires food service establishments in
health care facilities to provide nutrition information on calorie and sodium amounts. In New

York City, restaurants and fast-food chains with more than 20 locations are required to post
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calorie and sodium information for items on menus.**® The UK government also recently
announced that large businesses with more than 250 employees will be required to display
calorie amounts for non-prepackaged foods and beverages,!8 further demonstrating ongoing
interest in the implementation nutrition labelling at the point-of-purchase.

Building on international approaches to front-of-package labels, there has been speculation about
the potential for interpretive formats to support food and beverage selection.'°12 One example
of an interpretive labelling system is traffic light labels (TLL), which use red, amber, and green
indicators to convey whether foods or beverages are high, medium, or low in selected dietary
components (e.g., calories) based on defined criteria.** TLL, first proposed in the United
Kingdom, are increasingly used on front-of-package labels,?2-124 with research indicating
consumers notice, prefer, and use this format to a greater extent than formats displaying only
numeric information.*?-12" Therefore, given their at-a-glance nature, TLL may be a valuable tool
for providing a summary of nutrition information to support informed food and beverage
purchasing decisions at the point-of-purchase.!?® Within Canada, as part of the Healthy Eating
Strategy,’® the government is moving toward providing interpretive nutrition information on the
front-of-packages, begging the question of whether nutrition labelling at the point-of-purchase
should follow a similar approach rather than the numeric approach currently in place in
jurisdictions such as Ontario. While a large body of literature has examined numeric and traffic
light calorie labelling in isolation, few studies have explicitly compared the impacts of the two
formats in real-world settings. Further, few studies have examined the implications of either
labelling format on diet quality with respect to food groups and nutrients recommended for a
healthy and sustainable eating pattern (Section 2.2), including consideration of trade-offs
between human and planetary health.

This chapter subsection synthesizes current evidence related to: (1) impact of numeric calorie
labelling; (2) effectiveness of TLL and comparisons to numeric formats; (3) concerns related to
differential impacts among subgroup populations; and (4) the potential of calorie labelling to

support healthy and sustainable eating patterns.
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2.5.1 Evidence on numeric calorie labelling

Evidence suggests that calorie labelling on menus leads to an increase in self-reported noticing of
nutrition information.'2®14! Across studies examining consumer awareness of calorie labelling,
approximately one-third of those who noticed the labels also reported using the labels. 20137 A
large body of systematic reviews and meta-analyses have examined the impact of numeric

calorie labelling on food and beverage purchasing. 4!

The first review of calorie labelling was conducted by Harnack et al.!*? in 2008, reporting on six
quasi-experimental and simulation studies. The review suggested calorie labelling had limited
and inconsistent effects on food and beverage selection and highlighted the need for randomized
studies conducted in real-world settings. Swartz et al.}*® updated the review in 2011 and included
five studies in real-world settings and two in laboratory settings. The authors concluded calorie
labelling had little to no impact on calorie ordering and consumption. Further, the evidence was
deemed insufficient for drawing causal inferences to real-world settings due to the observational

and simulated nature of the included studies.

Building on the initial two reviews, Kiszko et al.}** synthesized findings from 31 studies
published between 2007 to 2013, including 15 real-world experiments (12 from restaurants, three
from cafeterias) and 13 studies from laboratory settings. Evidence from the included studies
suggest that while most patrons were aware of calorie labels on menus, calorie labelling had no
impact on overall food and beverage purchasing and consumption. The authors highlighted
limitations in the evidence, including a low number of studies from a wide variety of real-world
settings, inconsistent methodologies, lack of comparison groups in real-world studies, and short
study periods. Recent reviews by Fernandes et al.1*® and Bleich et al.*® suggest calorie labelling
may be more effective in certain settings, due to differences in food and beverage selection
behaviours among consumer audiences. For example, calorie labelling was found to be more
effective in cafeterias compared to restaurants or fast-food chains because cafeteria patrons were

often daily visitors, 45146

Five meta-analyses provide estimates of the effect of calorie labelling on calories purchased.
Sinclair et al.**” conducted a systematic review of ten experimental studies and seven quasi-

experimental studies (seven from real-world settings). The meta-analysis, focused on
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experimental studies, revealed menu calorie labelling did not lead to a significant reduction in
calories purchased (—31 kcal; p=0.35) and consumed (—13 kcal; p=061). The authors reported
similar findings from quasi-experimental studies in which calorie labelling has been
implemented. Nikolau et al.**® conducted a meta-analysis of six real-world studies and found that
calorie labelling had no effect on calories purchased (—5.8 calories; 95% CI=—19.4, 7.8 kcal) but
a reduction of — 124.5 kcal (95% CI=—150.7, 113.8 kcal) was estimated among those who
noticed the labels. In a meta-analysis by Long et al.1*° of experimental and quasi-experimental
studies (nine from real-world settings), calorie labelling led to a small but significant reduction in
calories (—18 kcal per meal; p=0.02). However, when further stratified by site, menu calorie
labelling did not lead to a significant reduction in calories purchased (-8 kcal per meal; p=0.26),
suggesting findings from laboratory settings may overestimate the effects. Littlewood et al.*>
conducted a meta-analysis of 12 studies (seven real-world) and observed a significant reduction
in calories consumed (-100 kcal; p<0.001). Among studies from real-world settings, a significant
mean reduction in calories purchased was estimated (—78 kcal; p<0.001). Finally, in a Cochrane
review of nutrition labelling by Crockett et al.®*, a meta-analysis of three real-world randomized
controlled trials suggests calorie labelling on menus led to an 8% reduction in energy purchased

for an average meal of 600 kcal. Significant heterogeneity was noted across findings.

The current evidence base suggests that numeric calorie labelling has limited impact on food and
beverage purchasing. Across reviews, there is consensus that conclusions are based on limited
data and most existing studies lack adequately-powered designs with a comparison group.143145-
147.149.151 Findings from laboratory settings are limited in their generalizability, given the
complexity of food and beverage selection in the real-world.#2-44 Therefore, studies conducted
in a variety of real-world food service settings are needed to understand whether and how

findings generalize to different types of consumers,144-146

2.5.2 Evidence on traffic light labelling

Few studies have examined the impact of TLL as a point-of-purchase nutrition label.*>?163 The
current body of literature evaluates TLL used to provide a summary indicator of the nutrition
profile of foods and beverages (e.g., using criteria based on recommendations for healthy eating

patterns), and includes comparisons of TLL versus numeric formats.
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Real-world studies of using traffic lights as a summary indicator

TLL at the point-of-purchase have been used to summarize nutrition information based on
criteria related to presence of fruit and vegetables, whole grains, and lean protein/low-fat dairy as
the main ingredient and amounts of saturated fats and calories. In a Boston hospital cafeteria,

Sonnenberg et al.*>?

implemented a TLL intervention and linked sales data for red-, amber-, and
green-items to surveys querying socio-demographics and consumer awareness of labels. The
study found respondents who noticed the labels during the intervention were more likely to
purchase healthier items than respondents who did not notice the labels (p<0.001). Thorndike et
al.™®® introduced a TLL (summary indicator of nutritional value) and choice architecture (i.e.,
changes to positioning of items) intervention at a large hospital cafeteria. The analysis examined
sales among all cafeteria patrons and a longitudinal cohort of employees who regularly used the
cafeteria. Over a 2-year period, the proportion of sales accounted for by red-labelled items
decreased from 24% to 20%, and sales of green-labelled items increased from 41% to 46%
(p<0.001).15* A follow-up analysis of the longitudinal cohort observed the intervention led to a
6% decrease in calories per transaction and was sustained over two years (p<0.001), with the
largest reduction in calories coming from red-labelled foods (—42 calories; p<0.001).>* These
findings are consistent with studies showing that consumers utilize a red-avoidance strategy
when interpreting TLL,41% suggesting TLL may be more effective in discouraging red-

labelled foods rather than encouraging green- or amber-labelled foods.

Seward et al.'*® replicated the same TLL and choice architecture intervention used by Thorndike
et al.1>1% in post-secondary cafeterias; however, they observed no change in purchases of red-
labelled (—0.8% change/week; p=0.2) and green-labelled (+1.1% change/week; p=0.4) foods and
beverages in comparison to the control group. A follow-up mixed methods study of perceptions

found 60% of students reported TLL were helpful and 57% used them a few times a week.*¢’

In a Canadian real-world experiment, Olstad et al.*>> implemented a TLL intervention on menu
boards at a recreation facility in Alberta and observed changes in sales from one week prior to
and one week after the intervention. The labels were based on standards provided in the Alberta
Nutrition Guidelines for Children and Youth®® for foods that should be chosen “more often”

(green), “sometimes” (amber), and “less often” (red). With a decrease of 3% in sales of red-
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labelled items and an increase of 3% in sales of green-labelled items, no loss in revenue was

observed, potentially alleviating industry concern about effect on profit.1>

The inconsistency in findings across different types of food service operations demonstrates the

need to examine point-of-purchase labelling in a variety of real-world settings.

Comparing numeric versus traffic light calorie labelling

There is a small body of literature comparing the impacts of numeric versus traffic light calorie
labelling on food and beverage purchasing. Systematic reviews comparing pooled estimates from
studies examining numeric and TLL in isolation suggest that the influence on food selection and
purchasing is mixed, 14718 potentially due in part to heterogeneity in study designs and
settings. In a meta-analysis of controlled experimental and real-world studies, Sinclair et al.*4’
found consumers purchased (—67 kcal; p=0.008) and consumed (-81 kcal; p=0.007) fewer
calories when labels included interpretive information in comparison to numeric information
alone. A review of real-world studies by Fernandes et al.1*> demonstrated similar findings,
suggesting studies in cafeterias that include only interpretive labels, such as healthy food
symbols or TLL, showed has potential to support healthy food choices. However, in another
review of real-world studies by Bleich et al.}*®, the authors noted evidence on numeric and
interpretive calorie labelling remains inconclusive because of the limited number of real-world,

randomized controlled trials.

Several experimental studies have specifically compared numeric and TLL, typically examining
hypothetical purchases or simulating a consumer experience through an experimental
marketplace.*>"161170 |_jy et al.!>” conducted an online survey, randomly assigning participants to
menus with numeric and TLL with calorie information. The study found participants in the
numeric calorie labelling and the TLL groups ordered fewer calories than the control. Similarly,
a between-subjects online experiment by Morley et al.**® observed a reduction in calories
purchased in the numeric calorie labelling (—117 kcal; p<0.05) and the TLL condition for calorie
amounts (—120 kcal; p<0.05) in comparison to control groups with no labelling. In contrast, in an
experimental marketplace study of numeric and TLL formats for calorie and sodium amounts by
Hammond et al.1’®, there was no difference in calories ordered depending on the label received,

but calorie consumption was lower among those who received menus with numeric calorie labels
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(—96 kcal; p=0.048). Three experimental studies have examined implications of numeric and
interpretive formats on parents’ orders for their children,***-161 generally finding that the addition

of TLL did not further influence food and beverage purchasing in comparison to numbers alone.

Two prior studies have examined the impacts of numeric and TLL formats in real-world
settings.'92163 The first study by Ellison et al.*®? was a field experiment in a full-service
restaurant where patrons were randomly assigned to tables with menus that had no calorie
labelling, numeric calorie labelling, or TLL for calorie amounts. The study observed the addition
of TLL reduced calories ordered for meals when compared to numeric calorie labelling alone and
the control (p=0.03). No differences in calories purchased from additional items, such as
beverages, were observed. When examining support for labelling, 42% preferred the numeric
calorie label whereas 28% preferred the traffic light symbol. The authors noted limitations

related to small sample sizes and limited number of labelled items on menus. 62

In the second real-world study, VanEpps et al.'®® randomized patrons at a worksite restaurant to
menus presented with numeric calorie labels, TLL without calorie amounts, or TLL with calorie
amounts through an online ordering system. Compared to baseline, participants purchased fewer
total calories when exposed to numeric calorie labels (-60 kcal; p <.05) and TLL (-78.28; p <
.05), with no difference observed across formats.'®® The authors noted that the differences
between their findings and Ellison et al.*®? may be due to environmental factors, for example,

considering differences in behaviour among online versus sit-down patrons.

Overall, few studies have been conducted to compare the impacts of numeric and TLL systems
on purchasing patterns in real-world settings. Findings from experimental and the limited
number of real-world trials suggest TLL lead to small and inconsistent reductions in calories
purchased as do numeric labels,°8162170 with a few studies suggesting TLL may outperform
formats with numbers alone.!®"1%3 Experimental marketplace studies provide valuable insight
into the potential impacts of numeric versus TLL by maintaining the benefits of randomization.
However, the paucity of real-world trials directly comparing numeric and TLL poses a barrier to
understanding whether one format could better support food and beverage purchasing in line
with recommendations,*>~14’ particularly in cafeteria settings where consumer behaviour is

influenced by a different set of social and environmental factors than in restaurants.
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2.5.3 Differences by subgroup populations

Existing evidence, though limited, suggests that calorie labels may have differential impacts
among subgroup populations.**1"-174 Understanding how calorie labels affect subgroup
populations is critical for ensuring the intervention does not exacerbate existing disparities or

have potential unintended implications related to health.

Socioeconomic status and health literacy

The relationship between socioeconomic status (SES) and health literacy is well-established,
with evidence demonstrating low health literacy is strongly associated with low SES.*">177
Criticisms that calorie labels will widen socioeconomic disparities is warranted, particularly
given the body of literature suggesting that those with higher education, income, literacy, and
numeracy are more likely to use nutrition information labels.*>'1’8 For example, Sinclair et al.*?®
found one-third of participants in Southwestern Ontario were unable to comprehend basic

information on nutrition labels.1817°

Several studies have shown that calorie labelling led to greater noticing and use of nutrition
information among those who were white, 13417117 more educated,'’>1* and had a higher
income. 13417174 1n contrast, a quasi-experimental study by Goodman et al.** of calorie labelling
policies in Canada found that nutrition information noticing and use was greater among youth
and young adults living in households affected by moderate or severe food insecurity compared
to those in food-secure groups, with no difference by levels of health literacy. The underlying
reason for this finding is not clear. A review by Sarink et al.® found increased awareness of
labels among consumers with high compared to low socioeconomic status; however, evidence

was limited in quantity and quality.

Less is known about the implications of TLL among different subgroups. In a TLL and choice
architecture intervention by Levy et al.'®, the intervention decreased purchases of red-labelled
items (—11.2%, 95% CI=-13.6%, —8.9%) and increased purchases of green-labelled items (6.6%,
95% CI=5.2%, 7.9%) across all race and socioeconomic groups. There is a need for evidence
examining the implications of numeric versus TLL among these groups, particularly given
theoretical underpinnings that suggest TLL may facilitate stronger understanding compared to

numeric nutrition information alone, 47180182

17



Disordered eating risk

Concerns have been raised regarding the potential for calorie labelling to promote or exacerbate
disordered eating;%":18% however, evidence is limited.!3187 In a web-based survey comparing
individuals with self-reported eating disorders to those without, Roberto et al.!3 found high
support for labelling, with no differences in relation to eating disorders, dieting, or weight status.
In a pre-post intervention study conducted among female undergraduate students, Lillico et al.*8
observed no adverse outcomes in terms of indicators of disordered eating (e.g., body image
satisfaction) in response to calorie labels displayed for one week.

Two studies have examined implications of calorie labelling among those with clinically
diagnosed eating disorders.*®®8” Haynos et al.'® conducted an online survey to examine
hypothetical purchases from menus with and without calorie information. The study showed
women with anorexia nervosa and bulimia nervosa ordered significantly fewer calories, while
women with binge eating disorder ordered significantly more calories in the menu labelling
conditions versus no labelling. An online survey by Larson et al.'®" suggests using menu labels
was associated with binge eating among women and greater weight-related concerns, dieting,
and unhealthy weight-control behaviours among both women and men. Relatedly, studies have
shown women use labels to select items with fewer calories, 311173 which may be of concern

given evidence observing a high prevalence of disordered eating among young adult women. 8

2.5.4 Potential to support healthy and sustainable eating

Current literature on labelling at the point-of-purchase has primarily focused on calories
purchased and consumed. However, as described in Section 2.2, healthy and sustainable eating
patterns comprise of adequate caloric intake, with increased variety of plant-based foods (e.g.,
fruits and vegetables, whole grains, plant-based proteins), reduced consumption of red meats,
and limited intake of saturated fats, sugars, and sodium.*18-192 A focus on calories is inherently
biased against some high-fat, nutrient dense foods (e.g., nuts, eggs) that could be part of a
healthy and sustainable eating pattern, whereas some lower-calorie foods (e.g., refined grains)
may be unintentionally encouraged.!®® Given almost all foods and beverages contain calories,
interventions that influence caloric consumption may also change intake of dietary components

that are relevant to healthy and sustainable eating patterns. Therefore, it is critical to understand

18



the implications of the labels on eating patterns beyond caloric intake, including unintended
effects and trade-offs related to promoting foods that are lower in diet quality and environmental

sustainability.

Perhaps due to the relative novelty of healthy and sustainable eating patterns, no evaluations
have framed calorie labelling in the context of human and planetary health. However, a limited
body of evidence has examined the impacts of calorie labels on intakes of specific nutrients (e.g.,
carbohydrates, fat, saturated fat, and sodium) and food groups (e.g., nuts and seeds, fruits and

vegetables, whole grains) identified in guidance for healthy and sustainable eating patterns.

Following implementation of a city-wide calorie labelling mandate, Gruner et al.'** conducted a
cross-sectional study to examine implications on purchases of healthy options in restaurants.
Foods and beverages were categorized based on food groups recommended in the 2015 Dietary
Guidelines for Americans.®® The study found participants who used calorie labels were more
likely to select healthier sides and beverages, with no difference in purchases of meals.%

Two studies have observed the impact of numeric calorie labelling on nutrient intakes. Harnack
et al.1*®® conducted a 2x2 factorial experimental marketplace in which participants were
randomized to receive no intervention, calorie labels, a price menu modification, or calorie labels
with a price menu modification. The authors reported on hypothetical purchases of calories,
carbohydrates, protein, saturated fats and total fats, dietary fiber, vitamin C, and calcium and
observed no significant differences for any nutrients when comparing intervention groups to the
control.*® Following implementation of the calorie labelling mandate in New York City, Elbel et
al.*! found no significant impact on calories purchased and similar results were observed for
saturated fats, sodium, and sugars. Cantu-Jungles et al.*® conducted a meta-analysis of 14
experimental studies of menu labelling formats with calories and other dietary components and
found no effect on intakes of carbohydrates, saturated and total fats, and sodium.

The existing evidence suggests minimal impact of calorie labels on nutrient purchasing and
intakes, similar to what has been observed for calories. Analyses that explicitly examine quality
of food and beverage purchases in relation to recommendations for healthy and sustainable
eating are needed to provide a stronger understanding of the potential implications of numeric

versus TLL on human and planetary health, including possible unintended consequences.
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CHAPTER 3: Study Objectives

3.1 Study rationale

A transition to a healthy and sustainable food system, with integration of actors and policy levers
at all levels, is urgently needed to support eating patterns that positively impact human and
planetary health.® Post-secondary institutions are small-scale food systems that have the
capacity and power to support healthy and sustainable eating on campus, while also championing
broader food system change.”* Real-world evidence from food and nutrition interventions
implemented in post-secondary settings may offer insight into how approaches to support healthy

and sustainable eating may be scaled up in other settings.0-*2

There is high policy interest in calorie labelling in restaurants and similar settings, including
within Canada.'**%" Prior scans of post-secondary food environments have demonstrated that
labelling at the point-of-purchase could be a promising strategy to support eating patterns among
students, though the evidence is inconsistent.%>¢%870 There is a lack of evidence directly
comparing the impact of numeric versus TLL formats at the point-of-purchase in real-world
settings, including a paucity of research evaluating impact on specific subpopulations. Existing
studies have largely focused on calories purchased and less is known about the implications of
calorie labelling on the quality of foods and beverages purchased with respect to food groups
(e.g., fruits and vegetables, whole grains, plant-based proteins) and nutrients (e.g., saturated fats,
sugars, sodium) emphasized for healthy and sustainable eating (Section 2.2).1%

There is a unique opportunity to practice a ‘de-siloed’ policy approach by synthesizing insights
from current interventions implemented on post-secondary campuses and by comparing the
potential of numeric and traffic light calorie labelling at the point-of-purchase, to support healthy
and sustainable eating patterns. Although calorie labels are not intended to convey information
about sustainability, if they change what people eat, they may change the sustainability of our
eating patterns. Thus, there is a need to examine the potential effects of interventions on

purchases of foods and beverages emphasized with respect to both human and planetary health.
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3.2 Research questions

The overall aim of this research was to investigate the potential for food and nutrition
interventions to support healthy and sustainable eating among young Canadian adults in post-
secondary settings. The research drew upon a scoping review and quasi-experimental trial of
numeric versus interpretive calorie labelling in post-secondary cafeterias. This dissertation

addressed the following research questions:

1. Are human and planetary health jointly considered in the design, implementation, and
evaluation of food and nutrition interventions in post-secondary settings?

a. Do interventions jointly consider healthy and environmental sustainability?

b. What types of food and nutrition interventions are effective for supporting healthy
and/or sustainable eating patterns in post-secondary contexts?

c. What are current knowledge and methodological gaps in the literature?

2. What is the impact of numeric versus traffic light calorie labelling on noticing, use, and
perceptions of nutrition information and food and beverage purchasing patterns among
young adults in post-secondary cafeterias?

a. What is the effect of numeric versus TLL on noticing, use, and perceptions of
nutrition information?

b. What is the influence of numeric versus TLL on calories purchased? Do the labels
impact overall sales?

c. What are the differential impacts of the labelling formats among subgroups
defined by gender identity, health literacy, SES, and disordered eating risk?

3. What is the effect of numeric versus traffic light calorie labelling on the quality of foods
and beverages purchased with respect to food groups and nutrients of concerns?

a. What is the effect of numeric versus TLL on purchasing of red-, amber-, and
green- labelled foods and beverages?

b. What is the effect of numeric versus TLL on the composition of purchases with
respect to fruits and vegetables, whole grains and refined grains, and plant-based
proteins and red meat?

c. What is the effect of numeric versus TLL on the composition of purchases with

respect to saturated fats, added sugars, and sodium?
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CHAPTER 4: General Methods

4.1 Scoping review

To address the first research question (Chapter 5), a scoping review was conducted to explore
the state of evidence on food and nutrition interventions implemented and evaluated in post-
secondary settings. Scoping reviews are an iterative approach for determining the coverage and
range of literature on complex and emerging topics.'®-2%! Similar to systematic reviews, scoping
reviews use systematic searching and screening techniques to ensure transparency and
reproducibility. The review drew upon steps outlined in Arksey and O’Malley’s framework for

scoping reviews?%?

203

and reporting followed the PRISMA Extension for Scoping Reviews

guidelines.

For the purpose of this review, environmental sustainability was defined in the context of food
and nutrition interventions to improve planetary health. We conceptualized sustainable eating
patterns as an array of interconnected determinants pertaining to health and well-being;
biodiversity, environment, and climate; equity and fair trade; eco-friendly, local, and seasonal
foods; culture and heritage, and food and nutrient security needs.*** Referring to dietary
guidance, we defined sustainable eating patterns as those with adequate caloric intake, increased
variety of plant-based foods (e.g., nuts/seeds, fruits and vegetables, whole grains), reduced
consumption of animal foods, and low intake of highly processed foods and sugars.®® Thus,
interventions that considered environmental sustainability (and planetary health broadly)
included a focus on: promoting sustainable eating patterns and behaviours (e.g., shopping local);

mitigating impacts on greenhouse gas emissions and land and water use; or reducing food waste.

4.1.1 Search strategy

The search strategy was developed in consultation with two research librarians with expertise in
searching public health and environmental sciences literature. Research databases relevant to
health (MEDLINE via PubMed, CINAHL), environmental sciences (Scopus), and education
(ERIC) were searched. Relevant keywords and controlled subject headings (e.g., Medical

Subject Headings in MEDLINE) were identified to capture interventions that aimed to address
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outcomes related to healthy and environmentally sustainable eating patterns within the post-
secondary context. The search was limited to January 2015 to December 2019, coinciding with
the release of the SDGs?* in 2015 and the growing emphasis on environmental sustainability
within the nutrition literature.”® The search strategy was piloted in MEDLINE to ensure relevant
articles were retrieved, and subsequently modified to fit the search parameters of the other
databases (e.g., appropriate controlled subject headings were used for each database). The final
search strategy (Appendix A) for all databases consisted of keywords and subject headings
related to core concepts relevant to the research questions, including food and nutrition,

environmental sustainability, interventions, and post-secondary campuses.

4.1.2 Screening

Acrticles were considered eligible for inclusion if they met the following criteria: (1) the article
described the implementation and evaluation of an intervention; (2) the intervention was
implemented in the real-world within a post-secondary setting;® (3) there was a specific focus on
supporting healthy and/or environmentally sustainable eating patterns; and (4) the article was
published in English in peer-reviewed journals. For the context of this review, interventions were
defined as an organized effort to promote healthy and/or environmentally sustainable eating
patterns.?®* Studies included evaluated outcomes by measuring dietary intake or antecedent
factors that influence eating patterns, such as knowledge, skills, and purchasing.

The NOURISHING framework® was used to inform the range of intervention types considered.
Given the potential overlap between the Food Environment and Food System policy domains of
the framework,?® Food Environment interventions were characterized as those that altered the
physical campus environment (e.g., labelling in dining halls) and Food System interventions
were those that altered the food supply chain across multiple campus eateries (e.g., changes to
waste management systems, campus gardens supplying multiple eateries).?% Articles considering
interventions focused on other aspects of the food system (e.g., food safety), food-related
conditions or behaviours (e.g., disordered eating), or a combination of health behaviours (e.g.,

healthy eating and physical activity) were excluded.

The records were managed using RefWorks and Covidence, an online Cochrane-recommended

tool for supporting reviews,?%” and screened according to the inclusion and exclusion criteria.
23



Three reviewers independently screened two rounds of 100 articles based on titles and abstracts,
with modifications to inclusion and exclusion criteria clarified after each round. The remaining
articles were independently screened by two screeners, reaching 95% agreement. Following
review of all titles and abstracts, all full texts were independently reviewed by two reviewers
against the inclusion and exclusion criteria, with 98% agreement. Discrepancies during screening
were resolved by discussing reasons for inclusion or exclusion amongst the reviewers. Reference
lists of eligible articles were also searched for relevant articles. Cohen’s kappa values were not
calculated to express inter-rater reliability because of a skewed distribution due to a higher

number of articles excluded than included, as described by Cohen’s paradox.2%82%9

4.1.3 Data charting and evidence synthesis

Data from the included studies were extracted using a data charting form (Appendix B) to
capture location/setting, sample population and size, study objectives, details of the intervention,
evaluation design and outcomes, measures, findings on effectiveness, authors’ interpretations,

and funding sources. Data extraction was conducted by one author and verified by a second.

Interventions were characterized according to the NOURISHING famework,® based on the
domain that most closely aligned. Interventions were also categorized as focused on human
health, environmental sustainability, or both. Since an intervention promoting healthy eating
could also be considered as promoting sustainable eating (e.g., an intervention could promote
intake of fruits and vegetables), the explicit framing of the intervention within the article was
examined to characterize the interventions (e.g., attention to implications of eating patterns on
greenhouse gas emissions, water use, or food waste). Other aspects of healthy and sustainable

eating patterns, such as social and economic sustainability, were not considered.

As is common in scoping reviews, a risk of bias assessment was not performed.?°? However,
limitations and potential biases highlighted by the authors of included studies were synthesized
to identify gaps within the literature and inform recommendations for future research. The
extracted data were qualitatively synthesized to: (1) characterize and compare food and nutrition
interventions implemented on post-secondary campuses by type and their intended focus on
healthy and/or sustainable eating; (2) examine the effectiveness of interventions on their intended

outcomes; and (3) identify evidence gaps.
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4.2 Quasi-experimental trial of calorie labelling

To examine the second and third research questions (Chapters 6 and 7), a pre-post quasi-
experimental controlled trial was conducted at a large Canadian university from March to April
2019 to compare the impact of numeric calorie labelling versus TLL. Three residence cafeterias
were randomly assigned to receive numeric calorie labelling, traffic light calorie labelling, or no
labelling (control) (Figure 2). Both labelling formats included numeric calorie information; thus,
the comparison between label conditions was with respect to the addition of the interpretive

format of the TLL via the red, amber, and green indicators.

Cafeteria 1:
No labels (control)

Cafeteria 2:
Numeric labels perSEiE
Intervention
Cafeteria 3:
Traffic light labels \ ,ozine
Pre-test survey Post-test survey
Sales data
1 2 3 4 5

Week

Figure 2. Study design for quasi-experimental controlled trial of calorie labelling

Exit surveys were administered during lunch and dinner periods to patrons at all three cafeterias
during the 2 weeks prior to and 2 weeks following a 1-week label implementation period. Labels
remained in place throughout the 2-week post-test phase. Sales data were collected for the study

period and the same months during the prior year.

This study received ethics clearance from the University of Waterloo Office of Research Ethics
(#31830), the University of Calgary Conjoint Health Research Ethics Board, and the Public
Health Ontario Ethics Committee. The data collection protocol and analysis plan were registered
with the Open Science Framework in November 2019 (available at: https://osf.io/bxfw2).
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4.2.1 Sampling frame

Study site

This study was conducted at three residence cafeterias, each catering to ~1000-2000 students, at
the University of Waterloo in Ontario, Canada. The three residence cafeterias were as
geographically disparate as possible across campus to limit the possibility of students being
exposed to the label conditions in other cafeterias. The cafeterias were centrally managed by an
on-campus food service operation and provided similar offerings across sites, including hot
entrée stations, salad and sandwich bars, customizable stations for meals (e.g., pasta and rice
bowls, pizzas), grills (e.g., burgers, French Fries), and grab-and-go stations offering pre-
packaged foods, beverages, and snacks. Hot entrées rotated on a weekly basis and were offset
across cafeterias (i.e., one cafeteria was on week 1 while another is on week 2). All other stations
provided similar offerings, and beverages and snacks remained the same across sites. A detailed
description of comparability of offerings at each site is provided in Appendix C. The cafeteria
randomized to receive TLL included a branded outlet offering smoothies. A preliminary scan
conducted in February 2019 indicated that calorie or other nutrition labelling was not in place;
however, labels were used to indicate vegetarian, vegan, and halal options.

Study population

The sampling frame was limited to patrons of cafeterias in residences that primarily house first-
year students to maximize similarity among students served. Eligible participants included
currently enrolled students who indicated they purchased a food and/or beverage immediately
prior to recruitment. Students were not eligible if they participated in cognitive testing of study
materials. Staff and faculty were not eligible to maintain comparable samples between cafeterias.
Since responses following prior exposure to the survey may pose a risk of response bias (e.g.,
knowledge of survey questions), patrons who indicated they completed the survey already that

week were not eligible.

The target sample size was informed by a naturalistic study conducted by Seward et al.*>® and an
experimental study by Hammond et al.}’°, using data reported on noticing of labels*® (binary
outcome) and calories consumed!”® (continuous outcome). All calculations assumed a

significance level of 0.05. Based on Seward et al.'®%, a sample size of approximately 200 at each
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site was deemed to provide 80% power to detect a difference of 10% in the number of
individuals who notice labels across conditions. Based on Hammond et al.1’®, a sample size of
485 at each site was estimated to provide 80% power to detect a difference of 63 calories
consumed between the TLL and control condition. Comparing the numeric calorie condition to
the control condition, a sample size of 236 at each site provided 80% power to detect a difference
of 95 calories purchased. Using these calculations as a frame of reference, a sample size of 295
students per site was hypothesized to provide 80% power to detect differences in calories
purchased of ~10% and in label noticing of ~6% across labelling conditions. Therefore, the
desired sample included 300 students per site during each of the pre-test and post-test phases,

totaling 1,800 participants.

4.2.2 Data collection

Intervention

The labels were based on designs used in prior studies'®>17%21% and developed in consultation
with campus food services and their on-staff dietitian, as well as members of the research team
(Figure 3 and 4). Both labelling formats included numeric calorie information and the
comparison between formats examined any added effect of the red, amber, and green indicators.
A plain-language educational poster was developed based on a webpage maintained for
Ontario’s Healthy Menu Choices Act!'! and included contextual information consistent with the
mandate (i.e., “Adults and youth (ages 13 and older) need an average of 2,000 calories a day.
However, individual needs vary.”) (Appendix D). The labels and educational posters were tested
in cognitive interviews?!:?12 with undergraduate students (n=10) and modified to improve

readability and understanding (Appendix E and F). Participants received $5 cash for their time.
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BASE ITEM

White bread ......
Whole wheat bread .

2120 cals

CUSTOMIZATION OPTIONS

TOPPINGS

e 90 cals
wuee 120 cals

140 cals .
170 cals Goat cheese (ail).......... 100 cals

are Baguette.

= Tortilla ...... 180 cals Hot peppers ........... Scals

TU rkey S a n d W | C h Whole wheatwrap .. 170 cals LEttUCe oo Ocalls

SPINATH WIAP .ersoeeee 230 €218 PACkIeS oo Seals

Sundried tomato basil wrap .....180 cals Pickled mayonnaise .... 90 cals

. Red onion ..euusiews 10 cals
gRacients: Smoked mozarella ..... 100 cals
Focaccia bread, sliced turkey, 400 TOMALO vsmrremrsne e 10 €S

leaf lettuce, tomato, margarine CAL

*Some items at this list may not be available at this venue.

Dietary restrictions? Ask us about our options.

Calories for additional toppings should

be added to the calories posted for each item.
Adults and youth (ages 13 and older) need an
average of 2,000 calories a day.

Individual needs may vary. VEGAN . VEGETARMN - MALAL

Numeric calorie labels used for entrées, beverages, and snacks (left). List of add-ons for
customizable entrée stations (e.g., sandwiches, bowls, pizzas) with numeric calorie labels.
Indicators for vegan, vegetarian, and halal options were provided at all sites prior to the study.

Figure 3. Numeric calorie labels for entrées and add-ons, beverages, and snacks

CUSTOMIZATION OPTIONS

BASE ITEM TOPPINGS
White bread ..o 120cals @ Bacon ... e 90 cals O
Whole wheat bread aocls @ Cheese..... o 120cas @
N Baguette...... cA70cals @ Goat cheese (oil) ... 100 cals @
s Tortilla ... moals (O . scals @
Turkey Sandwich Wil shestur........ 0l @ ®
Spinach Wrap ....ccocuwaa-n 230 cals O 5cals .
Sundried tomato basil wrap .....180 cals O Pickled mayonnaise .... 90 cals .
£ Red onion ... 10 cals .
Ingredlents: Smoked mozarella...... 100 cals .
Focaccia bread, sliced turkey, 400 Tomato ... . 10 cals .

leaf lettuce, tomato, margarine CAL
& *Some items at this list may not be available at this venue.

Dietary restrictions? Ask us about our options.

Calories for additional toppings should

be added to the calories posted for each item.
Adults and youth (ages 13 and older) need an
average of 2,000 calories a day.

Individual needs may vary. VEGAN  VEGEAmAN - HALAL

Traffic light calorie labels used for entrées, beverages, and snacks (left). List of add-ons for
customizable entrée stations (e.g., sandwiches, bowls, pizzas) with numeric calorie labels.
Indicators for vegan, vegetarian, and halal options were provided at all sites prior to the study.

Figure 4. Traffic light calorie labels for entrées and add-ons, beverages, and snacks
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An online nutrition information database maintained by campus food services was used to
identify the calories provided by a standard serving each item.?'® For items not listed in the
database, calorie amounts and serving sizes were identified based on close matches within the
Canadian Nutrient File,?** publicly available via Health Canada. Numeric labels displayed the
calories provided by a serving of the item. For the TLL, the numeric amount was accompanied
by a red, amber, or green symbol, based on the United Kingdom Food Standards Agency
guidelines for TLL on prepackaged foods,?!%2!®> which provides calorie cut-offs for each colour
per serving of foods or beverages, respectively. Criteria for TLL cut-offs were based on a 2,000-

calorie diet, consistent with prior TLL studies.*®%17

Following the pre-test phase in mid-March 2019, labels were positioned and monitored in
cafeterias for ~3 weeks. Labels were posted adjacent to foods and beverages or on menu boards,
using the same font and size as the item name and price (Figure 5). Educational posters and
contextual information were placed in multiple locations throughout the intervention cafeterias

(e.g., on counters and screens) throughout the post-test phase.

What is meny laballing?
A0 Lo it aa

What do the colours mean?

RED :
. it o e Shin Esod laxs oftan

L s chidam this =7, —
) LS s chooss s tosa a .. f Poregies with nor
53 arzh e 2 | | °'°vh:d With house-
TN i —
@ 2o o i tood ; g

Figure 5. Example of label placement and positioning at the intervention sites
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Recruitment

Recruitment took place during lunch and dinner and booths were set up in unobtrusive locations
at the cafeteria exits. Informational posters about the study were displayed in the cafeterias
throughout the study period (Appendix G). Trained research assistants provided patrons who
approached the booth with a brief overview of the study (Appendix H). Those who expressed
interest were provided with an iPad directing them to an eligibility screener on Qualtrics
software (Version March 2019, Qualtrics, Provo, UT),?® with those who were eligible advanced
to an information letter and consent form (Appendix 1). To enable calculation of response rates,
research assistants tracked the number of students approached (Appendix H) and the numbers
who completed eligibility and consent were tracked using Qualtrics. Eligible patrons who
provided consent were then linked to the exit survey (~18 minutes to complete, on average).
Participants who completed the survey received a $5 honorarium in cash for their time. The same
recruitment protocol was followed for both pre-test and post-test phases. Following the full data

collection period, participants were emailed a thank you letter to debrief the study (Appendix J).

4.2.3 Data sources

Exit survey and measures

An online exit survey, consistent across phases, was programmed for tablets using Qualtrics
software (Version March 2019, Qualtrics, Provo, UT).2'® The questions were adapted from prior
research*>136.155.170 and drew upon indicators used in national surveillance,?” when applicable.
The survey was tested using cognitive interviews with a sample of undergraduate students
(n=10) to ensure understanding and clarity of questions. Participants received $5 honorarium for

their time.

The final exit survey (Appendix K) queried noticing, perceptions, and use of nutrition
information; information on the most recent purchase at the cafeteria; socio-demographic
information (e.g., age, gender, race); information related to consumer behaviour (e.g., average
number of visits per week); indicators of health literacy,?'® SES,?'° and disordered eating;??° and
unique identifiers (i.e., day of birth, mother and father’s initials, and city of birth) to enable

linking repeat responses from the same participant.??2%2
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Noticing of nutrition information (Chapter 6)

Label noticing was measured through the question, “Did you notice any nutrition information
posted in this residence cafeteria when you made your purchase?” (1=yes; 0=no). To minimize
social desirability bias (e.g., participants responding positively to the intervention because they
were aware of the focus on calorie labels), questions specified nutrition information rather than
specifically calorie labels. Participants who reporting noticing nutrition information were queried
about the location (i.e., menu board, next to an item on a label or food card, other) and type of
nutrition information noticed (i.e., calories, fat, carbohydrates, sugar, sodium, overall health

indicator, other).36137

Use of nutrition information (Chapter 6)

Participants who reported noticing nutrition information were asked whether they used the
information to help make their food and beverage purchases (1=yes; 0=n0)*3®% and the extent
to which it influenced their purchase (2=‘a lot’; 1= ‘a little’; 0=no influence).”® Those who did
not notice the labels were also categorized as not using the labels and having no influence on
their purchase. Participants who indicated using the labels were also asked about their strategy
for using the nutrition information (e.g., selecting items with fewer calories, identifying items
perceived as healthy, other). Among those who noticed the labels, behavioural responses to
nutrition information were also queried, including whether the nutrition information led them to
order something different, consume less of the food ordered, choose to eat somewhere else, or

eat at the location less often.

Perceptions of nutrition information (Chapter 6)

Participants who reported noticing nutrition information were asked about ease of understanding
and ease of use of nutrition information using a 5-point scale, which was collapsed into binary
variables (1=very easy/easy; O=neutral/difficult/very difficult).}’° Participants were also asked if
the nutrition information made them feel more or less in control of making healthy eating

decisions (1=more in control; O=less in control or neutral).

Food and beverage purchasing (Chapters 6 and 7)
Participants were queried for the details of their recent purchase at the recruitment site,

supporting analyses for the three remaining outcomes discussed below. The exit survey was pre-
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populated with items sold in the cafeteria, including entrées, beverages, and snacks, and
prompted respondents for specific details (e.g., options for add-ons, such as sauce or cheese). If
an item was not captured in a pre-populated list, the participant was provided an opportunity to
provide open-ended details about the item. Open-ended responses were matched to an inventory

list of offerings at the cafeteria.

Prior to the study, a database of all foods and beverages offered at the cafeterias was developed
to inform label and survey development using the online nutrition information database by
campus food services and the Canadian Nutrient File.?** The database included a study food
code, a corresponding food code from the Canadian Nutrient File, calorie amounts per serving,
the assigned TLL colour, and weight per serving in grams. Serving sizes for all items were based
on a pre-determined weight of foods and beverages provided by the on-campus campus food

service operation.

Change in calories purchased (Chapter 6)

Drawing upon the food and beverage purchasing data, the study database was used to estimate
total calories purchased overall and for entrées, beverages, and snacks for each participant.
Appendix L demonstrates how the reported foods and beverages were categorized by entrées,

beverages, and snacks.

Change in purchasing by TLL categories (Chapter 7)

Reported foods and beverages were coded using the study database, enabling identification of
whether each item purchased was labelled as green, amber, or red according to the TLL criteria.
For every individual’s purchase, scores of green-, amber-, and red-labelled items were
calculated. Since the cafeterias offered entrées that had customizable add-ons (e.g., multiple
options of bread, vegetables, and cheeses for a sandwich), a proportional weighting and scoring
system was used to maintain comparability across similar items. For instance, scoring a purchase
of a customizable sandwich with 10 add-ons with 10 TLL indicators (e.g., 5 green, 3 amber, and
2 red) is not comparable to scoring a purchase of a serving of lasagna with one amber indicator.
To address this, weights were calculated based on the proportion of green-, amber-, and red-
labelled add-ons relative to the total number of add-ons in the full entrée. Thus, the customizable

sandwich described above received a score of 0.5 for the green category, 0.3 for the amber
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category, and 0.2 for the red category. The lasagna coded as amber received a score of 1 for the
amber category and zero for the green and red categories. The total scores for each of the red-,
amber-, and green-labelled items purchased per individual were calculated by summing scores

across items.

Change in purchasing by amounts for food groups and nutrients (Chapter 7)

Changes in purchasing of food groups (fruits, vegetables, whole grains, refined grains, plant-
based proteins, and red meat) and nutrients (saturated fats, added sugars, and sodium) per 1000
kcal were examined at all sites from pre-test to post-test. The food groups and nutrients selected
were based on dietary guidance. For example, Canada’s Food Guide®® encourages consumption
of fruits and vegetables, whole grains, and plant-based proteins, while limiting refined grains and
red meat. These recommendations are consistent with those related to environmental
sustainability, such as the EAT-Lancet plate.'® Within Canada’s Healthy Eating Strategy,® there
is also significant attention toward reducing intake of saturated fats, added sugars, and sodium. A
prior study examining the food environment of the study site found that whole fruit and whole
grain offerings were less prevalent at the eateries,®® suggesting consumption of these may be low.

Nonetheless, fruit and whole grains were included for completeness relative to dietary guidance.

The 2017-2018 Food and Nutrient Database for Dietary Studies??® (FNDDS) and 2017-2018
Food Patterns Equivalents Database??* (FPED) were used to estimate the amounts of food groups
and nutrients per 100 g of foods and beverages. The FNDDS is a U.S. database consisting of
nutrient values for foods and beverages reported in national surveillance. The FPED converts the
foods and beverages (per 100 g) reported in the FNDDS to 37 food pattern components
identified in the Dietary Guidelines for Americans.?® Although FNDDS and FPED originate in
the U.S., previous studies have used the databases to examine population-level eating patterns
among Canadians given the similarities in the food supply and dietary guidance.?2>2%’
Additionally, data collected using the Canadian version of the Automated Self-Administered 24-
Hour Dietary Assessment Tool are auto-coded using the FPED since a similar Canadian database

that disaggregates all foods and beverages to their component parts is not available.??8

A linkage file that matches food codes from the Canadian Nutrient File to food codes in
FNDDS/FPED was used to merge the study database with the FNDDS and FPED. As a result, all
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foods and beverages offered at the cafeterias were linked to information on food groups and
nutrients of interest per 100 g. We used FPED to provide information on the amounts of fruits,
vegetables, whole grains, refined grains, plant-based proteins (i.e., nuts and seeds, soy, legumes),
red meats (i.e., beef, veal, pork, lamb, game meat), and added sugars. FNDDS provided
information on saturated fats and sodium amounts. Amounts (cup, 0z, tsp equivalents, grams) of
each dietary component per food or beverage reported were calculated by multiplying the
serving size (g) by the FPED or FNDDS amount (per 100 g). The amounts of food groups and
nutrients per food or beverage were then summed at the individual level to arrive at totals per
person. To enable a focus on the quality of food and beverage purchases rather than quantity,
density ratios were calculated by dividing by the total number of calories purchased, drawing
upon the calorie information in the study database. Density ratios were multiplied by 1000 kcal
to aid interpretability.

Covariates
A standard set of covariates was identified a priori and included in all models. These included
eating occasion (i.e., lunch or dinner), age, gender,®® race,1®1" frequency of visits to cafeteria

in the past week,'>® health literacy, 28136 SES 12817 and disordered eating risk.'67:185:18

Age was included in the models as a continuous variable (years) and calculated by subtracting
year of birth from the study year (2019). The exit survey collected information on gender
identity, including options for man, woman, trans man, trans woman, non-binary, and other
specified identity. Responses for trans man, trans woman, non-binary, and other specified
identities were collapsed and provided in tables demonstrating sample characteristics. However,
given low cell sizes, gender identity was collapsed into a binary variable (man/woman) for
inclusion as a covariate in the model and non-binary responses were not included in the analyses.
Drawing upon data collected for ethnicity, race was collapsed into a binary variable

(white/person of colour).

Health literacy was assessed using the Newest Vital Sign,?'® which asks the participant six
questions about a Nutrition Facts Table provided for a container of ice cream. Health literacy
scores were calculated based on the number of correct responses to the questions and included in

the models as a categorical variable (4-6=adequate literacy; 2-3=low likelihood of limited
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literacy; 0-1=high likelihood of limited literacy). Questions from Newest Vital Sign would
typically be read by an interviewer to limit the impact of reading literacy on scores; however, it
was assumed that participants would be able to comprehend the questions given that the target
sample was post-secondary students.

SES was measured using subjective social status?!® (SSS), which queries participants about their
perceived position within society. Participants were asked to rank themselves on a ladder from 1
to 10, where those who ranked themselves as 1 were higher up on the ladder (i.e., financially
secure, higher levels of education, job security) and those ranked themselves as 10 were lower on
the ladder (i.e., financially insecure, lower levels of education, less job security). Rankings for
SSS were included as a continuous variable in all models from 1 to 10. Although income,
education, and employment status are often used as indicators of SES,?2%2% subjective social
status was selected to more accurately reflect financial complexity among students (e.g., student

loans, multiple part-time jobs, reliance on family support).?t°

SCOFF,??° g 5-item questionnaire to observe eating disorder symptomology among non-clinical
populations, was used to measure disordered eating risk. Affirmation of 2 or more questions

indicated high likelihood of disordered eating (0-1=unlikely demonstrating disordered eating; 2-
5=likely demonstrating disordered eating).??° The measure was not used to identify participants

with clinical eating disorders.

Measures of health literacy, SES, and disordered eating risk have been demonstrated to have

reasonable reliability and validity among young adults,?18-220.231.232

Sales data

Sales data for the three cafeterias were provided by campus food services for the data collection
period. Data included daily sales, number of transactions, and dollars spent per transaction for
the pre-test and post-test phases. Changes in sales were examined to address potential industry

concern about the effect of calorie labelling on profit and revenue.?

4.2.4 Analyses

Analyses were conducted using SAS® Studio (Version 9.04, SAS Institute, Cary, NC). All tests

were interpreted using a significance level of 0.05. Odds ratios with 95% confidence intervals are
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reported, unless otherwise specified. The following subsection describes the separate analytical

approaches for the second and third research questions.

Analytical approach for research question #2 (Chapter 6)

Preliminary ANOVA (continuous variables) and Pearson ¥ tests (categorical variables) were
used to describe differences across sites; correlations were not used to inform inclusion of
covariates in models as these were determined a priori, as noted above. Descriptive statistics
were calculated for the proportions who reported noticing and using nutrition information,
perceptions of nutrition information, and calories purchased. The distributions of calories
purchased were right skewed and therefore, medians are reported for these outcomes.

Generalized estimating equation (GEE) models were used to generate population-averaged
estimates by modelling mean responses of participants at each site across test phases, accounting
for repeat responses among those who participated at both pre-test and post-test. Separate GEE
models assessed each of noticing of nutrition information and recall of type of nutrition
information noticed, nutrition information use and behavioural responses to nutrition
information, and calories purchased. Participants who did not report a meal, beverage, and snack
were excluded from the analyses of calories purchased. An interaction between site and phase

estimated the difference in the change in each outcome from pre-test to post-test across sites.

Descriptive statistics were used to describe differences in perceptions for the labelling formats
among post-test participants. Logistic regression models were used to examine differences across

sites among the post-test participants who noticed the labels.

Three-way interactions between site, phase, and covariates for gender, health literacy, disordered
eating risk, and SSS were individually tested in the models to examine for subgroup differences

in noticing, use, perceptions, and calories purchased.

ANOVA tests assessed differences in mean total sales, number of transactions, and sales per

patron by site and phase.

Analytical approach for research question #3 (Chapter 7)
Descriptive statistics were calculated for group- and individual-level scores of green-, amber-,

and red-labelled foods purchased at all sites from pre-test to post-test. Descriptive statistics were
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also calculated to describe the foods and beverages purchased in terms of food group and
nutrient density ratios. The distributions of scores of TLL categories purchased and density ratios

were right skewed and therefore, means and medians are reported for descriptive statistics.

GEE models were used to generate population-averaged estimates by modelling participants at
each site across test phases, accounting for repeat data among those who participated at both pre-
test and post-test. Separate GEE models were used for each outcome related to the TLL scores
and density ratios. An interaction between site and phase estimated the difference in the change
in each outcome from pre-test to post-test, comparing intervention sites to the control. Eating
occasion, age, gender, race, frequency of visits to the cafeteria in the past week, health literacy,
SSS, and disordered eating risk, were included in all models. Three-way interactions between
site, phase, and covariates for health literacy, SSS, and disordered eating risk were individually

tested in the models to examine subgroup differences.
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5.1 Overview

Interventions are urgently needed to transform the food system and shift population eating
patterns toward those consistent with human health and environmental sustainability. Post-
secondary campuses offer a naturalistic setting to trial interventions to improve the health of
students and provide insight into interventions that could be scaled up in other settings. However,
the current state of the evidence on interventions to support healthy and environmentally
sustainable eating within post-secondary settings is not well understood.

A scoping review of food- and nutrition-related interventions implemented and evaluated on
post-secondary campuses was conducted to determine the extent to which they integrate
considerations related to human health and/or environmental sustainability, as well as to
synthesize the nature and effectiveness of interventions and to identify knowledge gaps in the
literature. MEDLINE (via PubMed), CINAHL, Scopus, and ERIC were searched to identify
articles describing naturalistic campus food interventions published in English from January
2015 to Dec 2019. Data were extracted from 38 peer-reviewed articles, representing 37 unique
interventions, and synthesized according to policy domains within the World Cancer Research
Fund’s NOURISHING framework.

Most interventions were focused on supporting human health, whereas considerations related to
environmental sustainability were minimal. Interventions to support human health primarily
sought to increase nutrition knowledge or to make complementary shifts in food environments,
such as through nutrition labelling at point-of-purchase. Interventions to support environmental
sustainability often focused on reducing food waste and few emphasized consumption patterns
with lower environmental impacts. The implementation of integrated approaches considering the
complexity and interconnectivity of human and planetary health are needed. Such approaches
must go beyond the individual to alter the structural determinants that shape our food system and

eating patterns.

Keywords: Healthy eating, environmental sustainability, interventions, nutrition policy, food

environments, post-secondary settings, campus settings, young adults, students, scoping review

39



5.2 Introduction

Dietary risk factors are among the leading contributors to morbidity and mortality worldwide.*
Low intake of fruits and vegetables, nuts and seeds, and whole grains, and high intake of sodium
are the largest contributors to diet-related deaths.! At the same time, there is growing recognition
of the negative implications of current eating patterns for the environment through their
connection to agriculture production, contributing to large impacts on climate change, nitrogen
and phosphorous pollution, and biodiversity loss.2* Public health nutrition has traditionally
focused on supporting eating patterns consistent with human health, for example, by
ameliorating nutrient deficiencies and promoting an appropriate balance of dietary components.®
More recently, the public health nutrition paradigm has shifted toward environmentally
sustainable eating patterns as a means to improve both human health and environmental
sustainability.®> The United Nations Sustainable Development Goals (SDGs) likewise recognize
the central role food and nutrition play in supporting human health and protecting the planet by
prioritizing reducing hunger (SDG2) and improving health and well-being (SDG3).° Further,
emphasizing sustainable production and consumption (SDG12)® will require transformation of

the food system.

The Food and Agriculture Organization broadly defines sustainable eating patterns as those with
low environmental impacts that contribute to the health and food and nutrition security of future
generations.” This definition recognizes an array of interconnected determinants to support
sustainable eating patterns pertaining to health and well-being; biodiversity, environment, and
climate; equity and fair trade; eco-friendly, local, and seasonal foods; culture and heritage, and
food and nutrient security needs.®® This conceptualization was echoed in the report of the EAT-
Lancet Commission on Healthy Diets from Sustainable Food Systems, which emphasizes policy
targets to shift population eating patterns toward those that align with planetary health as a
means of achieving health for all.2 Dietary guidance on healthy and environmentally sustainable
eating patterns recommends appropriate caloric intake, increased variety of plant-based foods
(e.g., nuts and seeds, fruits and vegetables, whole grains), reduced consumption of animal foods,
and intake of small amounts of highly processed foods and sugars.®° Evidence from modelling

studies suggests co-benefits of achieving such eating patterns, including reducing rates of
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morbidity and mortality from chronic disease and stemming climate change and its negative

implications for human health.!

Currently, there is an unprecedented level of attention globally toward interventions to support
eating patterns consistent with human and, perhaps to a lesser extent, planetary health.3213
Public health nutrition interventions aim to promote and improve population and planetary health
by improving food environments and food systems in ways that can support healthy and
sustainable eating patterns.™® Policymakers are interested in understanding the effectiveness of
these interventions, evaluated in a variety of settings,** to inform the allocation of resources to
policies and programs. To encourage policy action, the World Cancer Research Fund developed
the NOURISHING framework to highlight policy actions needed to promote healthy eating.?
NOURISHING consists of 10 key policy areas within the three domains of (1) modifications to
the food environment (‘NOURIS’), such as economic measures to address food affordability,
nutrition labelling standards and regulations; (2) harnessing the food system and supply chain
(‘H’), such as food waste management interventions and supply-chain incentives for production;
and (3) behaviour change communication (‘ING’), such as media awareness campaigns and
nutrition education in work and school settings.'® Although environmental sustainability was not
explicitly addressed when NOURISHING was developed in 2013, the framework highlights
interventions that may simultaneously support human and planetary health. For example, supply
chain incentives may support food production systems that contribute to improved dietary quality
and lower greenhouse gas emissions.*® Similarly, food-based dietary guidelines can provide
guidance on shifting to healthy eating patterns that reduce greenhouse gas emissions and water
and land use.'®'” NOURISHING also aligns with the SDGs by supporting health and well-being
(SDG3), emphasizing education (SDG4), and contributing to sustainable consumption and
production patterns (SDG12). Overall, NOURISHING and other approaches call for a suite of
integrated policy interventions to transform the food system and support a shift in eating patterns

to optimize human and planetary health.8

Public and private institutions hold financial power and capacity to support food system
transformation.*®2° In particular, post-secondary institutions offer unique consumer food
environments with a variety of campus eateries and offerings, multiple suppliers and other

stakeholders, and often, contracts with multinational corporations.?t2® Such institutions are well-
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positioned to implement and evaluate a range of interventions to support healthy and

environmentally sustainable eating patterns within naturalistic settings?-2°

and to provide
insights into interventions that can potentially be scaled up and adapted to other settings. For
example, quasi-experimental studies within post-secondary settings allow for real-world
evaluations of interventions in which food and beverage selection may be impacted by an array
of external factors, with application to a range of other settings. Evidence suggests increasing
commitment and action among post-secondary institutions to improve the health of their campus
communities and reduce their impacts on the planet through food and nutrition.?’-3! Recognizing
that campuses represent a microcosm of food environments, they can provide a testing ground
for ‘whole-of-systems’ approaches to address the complex interconnections among issues related
to health and environmental sustainability.>3* Simultaneously, such approaches can benefit
campus communities, particularly students, recognizing that young adulthood is a critical period

for establishing eating patterns that may track into later life.>>=7

Prior reviews have synthesized literature on interventions intended to promote healthy eating
within post-secondary settings.®®° Such reviews have evaluated changes to the availability of
nutrition information (e.g., point-of-purchase nutrition labelling) and the affordability and
accessibility of particular foods (e.g., fiscal measures) as potentially effective strategies to
support healthy eating.33° Reviews focused on food sustainability interventions within post-
secondary settings have also been conducted, but have largely focused on sustainability
education.*®* A recent review of governance documents synthesized approaches to supporting
sustainable food systems across universities in Australia and New Zealand, demonstrating the
capacity of campuses to leverage a ‘whole-of-systems’ approach by implementing strategies
beyond education to promote sustainability.*® To date, syntheses of the existing evidence have
considered approaches to promote health and sustainability in isolation, but have not considered
to what extent a range of interventions are designed to jointly support eating patterns consistent

with human health and environmental sustainability.

To address this gap, we conducted a scoping review to explore the state of evidence on food- and
nutrition- related interventions implemented and evaluated in post-secondary settings. Our
objectives were to: (1) determine the extent to which each of health and environmental

sustainability were considered, including whether they were addressed in tandem within the
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same interventions; (2) synthesize the nature and effectiveness of these interventions; and (3)
identify gaps in the peer-reviewed evidence on interventions to support healthy and sustainable

eating patterns on post-secondary campuses.

5.3 Methods

Scoping reviews are an iterative approach for determining the coverage and range of literature on
a topic*®*8 and are an increasingly common approach to characterize evidence on emerging
topics.*® A scoping review was appropriate to synthesize available evidence on campus
interventions that aim to support healthy and environmentally sustainable eating patterns, as well
as to identify evidence gaps. Based on prior reviews,*®*° we anticipated the included
interventions and corresponding outcomes would vary and therefore, a systematic review or

meta-analysis focused on specific research outcomes was not appropriate.*®

Similar to systematic reviews, scoping reviews use systematic searching and screening
techniques for transparency and reproducibility. This review draws upon steps outlined in
Arksey and O’Malley’s framework for scoping reviews.>® Reporting followed the PRISMA
Extension for Scoping Reviews guidelines,®* which identifies essential items to be reported.

5.3.1 Evidence acquisition

The search strategy was developed in consultation with two research librarians with expertise in
searching public health and environmental sciences literature. Research databases relevant to
health (MEDLINE via PubMed, CINAHL), environmental sciences (Scopus), and education
(ERIC) were searched. Relevant keywords and controlled subject headings (e.g., Medical
Subject Headings in MEDLINE) were identified to capture interventions that aimed to address
outcomes related to healthy and environmentally sustainable eating patterns within the post-
secondary context. The final search strategy (Appendix A) for all databases consisted of
keywords and subject headings related to core concepts relevant to the research questions,
including: food and nutrition; environmental sustainability; interventions; and post-secondary
campuses. The search strategy was piloted in MEDLINE to ensure relevant articles were
retrieved, and subsequently modified to fit the search parameters of the other databases (e.g.,

appropriate controlled subject headings were used for each database). The search was limited to
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January 2015 to December 2019. This time frame was defined based on a preliminary search that
suggested interventions with a focus on environmental sustainability have become more common
since 2015, which coincides with the release of the SDGs® and the growing emphasis on

environmental sustainability within the nutrition literature.3°

Avrticles published in English in peer-reviewed journals were considered eligible for inclusion if
they met the following criteria: (1) the article included a description of the implementation and
evaluation of an intervention, defined as an organized effort to promote healthy and/or
environmentally sustainable eating patterns;® (2) the intervention was implemented in a
naturalistic environment within a post-secondary setting;*® and (3) there was a specific focus on
supporting healthy and/or environmentally sustainable eating patterns. Studies included may
have evaluated outcomes by measuring dietary intake or antecedent factors that influence eating
patterns, such as such as knowledge, skills, and purchasing. The NOURISHING framework was
used to inform the universe of interventions considered as well as the synthesis, though the
NOURISHING domains are broad, as described above, allowing consideration of a range of
intervention types. Given the potential overlap between the Food Environment and Food System
policy domains,> Food Environment interventions were characterized as those aiming to alter
the physical campus environment (e.g., labelling in dining halls) and Food System interventions
were those that aimed to alter the food supply chain across multiple campus eateries (e.qg.,
changes to waste management systems, campus gardens supplying multiple eateries, fair trade
initiatives).>* Articles considering interventions focused on other aspects of the food system (e.g.,
food safety), food-related conditions or behaviours (e.g., disordered eating), or a combination of

health behaviours (e.g., healthy eating and physical activity) were excluded.

The records identified through the searches were managed using RefWorks and Covidence, an
online Cochrane-recommended tool for supporting reviews, and screened according to the
inclusion and exclusion criteria. After removing duplicates, three study authors (KML, YC, and
TEW) screened 100 articles based on titles and abstracts, reaching 81% (KML and YC) and 92%
agreement (KML and TEW) on inclusion and exclusion decisions. Discrepancies were resolved
and the inclusion and exclusion criteria clarified. Upon screening a second set of 100 articles

based on title and abstract, 93% and 92% agreement was reached. The remaining articles were
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independently screened by YC and TEW and 95% agreement was reached. Discrepancies were

resolved through an independent screen by KML or discussion with the study team.

Following review of all titles and abstracts, all full texts were reviewed independently by YC and
TEW against the inclusion and exclusion criteria, with 98% agreement. Discrepancies during
both stages of screening were resolved by discussing conflicts amongst the reviewers. Reference
lists of eligible articles were also searched for relevant articles. Cohen’s kappa values were not
calculated to express inter-rater reliability because of a skewed distribution from a higher

number of articles excluded than included, as described by Cohen’s paradox.>®®

5.3.2 Evidence synthesis

A data extraction spreadsheet (Appendix B) was developed to capture the location and setting,
sample population and size, study objectives, details of the intervention(s), evaluation design and
outcomes, measures, key findings regarding effectiveness, authors’ interpretations, and funding
sources. Data extraction was conducted by one study author (KML), with verification by one
additional author (YC or TEW). Interventions were characterized according to the
NOURISHING Framework, based on the domain that most closely aligned.® Interventions were
also categorized as focused on human health, environmental sustainability, or both. Although an
intervention promoting healthy eating could potentially also be considered to promote
environmentally sustainable eating patterns, we examined the explicit framing of the intervention
within the article and whether there was attention to the implications of eating patterns for
greenhouse gas emissions, water use, food waste, or other aspects related specifically to
environmental sustainability. Other aspects of healthy and sustainable eating patterns, such as
social and economic sustainability, were not considered. As is common in scoping reviews, a
risk of bias assessment was not performed.>® However, we drew upon limitations and potential
biases highlighted by the authors of included studies to identify potential gaps within the

literature and recommendations for future research.

Extracted data were qualitatively synthesized to: (1) characterize the nature of literature on
interventions; (2) compare and contrast the effectiveness of interventions implemented on post-
secondary campuses and their impacts; (3) interpret implications for supporting healthy and

environmentally sustainable eating patterns; (4) and identify evidence gaps.
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5.4 Results

The results of the search and study selection process are presented in Figure 6. The initial search
yielded 4,276 articles, 218 of which were identified as potentially relevant after screening titles
and abstracts. The most frequent reason for exclusion was because the intervention or outcomes
were not relevant to the research question. After full-text screening, 37 records met the inclusion
criteria and 1 additional record was identified based on the reference lists of the included records.
In total, 38 records were included in the review, representing 37 unique intervention studies: 29
interventions were focused on human health, 8 focused on environmental sustainability, and no

interventions mutually considered both.

A consistent number of articles were published by year between 2015 and 2017 (~6-7 articles
each year), with an increase in 2018 (n=12) and a decrease in studies by December 2019 (n=6),
potentially indicating growing but varied interest in evaluations of food interventions in post-
secondary settings. Of the 37 unique interventions, 21 were implemented in the United States, 5
were carried out in Canada, 6 in Europe (3 in England, 1 in Belgium, 1 in Germany, and 1 in
Portugal), 3 in South America (Peru, Colombia, and Brazil), and 2 in Australia. In terms of post-
secondary context, 22 interventions were implemented in foodservice settings (e.g., cafeterias,
dining halls, restaurants), 1 was implemented at an on-campus grocery store, 4 interventions
were related to vending machines, 7 were campus-wide (e.g., nutrition education program), and 4
were online. Twelve articles were supported by funds from the respective university or college.
One article noted funding from the American Dairy Association-Mideast and aimed to increase
milk consumption from vending machines using choice architecture.®® For 9 articles, there was
no funding source whereas for another 7, funding disclosures were not included. The funding
source for one article was unclear (i.e., authors indicated they did not receive financial support;

however, the methods indicate funding was used to support the intervention).

Table 1 demonstrates the 37 interventions categorized by the NOURISHING Framework policy
domains and their focus on human health or environmental sustainability. Although interventions
primarily focused on supporting human health, there was an increase in the number of
interventions targeting environmental sustainability starting in 2017. Most interventions utilized

strategies in the Food Environment (n=15) or Behaviour Change Communication domains (n=9).
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Only one intervention explicitly targeted the Food System domain by evaluating the impact of a
food waste composting system. Approximately one-third of interventions (n=12) employed
strategies from multiple NOURISHING domains. The following sections report on the study
designs and observed effectiveness of interventions.

5.4.1 Interventions considering human health

Of the 37 interventions considered, 29 were aimed at supporting human health (Table 2). Of
these, 14 fit into the Food Environment domain and 7 fit into the Behaviour Change
Communication domain, whereas there were no interventions in the Food System domain. The
remaining 8 interventions utilized strategies from more than one NOURISHING domain. Most
evaluations of the interventions considered outcomes related to changes in consumption patterns
or improvements in knowledge and understanding of nutrition. The duration of the study periods
was generally relatively limited, ranging from 1 week to 5 months, as summarized in Table 2.
Three interventions used sales data representing a period of approximately 2 years. While sales
data do not shed light on individual changes in intake, the data are indicative of purchasing
behaviours over a long period of time and can help identify potential trade-offs, such as positive

health and sustainability outcomes versus changes in revenue.

Food Environment domain

Fourteen interventions aimed to manipulate the food environment by implementing nutrition
labelling (n=6 interventions described in 7 articles),>*®° setting standards for healthy food
offerings (n=4),°8:%%-%8 ysing economic tools to address food affordability (n=1),%° or utilizing a
combination of food environment strategies (e.g., nutrition labelling and fiscal measures)
(n=3).70-72

Across nutrition labelling interventions (n=6), outcomes were generally evaluated using surveys
to determine label noticing, use, and preferences among consumers and sales data to measure
changes in the quality of purchases (e.g., change in mean calories purchased). Overall, nutrition
labelling was found to increase consumption of healthy foods (e.g., fruits and vegetables), while
also showing decreases in the energy and fat content of foods ordered. Three interventions
displayed nutrition information numerically in dining halls.>®%? Christoph et al.>° found that a

greater proportion of respondents who used the labels selected fruits, vegetables, and beans, and
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fewer selected potatoes and French fries compared to non-label users. Similarly, Cioffi et al.5!
found that nutrition labels led to significant decreases in energy and fat content of purchases.
Hammond et al.%? observed that numeric calorie labels led to a significant decrease in calories
ordered and consumed. Labels that use symbols to present nutrition information at a glance were
also evaluated within the literature. Policastro et al.%® implemented a sandwich order form that
indicated healthy ingredients using a star symbol and observed an increase in selection of healthy
ingredients and decreased selection of less healthy ingredients. Following a mandatory nation-
wide implementation of the Health Star Rating policy on post-secondary campuses in Australia,
Shi et al.%* observed an increase in healthy snacks and beverages offered in vending machines
compared to data from 3 years prior to implementation. A labelling campaign that provided
point-of-purchase health messages by Sogari et al.®® found that messages about vitamins and
fiber led to a higher proportion of individuals choosing whole grain pasta compared to the

condition with no messages.

Interventions that set standards for food offerings used choice architecture strategies, such as
relocating healthy options to high-traffic areas (n=3) and changing portion sizes (n=1). Such
interventions were evaluated by monitoring changes in sales of foods and beverages (e.g., daily
total quantity sold) or using survey data to determine consumer preferences. Evaluations of these
interventions yielded mixed evidence on effectiveness.>®%¢%8 Walmsley et al.®® relocated fruits
and vegetables to the front of the on-campus grocery store and observed an initial significant
increase in the percentage of total sales for fruits and vegetables immediately but the effect was
not sustained over a 5-year period. Bevet et al.%® observed an increase in purchases of vegetable-
heavy entrees when they were placed at the start of the self-serve line. Rose et al.®® observed no
changes in milk and calcium intake following implementation of vending machines with milk
cartons in high traffic areas of a residence building. Vermote et al.%” reduced portion sizes for
French fries, finding a reduction in consumption, with no differences in reported satiety and

caloric intake, despite mixed consumer perceptions about the intervention.

One intervention used economic tools to address food affordability. Deliens et al.®® increased the
price of French fries and reduced the price of fruit and observed a reduction in sales of French

fries and an increase in fruit sales during each of the 1-week intervention periods.

48



Several interventions utilized a combination of strategies within the Food Environment domain.
Interventions that used financial incentives’®’! showed an increase in healthy foods sold. Biden
et al.”® implemented an interpretive label using a checkmark to indicate healthy options and a
reward card program to incentivize fruit and milk purchases. The authors found that healthy
items were sold more often, were made less expensive by the food operating service on campus
and appeared more frequently on menus than less healthy items. Cajrdenas et al.”* observed a
significant increase in fruit sales when phasing in a variety of strategies, including repositioning
of fruits to cash registers, implementing posters indicating the health benefits of fruit and
vegetable consumption, and lowering the price of fruit by 33%. Seward et al.”? implemented
traffic light labelling to indicate healthy options into a residence cafeteria and repositioned
healthy foods and beverages to be more accessible. Interviews and surveys revealed that
participants wanted nutrition labels and thought the intervention was helpful; however, there

were no significant changes in proportions of red, amber, and green labelled items sold.

Behaviour Change Communication domain

Seven interventions utilized strategies within the Behaviour Change Communication policy
domain to support healthy eating patterns. Four were primarily evaluated for impact on dietary
intake using dietary assessments, including dietary recalls”>"® and food frequency
questionnaires.’® In one study, the impact of the intervention was evaluated based on blood
samples to assess changes in cholesterol and glucose.”” Two articles measured changes to

behaviour using questionnaires and scoring indices developed for evaluating the intervention.’®7®

Three interventions were provided online, using strategies such as online educational modules,
messaging with personalized feedback, and self-monitoring strategies.”>"®"® Aboul-Enein et al.”
implemented an online nutrition course on the Mediterranean dietary pattern and found that
participants viewed the dietary pattern more positively and demonstrated an increase in
knowledge of it afterward. O’Brien et al.” implemented an online nutrition course and
messaging intervention, and observed higher vegetable consumption and no difference in fruit
consumption among participants when compared to those who received no intervention and
those who only received the nutrition course. In an evaluation of a text-messaging and self-
monitoring intervention implemented by Rodgers et al.’®, there was an increase in fruit and

vegetable consumption observed among those in a higher body mass index category. The
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intervention did not significantly change vegetable consumption and decreased fruit consumption

among those in a lower body mass index category.

The remaining four Behaviour Change Communication interventions were in-person courses
with a focus on improving self-efficacy and understanding of nutrition knowledge.”"47".7% Al
utilized survey measures to evaluate the impact of the interventions on attitudes toward healthy
eating behaviours (e.g., self-efficacy to cook with fruits or vegetables) or knowledge (e.g.,
understanding impact on chronic disease risk). Bernardo et al.”® implemented a cooking class and
observed an increase in cooking confidence and self-reported knowledge of cooking terms
following the intervention, as well as an increase in the availability and accessibility of fruits and
vegetables. These effects were also demonstrated at a 6-month follow-up. Schroeter et al.”
implemented an educational session on the United States Dietary Guidelines MyPlate, with one
intervention group receiving education and a financial incentive, a second intervention group
receiving only education, and a control group with no intervention. Dietary quality scores,
measured using the U.S. Healthy Eating Index, increased by 15% among those in the
intervention groups whereas scores in the control group increased by 8%. An intervention by
Valdez et al.”” that aimed to improve knowledge of a whole foods plant-based diet found
participants improved their understanding of the impact of nutrition on chronic health conditions.
Similarly, Tallant et al.” observed a significant increase in label use following an intervention on
food label reading. Participants also indicated choosing healthier food options more frequently

following the intervention.

Combination of domains
Eight interventions incorporated both the Food Environment and Behaviour Change
Communication domains. Sales data and survey measures were used across interventions to

evaluate the impacts on food and beverage selections.

Five interventions used point-of-purchase nutrition labelling, with awareness campaigns to teach
consumers how to use the labels.®%-# Across the 5 interventions, findings on the impact of
nutrition labels and education were mixed. Vermote et al.® found a significant increase in fruit
purchases and the effect was sustained in a campus restaurant. Scourboutakos et al.2 observed an

increase in fruit purchases, as well as a decrease in the proportion of students purchasing sugar
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sweetened beverages following calorie labelling. Hua et al.® randomly assigned a range of
strategies to different vending machines across campus, including improving the availability and
prices of healthy options and promotional signage to signal the changes. The combination of
improving availability of healthy products and implementing promotional signs led to increases
in revenue for healthier snacks whereas price reductions alone did not change purchasing. Viana
et al.® also focused on vending machines and combined nutrition labelling and choice
architecture strategies with an information campaign. The authors observed increased profits
from healthier items with no compromise in revenue when compared to the previous year. In
contrast, Dingman et al.& observed no change in purchasing after implementing Nutrition Facts
panels, interpretive labels to highlight healthy options, and promotional signage in vending
machines in residence dining halls. Mistura et al.8’ increased the availability of vegetable options
and displayed promotional signage to indicate the added options, observing no change in the

mean number of vegetable servings purchased when compared to the 2-week baseline period.

5.4.2 Interventions considering environmental sustainability

Eight interventions focused on supporting environmentally sustainable eating patterns (Table 3).
One intervention fit into the Food Environment domain, 1 aligned with the Food System domain,
2 fit into the Behaviour Change Communication domain, and 4 used strategies from a
combination of NOURISHING domains. A variety of outcomes were measured across domains,
including food waste, consumer perceptions of the intervention, and changes in eating patterns.

Intervention periods were typically short-term, ranging from 1 to 6 weeks in duration.

Food Environment domain

In an intervention by Rajbhandari-Thapa et al.®, trays were removed from a dining hall to
encourage consumers to minimize plate waste by reducing portion sizes. The authors observed
that students in the intervention dining hall self-selected fewer servings of lunch entrée items and
drinks compared to the control. Further, in cafeterias without the trays, food waste appeared to be

reduced, based on less leftovers.
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Food System domain

Mu et al.®° implemented a composting system, aligning with the Food System domain by
supporting the food supply chain, to collect food and other organic waste across a campus. Using
life cycle assessments to measure the environmental impact, the food waste composting system
performed well for several environmental indicators (e.g., lower greenhouse gas emissions, smog

formation, fossil fuel use, eutrophication) when compared to a landfill waste system.

Behaviour Change Communication domain

An intervention by Pinto et al.® incorporated an education awareness campaign aimed at
reducing food waste. Compared to the pre-test period, a reduction in plate waste of ~15% was
observed. The awareness campaign was initially well-received, but participants’ interest declined
as the intervention continued. Further, the authors observed initial collaboration to reduce food

waste by staff but collaboration declined during busy mealtime hours.

An online intervention by Monroe et al.®* aimed to educate participants about ‘green eating’
behaviours, such as eating local, reducing waste, and reducing consumption of red meats. Using
a scoring index to evaluate intention to engage in environmentally sustainable eating behaviours
(e.g., shopping local), the authors found an improvement in scores (indicative of more

sustainable behaviours) from baseline in the intervention group when compared to the control.

Food Environment domain

One intervention by Duram et al.%? used strategies aligning with the Food Environment and Food
System domains by implementing a campus garden as a means to support food service
procurement and ingredient use. The authors documented the experience of implementing a
student-led campus garden over three years and highlighted the potential for student initiatives to

engage in the food system and the local food movement.

Three interventions used strategies from the Food Environment and Behaviour Change
Communication domains and showed mixed results. Ahmed et al.*® implemented changes to
food service standards (e.g., reduced portion sizes and providing smaller serving tools) and a
messaging campaign led by students to raise awareness about food waste. A 17% reduction in
total food waste was observed; however, this reduction was not statistically significant. Students

reported the intervention made them think more about food waste and supported campus-wide
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efforts to address food waste through composting. Lorenz-Walther et al.** reduced portion sizes
of meat entrees to minimize food waste over several data collection phases, with an educational
campaign on food waste implemented during the final 6-week period. The authors observed a
small, but significant, decrease in food consumption and waste following the intervention.
Further, those who indicated the informational campaign influenced their decisions to eat all the
food on their plate had less leftovers than those who indicated the campaign did not influence
their decisions. Finally, Godfrey et al.® categorized and labelled foods in a dining hall according
to small, medium, and large water footprint. Data from interviews demonstrated students
connected environmentally sustainable foods with health benefits; however, students often made
trade-offs between choosing sustainable foods and convenience. Consumption patterns did not

change significantly as a result of the intervention.

5.5 Discussion

Post-secondary campuses are uniquely positioned to demonstrate leadership by committing to
actions that support health and environmental sustainability and offering real-world experimental
settings in which to evaluate interventions to improve population and planetary health. This
review examined 37 food interventions, described in 38 articles. A majority of the interventions
focused on supporting human health, whereas fewer were focused on environmental
sustainability, and no interventions explicitly addressed both. This is perhaps not surprising
given the relatively novel focus on supporting eating patterns that are healthy and
environmentally sustainable,> although the implications of the food system and our eating
patterns on the planet have long been recognized.® More recently, the SDGs have helped to
focus attention on the importance of integrated thinking regarding human health and
environmental sustainability. The findings of this scoping review indicate there is substantial
progress to be made in terms of addressing calls for integrated interventions to protect human
and planetary health 397-°

Among interventions solely focused on supporting human health, the intervention types were
concentrated in the Food Environment and Behaviour Change Communication domains of the
NOURISHING framework, with none aligning with the Food System domain. Similar to a prior
review of post-secondary food interventions focused on healthy eating,*® a majority of food
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environment interventions consisted of nutrition labelling at the point-of-purchase, typically
using interpretive symbols (e.g., checkmark, star rating system) to indicate healthier options.
Consistent with existing reviews on point-of-purchase nutrition labelling, we found mixed
evidence on the effectiveness of labels in supporting healthy eating patterns.’®*197 Interventions
utilizing choice architecture strategies also demonstrated mixed effectiveness when implemented
alone; however, some interventions demonstrated the potential of choice architecture strategies
when paired with other strategies such as nutrition labelling.”*# Interventions using economic
tools, such as price changes or reward programs, demonstrated significant increases in purchases
of targeted foods and beverages (e.g., fruit, milk) and decreases in purchases of less healthy food
(e.g., French fries).®*"* A small number of evaluations of such interventions were identified,
though a large body of literature supports the salience of pricing to food purchasing decisions.%®-
111 Findings from the included Behaviour Change Communication interventions demonstrated
effectiveness in improving knowledge; however, changes to behaviour were minimal, aligning
with suggestions for multiple intervention strategies that include modifications to the food
environment rather than education alone.*'? The fact that some interventions incorporated a
combination of strategies is promising given evidence suggesting that using multiple
interventions increases the potential to support healthy eating patterns.t*? However, our findings

align with prior reviews indicating room for growth in terms of ‘whole-of-systems’ approaches.*

Interventions related to environmental sustainability were often implemented and evaluated with
the intention of reducing food waste whereas a focus on altering dietary intake, such as
increasing plant-based proteins and reducing red meat, was minimal. This finding echoes a
recent review by Grech et al.*, suggesting that environmental sustainability strategies primarily
prioritized sustainable waste management and prevention. Food waste interventions used
strategies aligning with the Food Environment and Behaviour Change Communication domains,
such as reducing portion sizes of meals and awareness campaigns to minimize plate waste. The
emphasis on food waste is unsurprising given the growing body of literature demonstrating that
consumers perceive minimizing food waste and packaging as having the greatest impact on
reducing the environmental footprint of dietary patterns,!**-1'° despite evidence that interventions
targeting the production phase show the greatest potential to reduce the overall environmental

impact of food service operations.!'® Most interventions focused on food waste used labelling or
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educational campaigns and although survey responses to the interventions indicated increases in
awareness, there was little to no long-term reduction in food waste.?%-% Although the literature
on food waste interventions is emerging, interventions that incorporated Food Environment
strategies (e.g., reducing portion sizes) demonstrated potential to reduce food waste.®* This
finding aligns with literature focused on human health that suggests interventions that modify

food environments are needed to change behaviour.'?

This review did not find any interventions that jointly considered human and planetary health,
demonstrating that nutrition and environmental sustainability are being addressed in isolation.
Notably, interventions utilizing strategies from the Food Environment (e.g., nudges) and
Behaviour Change Communication strategies (e.g., education), which were the predominant
intervention types included, are likely insufficient on their own to support a transition toward
healthy and sustainable eating patterns.'” Strategies that utilize a systems lens,'3° jdeally
targeting multiple domains in a joined-up manner, are needed for the joint promotion of health
and environmental sustainability. Several authors drew parallels between healthy and
environmentally sustainable eating patterns when interpreting their findings.”888991-94 For
example, in an article describing a food waste reduction intervention, Ahmed et al.®® highlighted
the detrimental consequences of food waste on water and land usage, as well as the potential
nutrient loss from wasted food, with implications for human nutrition. Similarly, Vermote et al.®’
focused on reducing portion sizes from a health perspective, but noted the potential for reducing
greenhouse gas emissions by minimizing waste. These interpretations suggest growing interest in
understanding the potential co-benefits and trade-offs of interventions for health and
environmental sustainability. Relatedly, the need for research that measures compensatory food
behaviours was identified.536769848.94 Eor example, several articles describing interventions that
aimed to reduce food waste speculated whether consumers may have responded to the
intervention by consuming their entire portion (i.e., increasing caloric intake) rather than

reducing their self-served portion sizes.88%

Most interventions were evaluated using a quasi-experimental design and collected pre-test and
post-test data with no comparison to a control group. There is a need for trials with control
groups to address confounders, allowing for stronger inferences about an intervention’s

effectiveness.!?%2! Additionally, most interventions were of limited duration and had short
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follow-up periods, echoing prior reviews demonstrating a paucity of evidence on the long-term
impacts of interventions.33° Limitations were also noted in the extent of outcomes studied and
the strategies used to measure them. Many evaluations were based on self-reported consumer
perceptions of the interventions and aggregate sales data (e.g., change in sales of fruits).
Appropriately evaluating interventions to support healthy and environmentally sustainable eating
patterns will require expanded data collection tools and analytic methods that can measure
implications for both. There is a growing body of evidence that uses a combination of diet
quality indices'?*!2 and data on the environmental sustainability of foods;%124-12¢ for example,
drawing upon life cycle assessment. %1% Life cycle assessment incorporates consideration of the
full food supply chain by addressing whether an intervention that creates positive health and
environmental outcomes at the food consumption stage may have negative health and
environmental impacts at other parts of the supply chain. Work to consider how interventions
impact the healthfulness and sustainability of the food system and eating patterns, as well as
trade-offs between human and planetary health, is made complex by the multidimensionality of
healthy and environmentally sustainable eating. Further work is needed to delineate which
aspects are most relevant to measure and how best to measure them.!?” Systematic approaches to
evaluation could contribute to a more comparable body of literature; for example, using tools
from implementation science to evaluate the impact of interventions on similar outcomes in a
variety of settings.?® Further, only one article®® described a process evaluation of an
intervention. Process evaluations provide insight into the implementation of interventions!21%0
and are valuable for understanding whether the intervention was implemented as intended and
how it interacted with contextual factors, such as student engagement and other interventions in
place. Given the variation in interventions included in this review and the call for multi-strategy
approaches, process evaluations can provide campus stakeholders with an understanding of how

to design and implement interventions that are best tailored to their context.

Several articles demonstrated the value of students and food service operators being involved in
the implementation and evaluation of interventions; 2% speaking to the need for collaborative
partnerships among students, faculty, staff and campus stakeholders. Of note, no studies
provided information on the structure of their campus food service operations (e.g., food

delivered by food service chains versus self-operated); such information would be valuable for
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further understanding influences on the types and impacts of interventions conducted and

evaluated in post-secondary settings.

This review was limited to peer-reviewed literature and excluded grey literature, likely missing
recent efforts on campuses that have not yet been published, as well as those potentially
undertaken by campus stakeholders such as food services without the involvement of academic
researchers. University food service operations are increasingly committing to initiatives such as
the Association for the Advancement of Sustainability in Higher Education and Menus of
Change,*1%2 potentially indicative of an increasing level of activity related to actions promoting
health and sustainability in campus settings. Associated internal reports may include information
not considered in this review about how campuses are attempting to improve human health and
environmental sustainability. Given the lack of peer-reviewed literature identified on
interventions that jointly addressed health and sustainability, examining the grey literature is an
important next step. Additionally, future systematic reviews could focus on the impacts of
specific intervention types (e.g., economic tools) by limiting inclusion to study designs that
support inferences about causality (e.g., experimental studies with pre-test and post-test periods
and control groups). However, systems-informed approaches that consider interactions among

interventions are also needed.

The findings of this review may be affected by publication bias, with articles that show null
effects not appearing in the published literature. As well, the potential for author bias when
interpreting the literature is innate to scoping reviews. However, we aimed to maintain
objectivity and transparency in our synthesis and reporting by using a consistent data extraction
strategy for each article and conducting independent validation of the extraction by a second

reviewer.*

5.6 Conclusions

Existing peer-reviewed evidence suggests interventions to support both healthy and
environmentally sustainable eating patterns within the context of postsecondary contexts are
currently limited and there is a greater emphasis on human health versus environmental

sustainability. Interventions that aim to modify cues within the food environment either in
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isolation or in combination with other strategies demonstrate the greatest potential in effectively
supporting human health and environmental sustainability. Specifically, interventions utilizing
economic tools, such as price adjustments, show potential in improving dietary intake but are
understudied within the literature. Further, interventions focused environmental sustainability
primarily focused on food waste, suggesting an opportunity to integrate interventions from other
domains within the NOURISHING framework in ‘whole-of-system’ approaches. Clear
operational definitions and robust and standardized measures of healthy and environmentally
sustainable eating will be valuable for measuring progress toward global targets for human and

planetary health.
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Figure 6. PRISMA flow chart illustrating the search and screening process to identify food

interventions implemented on post-secondary campuses
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Table 1. Categorizations of included interventions based on the NOURISHING framework (n=37 interventions across 38 records)*

Interventions considering human health (n=29)

Aboul-Enein et al., 201578

Bernardo et al., 20187°

Bevet et al., 2018% °

Biden et al., 2018™ ° °

Cardenas et al., 20157 . .

Christoph et al., 2016°° and .
Christoph et al., 2017%°

Cioffi et al., 2015% °

Deliens et al., 2016%° °

Dingman et al., 2015%° ° °

Hammond et al., 2015 °

Hua et al., 2017% ° ° °

Mistura et al., 20198 ° °

Mora-Garcia et al., 201981 ° °

O'Brien et al., 2016

Policastro et al., 2017 °

Rodgers et al., 20167
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Rose et al., 2018% °

Roy et al., 20168 ° °
Schroeter et al., 20197

Scourboutakos et al., 20178 ° °
Seward et al., 20167 ° °

Shi et al., 2018% °

Sogari et al., 2019% °

Tallant et al., 2017 4

Valdez et al., 201877

Vermote et al., 2018°%” °

Vermote et al., 20198 ° °
Viana et al., 2018 ° o o .
Walmsley et al., 2018%¢ o

Interventions considering environmental sustainability (n=8)

Ahmed et al., 2018°% ° .
Duram et al., 2015% o .

Godfrey et al., 2017% ° °
Lorenz-Walther et al., 2019% ) °
Monroe et al., 2015%

Mu et al., 2017%° °

Pinto et al., 2018% °
Rajbhandari-Thapa et al., 20182 o

!Different outcomes from the same intervention were presented in two separate articles.

This material has been reproduced with permission from the World Cancer Research Fund International NOURISHING framework https://www.wcrf.org/int/policy/policy-
databases/nourishing-framework.
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Table 2. Overview of characteristics and key findings of food interventions considering human health in post-secondary campus settings (n=29

interventions across 30 records)

nutrition, hands-on
food preparation,
and group meals.
Session was
conducted in groups
of 10-12 students,
divided into 2-3
students per bench.

cooking skills and
healthy eating
practices using a
questionnaire tested
for validity: a)
accessibility and
availability of fruits
and vegetables at

fruits and vegetables
at home after the
intervention.

Effects were sustained
at the 6-month follow-

up.

Author, Setting Sample size | Intervention Duration | Study design | Outcomes and Summary of Funding
year, / duration measures findings
location
Aboul-Enein | Online Students Online nutrition 1 semester | Pre-test, post- | Survey: Perceived Compared to scores Not stated
etal., 2015 enrolled in course about the (~4 months) | test quality and value of prior to the
undergraduate | Mediterranean diet experiment Mediterranean diet intervention,
Houston, online (incorporated (no control) (KIDMED - 16-item participants viewed
Texas, United nutrition assigned readings, questionnaire index; the Mediterranean
States course article reviews, score range 0-12, dietary pattern more
(n=65) recipe analysis, where <=3 is low, 4-7 | positively and
weekly discussion is medium, and >=8 is | demonstrated an
forums, high). increase in
asynchronous understanding of the
presentations, pattern.
writing assignments,
exams)
Bernardo et University | Students Cooking class 6 weeks Randomized Sample Survey responses Federal Agency
al., 2018™ campus (n=82; 41 in intervention (five control trial characteristics: demonstrated an for Support and
intervention weekly 3-hour with follow- demographics, increase in cooking Evaluation of
Brazil and 41 in hands-on cooking up at 6 cooking confidence and self- Graduate
control) sessions) and food months characteristics (e.g., reported knowledge of | Education in
selection and self-reported cooking terms Brazil; Human
purchasing knowledge, cooking following the Resources
workshop. Sessions experience and intervention. Development
included cooking location). Program;
demonstrations, Participants increased | National
discussions about Outcomes related to the availability of Council for

Scientific and
Technological
Development
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home; b) cooking
attitudes; c) cooking
behaviors at home; d)
cooking behaviors
away from home; e)
produce consumption
self-efficacy; f) self-
efficacy for using
basic cooking
techniques; g) self-
efficacy for using
fruits, vegetables, and
seasonings (while
cooking); and h)
knowledge of cooking
terms and techniques.

Bevet et al., Cafeteria | Students Choice architecture | ~3 weeks Pre-test, post- | Pre-survey (to identify | Between 54%-69% of | University of
20186 (buffet- (n=681in 1: Vegetable-heavy test quasi- preferences for food students incorporated | Vermont Dean
style) pre-test; entrees added to experiment options among diners | a vegetable-heavy of Student's

Burlington, n=128 late-at- | beginning of self- (no control) at different eating entrée into their Office
Vermont, night) serve line. occasions): preference | dining session
United States for foods, throughout the week.

Choice architecture sociodemographics

2: Healthy choices Significant increase in

snack bar added to At-late-night survey: purchases from the

salad bar (e.g., health score, food healthy choices snack

hummus, popcorn, choices, satisfaction. bar.

trail mix, yogurt, Tallied number of

pre-cut fruit) students who took

food from each
intervention station.

Biden et al., Residence | Sales from 1. Point-of-purchase | ~2 years for | Pre-test, post- | Sales outcomes: Healthy items were Authors had no
2018 cafeterias | cafeterias labels using intervention | test ecological | number of items sold, | sold more often and funding to

checkmark indicator | period study number of fruit and made less expensive report
London, Students were | based on multi- milk items sold, net by the food operating
Ontario, surveyed to nutrient "FRESH" sales, number of free service.
Canada provide criteria. Those not fruit or milk

meeting criteria

redeemed, annual cost
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context to were classified as of free fruit redeemed | Healthy items also
findings non-FRESH calculated by taking appeared more
(n=1476) approved. average cost of the frequently on menus
fruits with highest than less healthy
2. FRESH Reward sales quantities. items.
Card program
provided students
with 1 free fruit/milk
after 9 purchases of
whole fruit/milk.
Cardenas et Cafeteria | Sales from 1. Repositioned fruit | 13 weeks; 3 | Pre-test, post- | Outcomes (collected Fruit purchasing National Heart,
al., 2015 cafeterias next to point of weeks per test by salesperson): significantly doubled | Lung, and
(~150 purchase with a sign | intervention | experiment number of pieces of from phase 1 Blood Institute;
Lima, Peru students per that says, period with two fruit sold each day; (repositioning of National
day) ‘Consuming five intervention number of full meals | fruits) to phase 3 Institutes of
fruits and vegetables phases sold; fruit ratio of (added 33% Health; US
Students for per day prevents (no control) total fruit purchased reduction). Department of
semi- many illnesses - and total meals sold in Health and
structured World Health same day. Visible There were no Human
interviews Organization' with information about differences in fruit Services;
(n=12) price per item of each consumer was sold between the other | Fogarty
fruit. Poster was also also collected (e.g., phases. International
placed at entrance of sex, student vs non- Center
cafeteria. student adults).
2. Follow-up Qualitative
intervention where interviews:
price of fruit was perceptions of
reduced by 33%. marketing strategies
of fruit, demographic
questions, reasons for
purchasing or not
purchasing fruit,
noticed reduction in
price.
Christoph et | Dining Students Nutrition label items | ~16 weeks; | Cross- Survey: Gender, age, | When compared to US Department
al., 2017%° hall (n=1069) (with dish title, data sectional college classification, | non-label users, a of Agriculture;
serving size, number | collected at height, weight, self- greater proportion of | National
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Midwestern of calories, and weeks 8 perceived eating label users selected Institute of
United States grams of fat, and 12 habits, exercise fruits, vegetables, and | Food and
carbohydrates, and frequency, enrollment | beans. Agriculture
protein). in college-level
nutrition courses, and | Fewer label users
nutrition label use. selected fried foods,
foods with added
Dietary intake coding | sugars, potatoes, and
(using pre- and post- refined grains when
meal photographs): compared with non-
Coded selection, type, | users.
servings, and
consumption
according to US
Department of
Agriculture MyPlate
food categories.
Christoph et | Dining Students Nutrition label items | ~16 weeks; | Cross- Survey: Nutrition Nutrition label US Department
al., 20168° hall (n=2729) (with dish title, data sectional label provision, placement did not of Agriculture
serving size, number | collected at | (three waves) | awareness, and use, influence nutrition National
Midwestern of calories, and weeks 8 behaviour label awareness. Institute of
United States grams of fat, and 12 characteristics (sleep, Food and
carbohydrates, and exercise, food habits), Agriculture

protein) placed
directly in front of
food.

specific topics (e.g.,
what types of
information the diner
would prefer to see,
reasons for label non-
use, frequency of
dining services mobile
application);
sociodemographic
variables and
anthropometric
variables (height and
weight, weight
intention) were
collected for
correlates.
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Cioffietal., Dining Sales from Nutrition labelling ~2 years; 1 | Pre-test, post- | Mean calories Food labels led to a Division of
201561 hall dining halls on pre-packaged year for test purchased per week, 7% reduction of mean | Nutritional
food purchases. pre- and experiment sales patterns, change | total calories Sciences,
Ithaca, New post-test (no control) in high vs low calorie | purchased per week. Cornell
York, United periods and high vs low fat University
States respectively foods. Total fat for
purchased foods also
demonstrated a 7%
reduction among
labeled foods.
Deliensetal., | On- Students for 1. Price increases on | 5weeks; 1 | Pre-test, post- | Data collected at Increasing the price of | Authors had no
20168 campus French Fries | French fries by 10% | week per test quasi- register: student French Fries by 10% | funding to
restaurant | experiment and 20%. intervention | experimental | status, chosen menus, | and 20% led to a report
Brussels, (n=2930 total, period study and whether French fries 10.9% and 21.8%
Belgium 2344 during 2. Price reductions qualitative or fruit was chosen, reduction in
week 1 and on fruit purchases by interviews sex of the student. purchases,
2325 during 10% and 20%. respectively.
week 2) Interviews:
demographics Decreasing the price
Students for 3. Posters and (gender, age, of fruit by 10% and
fruit information boards residency, study 20% led to a 25.1%
experiment to communicate discipline, height, and 42.2% increase in
(n=3235 total; | price adjustments. weight), food choice | fruit purchases,
3802 during about the price and price respectively.
week 1 and adjustments. manipulation
3728 during influenced their
week 2) choice, asked if price
adjustment would
Students for change their
interviews consumption in the
(n=230 for long run, asked if they
French fry believed it was a good
experiment; initiative to support
n=227 for healthy eating.
fruit

experiment)
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Dingman et Vending Vending 1. Poster boards 8 weeks; 4 | Pre-test, post- | Sales data: the Compared to the 4- Not stated
al., 20158 machines | machines adjacent to each weeks for test, 2x2 average calories sold | week pre-test period,
in (sales data for | vending machine, pre- and experimental | per snack, and the there were no
North residence | n=18 listing Nutrition post-test design proportion of snacks significant differences
Carolina, halls machines; 9 Facts Panel for each | periods that contained fewer in calories sold.
United States intervention product in the respectively calories and less
and 9 control | vending machine. saturated fat, sugar,
sites) and sodium than the
2. Five products that usual snacks (i.e.,
Students met nutrition criteria Better Choice snacks).
(n=670) were highlighted
(less than 200 kcal, Used sex and year of
less 2g of saturated schooling as
fat, Og of trans fat, covariates in models.
less 7g of sugar,
300mg of sodium)
and labelled as
"Better Choice" with
an interpretive label.
3. Criteria and
promotional
messages were
described on posters
and emails.
Hammond et | Residence | Students Numeric calorie 2 weeks; 1 | Pre-test, post- | Demographic Compared to pre-test, | Canadian
al., 2015 cafeterias | (n=159) labels. week for test information: sex, race, | calorie labels led to Cancer Society
pre- and naturalistic rate overall health, significant increases Research
Ontario, post-test cohort BMI, weigh in noticing and use of | Institute;
Canada periods perceptions and nutrition information | Canadian
respectively aspirations. to guide food Institutes of
purchases. Health
Exit surveys: Noticing Research

information, what
types of information,
when they saw it, use
of information,
calories ordered and
consumed.

The calorie content of
foods purchased and
estimated amount of
calories consumed
decreased following
the intervention.
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Huaetal., Vending Vending 1. Improved 5 months 2X2x2 Sales and revenue The interaction None to report
2017% machines | machines availability of balanced data: total number of | between improving
(n=56) healthier snacks factorial units sold and total the availability of

New Haven, (using ‘FitPick’ experiment revenue, stratified by | healthier options and
Connecticut, criteria of <=250 type of vending promotional signage
United States kcal, <=20 g sugar, machine (i.e., snacks | increased revenue of

<=230 mg sodium, or beverages). healthier snacks.

<=10gfat,<=3¢g

saturated fat, and no Price reductions alone

trans fat). Water and did not affect

other beverages consumer choice.

(<=25 kcal/237 mL)

were classified as The interaction of all

healthy. three interventions did

not increase

2. Reduced price for purchasing of

healthy items by healthier snacks.

25%. Water reduced

price to $1. Compared to the pre-

test period, there was

3. Promotional an overall increase in

signage to indicate healthier snack

price change and purchasing across all

labels to indicate intervention

healthy items. Signs machines.

promoted water

consumption.
Mistura et al., | Residence | Students for 1. Improved ~11 weeks; | Pre-test, post- | Tallied number of Compared to the 2- British
201987 cafeterias | surveys availability and 3 weeks per | test quasi- students observed week pre-test period, | Columbia

(n=340) appearance of intervention | experiment purchasing a there was no change Ministry of

Victoria, vegetables. phase (no control) vegetable option in the mean number of | Health
British compared to the total | vegetables purchased.
Columbia, 2. Poster at eye level count of students that
Canada to indicate vegetable purchased from hot

option and with a
character/message.

table, counts were
recorded by sex.
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Mora-Garcia | Cafeteria | Consumers Randomly informed | 4 weeks Pre-test, post- | Receipts: products The intervention led Apoyo de
etal., 20198 (n=228 for people about test bought, price of to an increase in total | Proyectos
control; existence of FOP randomized product. expenditure of $0.18. | Interdisciplinar
Bogota, n=257 for Nutri-score labelling controlled ios de
Colombia intervention) | system. trial Survey: Spending on healthier | Investigacion
anthropometric and items was 21% or
demographic $0.26 higher than
characteristics, using | purchases made
the system, physical during the pre-test
activity period, with no
measurements. change for less
healthy items.
Compared to those in
the control, customers
were 10% more likely
to buy healthier items.
O'Brien etal., | Online Students 1. Online nutrition 4 weeks Pre-test, post- | Dietary habits survey: | Compared to the Not stated
20167 (n=148; n=48 | course (on-screen, test vegetable and fruit control group and the
for control open-response randomized consumption (three 7- | group that received
Northeastern group, n=50 prompts, writing control trial day recall items). the online nutrition
United States in web-only task, personalized course, those who
group; n=49 feedback on healthy Healthy food choices: | received the online
in web and eating) only. how often students course and daily

mobile group)

2. Online nutrition
course intervention
and daily messages
for behaviour
planning.

selected university
sponsored healthy
items (Sargent Choice
selection).

messaging
demonstrated a
significant increase in
the likelihood of
improving vegetable
consumption and were
three times more
likely to meet dietary
guideline standards.

However, the
intervention did not
significantly change
fruit consumption.
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Policastro et | Dining Students Modified sandwich | 8 days of Pre-test, post- | Participants' choice of | When compared to None to report
al., 20178 hall (take- | (n=9765) order form where data test ingredients and orders using the
out line) healthier ingredients | collection experiment measures for calories, | unmodified sandwich
New Jersey, were listed first over 8- (no control) fat, sodium, and fiber | order form, the
United States within each week study for each order. modified form led to
category, printed in | period an increase in
bold and larger font, selection of healthier
and designated with ingredients and
star symbol. decreased selection of
less healthy
ingredients.
Rodgers et Online Students Online intervention | 10 weeks; 3 | Pre-test, post- | Demographic survey: | There was a None to report
al., 20167 (n=43) which included weeks for test age, year in school, significant increase in
taking photographs | intervention | experiment housing status, weight | fruit and vegetable
Northeastern of every meal and period (no control) and height using scale | consumption among
United States text messages to to calculate BMI. those in a higher body
encourage healthy mass index category.
eating (3 times/day Food Frequency
at mealtimes). Questionnaire: Fruit There were no
and vegetable intake. | significant changes in
vegetable
Beverage Intake consumption and a
Questionnaire: Caloric | decrease in fruit
intake from SSB. consumption was
observed among those
Drive for Thinness in a lower body mass
(subscale from Eating | index category.
Disorder Inventory): 7
items, such as pre-
occupation with
thinness.
Rose et al., Vending Students Vending machines 2 months Pre-test, post- | Healthy Habits No changes in milk American
2018% machines | (n=128) with milk installed test Survey: vending and calcium intake. Dairy
(campus in high traffic areas experiment purchasing habits, Association-
Columbus, dorms) and near other (no control) motivators and Mideast
Ohio, United vending machines. barriers to consuming
States calcium rich foods.

Calcium consumption
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guestionnaire: assess
calcium and milk
intake from foods and
beverages.

Roy etal., Food Students 1. Calorie labelling | 10 weeks; 5 | Pre-test, post- | Sales data: change in | There were no None to report;
2016% outlet (n=713) placed adjacent to weeks per test itemized food sales differences in sales corresponding
items on menus and | intervention | experiment data (also compared to | between the calorie author received
Australia contextual (no control) same weeks during labelling with social Australian
statement. the same period the marketing campaign Government,
year prior). and calorie labelling Department of
2. Social marketing alone. Education
campaign with Intercept interviews:
comprehensive customer attitudes, 30% of participants
website/interactive awareness of were aware of the
calculators, knowledge and use. calorie labels on the
advertising slides for menus and 75% of
digital screens, and participants were
banners. Dietitians accepting of the
were also available labelling intervention
during lunch hours after they were made
and stood next to aware of the changes.
banners.
Participants selected
meals with lower
mean calories
following the social
marketing
intervention, despite
most participants
claiming that the
campaign would not
influence their food
and beverage
purchases.
Schroeter et | University | Students 1. 4-week 6 weeks; 4 | Pre-test, post- | Survey: Dietary quality scores | Cornell Center
al., 20197 campus (n=57; n=18 | educational session | weeks for test demographics, media | increased by 15% for Behavioural
for control on five food groups | intervention | randomized behaviour (self-rated), | among those who Economics in
United States group; n=8 outlined in USDA's controlled nutrition knowledge received either Child
incentive and | MyPlate, including trial (self-rated), health intervention, whereas | Nutrition;
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education
group; n=31
for education
group)

1-hour lesson 3-4
quiz questions,
interactive style and
had tailored
personalized
suggestions at end of
lesson.

2. Education and
incentive if HEI
score was improved

behaviour (dietary
recalls using ASA24).

the control group
increased by 8%.

California
Polytechnic
State
University-
College of
Agriculture,
Food, and
Environmental
Sciences

by 5%.
Scourboutakos | Residence | Students 1. Education 5 months; 2 | Pre-test, post- | Beverage choicesand | The proportion of Cancer Care
etal., 20178 | cafeteria (n=368 to campaigns for months for | test quasi- fruit and vegetable students who Ontario;
(buffet 510) beverages and fruits | pre-testand | experiment choices. purchased fruit Canadian
Toronto, style) and vegetables (e.g., | 3 months (no control) significantly increased | Institutes of
Ontario, healthy eating plate | for from 30% to 36%. Health
Canada infographic). intervention Research;
period Proportion of students | University of
2. Physical activity who purchased a Toronto
calorie labelling sugar-sweetened
equivalents for beverage significantly
sugar-sweetened decreased from 49%
beverages. to 41%.
Seward et al., | Residence | Students 1. Traffic light 13 weeks; 6 | Pre-test, post- | Cafeteria servings: 59% of post- Harvard
201672 cafeterias | (n=1329) labelling and weeks for test quasi- Change in proportions | intervention students | College
healthy-plate pre-testand | experiment of red, yellow, and who noticed the Museum of
Cambridge, stickers. 7 weeks for | (no control) green items (overall traffic-light labels Comeparative
Massachusett intervention and by subgroups of thought they were Zoology;
s, United 2. Healthy foods and | period food categories). helpful and 73% said | National Heart,
States beverages moved to that they should Lung, and

high-traffic and
accessible areas.

Online surveys: How
and whether they used
the nutrition
information to guide
choices and asked if
they wanted to have
nutritional labels.

continue to be used
following the study.

No significant
changes in
proportions of red,
amber, and green
labelled items sold.

Blood Institute
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Shietal., University | Vending Health Star Rating N/A Cross- Audits: Name, weight, | Compared to pre- None to report
20185 campus machines (voluntary front-of- sectional volume of items; implementation data
(n=60 across | package labelling promotions. ~3 years prior, there
Australia 7 campuses; system; ranging was an increase in the
n=27 snack from half a star to Nutritional quality: proportion of snacks
machines, five stars where energy, positive and beverages rated
n=33 more stars indicate a nutrients, risk 3.5 stars or higher
beverage healthier choice) nutrients. offered in the vending
machines, machines.
n=11 with
both)
Sogari etal., | Dining Consumers Messages about the | 18 days Pre-test, post- | Number of diners who | Compared to the non- | European
2019% hall (n=3734) nutritional benefits over 9- test quasi- selected whole grain message condition, Union's
for whole grain week study | experiment pasta versus other messages about Horizon 2020
pastas period types of pasta. vitamin benefits Research and
demonstrated a 7.4% | Innovation
increase in the Programme
probability of
selecting whole grain
pastas.
Tallantetal., | University | Students Nutrition education | 16 weeks Pre-test, post- | Survey: food label Compared to the pre- | Not stated
201774 campus (n=33) course focused on test quasi- use; healthy food test period, the
self-efficacy, experiment choices; modified intervention led to a

nutrition behaviour
skill-building, and
nutrients and
lifestyle behaviours.
Lecture on food
labels was also
provided.

survey instrument
from Department of
Agriculture's Diet and
Health Knowledge
survey measuring
perceptions on diet
adequacy, nutrition
knowledge, nutrition
self-efficacy, and
perceptions.

Dietary self-
assessment.

Scores for food label
reading.

significant increase in
food label-reading
behaviour and food
choice behaviour.

27% of students
practiced food label
reading more
frequently at the post-
test period and 29%
indicated choosing
healthier options more
frequently.
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Valdez etal., | University | Students Experiential learning | 10 days Pre-test, post- | Qualitative The intervention Authors stated
20187 campus (n=10) course: values of test quasi- guestionnaire: improved participant | that they did
whole foods plant- experiment perspectives on whole | understanding of how | not receive
based diet (and using mixed foods plant-based plant-based diets can | financial
nutrition) on chronic methods diets. affect chronic disease. | support;
condition, provided however,
meals Blood samples for Compared to the pre- | article stated
cholesterol and test period, there was | that grant
glucose. an observed mean funding was
change in total secured to
cholesterol of -26 cover costs of
mg/dL, high-density meals.
lipoprotein cholesterol
of -6.1 mg/dL, and
low-density
lipoprotein of -21.6
mg/dL.
Vermote et On- Students Reduced portion 1 week Pre-test, post- | Consumption and Reduced portion size | Not stated
al., 2018 campus (n=2056 at sizes for French fries test quasi- plate waste. was effective in
restaurant | pre-test; (~20%). experiment reducing consumption
n=2175 at Interviews: Satiety and plate waste, with
post-test) and caloric intake, no differences in
food recall for meal, satiety and caloric
Students and side, dessert, and intake.
employees for beverage,
interviews sociodemographics. Mixed consumer
and dietary perceptions regarding
recall Noticing of portion portion size changes.
(n=296) sizes and estimates for
how much and if
portion size was
sufficient.
Vermote et On- Students 1. Food labelling 35 weeks; Pre-test, post- | Sales data: Amount Compared to the pre- | Not stated
al., 20198 campus (n=556) (interpretive) at phased in test quasi- sold for desserts. test period, there was
restaurant point-of-purchase. ranging experiment a significant increase
from 1to using mixed Interviews: in fruit purchasing.
2. Information 23 weeks in | methods demographics, The effect was
campaign (posters). | duration influence and use, sustained over a 35-

feasibility.

week study period.
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Vianaet al., Vending Vending 1. Information 2 months Pre-test, post- | Sales reports: revenue, | Compared to the pre- | Not stated
2018% machines | machines campaign using test quasi- profit, number of total | test period,
(n=3) Healthy Campus experiment products sold, and intervention machines
Initiative label healthier products demonstrated an
Consumers (included web sold. increase in profits of
(n=100) address for more healthier items.
nutritional Survey:
information). demographics, typical | Revenue was not
frequency of vending | compromised
2. Interpretive machine purchasing. following the
labelling for healthy intervention.
products.
3. Healthy products
were grouped at eye
level.
Walmsley et | On- N/A 1. Moving fruits and | 5 years; 2 Pre-test, post- | Sales data: daily total | The rearrangement of | None to report;
al., 2018 campus vegetables from years per test quantity sold for each | the shop led to an corresponding
grocery back of the store to | intervention | experiment product, description, increase in percentage | authors
store front and moving period (no control) price, profit, barcode, | of total fruit and supported by

beverages.

unit size and food
category.

vegetable sales.

There was a decline in
sales of fruits and
vegetables over a 5-
year period.

University of
Warwick;
National
Institute of
Health
Research
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Table 3. Overview of characteristics and key findings of food interventions considering environmental sustainability in post-secondary campus

settings (n=8 interventions across 8 records)

food).

3. Messaging
campaign to raise
awareness on food
waste; posters
demonstrated
strategies to reduce
waste (e.g., mindful
portion sizes,
coming back for
seconds, exploring
all food options in
dining hall).

4. Teach students to
develop, implement,
and evaluate a food
waste intervention.

scale of 1to 4 (less
than one-quarter to
more than three-
guarters plate) and
frequency of food
item wasted.

Survey (intercept
technique): 5
guestions of diner
attitudes toward food
waste.

Participant reflections
by research team:
Evaluating
effectiveness of
experiential learning
project (focused more
on teaching pedagogy;
therefore, not included
in data charting).

them think more about
food waste and
supported campus-
wide efforts to address
food waste through
composting.

Students reported that
they would feel more
concerned about food
waste if the efforts
allowed them to save
money.

Author, year | Setting Sample size | Intervention Duration Study design | Outcomes and Summary of findings | Funding
measures
Ahmed et al., | Dining Students 1. Reduced portion 3 weeks Pre-test, post- | Food waste Although not National
2018% hall (n=249 for size of all entrees by test measurements: statistically Institute of
survey) at least one quarter. experiment Weighted food and significant, the General
Bozeman, 2. Serving utensils (no control) non-food waste for intervention Medical
Montana, were replaced for three days pre- and demonstrated a 17% Sciences of the
United Stated smaller tongs, post-intervention. reduction in total food | National
(Montana spoons, and ladles waste. Institutes of
State (leading to multiple Plate waste Health;
University) scoops being measurement: Visual | Participants self- Montana State
required to serve estimates of amount reported that the University’s
same amount of of food waste from intervention made Campus

Sustainability
Council

and Montana
Institute on
Ecosystems
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Durametal., | University | Students Campus garden (led | 3-year Case study Qualitative Campus gardens were | Southern
2015% campus (n=9) by students) to evaluation using mixed assessment of growth | driven by student Ilinois
promote methods of garden and future leadership and were University
Carbondale, sustainability (interviews, recommendations. committed to projects | (Green Fund)
Ilinois, education; later budget that aimed to improve
United States helped to supply analysis) Process of campus food systems.
campus dining halls implementing the
and campus farmer's campus garden was
markets. documented.
Godfrey et Dining Students for 1. Communication 3 weeks Pre-test, post- | Production reports Interviews Canadian
al., 2017% hall interviews campaign on water test and sales report: demonstrated that Social Sciences
(n=10) footprints. Foods experiment behaviour change students perceived and Humanities
Calgary, were categorized (no control) (i.e., increase in environmentally Research
Alberta, Students for into easy-to- using mixed proportion of low sustainable foods as Council;
Canada pre- and post- | understand posters methods water footprint meals | providing greater University of
test survey and labels to identify sold). health benefits. Calgary
(n=32) small, medium, and Students Union
large water Survey: Change in Students also Sustainability
Dining hall footprints. attitude scores toward | indicated that they opt | Fund
choosing small water | for convenience over
2. Low water footprints (food choosing

footprint meals were
recommended in
second week.

attributes for
environmental
sustainability, taste,
healthiness,
availability, price,
lifestyle image; food
appearance; measure
of belief; emotional
response).

Interviews: food
choices, how they
perceived concepts of
sustainable food,
reactions and
interpretations of
water footprint
signage.

environmentally
sustainable foods.

Compared to the pre-
intervention period,
there were no
significant changes in
consumption
following the
intervention.
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Lorenz- Canteen Consumers 1. Posters to raise 30 weeks; 1 | Pre-test, post- | Survey: Cognitive Compared to the pre- | German
Walther et al., (n=503 at awareness on food 6-week test quasi- attitude towards test period, there was | Federal
2019% pre-test; 377 | waste and provided | period for experiment finishing food, a small decrease in Ministry of
at post-test) strategies on how to | pre-test and perceived behavioural | food consumption and | Education and
Germany avoid food waste. 5 6-week control over having food waste. Research
periods for plate leftovers,
2. Reduce portion post-test perceived subjective Participants who
size: For meat norms in finishing all | indicated the
entrees, portion sizes food, portion size informational
were reduced from ratings, taste ratings. campaign influenced
1409 to 120g or their decisions to eat
used smaller scoops Plate leftovers all the food on their
for sauces that (observed by plate had less
contain meat videotaping of leftovers than those
(decrease from 100g returned trays): who indicated that the
to 839 sauce). Leftovers were campaign did not
visually estimated. influence their
decisions.
Monroe et al., | Online Students for Four modules (1 per | 5 weeks Pre-test, post- | Survey: ‘Green Compared to the pre- | University of
2015% intervention week) with topics on test eating’ behaviour test period, scores for | Rhode Island
group green eating randomized scale (six items ‘green eating’
North (n=241 at behaviours, eating controlled related to food behaviour increased
Eastern, pre-test; n- local, reducing trial choices, shopping at among those who
United States 187 at post- waste, choosing farmers markets, fair- | received the
test) environmentally- trade foods, meals intervention.
friendly proteins. without antibiotics or
Students for Modules included hormones, and
control group | information frequency of
(n=367 at displayed in text, purchasing meat;
pre-test; pictures, video clips, decisional balance;
n=304 at and included self-efficacy at home
post-test) interactive and school; stage of

questions/quizzes.

change; knowledge
assessment; readiness
to change behaviour;
confidence, relevance,
attention, and
satisfaction with
program).
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Mu et al., University | None Food waste N/A Cross- Plant growth, life The food waste Kean
2017% campus composting system sectional cycle assessment composting system University
(in-vessel (environmental lowered greenhouse
Union, New composting impact), cost-benefit | gas emissions, smog
Jersey, New technology). analysis. formation, fossil fuel
York use, and
eutrophication when
compared to a landfill
waste system.
Pinto et al., Cafeteria | Cafeteria 1. Posters about 4 weeks; 10 | Pre-test, post- | Inorganic and organic | Compared to the pre- | European
2018% (~240 food waste. days for test ecologic | waste from trays. test period, there was | Union Horizon
students per pre- and study ~15% reduction in 2020 research
Lisbon, day) 2. Students were post-test (no control) Plate waste based on plate waste during the
Portugal trained to provide periods average serving size. intervention.
information on how | respectively
to reduce plate waste Monetary loss The information
and social impact of assessment. campaign was initially
food waste. well-received by staff
Waste consumption and students,
index to calculate however, interest in
amount of food waste declined as
consumption and per | the intervention
capita waste continued.
consumption.
Rajbhandari- | Dining Students Removed trays to 1 week Pre-test, post- | Outcomes: number of | Compared to the None to report
Thapaetal., | halls (n=3153; encourage reduced test quasi- lunch entrée servings, | control group,
2018% n=1564 in portions. experiment number of drink students in the dining
control group (with control) | servings, number of hall without trays self-
Southern and n=1589 salad servings, selected fewer
United States in number of dessert servings of lunch
intervention servings, number of entrée and drink
group) lunch entrees, salads, | items.

and dessert servings
with at least a quarter
leftover, and number
of lunch entrees
servings with at least
a quarter left over.

Cafeterias without
trays demonstrated
fewer servings with
leftovers.
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6.1 Overview

Background: There is high policy interest in calorie labelling on menus, but the impact of

numeric versus traffic light formats in real-world settings remains poorly understood.

Methods: Using a pre-post quasi-experimental controlled design, three post-secondary cafeterias
received numeric calorie labelling, traffic light calorie labelling (TLL), or no labelling for two
weeks. Exit surveys were conducted with patrons prior to and following label implementation
(N=1799; n=854 pre-intervention, n=945 post-intervention). Generalized estimating equation
modelling was used to determine impacts of label format on noticing, use, and calories
purchased. Logistic regression was used to examine differences in perceptions. Differences by
gender, health literacy, disordered eating, and socioeconomic status were considered. Sales data

were acquired and examined using ANOVA tests.

Results: The increase in noticing of nutrition information from pre-test to post-intervention was
significantly greater at the numeric (+19.5%; OR=3.13, 95% CI=1.79-5.47) and TLL sites
(+33.6%; OR=5.14, 2.95-8.96) than the control (-0.53%). Reported use of nutrition information
was significantly greater from pre-test to post-test at the numeric (+9.20% vs. —0.30%; OR=2.43,
95% CI=1.14-5.19) and TLL (+27.5%; OR=5.26, 2.51-11.0) sites relative to the control. Among
post-test patrons, 32% rated numeric and 48% rated TLL as easy to understand, and 25% rated
numeric and 42% rated TLL as easy to use. No differences in three-way interactions with site
and time were observed by gender, health literacy, disordered eating, and socioeconomic status
for noticing, use, and perceptions. The findings on calories purchased were inconclusive given
the assumption of parallel trends across sites could not be satisfied. The labels had no effect on

daily sales, total transactions, and sales per patron.

Conclusions: Increased noticing and use of nutrition information was observed following
implementation of numeric and TLL, with higher proportions of patrons expressing TLL were
easy to use and understand. Examining the overall quality of foods and beverages purchased is

needed to identify whether calorie labelling impacts choices beyond calorie composition.

Keywords: calorie label, traffic light label, food labelling, nutrition information, nutrition policy,

quasi-experiment, post-secondary, universities, cafeterias, young adults
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6.2 Introduction

Dietary risk factors are among the leading contributors to morbidity and mortality.! There is
currently an unprecedented level of focus globally toward identifying interventions to support
healthy eating among populations,?® with recognition of the influence of environmental factors
on dietary choices.?®’ Nutrition labelling has received particular attention, such as within
Canada’s Healthy Eating Strategy,® to support consumers in making informed food selection and
purchasing decisions. While nutrition labelling has traditionally focused on pre-packaged foods,
there is growing attention toward nutrition labelling at the point-of-purchase because of a shift in

recent decades toward increased consumption of foods prepared outside of the home.%2

Nutrition labelling at the point-of-purchase has primarily focused on displaying calorie amounts
on menus, driven by observations that energy content can vary among similar menu items and
that consumers generally lack awareness about the caloric content of products prepared and
consumed outside of the home.1%*2 Internationally, a number of jurisdictions have moved toward
mandatory calorie labelling on menus. For example, in New York City, restaurants and fast-food
chains with more than 20 locations are required to post calorie and sodium information for items
on menus.*® Similarly, the Healthy Menu Choices Act in Ontario, Canada requires
establishments with 20 or more locations to present numeric calorie information and a contextual
statement on menus.* The United Kingdom recently announced that large businesses with more
than 250 employees will be required to display calorie amounts for non-prepackaged foods and
beverages.'® Although interest in calorie labelling is high, evidence on impact is mixed. In
studies evaluating awareness of calorie labelling, 28% to 92% of respondents self-reported
noticing nutrition information,'®-2¢ with approximately one-third of those who noticed the
nutrition information also reporting label use.’~?* Systematic reviews and meta-analyses?®>" of
naturalistic and experimental studies suggest that numeric calorie labelling has a modest, if any,
impact on calories ordered or consumed.?*-313% However, there is consensus across reviews that
conclusions are based on limited data and most existing studies lack adequately-powered designs

with a comparison group.?%3+-3®

Building on nutrition labelling approaches developed for front-of-package labels, there has been

speculation about the potential effectiveness of interpretive formats, such as traffic light labels
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(TLL), to encourage healthy food choices based on at-a-glance summary indicators. TLL were
first proposed in the United Kingdom3®-° and were intended to convey whether foods and
beverages are high, medium, or low in selected dietary components (e.g., calories, sodium) in
relation to defined criteria using red, amber, and green traffic lights. Research focused on TLL
formats for front-of-package labels suggests that consumers notice, prefer, and use this format to
a greater extent than formats displaying only numeric information.**=*> A small body of
literature*®->> comparing impacts of numeric versus TLL at the point-of-purchase suggest that the
inclusion of the TLL indicator led to reductions in calories purchased relative to numbers alone.
Systematic reviews, with pooled estimates examining one of numeric or TLL formats in
comparison to control groups or baseline data, suggest consumers purchased fewer calories when
labels included interpretive information in comparison to numeric information alone.32-34
However, the paucity of well-powered naturalistic trials directly comparing the two label formats
poses a barrier to understanding whether one format could better support food and beverage
purchasing decisions,3* particularly in the context of complex settings where consumer behaviour

is impacted by social and environmental factors.

In addition to uncertainties about overall impacts of labels, there are questions about whether
calorie labelling regulations have differential impacts and unintended consequences across
sociodemographic subgroups. A study using national surveillance data from the United States
found menu labelling was noticed and used more often by individuals who were white, more
educated, and in higher income groups.®® Similarly, a review found a greater effect on awareness
and purchasing among consumers with high compared to low socioeconomic status (SES).®’
Lower SES has been associated with poorer understanding of labels, potentially widening diet-
related disparities.>® Concerns have also been raised regarding the potential for calorie labelling
to promote or exacerbate disordered eating;>*% however, the limited available evidence suggests
no adverse effect on indicators of disordered eating.>*51-62 Nonetheless, studies have shown
women use labels to select items with fewer calories,? which may be of concern given the high
prevalence of disordered eating among young adult women.®® There is a paucity of research

comparing numeric and TLL in relation to gender, health literacy, SES, and eating disorder risk.

The objectives of this study were to examine, in the real-world, the impact of numeric versus

traffic light calorie labelling on: (1) consumer noticing, self-reported use, and perceptions of
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labels; (2) changes in food and beverage purchasing; and (3) differences in label impact among
subgroup populations by gender, health literacy, SES, and eating disorder risk. Findings related
to changes in the proportions of TLL-categorized foods by site and phase, as well as differences
in the quality of foods and beverages purchased, for example, with respect to sodium and added

sugars content, are reported elsewhere.

6.3 Methods

A pre-test, post-test quasi-experimental controlled trial was conducted at a large Canadian
university from March to April 2019. Post-secondary campuses offer a unique consumer
environment to evaluate interventions in a real-world setting.?®-%° Three residence cafeterias,
catering to ~1000-2000 students each, were randomly assigned to receive numeric calorie
labelling, traffic light calorie labelling, or no labelling (control) (Chapter 4; Figure 2). Exit
surveys were administered during lunch (~11:30 AM to 2:30 PM) and dinner (~5:30 to 8:30 PM)
periods to patrons at all three cafeterias during the 2 weeks prior to and 2 weeks following a 1-
week label implementation period. Labels remained in place throughout the 2-week post-test

phase. Sales data were collected for the study period and the same months during the prior year.

The study was conducted according to guidelines in the Declaration of Helsinki and all
procedures involving human subjects were approved by the University of Waterloo Office of
Research Ethics (#31830), the University of Calgary Conjoint Health Research Ethics Board, and
the Public Health Ontario Ethics Committee. The data collection protocol and analysis plan were
registered with the Open Science Framework in November 2019 (available at:
https://osf.io/bxfw2).

6.3.1 Sample and recruitment

The sampling frame was limited to patrons of cafeterias in residences that primarily house first-
year students to maximize similarity among students served. The three residence cafeterias were
as geographically disparate as possible across campus to limit the possibility of students being
exposed to the label conditions in other cafeterias. The cafeterias were centrally managed by an
on-campus food service operation and provided similar offerings across sites, including hot

entrée stations, salad and sandwich bars, customizable stations for meals (e.g., pasta and rice
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bowls, pizzas), grills (e.g., burgers, French fries), and grab-and-go stations offering pre-packaged
foods, beverages, and snacks. Hot entrées rotated on a weekly basis and were offset across
cafeterias (i.e., one cafeteria was on week 1 while another is on week 2). All other stations
provided similar offerings, and beverages and snacks remained the same across sites (Appendix
C). The cafeteria with TLL included a branded outlet offering smoothies, categorized as snacks

for analysis purposes.

Eligible participants included currently enrolled students who reported purchasing a food and/or
beverage immediately prior to recruitment. Students were not eligible if they participated in
cognitive testing of study materials. Staff and faculty were not eligible to maintain comparable
samples between cafeterias. The target sample size was informed by a naturalistic study
conducted by Seward et al.*® and an experimental study by Hammond et al.,*® using data reported
on noticing of labels*® (binary outcome) and calories consumed*® (continuous outcome). All
calculations assume a significance level of 0.05. Based on Seward et al.,*® a sample size of
approximately 200 at each site was deemed to provide 80% power to detect a difference of 10%
in the number of individuals who notice labels across conditions. Based on Hammond et al.,* a
sample size of 485 at each site was estimated to provide 80% power to detect a difference of 63
calories consumed between the TLL and control condition. Comparing the numeric calorie
condition to the control condition, a sample size of 236 at each site provided 80% power to
detect a difference of 95 calories purchased. Using these calculations as a frame of reference, a
sample size of 295 students per site was hypothesized to provide 80% power to detect
differences in calories purchased of ~10% and in label noticing of ~6% across labelling
conditions. Therefore, the desired sample included 300 students per site during each of the pre-
test and post-test phases, totaling 1,800 participants.

Recruitment took place during lunch and dinner and booths were set up in unobtrusive locations
at the exits of cafeterias. Informational posters about the study were displayed in the cafeterias
throughout the study period (Appendix G). Trained research assistants provided patrons who
approached the booth with a brief overview of the study (Appendix H). Those who expressed
interest were provided with an iPad loaded with an eligibility screener, information letter, and
consent form (Appendix I). Eligible patrons who provided consent were then linked to the exit

survey (~18 minutes to complete, on average). Participants who completed the survey received a
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$5 honorarium in cash for their time. Since responses after prior exposure to the survey may
demonstrate response bias (e.g., knowledge of survey questions), patrons who indicated they had

already completed the survey that week were not eligible.

A total of 3355 patrons were approached during the data collection period and 2056 responses
were collected (949 during pre-test, 1107 during post-test). The response rate (response rate #4
by the American Association for Public Opinion Research) was 57% and 65% at the pre-test and
post-test phases respectively.”® Unique participant IDs were used to identify repeat responses and
only the first response from participants within each phase retained for analyses; this resulted in
the exclusion of 87 pre-test responses and 127 post-test responses. After removing responses
with data quality concerns (i.e., participants said “Don’t know” to all questions related to
purchasing and 80% of sociodemographic questions; n=43), the analytic sample included 1799
respondents (n=854 responses during pre-test, n=945 responses during post-test). Of these, 216

participated in both the pre-test and post-test phases.

A total of 101 participants (n=26 during pre-test, n=75 during post-test) did not report a meal,
beverage, and snack (see measures, below). Results for noticing, use, and perceptions did not
change after conducting a sensitivity analysis excluding these participants. Thus, the participants
were retained in the analysis for noticing, use, and perceptions to maintain sample size and
power, but excluded from the analysis on calories purchased. The final sample for examination
of calories purchased was 1698 respondents (n=828 responses during pre-test; n=870 responses

during post-test), with 204 participants providing data in both phases.

6.3.2 Intervention

The labels were based on designs used in prior studies*>***® and developed in consultation with
campus food services and their on-staff dietitian, as well as members of the research team
(Chapter 4; Figures 3 and 4). Both labelling formats included numeric calorie information and
the comparison between formats examined any added effect of the red, amber, and green
indicators. A plain-language educational poster was based on a webpage maintained for
Ontario’s Healthy Menu Choices Act ** and included contextual information consistent with the
mandate (i.e., “Adults and youth (ages 13 and older) need an average of 2,000 calories a day.

However, individual needs vary.”) (Appendix D). The labels and educational posters were
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tested in cognitive interviews’’2 with undergraduate students (n=10) and modified to improve

readability and understanding (Appendix E and F). Participants received $5 honorarium in cash.

An online nutrition information database maintained by campus food services was used to
identify the calories provided by a standard serving each item.” For items not listed in the
database, calorie amounts and serving sizes were identified based on close matches within the
Canadian Nutrient File,’* publicly available via Health Canada. Numeric labels displayed the
calories provided by a serving of the item. For the TLL, the numeric amount was accompanied
by a red, amber, or green symbol, based on the United Kingdom Food Standards Agency
guidelines for TLL on prepackaged foods,**"™ which provides calorie cut-offs for each colour per
serving of foods or beverages, respectively. Criteria for TLL cut-offs were based on a 2,000-

calorie diet, consistent with prior TLL studies.*®°

Following the pre-test phase in mid-March 2019, labels were positioned and monitored in
cafeterias for ~3 weeks, with post-test data collection beginning after the first week of
implementation. Labels were posted adjacent to foods and beverages or on menu boards, using
the same font and size as the item name and price (Chapter 4; Figure 5). Educational posters
and contextual information were placed in multiple locations throughout the intervention

cafeterias (e.g., on counters and screens) throughout the post-test phase.

6.3.3 Exit survey and measures

An online exit survey, consistent across phases, was completed on tablets using Qualtrics
software Version March 2019 (Qualtrics; Provo, Utah, United States).”® The questions were
adapted from prior research?>234448 and drew upon indicators used in national surveillance,’’
when applicable. The survey was tested using cognitive interviews with a sample of
undergraduate students (n=10) to ensure understanding and clarity of questions; participants
received an honorarium of $5 cash. The final exit survey (Appendix K) queried noticing,
perceptions, and use of nutrition information; information on the most recent purchase at the
cafeteria; socio-demographic information (e.g., age, gender, race); information related to
consumer behaviour (e.g., average number of visits per week); indicators of health literacy,’®
SES,” and disordered eating;®° and unique identifiers (i.e., day of birth, mother and father’s

initials, and city of birth) to enable linking repeat responses from the same participant.8.:82
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Noticing, use, and perceptions of nutrition information

Patrons were queried about noticing, use, and perceptions of nutrition information. To minimize
social desirability bias (e.g., participants responding positively to the intervention because they
were aware of the focus on calorie labels), questions specified nutrition information rather than
specifically calorie labels. Participants who reporting noticing nutrition information were queried

about the location and type of nutrition information noticed.??*

Participants who reported noticing nutrition information were asked whether they used the
information to help make their food and beverage purchases?>#* and the extent to which it
influenced their purchase (2=‘a lot’; 1= “a little’; 0=no influence).*® Those who did not notice the
labels were categorized within no influence on their purchase. Participants who indicated using
the labels were asked about their strategy for using the nutrition information, for example, by
selecting items with fewer calories or identifying items perceived as healthy. Among those who
noticed the labels, behavioural responses to nutrition information were queried, including
whether the nutrition information led them to order something different, eat less of the food
ordered, choose to eat somewhere else, or eat at the location less often. Participants who reported
noticing nutrition information were also asked about ease of understanding and ease of use of
nutrition information using a 5-point scale, which was categorized into a binary response for
modelling (1=very easy/easy; O=neutral/difficult/very difficult).*® Finally, participants were
asked if the nutrition information made them feel more or less in control of making healthy

eating decisions (1=more in control; O=less in control or neutral).

Calories purchased

Participants were queried for the details of their recent purchase at the recruitment site. The exit
survey was pre-populated with items sold in the cafeteria, including entrées, beverages, and
snacks, and prompted respondents for specific details (e.g., options for add-ons, such as sauce or
cheese). Participants could also enter open-text details about their purchase; open-text responses
were matched to items sold at the cafeterias. The online nutrition information database,
complemented by the Canadian Nutrient File,* used to create the labels was used to estimate
total calories purchased overall and for entrees, beverages, and snacks. A small number of
participants (n=33) had purchases with a total of O calories due to selection of items such as

water or diet soda; these responses were considered valid and included in the analysis.
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Covariates

Potential confounders were identified a priori and included age (continuous), gender
(man/woman; other specified identities not included due to low sample sizes),> race
(white/person of colour),?>*® frequency of visits to cafeteria in the past week (continuous),*
health literacy,?>°® socioeconomic status,*®® and disordered eating risk.>*%18% Eating occasion

was included as a covariate to adjust for differences in purchasing behaviour at lunch and dinner.

Age was included in the models as a continuous variable (years) and calculated by subtracting
year of birth from the study year (2019). The exit survey collected information on gender
identity, including options for man, woman, trans man, trans woman, non-binary, and other
specified identity. Responses for trans man, trans woman, non-binary, and other specified
identities were collapsed and provided in tables demonstrating sample characteristics. However,
given low cell sizes, gender identity was collapsed into a binary variable (man/woman) for
inclusion as a covariate in the model and non-binary responses were not included in the analyses.
Drawing upon data collected for ethnicity, race was collapsed into a binary variable
(white/person of colour).

Health literacy was assessed using the Newest Vital Sign,’® yielding a score out of 6 based on
responses to questions about the nutrition information provided for a pint of ice cream. Health
literacy was coded based on categories for adequate literacy (total score of 4 to 6); low likelihood
of limited literacy (2 to 3); and high likelihood of limited literacy (0 to 1).”® SES was measured
using a question on subjective social status’® (SSS), where participants were provided with a 10-
point ‘societal ladder’ and identified where they would rank themselves (1=high; 10=low).
Rankings for SSS were included as a continuous variable in all models from 1 to 10. SCOFF,2% a
5-item questionnaire to observe eating disorder symptomology among non-clinical populations,
was used to measure disordered eating risk. Affirmation of 2 or more questions indicated high
likelihood of disordered eating risk and coded as a categorical variable (0-1=unlikely
demonstrating disordered eating; 2-5=likely demonstrating disordered eating). Measures of
health literacy, SES, and disordered eating risk have been demonstrated to have reasonable

reliability and validity among young adults.”8808485
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6.3.4 Sales data and measures

Sales data for the three cafeterias were provided by campus food services for the data collection
period. Data included daily sales, number of transactions, and dollars spent per transaction for
the pre-test and post-test phases. Changes in sales were examined to address potential industry

concern about the effect of calorie labelling on profit and revenue.®®

6.3.5 Analysis

Analyses were conducted using SAS® Studio (Version 9.04, SAS Institute, Cary, NC). All tests
were interpreted using a significance level of 0.05. Odds ratios with 95% confidence intervals are

reported, unless otherwise specified.

Given the non-randomized nature of the experiment, preliminary ANOVA (continuous variables)
and Pearson y° tests (categorical variables) were used to describe any differences across sites;
correlations were not used to inform inclusion of covariates in models. Descriptive statistics were
also calculated for the proportions noticing and using labels and perceptions of nutrition
information. The distributions of calories purchased were right skewed and therefore, medians

are reported.

Generalized estimating equation (GEE) models were used to generate population-averaged mean
responses of participants at each site across test phases, accounting for repeat responses among
those who participated at both pre-test and post-test. Separate GEE models assessed each of
noticing of nutrition information and recall of type of nutrition information noticed, nutrition
information use, behavioural responses to nutrition information, and calories purchased.
Participants who did not report a meal, beverage, and snack were excluded from the analyses of
calories purchased. An interaction between site and phase estimated the difference in the change
of each outcome from pre-test to post-test across sites (see Appendix M for model output for
interactions). Age, gender, race, frequency of visits to the cafeteria in the past week, health

literacy, disordered eating risk, and SSS were included in all models.

Descriptive statistics were used to describe differences in perceptions of labelling formats among
post-test participants. Logistic regression models were used to examine differences in
perceptions across sites among the post-test participants who noticed the labels (n=358).
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Three-way interactions between site, phase, and covariates for gender, health literacy, disordered
eating risk, and SSS were individually tested in the models to examine for subgroup differences

in noticing, use, perceptions, and calories purchased.

Finally, ANOVA tests assessed differences in mean total sales, number of transactions, and sales

per patron by site and phase.

6.4 Results

6.4.1 Sample characteristics

Table 4 demonstrates characteristics of the sample by site and phase. The mean age was 19.3
years, with no differences by gender across sites and phases. Approximately one-third of the
sample demonstrated high likelihood of disordered eating risk and one-third also had a high
likelihood of limited literacy. The average score for SSS was ~4.5 (max, 10). Significant
differences were observed across sites for frequency of visits per week (F=7.92, df=2; p<0.001)
and racial identity (x>=31.2, p <0.001). From pre-test to post-test, significant differences were
observed for frequency of visits (F=10.82, df=1; p=0.001), racial identity (x*>=13.4, p <0.001),
and health literacy (¥*=13.1, p=0.001).

6.4.2 Noticing of nutrition information

Figure 7 demonstrates the proportions of participants who noticed nutrition information at each
site by phase. There was a significant difference in reported noticing of nutrition information at
the numeric site from pre-test to post-test relative to the control (+19.5% vs. —0.53%; OR=3.13,
95% CI=1.79-5.47). Similarly, noticing at the TLL site significantly increased from pre-test to
post-test in comparison to the control (+33.6%; OR=5.14, 2.95-8.96). There was no change in
noticing nutrition information at the control site from pre-test to post-test (OR=0.85; 0.55-1.20).
No significant differences were observed when comparing noticing at the numeric versus TLL
site from pre-test to post-test (OR=1.64, 0.99-2.72). The three-way interactions for gender,
health literacy, disordered eating, and SSS with site and phase were not significant for noticing
of nutrition information (p>0.05 for all); descriptive statistics are provided for noticing by
subgroups in Appendix M.
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From pre-test to post-test, there was a significant increase in respondents recalled noticing
calorie information rather than other types of nutrition information) at the numeric (+19.1%;
OR=3.04, 1.59-5.79) and TLL sites (+27.0%; OR=3.59, 1.92—6.73) compared to the control site
(-0.70%) (Table 5). There were no significant differences in the change in noticing calorie
information between the numeric and TLL conditions (OR=1.18, 0.69-2.02).

6.4.3 Use and influence of nutrition information on purchasing decisions

Figure 8 shows the proportion of participants who reported using nutrition information to help
make their purchasing decisions at each site, by phase. From pre-test to post-test, a significant
increase in reported use of nutrition information was observed at the numeric (+9.20% vs. —
0.30%; OR=2.43, 95% C1=1.14-5.19) and TLL sites (+27.5%; OR=5.26, 2.51-11.0) relative to
the control (OR=0.91, 0.50-1.65). From pre-test to post-test, a difference between the numeric
and TLL sites was observed (OR=2.17, 1.15-4.08). No significant three-way interactions
between test phase, site, and each of gender, health literacy, disordered eating, and SSS were
observed (p>0.05 for all).

Among respondents at the numeric labelling site at post-test, 13% reported using the nutrition
information ‘a little” and 7% reported ‘a lot’ to help make their purchasing decisions (Table 5)
(32% and 17%, respectively, among those noticing nutrition information). At the TLL site, 33%
reported using the nutrition information ‘a little” and 5% reported ‘a lot’ during the post-test
phase (56% and 8% among those who noticed). An increase from pre-test to post-test in
respondents reporting they used the nutrition information to identify healthy versus less healthy
items was observed at the TLL site compared to the control (+16.1% vs. +5.12%; OR=5.53,
2.37-12.9). Among those who indicated they noticed the labels, an increase in the proportion
who reported eating less of their food from pre-test to post-test was observed at the numeric site
relative to the control (+6.37% vs. —1.04%; OR=4.47, 1.39-14.4). Similarly, at the TLL site,
there was an increase from pre-test to post-test in participants reporting they ordered something
different (+15.1% vs. —0.71%; OR=4.09, 1.76-9.49) compared to the control. No significant
differences were observed when three-way interactions for gender, health literacy, disordered
eating, and SSS were included in models examining label use and behavioural responses (p>0.05
for all); descriptive statistics are provided for use by subgroups in Appendix M.
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6.4.4 Perceptions of nutrition information

Table 5 demonstrates perceptions of the nutrition information following implementation. At
post-test, 32% and 48% of participants rated the nutrition information as easy/very easy to
understand at the numeric and traffic light labelling sites, respectively (versus 12.1% at the
control). Similarly, 26% and 43% of post-test participants rated the nutrition information as
easy/very easy to use at the numeric and traffic light labelling sites, respectively (versus 10% at
the control). Among those who noticed the labels during the post-test phase (n=358), no
differences were observed for ratings of ease of understanding (OR=1.03, 0.45-2.32) and ease of
use (OR=0.74, 0.43-1.30) when comparing the numeric and TLL sites. At post-test, 18% of
participants at the numeric site and 32% at the TLL site reported that they felt more in control of
making healthy eating decisions (versus 9% at the control), respectively, whereas 18% at the
numeric site and 22% at the TLL site reported that they felt neutral or less in control of making
healthy eating decisions (versus 5% at the control). No differences by label format were
observed in perceptions related to control in making healthy eating decisions among those who
noticed the labels during the post-test phase (OR=0.65, 0.39-1.09).

6.4.5 Calories purchased

Figures 9-12 shows the median and range of calories purchased overall (Range: 0 to 5174 kcal)
and for each of entrées (Range: 0 to 5024 kcal), beverages (Range: 0 to 720 kcal), and snacks
(Range: 0 to 980 kcal), by site and phase for the lunch and dinner periods. No significant
difference in the change in overall calories purchased was observed from pre-test to post-test at
the numeric label site relative to the control (f=60.8, 95% CI=-96.2-217.8; p=0.45) (Figure 9).
In comparison to the control, a decrease in overall calories purchased was significant at the TLL
site from pre-test to post-test (B=186.6, 33.8-339.5; p=0.02). When compared to the control, no
difference was observed for the entrées category when comparing the numeric labelling site
(B=91.7, -85.8-269.2; p=0.31) from pre-test to post-test. However, a significant difference was
observed at the TLL site (B=186.8; 14.2-359.4 p=0.03) from pre-test to post-test (Figure 10).
There were no differences in the changes in calories purchased for beverages at the numeric
labelling (B=22.3, -8.13-52.7; p=0.15) and the TLL sites (f=27.0, -6.58-60.4; p=0.12) relative to

the control from pre-test to post-test (Figure 11). Similarly, no significant differences in calories
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purchased from snacks were observed at the numeric labelling (f=-19.1, -86.2-48.0; p=0.58) and
TLL sites (p=45.8, -25.8-117.3; p=0.21) relative to the control (Figure 12). Three-way
interactions for gender, health literacy, disordered eating, and SSS were not significant (p>0.05

for all).

6.4.6 Sales

Table 6 demonstrates mean daily sales, number of transactions, and dollars spent per transaction
by site at each phase. No differences were observed at the numeric site for daily sales (p=0.91),
number of transactions (p=0.87), and dollars spent per transaction (p=0.42) relative to the
control. Similarly, there were no differences when comparing the TLL site to the control for
daily sales (p=0.60), number of transactions (p=0.73), and dollars spent per transaction (p=0.44).

6.5 Discussion

We observed that exposure to numeric labels and TLL increased noticing and use of nutrition
information among young adults in campus cafeterias, consistent with current literature
examining each of numeric and TLL calorie labels in isolation.**2* When comparing the
numeric and TLL sites, a significant difference in use was observed. Further, a greater proportion
of respondents at the TLL site versus the numeric site reported noticing calorie information and
indicated the nutrition information was easy to use and understand. Other studies have also
demonstrated increased noticing and use of calorie labels and preference for TLL among youth
and young adults,?* further signifying that students may be a captive audience for interventions

such as calorie labelling.

At all sites, a downward trend in median calories purchased was observed for overall purchases
and by categories for entrées, beverages, and snacks at lunch and dinner periods (except for
entrées and beverages for lunch and snacks for dinner at the TLL site, during which an increase
was observed). The observed pattern in median calories purchased suggests a potential effect of
the labels; however, there were large differences in calories purchased at all sites during the pre-
test period. There was also a large unexplained difference in calories purchased at the control site
between the pre-test and post-test period. Therefore, the data did not satisfy the assumption of

parallel trends required for quasi-experimental trials.®-8 The decrease in calories purchased at
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the control site may reflect weekly variations in hot meal offerings or minor differences in
offerings across the cafeterias, potentially biasing findings toward the null. We conducted an
additional investigation of all offerings and observed only minor differences in calories across
sites; for example, the difference in calories for hot meal offerings was within 5% (Appendix
C). At all sites, purchasing patterns may have been affected by the timing of the data collection
period, with the post-test period overlapping with the end of the academic term. For example, the
frequency of visits at the TLL site decreased from pre-test to post-test and it’s possible that
purchasing patterns also changed. Therefore, the GEE analyses of calories purchased were
inconclusive, warranting further investigation using sales data for the pre-test and post-test
periods. Of note, our findings related to increased noticing and use of nutrition information
suggest the intervention was implemented as planned and differences may be due to uncontrolled
confounding described above.

Current evidence comparing numeric and TLL suggests that both formats could have a small
impact on calories purchased, though findings are inconsistent regarding which performs
better.#648-5153-55 1n 3 meta-analysis of controlled experimental and real-world studies, Sinclair et
al.%? found consumers purchased (67 kcal; p=0.008) and consumed (-81 kcal; p=0.007) fewer
calories when labels included interpretive information in comparison to numeric information
alone. Experimental studies suggest calorie labels, regardless of format, may lead to small
reductions in calories purchased; however, these findings are not consistent among experimental
studies examining food and beverage choices by parents for their children.>*%5 In a field
experiment at a restaurant,*® TLL significantly reduced entrée calories ordered but not ordering
of additional items such as beverages and snacks. In a field experiment at a restaurant,*® both the
numeric and TLL significantly reduced entrée calories ordered but not ordering of additional
items such as beverages and snacks. A review of real-world studies by Bleich et al.3* noted that
calorie labels may demonstrate a greater decrease in calories purchased in certain types of
restaurants and cafeterias, suggesting the context of the setting may influence the performance of
numeric and traffic light calorie labels.

Although the findings on calories purchased were inconclusive, numeric and TLL may increase
consumer awareness of nutrition information. We observed that those at TLL site reported the

nutrition information led them to order something different, whereas those at the numeric site
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reported they consumed less food. This finding potentially speaks to the variation in calories
purchased at the numeric and TLL sites and demonstrates how the formats may be used to
compensate purchasing decisions. An experimental marketplace study comparing numeric and
TLL“* found calories purchased did not differ depending on format, but calorie consumption was
lower among those who received menus with numeric calorie labels. In the current study, we did
not observe consumption, but some patrons did report the labels led them to consume less food.
Future research should utilize robust dietary assessment methods to collect information on how
labels affect the totality of dietary intake and implications on compensatory behaviour.3+%

While we did not observe differences in the three-way interactions for health literacy and SES
for all outcomes, we did observe greater noticing and use of nutrition information among those in
adequate health literacy and high SSS groups. A prior quasi-experimental study of calorie
labelling?® found that nutrition information noticing and use was greater among youth and young
adults living in households affected by moderate or severe food insecurity compared to those in
food-secure groups, with no difference by levels of health literacy. Other studies have shown
greater noticing and use of nutrition information among high-income individuals.?*%%1-%3 we
also did not find differences when comparing groups demonstrating disordered eating risk versus
not, consistent with prior research®% suggesting no adverse outcomes on indicators for
disordered eating (e.g., body image satisfaction). We used a brief assessment of disordered
eating risk; however, further examination of experiences with calorie labelling among
individuals with clinically diagnosed eating disorders and the implication on their recovery is
needed. In a survey of hypothetical purchases, women with anorexia nervosa and bulimia
nervosa ordered fewer calories, while women with binge eating disorder ordered more calories in
the menu labelling conditions versus no labelling,®! warranting further investigation among this

population.

Daily sales, numbers of transactions, and dollars per transaction were maintained throughout the
data collection period. In an examination of TLL in recreation and sport facility eating
environments, Olstad et al.** observed a small reduction in sales of red-labelled items and a small
increase in sales of green-labelled items, with no change to daily revenues, potentially
minimizing perceived industry concerns of implication on revenue loss as a result of labelling. In

a review of perceptions of nutrition labelling at the point-of-purchase, Kerins et al.® suggest
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successful implementation of the intervention is influenced by multi-level contextual factors that
include the food service sector, speaking to the need for collaborations across stakeholders in
post-secondary settings (e.g., food service operators, registered dietitians, students) to support

healthy eating patterns.

The global interest on interpretive front-of-package labelling®™°" begs the question of whether
point-of-purchase labelling should follow a similar approach, contributing to a harmonized
nutrition information system. The findings from the present study suggest calorie labelling may
improve noticing and use of nutrition information; however, the findings related to the impact of
the labels on calories purchased were inconclusive. TLL may support increased use of nutrition
information by prompting individuals to select different items, whereas numeric labels may
reduce calories consumed. Jurisdictions considering calorie labelling should carefully consider
the intention behind implementation; for example, if the policy is intended to reduce caloric
intake or shift overall diet quality of purchasing and consumption. Although our focus on
calories was a study design decision to enable direct comparison of formats, others have
developed scoring criteria for TLL based on food groups (e.g., whole grains) and nutrients (e.g.,
sodium, saturated fat) to more holistically capture nutritional quality.*® Nutrition labelling has
also been shown to stimulate manufacturers to reformulate products,® potentially resulting in a
healthier food supply (e.g., removing trans fats and lowering sodium and sugar levels). With
consistent implementation across settings, it is possible calorie labelling at the point-of-purchase
may spur broader reformulation and changes to offerings, playing a role in improving eating

patterns within a suite of integrated and reinforcing food and nutrition policies.?

This study was limited to post-secondary students visiting three residence cafeterias. The
findings may be generalizable to situations in which patrons visit the same site regularly (e.g.,
residence and workplace cafeterias) but are potentially not applicable to other settings, such as
fast-food outlets. Many participants may have been exposed to other forms of nutrition
information in the cafeteria (e.g., labels indicating vegan and vegetarian options) or numeric
calorie labelling in other settings, including branded outlets on campus, potentially dampening
their impact. It is possible participants in this study did not prioritize healthy eating and instead
emphasized convenience and taste, %192 particularly since the study was collected toward the

end of the academic term. Collecting detailed data at the individual-level allowed for
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examination of differential impacts among subgroups, whereas prior studies have primarily used
aggregate sales data. However, measures of health literacy, SSS, and eating disorder risk were
limited, perhaps biasing analyses on subgroup differences toward the null. We aimed to alleviate
inherent biases from self-reporting, for example, by prompting participants for specific details
about their purchase (recall bias) and partially disclosing information about the focus on calorie
labelling (social desirability bias). While repeat responses were excluded potentially raising
concerns about power, a post-hoc power analysis of the study sample and a priori estimates from
our initial sample size calculation demonstrated that the study was powered to detect a 10%
difference in calories purchased. Some comparisons were outside of this magnitude, for example,
there was a 1.2% difference in calories purchased at the TLL site compared to the control.
Therefore, we suspect that any replication studies using a similar study design may find effects
and differences that we were unable to in this study.

In conclusion, the introduction of numeric and TLL led to increased noticing and reported use of
nutrition information, with no impact on sales. While the observed pattern in median calories
purchased potentially suggests an effect of numeric and TLL, we observed noise across sites
which affected interpretation of the results. A future analysis will use sales data over a longer
period of time to examine the impact of the labels on calories purchased and to identify potential
confounding factors. Long-term research with multiple data collection points, ideally using
comprehensive dietary assessment methods to collect information on intake, is needed to provide

insight into the impact on consumption patterns and the potential for compensatory effects.
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Figure 7. Proportion of participants who reported noticing nutrition labelling at each site by
phase (N=1799 respondents; pre=854, post=945)
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Figure 8. Proportion of participants who reported using nutrition information at each site by
phase (N=1799 respondents; pre=854, post=945)
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Figure 9. Median calories purchased for overall purchase, separated by lunch and dinner periods
(N=1698 respondents; pre=828, post=870)
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Figure 9b. Median calories purchased overall by site and phase at dinner
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Figure 10. Median calories purchased for entrées, separated by lunch and dinner periods
(N=1698 respondents; pre=828, post=870)
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Figure 11. Median calories purchased for beverages, separated by lunch and dinner periods
(N=1698 respondents; pre=828, post=870)
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Figure 12. Median calories purchased for snacks, separated by lunch and dinner periods
(N=1698 respondents; pre=828, post=870)

Figure 12a. Median calories purchased for snacks by site and phase at lunch
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Table 4. Sample characteristics of participants by site and phase (N=1799 respondents; pre=854, post=945)

Control Numeric Traffic light
Pre-test Post-test Pre-test Post-test Pre-test Post-test
(n=274) (n=307) (n=287) (n=337) (n=293) (n=301)
Eating occasion n(%)
Lunch 108 (39.4) 103 (33.6) 126 (43.9) 127 (37.7) 132 (45.1) 126 (41.9)
Dinner 166 (60.6) 204 (66.5) 161 (56.1) 210 (62.3) 161 (55.0) 175 (58.1)
Frequency of visits per week M(SD) 13.4 (7.70) 13.2 (8.17) 13.8 (8.94) 12.2 (8.49) 12.6 (8.87) 10.4 (8.35)
Age (year) M(SD) 19.3 (1.84) 19.2 (0.68) 19.4 (0.93) 19.3 (1.28) 19.4 (1.04) 19.3 (0.99)
Gender n(%)
Woman 125 (45.6) 145 (47.2) 141 (49.1) 154 (45.7) 115 (39.3) 138 (45.9)
Man 147 (53.7) 154 (50.5) 142 (49.5) 176 (52.2) 173 (37.5) 154 (51.2)
Specified identity 0 (0.00) 5(1.63) 2 (0.70) 5(2.22) 3(1.02) 5 (1.66)
Not reported 1 (0.36) 2 (0.65) 2 (0.70) 2 (0.59) 2 (0.68) 4 (1.33)
Race n(%)
White 90 (32.9) 65 (21.2) 49 (17.1) 53 (15.7) 53 (18.1) 33 (11.0)
Person of colour 184 (67.2) 242 (78.8) 238 (82.9) 284 (84.3) 240 (81.9) 268 (89.0)
Health literacy (NVS)! n(%)
High likelihood of limited literacy (0-1) 67 (24.5) 93 (30.3) 83 (28.9) 116 (34.4) 95 (32.4) 82 (27.2)
Low likelihood of limited literacy (2-3) 100 (36.5) 83 (27.0) 98 (34.2) 86 (25.5) 92 (31.4) 79 (26.3)
Adequate (4-6) 107 (39.1) 131 (42.7) 106 (36.9) 135 (40.1) 106 (36.2) 140 (46.5)

Subjective social status? M (SD)

Disordered eating risk (SCOFF)? n(%)
Unlikely disordered eating (0-1) 186 (67.9) 211 (68.7) 187 (65.2) 238 (70.6) 213 (72.7) 211 (70.1)
Likely disordered eating (2-5) 88 (31.1) 96 (31.3) 100 (34.8) 99 (29.4) 80 (27.3) 90 (29.9)

'Health literacy was assessed using the Newest Vital Sign, yielding a score out of 6 based on responses to questions about a nutrition label provided for a pint of ice cream (4-
6=adequate health literacy; 2-3=low likelihood of limited literacy; 0-1=high likelihood of limited literacy).

2Subjective social status was used as an indicator for socioeconomic status. Participants rank their perceived social status on a 10-point scale (1=high; 10=low).

3Disordered was assessed using SCOFF, a 5-item questionnaire for eating disorder symptomology among non-clinical populations. Affirmation of 2 or more questions indicated
high likelihood of disordered eating risk (0-1=unlikely disordered eating; 2+=likely disordered eating).

448(163) 450 (161) 4.44(167) 451(L77) 4.49(1.64) 457 (1.68)
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Table 5. Reported responses for noticing, use, and perceptions of nutrition information by site and phase (N=1799 respondents;

pre=854, post=945) n(%)

Control Numeric Traffic light

Pre-test Post-test Pre-test Post-test Pre-test Post-test

(n=274) (n=307) (n=287) (n=337) (n=293) (n=301)
Type of nutrition information noticed?
Calories 33(12.1) 35(11.4) 45 (15.6) 117 (34.7) 68 (23.2) 151 (50.2)
Fat 16 (5.84) 11 (3.58) 24 (8.36) 16 (4.75) 15 (5.12) 21 (6.98)
Carbohydrates 14 (5.11) 15 (4.89) 22 (7.67) 15 (4.45) 14 (4.78) 17 (5.65)
Sugar 16 (5.84) 14 (4.56) 26 (9.06) 15 (4.45) 15 (5.12) 17 (5.65)
Sodium 12 (4.38) 11 (3.58) 22 (7.67) 12 (3.56) 15 (5.12) 11 (3.65)
Overall health indicator 12 (4.38) 8 (2.61) 15 (5.23) 15 (4.45) 15 (5.12) 44 (14.6)
Other 5(1.82) 1(0.33) 6 (2.09) 0 (0.00) 2 (0.68) 3(1.00)
Did not notice 211 (77.0) 234 (76.2) 198 (69.0) 172 (51.0) 188 (64.2) 104 (34.6)
Not reported? 20 (7.30) 30 (9.77) 30 (10.5) 44 (13.1) 31 (10.6) 35 (11.6)
Format!
Symbols 15 (5.47) 6 (1.95) 36 (12.5) 38 (11.3) 31 (10.6) 123 (39.3)
Numbers 33(12.0) 38 (12.4) 42 (14.6) 137 (40.7) 65 (22.2) 105 (33.5)
Other 6 (2.19) 2 (0.53) 0 (0.00) 0 (0.00) 2 (0.68) 2 (0.64)
Did not notice 211 (77.0) 234 (76.2) 198 (69.0) 172 (51.0) 188 (64.2) 104 (34.6)
Not reported? 5(1.82) 10 (3.26) 8 (2.79) 2 (0.59) 3(1.02) 4(1.28)
Location!
Menu boards 28 (10.2) 28 (9.12) 41 (14.3) 86 (25.5) 61 (20.8) 114 (37.9)
Card next to item 30 (10.9) 26 (8.47) 43 (15.0) 90 (26.7) 39 (13.3) 119 (39.5)
Other 1(0.36) 1(0.33) 2 (0.69) 1(0.29) 1(0.34) 1(0.33)
Did not notice 211 (77.0) 172 (51.0) 234 (76.2) 188 (64.2) 198 (69.0) 104 (34.6)
Not reported? 16 (5.84) 35(11.4) 30 (10.5) 43 (12.8) 33(11.2) 33 (10.9)
Influence of nutrition information
Used a little 18 (6.57) 16 (5.21) 21 (7.32) 43 (12.8) 29 (9.90) 98 (32.6)
Used a lot 5(1.82) 8 (2.61) 13 (4.53) 23 (6.82) 7 (2.39) 14 (4.65)
Did not use/did not notice 234 (85.4) 253 (82.4) 226 (78.8) 230 (68.3) 227 (77.5) 160 (53.2)
Not reported? 17 (6.20) 30 (9.77) 27 (9.41) 41 (12.2) 30 (10.2) 29 (9.63)
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Strategies for nutrition information use!

Selected items with fewer calories 6 (2.19) 9(2.93) 14 (4.88) 43 (12.8) 18 (6.14) 58 (19.3)
Selected items that were healthy versus less 21 (7.66) 17 (5.54) 28 (9.76) 36 (10.7) 23 (7.85) 72 (23.9)
healthy

Other 0 (0.00) 0 (0.00) 2 (0.70) 2 (0.59) 2 (0.68) 2 (0.66)
Did not use/did not notice 234 (85.4) 253 (82.4) 226 (78.8) 230 (68.3) 227 (77.5) 160 (53.2)
Not reported? 40 (14.6) 50 (16.3) 56 (19.5) 101 (30.0) 70 (23.9) 89 (29.6)
Behavioural response to nutrition information?

Ordered something different 18 (6.57) 18 (5.86) 22 (7.67) 42 (12.5) 25 (8.53) 71 (23.6)
Ate less of the food ordered 10 (3.65) 8 (2.61) 15 (5.23) 39 (11.6) 13 (4.44) 47 (15.6)
Chose to eat somewhere else 0 (0.00) 4 (1.30) 7 (2.44) 9 (2.67) 6 (2.05) 12 (3.99)
Ate at the location less often 0 (0.00) 2 (0.65) 1(0.35) 5 (1.48) 7 (2.39) 10 (3.32)
Other 0 (0.00) 0 (0.00) 1(0.35) 1(0.30) 1(0.34) 1(0.33)
Did not notice 211 (77.0) 234 (76.2) 198 (69.0) 172 (51.0) 188 (64.2) 104 (34.6)
Not reported? 19 (6.93) 30 (9.77) 29 (10.1) 38 (11.3) 30 (10.2) 33 (11.0)
Perceived ease of understanding

Easy/very easy 39 (14.2) 37 (12.1) 53 (18.5) 113 (32.1) 65 (22.2) 149 (47.6)
Neutral/difficult/very difficult 6 (2.19) 6 (1.95) 7 (2.44) 14 (3.98) 12 (4.10) 16 (5.11)
Did not notice 211 (77.0) 234 (76.2) 198 (69.0) 172 (51.0) 188 (64.2) 104 (34.6)
Not reported? 18 (6.57) 38 (12.1) 29 (10.1) 53 (15.1) 29 (9.56) 44 (14.1)
Perceived ease of use

Easy/very easy 30 (11.0) 31 (10.1) 44 (15.3) 88 (26.1) 55 (18.8) 130 (43.2)
Neutral/difficult/very difficult 15 (30.0) 12 (3.91) 15 (5.23) 37 (11.0) 20 (6.83) 37 (12.3)
Did not notice 211 (77.0) 234 (76.2) 198 (69.0) 172 (51.0) 188 (64.2) 104 (34.6)
Not reported? 18 (6.57) 30 (9.77) 30 (10.45) 40 (11.9) 30 (10.2) 30 (9.97)
Perceived ease of control in making healthy eating decisions

More in control 22 (8.03) 27 (8.79) 29 (10.1) 62 (18.4) 44 (15.0) 97 (32.2)
Neutral/less in control 22 (8.03) 16 (5.21) 34 (11.9) 62 (18.4) 33 (11.3) 65 (21.6)
Did not notice 211 (77.0) 234 (76.2) 198 (69.0) 172 (51.0) 188 (64.2) 104 (34.6)
Not reported? 19 (6.93) 30 (9.77) 26 (9.06) 56 (12.2) 28 (9.56) 35 (11.6)

!Participants could select multiple responses and therefore, total responses do not sum to 100%.
2Responses include participants who selected “Don’t know”, “Prefer not to answer”, or missing responses.
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Table 6. Daily sales, number of transactions, and dollars spent per transaction by site and phase

Daily sales ($)! 14,727 13,188 29,476 28,061 17,250 16,318
(1,411) (1,566) (1,609) (2,265) (1,187) (1,599)

Number of transactions 1525.3 1381.7 3023.3 2861.1 1782.1 1678.7
(147.1) (186.6) (173.4) (203.1) (114.5) (160.4)

Dollars spent per transaction ($) 9.66 9.57 9.75 9.80 9.67 9.72
(0.24) (0.31) (0.10) (0.22) (0.18) (0.32)

1Rounded to nearest dollar.
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7.1 Overview

Background: There is substantial interest in point-of-purchase calorie labelling. Evaluations of

numeric versus interpretive labels have primarily focused on calories purchased and consumed.

Objective: To examine the impact of numeric versus traffic light calorie labelling on quality of

purchases based on food groups and nutrients of public health concern.
Design: Pre-post quasi-experimental controlled trial.
Participants/setting: Student patrons (n=1698) within a large Canadian university.

Intervention: Three residence cafeterias were randomly assigned to receive numeric calorie

labelling, traffic light calorie labelling, or no labelling (control) for ~3 weeks.

Main outcome measures: Change in purchases of green-, amber-, and red-labelled items and in
food groups and nutrients purchased at all sites from pre-test to post-test. Food groups and
nutrients included fruits, vegetables, whole grains, refined grains, plant-based proteins, red
meats, added sugars, saturated fats, and sodium, expressed per 1000 kcal. Subgroup differences

by health literacy, socioeconomic status, and disordered eating risk were considered.

Statistical analyses performed: Generalized estimating equation models were conducted for all
outcomes, adjusting for age, gender, race, eating occasion, frequency of visits, health literacy,

socioeconomic status, and disordered eating risk.

Results: No change in purchasing of red-, amber-, and green-categories at the numeric and
traffic light labelling sites versus the control was observed. A significant three-way interaction
for site, time, and socioeconomic status was observed (f=0.11, 95% CI1=0.02-0.21; p=0.01).
There was a 0.57 0z equivalents/1000 kcal decrease in refined grains purchased at the traffic
light labelling site (p=-1.07, 95% Cl=-1.82—-0.31; p=0.005) and a 0.05 tsp/1000 kcal decrease in
added sugars purchased at the numeric site (f=4.71, 95% CI=0.97-8.45; p=0.01) versus the
control. No differences were observed for other nutrients and food groups. Parallel trends across

sites were not observed, potentially indicating the influence of confounding.

Conclusions: Neither label impacted purchasing of foods categorized as green, amber, and red

and minor impacts on the quality of foods and beverages purchased were observed; however, the
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assumption of parallel trends across sites was not satisfied. Future research will use sales data to

investigate potential confounders that may have affected the purchasing data.

Keywords: calorie label, traffic light label, diet quality, quasi-experiment, young adults
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7.2 Introduction

Dietary risk factors, such as low intake of fruit and vegetables, nuts and seeds, and whole grains,
and high intake of sodium are among the leading contributors to morbidity and mortality
globally.! At the same time, eating patterns have shifted toward increased consumption of foods
prepared outside of the home,?™ where food offerings are typically large in portion size and high
in calories and fats, and low in fibre, fruits, and vegetables.® In response, there has been an
unprecedented level of attention toward identifying interventions to improve diet quality of
eating patterns,”® with particular attention toward those that can support food and beverage

decisions at the point-of-purchase in cafeterias, restaurants, and fast-food chains.

Nutrition labelling on menus is one strategy that has received significant policy interest and often
focuses on displaying calorie amounts.® Calorie labelling has been implemented in a number of
jurisdictions, such as New York City!® and Ontario,!! driven by observations that energy can
vary among similar offerings.®® Building on nutrition labelling approaches for front-of-package
labels, interpretive formats have been considered to provide an at-a-glance summary indicator of
nutrition information.>1* One example of an interpretive format is traffic light labelling (TLL),
which indicates foods and beverages as high, medium or low in selected dietary components
(e.g., calories) in relation to defined criteria for red, amber, and green lights.>1” Current
evidence comparing numeric and TLL is limited.8-2" Systematic reviews suggest calorie labels
have modest, yet inconsistent, impacts on calories ordered and consumed.?-% Several real-world
studies have directly compared the impacts of numeric versus TLL and found that both formats

led to small reductions in calories, with some suggesting TLL outperformed numbers alone.!82

Within food-based dietary guidelines, recommendations for healthy eating patterns emphasize
appropriate caloric intake, increased variety of plant-based foods (e.g., nuts and seeds, fruits and
vegetables, whole grains), reduced consumption of animal foods, and intake of small amounts of
highly processed foods and sugars.®:-® Similarly, these food groups and nutrients have been
emphasized in recommendations for eating patterns aligning with planetary health, such as
within the EAT-Lancet Commission on Healthy Diets from Sustainable Food Systems.3* While
prior studies of calorie labelling have focused on calories purchased and consumed, 27 few have

examined implications of numeric and TLL formats on purchasing and consumption of key food

137



groups and nutrients.?*%5-38 |n a 2x2 factorial experimental marketplace of numeric calorie labels
and price modifications, calorie labels had no significant effect on hypothetical purchasing of
calories, saturated fats, and total fats in comparison to the control.3” A cross-sectional study,
which categorized foods based on food groups recommended in the 2015-2020 Dietary
Guidelines for Americans,® found that calorie label users were more likely to select healthier
sides and beverages.*® A modelling study examining TLL on population-level dietary intake
among Canadian adults showed reductions in consumption of energy, total fats, saturated fats,
and sodium, with no impact on sugars.?* To inform policy, there is a need for real-world
evidence on whether the label formats support healthy eating patterns with respect to food groups

and nutrients of public health concern.

There are concerns about the potential for calorie labels to widen socioeconomic disparities.*4!
A review found a greater effect on awareness among consumers with high compared to low
socioeconomic status (SES); however, evidence was limited in quantity and quality.*° Only one
study has examined the implications of numeric calorie labelling among residents in low SES
neighbourhoods, suggesting no impact on purchasing of saturated fats, sodium, and sugars
relative to baseline.37 Within the calorie labelling literature, some have suggested interpretive
formats may benefit those with lower health literacy and SES due to the focus on providing a
summary of nutrition information rather than numeric values.?®? Concerns have also been raised
regarding the potential for calorie labelling to promote or exacerbate disordered eating.*>’
However, there is a paucity of research directly comparing the impacts of numeric versus TLL
on diet quality of purchases among subgroup levels for health literacy, SES, and disordered

eating risk.

The objectives of this research were to examine the impact of numeric versus traffic light calorie
labelling on changes in purchasing of: (1) foods and beverages labelled as red, amber, and green
(based on calorie amounts); (2) food groups (fruits and vegetables, whole grains and refined
grains, plant-based protein foods and red meats) per 1000 kcal; and (3) nutrients (total fats,
added sugars, and sodium) per 1000 kcal. The analyses presented here expand on a prior analysis

(Chapter 6) examining impacts of numeric and TLL formats on calories purchased.
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7.3 Methods

A pre-test, post-test quasi-experimental controlled trial was conducted at a large Canadian
university from March to April 2019. In mid-March 2019, three residence cafeterias were
randomly assigned to receive numeric calorie labelling, traffic light calorie labelling, or no
labelling (control) (Chapter 4; Figure 2). Both labelling formats included numeric calorie
information to explicitly examine the effect of including the red, amber, and green indicators.
Exit surveys were administered at all three cafeterias for 2 weeks prior to and 2 weeks following

the 1-week implementation period.

The study received ethical clearance from the University of Waterloo Office of Research Ethics
(#31830), the University of Calgary Conjoint Health Research Ethics Board, and the Public
Health Ontario Ethics Committee. The data collection protocol was registered with the Open

Science Framework in November 2019 (available at: https://osf.io/bxfw?2).

7.3.1 Sample and recruitment

The sampling frame was limited to patrons of cafeterias in residences primarily housing first-
year students to maximize similarity among students served. The three residence cafeterias,
catering to ~1000-2000 students each, were as geographically disparate as possible across
campus to limit the possibility of students being exposed to the label conditions in other
cafeterias. The cafeterias were centrally managed by an on-campus food service operation and
provided similar offerings across sites, including hot entrée stations, salad and sandwich bars,
customizable stations for meals (e.g., pasta bowls, pizzas), grills (e.g., burgers, French fries), and
grab-and-go stations with pre-packaged foods, beverages, and snacks. Hot entrées rotated on a
daily basis and were offset across cafeterias (i.e., one cafeteria was on week 1 while another is on
week 2). All other stations provided similar offerings, and beverages and snacks remained the
same across sites (Appendix C). The cafeteria with TLL had a branded outlet for smoothies.

Eligible participants were currently enrolled students who purchased one or more food(s) and/or
beverage(s) immediately prior to recruitment. Students were not eligible if they participated in
cognitive testing of study materials. Staff and faculty were not eligible to maintain comparable

samples between cafeterias. The target sample size was informed by a naturalistic study
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conducted by Seward et al.*® and an experimental study by Hammond et al.,?° using data reported
on noticing of labels*® (binary outcome) and calories consumed? (continuous outcome). All
calculations assume a significance level of 0.05. Based on Seward et al.,*® a sample size of
approximately 200 at each site was deemed to provide 80% power to detect a difference of 10%
in the number of individuals who notice labels across conditions. Based on Hammond et al.,?° a
sample size of 485 at each site was estimated to provide 80% power to detect a difference of 63
calories consumed between the TLL and control condition. Comparing the numeric calorie
condition to the control condition, a sample size of 236 at each site provided 80% power to
detect a difference of 95 calories purchased. Using these calculations as a frame of reference, a
sample size of 295 students per site was hypothesized to provide 80% power to detect
differences in calories purchased of ~10% and in label noticing of ~6% across labelling
conditions. Therefore, the desired sample included 300 students per site during each of the pre-

test and post-test phases, totaling 1,800 participants.

Recruitment took place during (~11:30 AM to 2:30 PM) and dinner (~5:30 to 8:30 PM). Booths
were set up in unobtrusive locations at the exits of cafeterias and informational posters about the
study were displayed in the cafeterias throughout the study period (Appendix G). Trained
research assistants provided patrons who approached the booth with a brief overview of the study
(Appendix H). Those who expressed interest were provided with an iPad loaded with an
eligibility screener, information letter, and consent form (Appendix I). Eligible and consenting
patrons were then linked to the exit survey (~18 minutes to complete, on average). Participants
who completed the survey received a $5 honorarium in cash for their time. Since responses
following prior exposure to the survey may demonstrate response bias (e.g., knowledge of survey
questions), patrons who indicated they had completed the survey that week were not eligible.

A total of 3355 patrons were approached during the data collection period and 2056 responses
were collected (949 during pre-test, 1107 during post-test). The response rate (response rate #4
by the American Association for Public Opinion Research) was 57% and 65% at the pre-test and
post-test phases respectively.*® Unique participant IDs were used to identify repeat responses and
only the first response from participants within each phase retained for analyses; this resulted in
the exclusion of 87 pre-test responses and 127 post-test responses. Responses with data quality

concerns (i.e., participants said “Don’t know” to all questions related to purchasing and 80% of
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sociodemographic questions; n=43) and responses from participants who did not report a meal,
beverage, and snack (i.e., participants likely skipping questions related to purchasing; n=101)
were removed from the dataset. The final analytic dataset included 1698 respondents (n=828
respondents during pre-test; n=870 respondents during post-test), with 204 repeat responses from

participants who completed the survey in both phases.

7.3.2 Intervention

The labels were based on designs used in prior studies'’?>*° and developed in consultation with
campus food services and their on-staff dietitian, as well as members of the research team
(Chapter 4; Figures 3 and 4). A plain-language educational poster was based on a webpage
maintained for Ontario’s Healthy Menu Choices Act** and included contextual information
consistent with the mandate (i.e., “Adults and youth (ages 13 and older) need an average of
2,000 calories a day. However, individual needs vary.”). The labels and educational posters
were tested in cognitive interviews®>? with undergraduate students (n=10) and modified to
improve readability and understanding. Participants received $5 cash.

An online nutrition information database maintained by campus food services was used to
identify the calories provided by a standard serving each item.> For items not listed in the
database, calorie amounts and serving sizes were identified based on close matches within the
Canadian Nutrient File,>* publicly available via Health Canada. Numeric labels displayed the
calories provided by a serving of the item. For the TLL, the numeric amount was accompanied
by a red, amber, or green symbol, based on the United Kingdom Food Standards Agency
guidelines for TLL on prepackaged foods,'"> which provides calorie cut-offs for each colour per
serving of foods or beverages, respectively. Criteria for TLL cut-offs were based on a 2,000-

calorie diet, consistent with prior TLL studies.?%?’

Labels were positioned and monitored in cafeterias for ~3 weeks following the pre-test phase.
Labels were posted adjacent to foods and beverages or on menu boards, using the same font and
size as the item name and price (Chapter 4; Figure 5). Educational posters and contextual
information were placed in multiple locations throughout the intervention cafeterias (e.g., on

counters and screens) throughout the post-test phase.
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7.3.3 EXxit survey and measures

An online exit survey, consistent across phases, was completed on tablets using Qualtrics
software (Version March 2019, Qualtrics, Provo, UT).>® The questions were adapted from prior
research?%°%°"%8 and drew upon indicators used in national surveillance,>® when applicable. The
survey was tested using cognitive interviews with a sample of undergraduate students (n=10) to
ensure understanding and clarity of questions; participants received $5 cash. The final exit
survey (Appendix K) queried information on noticing, use, and perceptions of the labels
(reported elsewhere); the most recent purchase at the cafeteria; socio-demographic information
(e.g., age, gender, race); information related to consumer behaviour (e.g., average number of
visits per week); indicators of health literacy,®® SES,5 and disordered eating;®? and unique
identifiers (i.e., day of birth, mother and father’s initials, and city of birth) to enable linking

repeat responses from the same participant.®54

To collect detailed data on most recent purchase at the cafeteria, the exit survey was pre-
populated with items sold in the cafeteria, including entrées, beverages, and snacks, and
prompted respondents for specific details (e.g., options for add-ons, such as sauce or cheese).
Participants could also enter open-text details about their purchase; open-text responses were
matched to items sold at the cafeterias. Prior to the study, a database of all foods and beverages
offered at the cafeterias was developed to inform label and survey development. The database
included a study food code, a corresponding food code from the Canadian Nutrient File,>* calorie
amounts per serving, the assigned TLL colour, and weight per serving in grams. Serving sizes for
all items were based on a pre-determined weight of foods and beverages provided by the on-

campus campus food service operation.

Food and beverage purchasing by TLL categories

Reported foods and beverages were coded using the study database, enabling identification of
whether each item purchased was labelled as green, amber, or red according to the TLL criteria.
For every individual’s purchase, median scores of green-, amber-, and red-labelled items were
calculated. Since the cafeterias offered entrées that had customizable add-ons (e.g., multiple
options of bread, vegetables, and cheeses for a sandwich), a proportional weighting and scoring

system was used to maintain comparability across similar items. For instance, a purchase of a
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customizable sandwich with 10 add-ons, subsequently assigned 10 TLL categories (e.g., 5 add-
ons green, 3 amber, and 2 red), is not comparable to a purchase of a serving of lasagna assigned
one amber indicator. To address this, weights were calculated based on the proportion of green-,
amber-, and red-labelled add-ons relative to the total number of add-ons in the full entrée. Thus,
the customizable sandwich described above received a score of 0.5 for the green category, 0.3 for
the amber category, and 0.2 for the red category. The lasagna coded as amber received a score of
1 for the amber category and zero for the green and red categories. The total scores for each of
the red-, amber-, and green-labelled items purchased per individual were calculated by summing

scores across items.

Food group and nutrient density ratios

Changes in purchasing of food groups (fruits, vegetables, whole grains, refined grains, plant-
based proteins, and red meat) and nutrients (saturated fats, added sugars, and sodium) per 1000
kcal were examined at all sites from pre-test to post-test. The food groups and nutrients selected
were based on dietary guidance. For example, Canada’s Food Guide® encourages consumption
of fruits and vegetables, whole grains, and plant-based proteins, while also limiting refined
grains and red meat. These recommendations are consistent with those related to environmental
sustainability, such as the EAT-Lancet plate.3! Within Canada’s Healthy Eating Strategy,® there
is also significant attention toward reducing intake of saturated fats, added sugars, and sodium. A
prior study examining the food environment of the study site found that whole fruit and whole
grain offerings were less prevalent at the eateries,®® suggesting consumption of these may be low.
Nonetheless, fruit and whole grains were included for completeness relative to dietary guidance.

The 2017-2018 Food and Nutrient Database for Dietary Studies®” (FNDDS) and 2017-2018 Food
Patterns Equivalents Database®® (FPED) were used to estimate the amounts of food groups and
nutrients per 100 g of foods and beverages. The FNDDS is a U.S. database consisting of nutrient
values for foods and beverages reported in national surveillance. The FPED converts the foods
and beverages (per 100 g) reported in the FNDDS to 37 food pattern components identified in
the Dietary Guidelines for Americans.*® Although FNDDS and FPED originate in the U.S.,
previous studies have used the databases to examine population-level eating patterns among
Canadians given the similarities in the food supply and dietary guidance.®®"* Additionally, data

collected using the Canadian version of the Automated Self-Administered 24-Hour Dietary
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Assessment Tool are auto-coded using the FPED since a similar Canadian database that

disaggregates all foods and beverages to their component parts is not available.

A linkage file that matches food codes from the Canadian Nutrient File to food codes in
FNDDS/FPED was used to merge the study database with the FNDDS and FPED. As a result, all
foods and beverages offered at the cafeterias were linked to nutrient information related to the
food groups and nutrients of interest per 100 g of the item. We used FPED to provide
information on the amounts of fruits, vegetables, whole grains, refined grains, plant-based
proteins (i.e., nuts and seeds, soy, legumes), red meats (i.e., beef, veal, pork, lamb, game meat),
and added sugars. FNDDS provided information on saturated fats and sodium amounts. Amounts
(cup, oz, tsp equivalents, grams) of each dietary component per food or beverage reported were
calculated by multiplying the serving size (g) by the FPED or FNDDS amount (per 100 g). The
amounts of food groups and nutrients per food or beverage were then summed at the individual
level to arrive at totals per person. To enable a focus on the quality of food and beverage
purchases rather than quantity, density ratios were calculated by dividing by the total number of
calories, drawing upon the calorie information in the study database. Density ratios were

multiplied by 1000 kcal to aid interpretability.

Covariates

Potential confounders were identified a priori and included age (continuous), gender
(man/woman; other specified identities were not included due to low cell sizes),? race
(white/person of colour),>”" frequency of visits to cafeteria in the past week (continuous),*
health literacy,*"* socioeconomic status,*>"® and disordered eating risk.*?#47* Eating occasion

was included as a covariate to adjust for differences in purchasing behaviour at lunch and dinner.

Age was included in the models as a continuous variable (years) and calculated by subtracting
year of birth from the study year (2019). The exit survey collected information on gender
identity, including options for man, woman, trans man, trans woman, non-binary, and other
specified identity. Responses for trans man, trans woman, non-binary, and other specified
identities were collapsed and provided in tables demonstrating sample characteristics. However,
given low cell sizes, gender identity was collapsed into a binary variable (man/woman) for

inclusion as a covariate in the model and non-binary responses were not included in the analyses.
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Drawing upon data collected for ethnicity, race was collapsed into a binary variable

(white/person of colour).

Health literacy was assessed using the Newest Vital Sign,®° yielding a score out of 6 based on
responses to questions about the nutrition information provided for a pint of ice cream. Health
literacy was coded based on categories for adequate literacy (total score of 4 to 6); low likelihood
of limited literacy (2 to 3); and high likelihood of limited literacy (0 to 1).%° SES was measured
using a question on subjective social status®! (SSS), where participants were provided with a 10-
point ‘societal ladder’ and identified where they would rank themselves (1=high; 10=low).
Rankings for SSS were included as a continuous variable in all models from 1 to 10. SCOFF,%? a
5-item questionnaire to observe eating disorder symptomology among non-clinical populations,
was used to measure disordered eating risk. Affirmation of 2 or more questions indicated high
likelihood of disordered eating risk and coded as a categorical variable (0-1=unlikely
demonstrating disordered eating; 2-5=likely demonstrating disordered eating). Measures of
health literacy, SES, and disordered eating risk have been demonstrated to have reasonable

reliability and validity among young adults.50-62.75.76

7.3.4 Analysis
Analyses were conducted using SAS® Studio (Version 9.04, SAS Institute, Cary, NC). All tests

were interpreted using a significance level of 0.05. Odds ratios with 95% confidence intervals are

reported, unless otherwise specified.

Preliminary ANOVA (continuous variables) and Pearson ¥ tests (categorical variables) were
used to describe differences across sites, though the tests were not used to inform inclusion of
covariates in the model. Descriptive statistics were calculated for group- and individual-level
scores of green-, amber-, and red-labelled foods purchased at all sites from pre-test to post-test.
The distributions for scores of TLL categories purchased and density ratios were right skewed
and therefore, means and medians are reported for all outcomes. Descriptive statistics were also
calculated to describe the foods and beverages purchased in terms of food group and nutrient

density ratios.
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Generalized estimating equation (GEE) models were used to generate population-averaged
estimates by modelling mean responses of participants at each site across test phases, accounting
for repeat data among those who participated at both pre-test and post-test. Separate GEE models
were run for each outcome related to the scores of TLL categories and density ratios. An
interaction between site and phase estimated the difference in the change of each outcome from
pre-test to post-test, comparing intervention sites to the control (see Appendix N for model
output for the interactions). Eating occasion, age, gender, race, frequency of visits to the cafeteria
in the past week, health literacy, SSS, and disordered eating risk were included in all models.
Three-way interactions between site, phase, and covariates for health literacy, SSS, and

disordered eating risk were individually tested in the models to examine subgroup differences.

7.4 Results

7.4.1 Sample characteristics

Sample characteristics are described in Table 7, by site and phase. The mean age was 19.3 years,
with ~one-third of the sample demonstrating a high likelihood of limited literacy and an average
SSS score of ~4.5 (max, 10). Significant differences were observed by site for frequency of visits
per week (F=6.94, df=2; p<0.001) and race (x>=30.4, p <0.001). By test phase, significant
differences were observed for frequency of visits (F=8.81, df=1; p=0.0013), race (¥*=12.9, p
<0.001), and health literacy (?=13.7, p=0.001).

7.4.2 Food and beverage purchasing by TLL categories

Table 8 demonstrates the scores of green-, amber-, and red-labelled items purchased at all sites
from pre-test to post-test. The median number of green-, amber-, and red-labelled items
purchased per individual at each site are also reported by site and phase. For the average
individual, the number of green-labelled items purchased decreased at all sites by approximately
0.5-0.7 items from pre-test to post-test. Adjusting for covariates, no significant differences were
observed in the change in purchases of green-labelled items from pre-test to post-test at the
numeric (=-0.18, 95% CI=-0.53-0.18; p=0.34) and TLL sites (=-0.04, 95% Cl1=-0.41-0.33;

p=0.83) relative to the control.
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From pre-test to post-test, significant differences were observed in the change in purchases of
amber-labelled items at the numeric (f=0.21, 95% CI=-0.03-0.39; p=0.02) and TLL (p=0.26,
95% CI=0.09-0.43; p=0.003) sites relative to the control. These differences were due to a
median decrease of 0.8 for amber-labelled items purchased at the control site (f=-0.20, 95% Cl=-
0.33--0.07; p=0.003).

Changes in purchasing of red-labelled items from pre-test to post-test were minimal, ranging
from no change to a 0.1 decrease in red-labelled items purchased. The models revealed no
differences in red-labelled items purchased at the numeric ($=0.09, 95% CI=-0.06-0.23; p=0.25)
and TLL (B=0.11, 95% CI=-0.33-0.26; p=0.14) sites relative to the control from pre-test to post-
test.

The three-way interaction for SSS with the TLL site and post-test phase was significant for red-
labelled items purchased (B=0.11, 95% CI=0.02-0.21; p=0.01). Interaction plots (Figure 13)
revealed lower purchasing of red-labelled items among those with higher SSS scores (i.e.,
representing individuals in low SES groups) at the TLL site during the pre-test phase. At the
post-test phase, greater purchasing of red-labelled items among those with higher SSS scores was
observed at the TLL site. No other differences in purchasing were observed when testing the
three-way interactions for each of SSS, health literacy, and disordered eating risk with site and
phase (p>0.05 for all).

7.4.3 Density ratios for food groups

Table 9 demonstrates food group density ratios per 1000 kcal at each eating occasion (i.e., lunch
and dinner combined and separately) by site and phase. In comparison to the control, no
differences in the change in cups of fruit purchased were observed from pre-test to post-test at
the numeric (f=-0.09, 95% C1=-0.66-0.48; p=0.76) and TLL sites (p=-0.11, 95% CI=-0.63-0.41;
p=0.69). The medians for cups of vegetables purchased increased by 0.04 cup equivalents at the
numeric site and 0.05 cup equivalents/1000 kcal at the TLL site; these differences in change
from pre-test to post-test were not statistically significant when compared to the control,
accounting for covariates (Numeric: p=-0.01, 95% CI1=-0.58-0.48; p=0.96 | TLL: =-0.042, 95%
Cl=-0.96-0.12; p=0.13).
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For whole grains, no differences were observed when comparing the change in ounce equivalents
purchased at the numeric (p=-0.07, 95% CI=-0.39-0.24; p=0.65) and TLL sites p=0.12, 95%
CI=-0.20-0.44; p=0.47) in comparison to the control from pre-test to post-test. From pre-test to
post-test, there was a 0.57 decrease in median oz equivalents for refined grains purchased at the
TLL site and this difference was significant relative to the control (p=-1.07, 95% CIl=-1.82—-
0.31; p=0.005). No difference was observed when comparing ounce equivalents of refined grains
purchased at the numeric site versus the control from pre-test to post-test (f=-0.74, 95% Cl=-
1.51-0.02; p=0.06). There was a 0.57 oz equivalents increase in refined grains purchased at the
control site from pre-test to post-test, though this difference was not significant (p=0.55, 95%
Cl=-0.01-1.11; p=0.06).

In comparison to the control, there were no differences in the change in purchases of plant-based
proteins in ounce equivalents at the numeric (f=-0.11, 95% CI=-1.38-0.16; p=0.41) and the TLL
sites ($=0.03, 95% CI=-0.32-0.37; p=0.88) from pre-test to post-test. Similarly, no differences
were observed in purchases of red meat in ounce equivalents when comparing the numeric
(B=0.03, 95% CI=-0.37-0.43; p=0.88) and TLL sites (p=0.42, 95% CI=-0.06-0.09; p=0.09) to
the control from pre-test to post-test. The three-way interactions for health literacy, SSS, and
disordered eating risk with site and phase for all food groups were not significant (p>0.05 for
all).

7.4.4 Density ratios for nutrients

Nutrient density ratios per 1000 kcal for foods and beverages purchased at each eating occasion
(i.e., lunch and dinner combined and separately) by site and phase are also presented in Table 9.
For saturated fats, there were no significant differences when examining purchases from pre-test
to post-test at the numeric (=0.45, 95% CI=-3.16-3.25; p=0.98) and TLL sites (p=-2.10, 95%
Cl=-4.61.61-041; p=0.10) relative to the control. Similarly, no differences were observed in
sodium purchased at the numeric (p=-45.2, 95% C1=-355.7-3265.4; p=0.78) and TLL sites p=-
295.4, 95% Cl=-614.1-23.3; p=0.07) relative to the control from pre-test to post-test.

From pre-test to post-test, there was a 0.05 tsp decrease in median added sugars purchased at the
numeric site and the difference in change was significant when compared to the control (p=4.71,

95% C1=0.97-8.45; p=0.01). There was a 0.08 g increase in added sugars purchased at the TLL
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site, but the difference was not significant relative to the control from pre-test to post-test
(B=2.70, 95% CI1=-0.76-6.16; p=0.13). There was a 0.97 g decrease in median added sugars
purchased at the control site from pre-test to post-test (f=-2.27, 95% Cl=-4.56-0.02; p=0.05).
Three-way interactions for health literacy, SSS, and disordered eating risk were not significant

for all nutrients examined (p>0.05 for all).

7.5 Discussion

The present study observed that numeric and traffic light calorie labelling had little impact on
purchasing of foods and beverages labeled as green, amber, and red relative to the control,
consistent with prior research.?4*¢-3 However, the assumption of parallel trends required for
quasi-experimental trials was not satisfied as revealed through a prior analysis focused on
calories purchased (Chapter 6). Decreases in purchasing of refined grains at the TLL site and
added sugars at the numeric site were observed. Numeric and TLL did not affect purchasing of
other food groups and nutrients examined, including fruits, vegetables, whole grains, plant-based

proteins, red meat, saturated fats, and sodium.

At the individual-level, there was a downward trend in the scores of green-labelled items
purchased from pre-test to post-intervention, whereas purchases of red-labelled items stayed the
same. A significant difference in amber-labelled items was observed at the numeric and TLL
sites relative to control; however, this was driven by a reduction in scores of amber-labelled
items purchased at the control site. Similar trends were observed when examining purchases at
the group-level by site and phase, with purchasing of green-labelled items decreasing at all sites
and variation in amber- and red-labelled foods purchased at the control site. It is notable that the
scores for purchasing of items labeled as green within the TLL scenario were higher than those
for amber and red across phases and sites, potentially indicating a food environment that
supports purchases of green-labelled items. However, examining the nutrients and food groups
per 1000 calories suggests substantial room for improvement in terms of low intake of
components such as fruit and whole grains and high sodium and added sugars purchased at a
single eating occasion. In terms of the impact of the calorie labels, a small decrease in purchasing
of refined grains at the numeric site was observed; neither labelling format impacted purchasing
of fruits, vegetables, whole grains, or red meat. A prior scan of eateries on the campus at which
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this study was conducted found low availability of whole fruit and whole grain offerings at the
eateries relative to total offerings,® likely biasing the present findings toward the null for these
dietary components. Fruit options consisted of pre-packaged fruit cups, whole fruit (e.g.,
bananas, apples), and fruit within the salad bars, with smoothies available at the control site.
Whole grain offerings were typically not the default option for meals and refined grains were
prominent. Plant-based proteins were limited to one or two daily hot meal offerings and few add-
ons for customizable meals, such as tofu for rice bowls and nuts and seeds at the salad bar.
Purchasing of red meat per 1000 kcal also did not differ from pre-test to post, perhaps due to the

array of animal-based protein options available at the cafeterias.

A prior analysis focused on calories purchased using this data (Chapter 6) revealed an
unexplained decrease in calories purchased at the control site from pre-test to post-test,
indicating the assumption of parallel trends required for quasi-experimental trials was not
satisfied.”~8 Thus, the observed trends on foods and beverages purchased by TLL categories,
food groups, and nutrients may reflect weekly variations in hot meal offerings or minor
differences in offerings across the cafeterias, potentially biasing findings toward the null. We
conducted an additional investigation of all offerings and observed only minor differences in
calories of menu offerings across sites; for example, the difference in proportion of green-,
amber-, and red-labelled items for meals, beverages, and snacks were within 1% (Appendix C).
At all sites, purchasing patterns may have been affected by the timing of the data collection
period, with the post-test period overlapping with the end of the academic term. For example, the
frequency of visits at the TLL site decreased from pre-test to post-test and it’s possible that
purchasing patterns also changed. Similar to our analyses of calories purchased, the GEE
analyses of purchasing of foods and beverages by TLL categories and food groups and nutrients
were inconclusive and warrant further investigation using group-level sales data of specific foods
or itemized categories. Of note, our findings related to increased noticing and use of nutrition
information (Chapter 6) suggest the intervention was implemented as planned and differences
may be due to uncontrolled confounding described above.

Current evidence examining numeric and TLL studies on changes in green-, amber-, and red-
labelled items is limited. The findings of the present study are consistent with an evaluation of a

7-week TLL and choice architecture intervention in post-secondary cafeterias, which found no
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changes in red-labelled or green-labelled items purchased at the intervention sites relative to the
controls.® In contrast, prior studies examining the impact of TLL in worksite hospital
cafeterias®?-84 and a recreation facility® observed decreases in sales of red-labelled items and
increases in sales of green-labelled items, potentially suggesting TLL may be effective in shifting
purchasing patterns in particular settings. Some studies have suggested consumers utilize a red-
avoidance strategy when interpreting TLL;?3?48 however, findings of prior studies were based
on data, which do not account for the influence of individual-level sociodemographic
characteristics on purchasing and interactions between those characteristics and labelling.

Only one other labelling-focused study has examined purchasing relative to dietary guidance.®
Following a jurisdictional calorie mandate for restaurants and fast-food chains, the cross-
sectional study observed participants who used calorie labels had a higher probability of
purchasing healthier sides and beverages, with respect to guidance in the 2015 Dietary
Guidelines for Americans,* than those who did not use the labels.® While this finding could
have been due to the low number of healthy entrée options available, the authors speculated that
compensating less healthy meals with a healthier side dish or beverage may be an ‘easier’ choice
for patrons to make. The analyses presented here were based on a single meal per patron and do
not capture the totality of an individual’s eating pattern. We also did not examine changes to
food and beverage purchasing by entrée, beverage, and snack categories due to low prevalence of
offerings for specific food groups (e.g., the cafeterias offered a low number of whole grain
options). Future research could further examine the potential for calorie labels to influence

compensatory purchasing behaviour and the implications on diet quality.

Given the data on food and beverage purchasing were based on a single eating occasion,
purchasing of saturated fat, sodium, and added sugars were high overall. A difference in
purchasing of added sugars was observed at the TLL site from pre-test to post-test, with no
differences in purchasing of saturated fats and sodium at either the numeric or TLL sites. Prior
real-world studies, though limited, observed no impact of TLL on purchasing of saturated fats,
sodium, and added sugars.3®3” On the other hand, a modelling study examining population-level
intake found that TLLs could lead to decreases in purchases of energy, total fats and saturated
fats, and sodium, with no implications for added sugars.?* Of note, although the difference in

purchasing of added sugars was significant from pre-test to post at the numeric labelling site, the
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median decrease was limited to 0.05 tsp. Further, the difference in added sugars purchased at the

TLL site could be explained by the decrease observed at the control (p=0.05).

There was a significant three-way interaction between SSS and TLL site at post-test, suggesting
that purchases of red-labelled items increased among those with lower SSS, with no changes to
purchasing of green- or amber-labelled items. In contrast, a TLL and choice architecture
intervention decreased all purchases of red-labelled items and increased green-labelled items
across all race and socioeconomic groups.3* Though their review focused on numeric calorie
labelling, Sarink et al.*® observed calorie labels led to a significant decline in fast food calories
purchased among consumers in high SES neighbourhoods relative to those in low SES
neighbourhoods. Contrary to discourse that TLL may minimize socioeconomic differences by
ameliorating differences in health literacy,?®?° the findings of this study suggest TLL could
exacerbate diet-related disparities by increasing purchasing of red-labelled foods. No differences

by health literacy, SSS, and disordered eating risk were observed for food groups and nutrients.

This study was one of the first real-world experiments to compare the impacts of numeric and
TLL formats on the quality of purchases with respect to dietary guidance. The findings are
subject to several limitations. The study was limited to post-secondary students visiting three
residence cafeterias and the findings may not be generalizable to other settings, such as fast-food
outlets. On the other hand, participants may have been exposed to other forms of nutrition
information in the cafeteria (e.g., labels indicating vegan and vegetarian options) or numeric
calorie labelling in other settings, including branded outlets on campus, potentially dampening
their impact. The post-test period overlapped with the end of the academic term, potentially
affecting purchasing patterns at all sites. It is possible participants in the study did not prioritize
healthy eating, particularly during this time of the term, and instead emphasized convenience and
taste. Due to the limited number of studies to inform a priori hypotheses,® we did not adjust for
multiple comparisons and the results may demonstrate false positives. While repeat responses
were excluded potentially raising concerns about power, a post-hoc power analysis of the study
sample and a priori estimates from our initial sample size calculation demonstrated that the study
was powered to detect a 10% difference in calories purchased. Some comparisons were outside
of this magnitude, for example, there was a 1.2% difference in calories purchased at the TLL site

compared to the control. Therefore, we suspect that any replication studies using a similar study
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design may find effects and differences that we were unable to in this study. The findings should
be interpreted in the context of assumptions with respect to the food and beverage purchasing
data. For the TLL categories, we imposed a proportional weighting system to account for add-
ons to customizable entrées and enable comparability across similar items. However, this
structure may have disproportionately affected add-ons that were a prominent component of the
full item (e.g., breads and sauces were treated as comparable add-ons). Similarly, the
proportional weights were affected by the total number of add-ons for the overall item; for
example, 3 red-labelled items in a sandwich of 10 customizable add-ons received a weight of 0.3,
whereas 3 red-labelled items on another sandwich of 5 customizable options had a weight of 0.6.
Further, TLL systems based on calories alone are flawed;3* for example, some foods and
beverages that are nutrient-dense but higher in calories (e.g., avocados, eggs) may receive an
amber or red indicator, whereas highly processed foods with lower calories (e.g., white bread)

may receive a green indicator.

Foods and beverages reported in the surveys were matched to similar food codes within the
Canadian Nutrient File and FNDDS and FPED. The food codes available in these databases may
not accurately represent the specific foods and beverages offered within the cafeterias,
potentially blunting differences in composition with respect to added sugars and other dietary
components of interest. Of the 1280 foods and beverages offered at the cafeteria, only ~7% were
deemed to be distant matches to their assigned food code (e.g., bruschetta was matched to garlic
bread). Serving weights for all foods and beverages were based on a pre-determined default
serving size provided by the on-campus food service operations and variations in amounts
purchased are possible, especially in the context of items such as the salad bar. Examination of
food and beverage purchasing at a single eating occasion is limited in terms of providing

evidence on how labels may support overall healthy eating patterns.

Overall, while the study may suggest that numeric and TLL had little impact on green-, amber-,
and red-labelled items and minimal impact on change in food groups and nutrients purchase, we
observed unexpected noise across sites. A future analysis will use sales data over a longer period
of time to identify potential sources of confounding. Further research from real-world studies is
needed to understand the potential effects of an emphasis on calories in food policies, such as

calorie labelling, and the implications for overall healthy and sustainable eating patterns.
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Figure 13. Interaction plot for subjective social status on number of red-labelled items purchased
by phase (N=1698 respondents; pre=828, post=870)
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Table 7. Sample characteristics of participants by site and phase (N=1698 respondents; pre=828, post=871)

Control Numeric Traffic light
Pre-test Post-test Pre-test Post-test Pre-test Post-test
(n=274) (n=307) (n=287) (n=337) (n=293) (n=301)
Eating occasion n(%)
Lunch 104 (38.9) 98 (33.9) 122 (43.9) 115 (37.8) 126 (44.5) 117 (42.2)
Dinner 163 (61.1) 191 (66.1) 156 (56.1) 189 (62.2) 157 (55.5) 160 (57.8)
Frequency of visits per week M(SD) 13.6 (7.72) 13.3(8.15) 13.6 (8.84) 12.24(8.42) 12.7 (8.89) 10.5 (8.26)
Age (year) M(SD) 19.3 (1.86) 19.2 (0.62) 19.4 (0.95) 19.3(1.32) 19.4(0.95) 19.3(1.01)
Gender n(%)
Woman 121 (45.3) 141 (48.8) 138 (49.6) 1544 (47.4) 114 (40.28) 132 (47.7)
Man 144 (53.9) 143 (49.5) 136 (48.9) 157 (51.6) 167 (59.0) 138 (49.8)
Specified identity 1(0.37) 3(1.04) 2(0.72) 2 (0.66) 1(0.35) 4 (1.44)
Not reported 1(0.37) 2 (0.69) 2(0.72) 1(0.33) 1(0.35) 3(1.08)
Race n(%)
White 88 (32.9) 59 (20.4) 47 (16.9) 46 (15.1) 51 (18.0) 31(11.2)
Person of colour 179 (67.2) 230 (79.6) 231 (83.1) 258 (84.9) 232 (82.0) 246 (88.8)
Health literacy (NVS)! n(%)
High likelihood of limited literacy (0-1) 67 (25.1) 83 (28.7) 78 (28.1) 92 (30.3) 87 (30.7) 66 (23.8)
Low likelihood of limited literacy (2-3) 95 (35.6) 77 (26.6) 95 (34.2) 80 (26.3) 91 (32.2) 74 (26.7)
Adequate (4-6) 105 (39.3) 129 (44.6) 105 (33.3) 132 (33.2) 105(37.1) 137 (49.5)

Subjective social status® M (SD) 447 (1.64)  455(161) 4.48(1.67)  451(1.74) 4.50(1.63) 4.57 (1.63)
Disordered eating (SCOFF)2 n(%)
Unlikely disordered eating (0-1) 182 (68.1) 196 (67.8) 182 (65.5) 212 (69.7) 206 (72.8) 193 (69.7)

Likely disordered eating (2-5) 85 (31.8) 93 (32.2) 96 (34.5) 92 (30.3) 77 (27.2) 83 (30.3)

'Health literacy was assessed using the Newest Vital Sign, yielding a score out of 6 based on responses to questions about a nutrition label provided for a pint of ice cream (4-
6=adequate health literacy; 2-3=low likelihood of limited literacy; 0-1=high likelihood of limited literacy).

2Subjective social status was used as an indicator for socioeconomic status. Participants rank their perceived social status on a 10-point scale (1=high; 10=low).

3Disordered was assessed using SCOFF, a 5-item questionnaire for eating disorder symptomology among non-clinical populations. Affirmation of 2 or more questions indicated
high likelihood of disordered eating risk (0-1=unlikely disordered eating; likely disordered eating).
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Table 8. Group- and individual-level purchases for TLL categories by site and phase (N=1698 respondents; pre=828, post=871)

Control

Numeric

Traffic light

Pre-test (n=274)

Post-test (n=307)

Pre-test (n=287)

Post-test (n=337)

Pre-test (n=293)

Post-test (n=301)

Purchases at group-level'? n (%)

Green 513.1 (58.9)
Amber 220.2 (25.3)
Red 137.7 (15.8)
Total 871

502.3 (62.8)
183.1 (22.9)
114.6 (14.3)

800

531.8 (64.2)
185.8 (22.4)
111.4 (13.4)

829

452.8 (59.3)
195.4 (25.6)
115.7 (15.1)

764

538.0 (64.3)
156.6 (18.7)
142.4 (17.0)

837

434.1 (60.0)
158.0 (21.8)
131.9 (18.2)

724

Full purchase at individual-level** Median (Range: Q1-Q3; Maximum)

Lunch and dinner

Green 1.7 (0.8-3.0; 10.7)
Amber 1.0 (0.4-1.1; 4.8)
Red 0.2 (0.0-1.0; 3.4)
Lunch only

Green 1.8 (0.8-3.0; 8.3)
Amber 1.0(0.0-1.1; 3.7)
Red 0.1 (0.0-1.0; 3.4)
Dinner only

Green 1.6 (0.8-3.0; 10.7)
Amber 1.0 (0.0-1.1; 4.8)
Red 0.3(0.0-1.0; 3.0

1.0 (0.6-2.6; 15.3)
0.4 (0.0-1.1; 3.0)
0.1 (0.0-0.8; 2.8)

1.0 (0.6-2.0; 15.3)
1.0 (0.0-1.0.; 3.0)
0.0 (0.0-0.6; 2.3)

1.0 (0.6-3.0; 8.0)
0.3 (0.0-1.1; 3.0)
0.1 (0.0-1.0; 2.8)

1.5 (0.6-3.0; 8.9)
0.4 (0.0-1.0; 4.0)
0.1 (0.0-0.9; 3.7)

1.5(0.7-3.0; 8.3)
0.3 (0.0-1.0; 3.2)
0.0 (0.0-0.5; 3.7)

1.6 (0.6-3.0; 8.9)
0.4 (0.0-1.0; 4.0)
0.1 (0.0-1.0; 2.7)

1.0 (0.5-2.0; 7.7)
0.3 (0.0-1.0; 5.8)
0.0 (0.0-0.7; 6.6)

1.0 (0.6-2.0; 6.2)
1.0 (0.0-1.0; 3.3)
0.0 (0.0-1.0; 6.6)

1.0 (0.4-2.0; 7.7)
0.5 (0.0-1.3; 5.8)
0.0 (0.0-0.7; 2.5)

1.7 (0.7-3.0; 8.1)
0.2 (0.0-1.0; 3.3)
0.2 (0.0-1.0; 3.4)

1.7 (0.7-3.0; 8.1)
0.1 (0.0-1.0; 3.3)
0.2 (0.0-1.0; 3.3)

1.8 (0.6-3.0; 7.0)
0.2 (0.0-1.0; 3.0)
0.2 (0.0-1.0; 3.4)

1.0 (0.5-2.6; 6.4)
0.3 (0.0-1.0; 4.3)
0.2 (0.0-1.0; 3.2)

1.0 (0.5-2.4; 6.4)
1.0 (0.0-1.0; 4.3)
0.1 (0.0-0.5; 3.2)

1.0 (0.5-3.0; 5.6)
0.3 (0.0-1.0; 3.0)
0.3 (0.0-1.0; 2.4)

!Median scores for group-level and individual-level purchases of green-, amber-, and red-labelled items were calculated using a proportional weighting and scoring system.
Weights were calculated based on the proportion of green-, amber-, and red-labelled add-ons relative to the total number of add-ons in the full entrée. For example, a customizable
sandwich with 5 green-labelled add-ons, 3 amber-labelled add-ons, and 2 red-labelled add-ons would receive a score of 0.5 for green, 0.3 for amber, and 0.2 for red. Similarly, a
lasagna with 1 amber indicator would receive a score of 1 for the amber category and 0 for green and red categories.
2Represents the total number and proportion of green-, amber-, and red-labelled items purchased at each site and phase. Includes all meals and customizable add-ons, beverages,

and snacks.

3Represents the median scores of green-, amber-, and red-labelled items purchased per individual at each site and phase. Includes all meals and customizable add-ons, beverages,

and snacks.
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Table 9. Density ratios for food groups and nutrients, for lunch and dinner periods combined and separated, by site and phase

(N=1698 respondents; pre=828, post=871); mean (SD) per 1000 kcal, median (range) per 1000 kcal

Control Numeric Traffic light
Pre-test (n=274)  Post-test (n=307) Pre-test (n=287)  Post-test (n=337) Pre-test (n=293)  Post-test (n=301)
Food groups Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
(per 1000 kcal)* Med (Range) Med (Range) Med (Range) Med (Range) Med (Range) Med (Range)
Fruit (cup equivalents)?
Overall 0.67 (1.83) 0.85 (2.53) 0.78 (2.28) 0.85 (2.77) 0.72 (1.97) 0.77 (2.34)
0.00 (0.00-13.0) 0.00 (0.00-20.0) 0.00 (0.00-20.0) 0.0 (0.0-20.0) 0.00 (0.00-15.8) 0.00 (0.0-20.0)
Lunch only 0.73 (1.53) 1.06 (2.80) 0.86 (2.58) 1.12 (3.39) 0.75 (2.01) 0.84 (2.58)
0.00 (0.00-8.13) 0.00 (0.00-16.9) 0.00 (0.00-20.0) 0.00 (0.00-20.0) 0.00 (0.00-15.8) 0.00 (0.00-15.8)
Dinner only 0.62 (2.01) 0.73 (2.37) 0.73 (2.02) 0.68 (2.31) 0.70 (1.94) 0.72 (2.15)
0.00 (0.00-13.0) 0.00 (0.00-20.0) 0.00 (0.00-13.8) 0.00 (0.00-16.0) 0.00 (0.00-13.8) 0.00 (0.00-20.0)
Vegetables (cup equivalents)?
Overall 1.72 (1.92) 1.75 (2.22) 2.10 (2.92) 2.14 (2.79) 2.25 (2.56) 2.01 (2.23)
1.24 (0.00-11.2) 1.20 (0.00-14.7) 1.20 (0.26-19.9) 1.20 (0.00-19.9) 1.43 (0.23-3.26) 1.48 (0.00-11.4)
Lunch only 1.79 (1.97) 1.90 (2.67) 1.72 (2.64) 2.28 (3.02) 2.45 (2.76) 1.97 (2.25)
1.38 (0.00-11.2) 1.25 (0.00-14.7) 1.05 (0.00-19.9) 1.38 (0.00-19.9) 1.49 (0.00-14.2) 1.47 (0.00-11.4)
Dinner only 1.68 (1.90) 1.67 (1.95) 2.40 (3.10) 2.06 (2.64) 2.08 (2.38) 2.05 (2.22)
1.16 (0.00-10.6) 1.19 (0.00-10.4) 1.35(0.00-19.9) 1.13 (0.00-19.9) 1.42 (0.00-13.8) 1.49 (0.00-10.9)
Whole grains (0z equivalents)?
Overall 0.52 (1.41) 0.60 (1.62) 0.32 (0.88) 0.35(1.18) 0.23 (0.67) 0.43 (1.22)
0.00 (0.00-13.8) 0.00 (0.00-9.64) 0.00 (0.00-6.41) 0.00 (0.00-10.2) 0.00 (0.00-5.86) 0.00 (0.00-12.4)
Lunch only 0.51(1.33) 0.65 (1.78) 0.35 (0.99) 0.22 (0.73) 0.23 (0.70) 0.52 (1.22)
0.00 (0.00-8.15) 0.00 (0.00-8.07) 0.00 (0.00-6.42) 0.00 (0.00-3.65) 0.00 (0.00-3.98) 0.00 (0.00-7.06)
Dinner only 0.52 (1.47) 0.58 (1.54) 0.30 (0.79) 0.43 (1.38) 0.22 (0.65) 0.36 (1.22)

0.00 (0.00-13.8)

0.00 (0.00-9.64)

0.00 (0.00-5.97)

0.00 (0.00-10.2)

0.00 (0.00-5.86)

0.00 (0.00-12.4)

Refined grains (oz equivalents)?

Overall 2.95 (3.13) 3.52 (3.42) 3.13 (3.14) 2.97 (3.14) 3.37 (3.18) 2.80 (2.75)
253 (0.00-22.9)  2.90(0.00-18.2)  2.58(0.00-19.0)  2.56 (0.00-21.3)  2.58(0.00-19.0)  2.46 (0.00-11.3)
Lunch only 2.85 (3.23) 3.79 (3.72) 3.11 (3.23) 3.19 (3.47) 3.28 (3.18) 2.69 (2.90)
2.37(0.00-22.0)  2.07(0.00-16.0)  2.58 (0.00-16.5)  2.69 (0.00-21.3)  2.67(0.00-16.8) 2.0 (0.00-11.3)
Dinner only 3.02 (3.06) 3.38 (3.26) 3.14 (3.08) 2.834 (2.92) 3.45 (3.18) 2.87 (2.63)
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2.82 (0.00-22.9)

2.77 (0.00-18.2)

2.56 (0.00-19.0)

2.20 (0.00-13.7)

2.82 (0.00-16.5)

2.79 (0.00-10.8)

Plant-based proteins (0z equivalents)?

Overall 0.41 (1.36) 0.45 (1.44) 0.29 (0.94) 0.26 (0.91) 0.46 (1.30) 0.55 (1.78)
0.00 (0.00-12.3) 0.00 (0.00-10.1) 0.00 (0.00-6.55) 0.00 (0.00-7.16) 0.00 (0.00-9.30) 0.00 (0.00-12.3)
Lunch only 0.38 (1.48) 0.44 (1.40) 0.36 (1.04) 0.16 (0.74) 0.40 (1.26) 0.76 (2.42)
0.00 (0.00-12.3) 0.00 (0.00-7.05) 0.00 (0.00-6.55) 0.00 (0.00-5.41) 0.00 (0.00-9.30) 0.00 (0.00-12.3)
Dinner only 0.43 (1.28) 0.46 (1.46) 0.24 (0.87) 0.31 (0.99) 0.51 (1.34) 0.39 (1.06)
0.00 (0.00-11.6) 0.00 (0.00-10.1) 0.00 (0.00-6.13) 0.00 (0.00-7.16) 0.00 (0.00-7.74) 0.00 (0.00-5.91)
Red meat (0z equivalents)?
Overall 0.75 (1.88) 0.61 (1.53) 0.81 (1.76) 0.71 (1.71) 0.87 (1.81) 1.06 (2.26)
0.00 (0.00-18.1) 0.00 (0.00-9.57) 0.00 (0.00-12.8) 0.00 (0.00-13.8) 0.00 (0.00-14.8) 0.00 (0.00-15.4)
Lunch only 0.62 (1.25) 0.60 (1.72) 0.57 (1.44) 0.67 (1.62) 0.79 (1.45) 1.09 (2.59)
0.00 (0.00-7.78) 0.00 (0.00-9.57) 0.00 (0.00-6.27) 0.00 (0.00-7.40) 0.00 (0.00-7.91) 0.00 (0.00-15.4)
Dinner only 0.83 (2.16) 0.61 (1.43) 0.99 (1.97) 0.74 (1.77) 0.93 (2.05) 1.03 (1.99)
0.00 (0.00-18.1) 0.00 (0.00-6.75) 0.00 (0.00-12.8) 0.00 (0.00-13.8) 0.00 (0.00-14.8) 0.00 (0.00-12.8)
Nutrients Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
(per 1000 kcal)* Med (Range) Med (Range) Med (Range) Med (Range) Med (Range) Med (Range)
Saturated fat (g)®
Overall 11.9 (9.87) 12.5(10.8) 13.2 (21.1) 13.4 (16.0) 13.7 (12.0) 11.8 (9.68)
10.6 (0.00-102.8) 10.9 (0.00-76.1)  10.7 (0.00-325.1)  10.5(0.00-164.8)  11.4 (0.00-114.4) 10.0 (0.00-48.8)
Lunch only 10.2 (6.78) 12.4 (10.5) 11.4 (8.60) 15.3 (22.0) 14.4 (14.4) 12.3 (10.0)
9.63 (0.00-37.2) 10.8 (0.00-69.6)  10.3(0.00-41.81)  9.80(0.00-164.8)  11.0(0.00-114.4) 11.4 (0.00-46.6)
Dinner only 12.9 (11.3) 12.5 (11.0) 14.5 (27.0) 12.2 (10.7) 13.1 (9.73) 11.4 (9.43)
11.1 (0.00-102.8) 10.9 (0.00-76.1)  11.2 (0.00-325.1) 10.5(0.00-68.6)  11.57 (0.00-47.3) 9.32 (0.00-48.8)
Sodium (g)®
Overall 1912 (1222) 2040 (1388) 2033 (1158) 2120 (1543.1) 2242 (1377) 2080 (1388)
1826 (10.5-8444)  1935(10.5-8444) 1928 (8.00-8443) 1842 (0.00-8877) 2097 (17.4-6755) 1972 (2.67-8657)
Lunch only 1916 (1138) 2087 (1398) 1927 (965) 2215 (1700) 2284 (1440) 2044.1 (1512.6)
1879 (10.5-7128) 2087 (10.5-8444) 1886 (13.3-4418) 1857 (0.00-8445) 2091 (17.4-6766) 1783 (17.4-8657)
Dinner only 1909 (1276) 2015 (1386) 2117 (1286) 2062 (1440) 2209(1328) 2106 (1292)
1790 (10.5-8444) 1904 (10.5-8444) 1983 (8.00-8444) 1842 (10.5-8877) 2188 (20.5-6206) 2117 (2.67-6014)
Added sugars (tsp equivalents)?
Overall 8.53 (14.2) 6.41 (12.1) 5.84 (14.2) 8.29 (21.0) 5.56 (16.3) 5.94 (14.1)
2.59 (0.00-70.1) 1.62 (0.00-86.2)  1.30(0.00-160.1)  1.25(0.00-148.0)  1.20(0.00-160.1)  1.28 (0.00-148.0)
Lunch only 5.98 (11.9) 4.63 (7.49) 5.89 (9.32) 7.13 (21.3) 5.40 (17.1) 5.91 (17.0)
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1.44(0.00-70.1)  1.70 (0.00-45.0)  1.49 (0.00-49.6)  0.51(0.00-148.0)  0.95 (0.00-160.1)  1.21 (0.00-148.0)
Dinner only 10.2 (15.3) 7.36 (13.9) 5.81 (17.1) 9.00 (20.8) 5.69 (15.8) 5.97 (11.6)
3.43(0.00-69.7)  151(0.00-86.2)  1.25(0.00-160.1)  2.09 (0.00-147.4)  1.66 (0.00-160.1)  1.35 (0.00-79.6)

INutrient density ratios were calculated by dividing the amount of food groups and nutrients for foods and beverages per individual by the total number of calories. All ratios were

multiplied by 1000 kcal to aid interpretability.
2Amounts in cup, ounce, or teaspoon equivalents provided in the 2017-2018 Food Patterns Equivalents Database.
3Amounts in cup, ounce, or teaspoon equivalents provided in the 2017-2018 Food and Nutrient Database for Dietary Studies.
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CHAPTER 8: General Discussion

8.1 Overview

Food and nutrition interventions have traditionally prioritized healthy eating;’” however, co-
benefits of supporting sustainable eating are increasingly being recognized to optimize both
human and planetary health.>??*4* Real-world evidence on the effectiveness of interventions is
needed to inform implementation of policies and programming to support human and planetary
health.1%12 This dissertation investigated the potential for food and nutrition interventions to
support healthy and sustainable eating among young Canadian adults in post-secondary settings,
with a review of the evidence on varied interventions in post-secondary settings and an in-depth
consideration of calorie labelling. The main objectives were to: (1) explore the current state of
knowledge on food and nutrition interventions to address human and planetary health in the
context of post-secondary settings; (2) compare the impact of numeric calorie labelling versus
TLL on noticing, use, and perceptions of nutrition information and calories purchased among
post-secondary students; and (3) examine the effect of calorie labelling on quality of food and
beverage purchases by post-secondary students, with respect to dietary guidance related to
human and planetary health.

8.2 Summary of key findings

Chapter 5 describes a scoping review of food and nutrition interventions implemented and
evaluated on post-secondary campuses. To date, syntheses of existing evidence have considered
approaches to promote healthy and sustainable eating in isolation, but there has been little
consideration of the extent to which health and sustainability have been jointly considered in the
design, implementation, and evaluation of interventions.®>*° By integrating this focus, the
scoping review provides insight into what is known about the effectiveness of a range of food

and nutrition interventions in supporting human and planetary health, as well as evidence gaps.

The review (n=37 food interventions, described in 38 articles) found that most interventions were
focused on supporting human health, whereas fewer considered environmental sustainability and

no interventions considered both. Among interventions focused on supporting human health, a
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majority were focused on altering elements of the food environment (e.g., providing nutrition
labelling at the point-of-purchase, moving healthy foods to accessible locations, economic tools)
and improving nutrition knowledge through education strategies. Interventions related to
environmental sustainability were often focused on reducing food waste, with less emphasis on
shifting eating patterns toward those that align with planetary health, for example, by
encouraging increased intake of fruits, vegetables, whole grains, and plant-based proteins, and
reduced consumption of animal-based proteins. Several authors highlighted potential co-benefits
and trade-offs of interventions for human health and environmental sustainability; for example,
drawing connections between the implications of food waste for land and water use and nutrient
loss.Z*42% The findings suggest substantial progress is needed to address calls for integrated

interventions to protect both human and planetary health.

In response to significant policy interest related to nutrition labelling at the point-of-

purchase, 113117 Chapters 6 and 7 investigated the impacts of numeric calorie labelling versus
TLL on noticing, use, and perceptions of nutrition information and food and beverage purchasing
among post-secondary students. Using a quasi-experimental controlled design, the study was
conducted in real-world post-secondary cafeterias to examine implications of the labels on
outcomes relevant to supporting healthy and sustainable eating patterns. Of note, the findings on
food and beverage purchases by calories, TLL categories, food groups, and nutrients were
inconclusive given the assumption of parallel trends across sites could not be satisfied. We
observed large differences in calories purchased at all sites during pre-test, as well as a large
unexplained difference at the control site between pre-test and post-test. A supplemental
investigation of all offerings revealed only minor differences in calories among menu offerings
across sites; for example, the difference in calories across offerings was within 5% and the
difference in proportion of green-, amber-, and red-labelled items were within 1% (Appendix
C). At all sites, purchasing patterns may have been affected by the timing of the data collection
period, with the post-test period overlapping with the end of the academic term. A summary of
the trends observed in Chapters 6 and 7 are described below; however, an investigation to
identify the extent that confounding may have influenced these findings will be undertaken using

group-level sales data. The subsequent analysis will assess pre-existing differences and trends
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across the three sites over a longer period of time, allowing for examination of site-specific

effects that may have influenced food and beverage purchasing during the post-test period.

Chapter 6 examined the impact of numeric versus traffic light calorie label formats on consumer
noticing, use, and perceptions of nutrition information; calories purchased; and total sales. The
study found that numeric labels and TLL led to increased noticing and use of nutrition
information, with TLL outperforming numeric labels in terms of self-reported use. A greater
proportion of respondents at the TLL site who reported noticing calorie information indicated the
nutrition information was easy to use and understand. A consistent pattern in calories purchased
was not observed; however, these findings are inconclusive due to a large decrease in calories
purchased at the control site. The findings from the sales data suggests that if the labels had an
effect, neither format would affect sales as some industry advocates have suggested. A greater
proportion of participants in the adequate health literacy and high SSS groups indicated noticing
and using nutrition information, consistent with existing evidence.31*-14 However, the GEE
models revealed no differences in outcomes by health literacy, SSS, gender, and risk of
disordered eating, potentially ameliorating existing public health concerns surrounding the
potential for calorie labelling to exacerbate differences among these subgroups. Thus, calorie
labelling may improve awareness of nutrition information, and potentially stimulate
reformulation of foods and beverages and changes to offerings, with limited impact on
differences among subgroups by health literacy, SSS, gender, and disordered eating risk. Of note,

a brief measure of eating disorder symptomology?%°

was used and participants with eating
disorders were not identified, potentially overlooking experiences among those with clinically

diagnosed eating disorders.

Chapter 7 examined implications of numeric labels versus TLL on purchasing of foods and
beverages labelled red, amber, and green according to the TLL criteria, as well as quality of
purchases with respect to amounts of key food groups (i.e., fruits, vegetables, whole grains,
refined grains, plant-based proteins, and red meats) and nutrients (i.e., saturated fats, added
sugars, sodium) per 1000 kcal. No changes in purchasing of foods and beverages labelled as red,
amber, and green relative to the control were observed. At the TLL site, purchases of red-
labelled items increased among those with lower SSS, with no changes to purchasing of green-

or amber-labelled items. The findings for nutrients and food groups per 1000 kcal suggest low
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purchasing of dietary components recommended for health, such as fruit and whole grains, and
high purchases of components that should be consumed in moderation, such as sodium and
added sugars. There was a decrease in purchasing of added sugars at the numeric site and refined
grains at the TLL site; however, the magnitude of these effects was small and the significant

difference from the control site could be explained by decreases observed at the control.

8.3 Limitations

The research presented in this dissertation should be interpreted in the context of several
limitations and caveats. In Chapter 5, the review excluded grey literature, potentially omitting
efforts on campuses that have been undertaken by campus stakeholders without the involvement
of academic researchers. University food service operations and sustainability offices are
increasingly committing to initiatives, such as Menus of Change,® potentially demonstrating
increasing engagement in activities related to promoting health and sustainability in campus
settings. Associated internal reports from universities or related non-government organizations,
such as Meal Exchange,”” may provide information about how campuses are aiming to support
healthy and sustainable eating on campuses. The findings of this review may also be affected by
publication bias, in which articles that show null effects may not have been published in the
literature. As with all scoping reviews, the interpretations of the included literature may
demonstrate author bias. However, we aimed to maintain objectivity and transparency in
reporting by using a consistent data extraction approach for each article, with independent

screening and validation of extraction conducted by at least one other reviewer.2%2

Chapters 6 and 7 are limited by caveats inherent to the lack of randomization in quasi-
experimental studies.?**-2%8 The study was limited to students at three residence cafeterias within
a single university and the findings may not be generalizable to other settings, such as fast-food
outlets. The sample is not representative of all young adults in Canada, primarily consisting of

individuals ~18-19 years of age and pursuing a university-level education.

Although we aimed to control for differences in the samples through our study design decisions
(e.g., limiting to residence cafeterias) and by adjusting for socio-demographics identified a priori

(e.g., gender, health literacy, SSS, disordered eating risk), quasi-experimental studies are at risk
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for uncontrolled confounding. Minor differences across cafeterias in offerings may have biased
our findings toward the null or explained the observed decrease in calories purchased at the
control site. However, an additional investigation of all offerings revealed minimal differences in
calories across sites; the differences in calories for daily hot meals were within 5% and the
differences in proportions of green-, amber-, and red-labelled items were within 1% (Appendix
C). Characteristics of patrons at specific cafeterias may have also influenced the findings. For
example, the control site was farther away from the main campus, potentially affecting the
frequency of visits to the cafeteria; patrons may have opted to select grab-and-go meals and
snacks and/or purchase larger meals elsewhere. At the same time, participants may have been
exposed to other forms of nutrition information in the cafeteria (e.g., labels indicating vegan and
vegetarian options) or calorie labelling in other settings, such as branded outlets on and off
campus, potentially dampening the impact of the labelling interventions. At all sites, purchasing
patterns may have been affected by the timing of data collection as the post-test phase
overlapped with the end of the term, approaching exam period. While repeat responses were
excluded potentially raising concerns about power, a post-hoc power analysis of the study
sample and a priori estimates from our initial sample size calculation demonstrated that the study
was powered to detect a 10% difference in calories purchased. Of note, a 10% difference is a
large effect size to observe for dietary outcomes (e.g., calories purchased) and some comparisons
were outside of this magnitude. For example, there was a 1.2% difference in calories purchased
at the TLL site compared to the control. Therefore, we suspect that any replication studies using

a similar study design may find effects and differences that we were unable to in this study.

The data on food and beverage purchasing used in Chapters 6 and 7 were limited to a single
eating occasion and do not illustrate how labels may impact overall eating patterns. Further,
respondents who noticed and used the labels indicated they led them to consume less food or
order something different, suggesting some impacts that may not have been detected by the
analysis of purchasing. Nonetheless, less than 1 in 10 participants indicated that the labels
influenced their purchasing decisions ‘a lot’. Future research should utilize robust dietary
assessment methods to collect information dietary intake at multiple time-points and examine
implications on compensatory behaviours. 4623 However, the collection of individual-level data

on food and beverage purchasing and socio-demographics was a strength of the study, expanding
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on current literature, which primarily reports on group-level differences in purchasing using

aggregate sales data. While this study also made use of sales data, only total sales and sales per
transaction rather than itemized sales were available, and it was not possible to corroborate the
purchasing data by examining whether sales of different foods and beverages changed from the

pre-test to post-test periods.

Using GEE modelling allowed for examination of differences across sites from pre-test to post-
test,?*% ameliorating ‘missing” data from participants who only participated at one test phase. We
aimed to alleviate inherent biases from self-reporting; for example, minimizing recall bias by
prompting for specific details about purchases and mitigating social desirability bias by only
partially disclosing information about the focus on calorie labelling. However, measures of
health literacy, SSS, and disordered eating risk were brief and do not entirely capture the
complexity of these constructs. Additionally, participants who completed the survey at both
phases may have been subject to social desirability bias at post-test given prior knowledge of the

survey questions.

The findings in Chapter 7 should be considered within the context of assumptions made with
respect to the food and beverage purchasing data. For the analysis of changes in purchasing of
red-, amber-, and green-labelled categories, a proportional weighting system was used to account
for add-ons to customizable entrées and enable comparability across similar items. However, this
structure may have disproportionately affected add-ons that were a prominent component of the
full item (e.g., the bread versus sauces in a sandwich were treated as equal and comparable add-
ons). Proportional weights were also affected by the total number of options within the overall
item; for example, 3 red-labelled items within a sandwich with 10 add-ons had a weight of 0.3,
whereas 3 red-labelled items on another sandwich with 5 add-ons had a weight of 0.6. Foods and
beverages reported in the surveys were matched to similar food codes within food composition
databases.?!4223224 The food codes available in these databases may not accurately represent the
specific foods and beverages offered within the cafeterias, potentially blunting differences in
composition with respect to dietary components of interest. Serving weights for all foods and
beverages were based on a default serving and variations in amounts purchased are possible,

especially in the context of self-serve stations, such as the salad bar.
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8.4 Implications for policy and research

The research presented in this dissertation has several implications for policy and future research,
including informing the implementation of nutrition labelling at the point-of-purchase in the
Canadian context; underscoring the need for the application of a systems thinking lens to design
and implement interventions to support healthy and sustainable eating patterns; and emphasizing
the importance of evaluating the impacts of interventions on factors related to both human and
planetary health, as well as to consider trade-offs between the two.

Informing the implementation of nutrition labelling at the point-of-purchase in Canada
Within Canada’s Healthy Eating Strategy,*®’ nutrition labelling is prioritized as a strategy to
support healthy eating by informing food selection and purchasing decisions. Some provincial
jurisdictions, such as Ontario and British Columbia,*!***" have mandated calorie labelling in
restaurants, fast-food chains, and food retail stores in healthcare settings. Health Canada is
moving toward an interpretive format using ‘high-in’ warning labels on front-of-packages to
indicate foods and beverages that have a high amount of sugars, saturated fats, and sugars.?** The
research in this dissertation examines the TLL system; however, the messaging surrounding the
red-label category is similar to that of a warning label. Both systems indicate foods that are high
in a dietary component and that should be chosen less often. Although nutrition labelling at the
point-of-purchase is not currently under consideration by the federal government because it is
provincially mandated, calorie labelling remains relevant to current policy discussions
surrounding a harmonized nutrition labelling system (e.g., use of interpretive formats for both

point-of-purchase and front-of-package formats).

The findings on noticing, use, and perceptions in Chapters 6 suggest numeric and TLL formats
are salient in improving consumer awareness of nutrition information. A greater proportion of
respondents at the TLL site who reported noticing calorie information indicated the nutrition
information was easy to use and understand. While the analyses of the impact of the labels on
purchasing of calories, TLL categories, food groups and nutrients were inconclusive, prior
literature has shown minimal and inconsistent effects on calories purchased and consumed.42-
163,169 The findings are limited to purchasing data at a single eating occasion, which are not

representative of an individual’s total eating pattern.
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Given the potential to stimulate reformulation,'%-1% jt is possible that consistent implementation
of labels across contexts may be helpful in supporting healthy eating. Policy decisions about
whether nutrition labels at the point-of-purchase should use numeric or TLL formats are largely
dependent on the priorities of the jurisdiction. For example, a key recommendation in the 2019
Canada’s Food Guide®® was to limit consumption of highly processed foods by choosing healthy
menu options when eating out. The Food Guide?® also suggests using food labels to help
consumers compare and choose products to make an informed purchasing decision. In Chapter
6, a greater proportion of respondents at the numeric site indicated the labels led them to
consume less food whereas those at the TLL site ordered something different. Several studies
have suggested consumers utilize a red-avoidance strategy when interpreting TLL, further
suggesting potential differences in how the labels may be used to inform food and beverage
decision making.2641%¢ Given the emphasis on selecting foods to support eating patterns as a
whole (rather than consuming fewer calories), implementation of an interpretive format, such as
TLL, may align more closely with Canadian priorities.?®3%1°7 For example, traffic light labels
could be used to communicate other values for food and beverages that reflect criteria beyond
calorie amounts, including considerations for food groups and nutrients that are highlighted in
Canada’s Food Guide® or environmental sustainability. Evaluations should continue to be
conducted ensure the policy achieves its goals, with consideration for potential consequences and

trade-offs related to purchasing among specific sub-group populations and sustainability.

Of note, the focus on calories for the labels examined in Chapters 6 and 7 was a study design
choice to enable direct comparison between numeric and TLL formats. However, TLL systems
based on calories alone are inherently flawed from the perspective of guidance for healthy
eating.1%® Some foods and beverages that are nutrient-dense but higher in calories (e.g.,
avocados, eggs) receive an amber or red indicator, whereas highly processed foods with lower
calories (e.g., white bread) may receive a green indicator. These considerations may have been
observed in Chapter 7, where there were high purchases of green-labelled items overall, but
food group and nutrient profiles were not ideal (e.g., low purchases of whole grains and fruits).
Several studies have used TLL to integrate multiple dietary components, including
nutrients!®5160.161.164.170 and food groups.t521541% Given the study design decision to focus on

calories, Chapters 6 and 7 did not examine the implications of a multi-component labelling
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system, though existing experimental studies suggest limited impacted on purchasing when
comparing formats with multiple dietary components (e.g., calories and sodium) versus calories

135,159-161

only.

Another important consideration for interpretive formats is the potential to unintentionally
stigmatize foods and beverages; some foods and beverages that may receive a red or amber label
may be more affordable for and accessible to groups with lower SES. This consideration is of
particular concern given the finding that purchases of red-labelled items increased among groups
with lower SSS at the TLL site. Relatedly, no other differences were observed in the impacts of
the labels on purchasing by health literacy, SSS, or disordered eating risk. However, as noted in
Section 8.3, we used brief measures of health literacy, SSS, and disordered eating risk. Future
research should consider the use of comprehensive and well-evaluated measures that are
informed by theory and capture the complexity of concepts related to health literacy, SES, and
disordered eating (e.g., measures of disordered eating risk that consider weight bias and
stigma?*22%%), and analytic procedures that consider intersectionality (e.g., interactions between
health literacy and SES with race/ethnicity®*4).

Underscoring the need for the application of systems thinking lens to the design and
implementation of interventions

Building on interpretations presented in Chapter 5, as well as the limited impact of labelling on
food and beverage purchasing found in Chapters 6 and 7, nutrition labelling at the point-of-
purchase is likely insufficient on its own to support healthy and sustainable eating patterns.>®>°
All nutrition labelling formats aim to help individuals navigate a complex food environment and

food system by ‘making the healthy choice the easy choice’.%’

Nutrition labelling solely focused on calories in particular represents a reductionist approach that
overlooks the overall quality of foods and beverages (as described above) and does not address
the array of determinants of eating patterns, such as those at individual (e.g., stress and time
constraints)®®°° and environmental (e.g., availability, accessibility, and affordability of foods and
beverages on campus) levels.>66:68-709193 Thys despite being posited as a population-level
intervention, nutrition labelling (including labels that solely provide calorie amounts) on its own

emphasizes individual-level choice and agency without addressing the structural determinants
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that shape our food system and eating patterns (e.g., availability and affordability of the food
supply). However, labelling schemes have been shown to stimulate manufacturers to reformulate
products and changes to offerings, potentially playing a role in improving eating patterns within

a suite of integrated and reinforcing food and nutrition policies.10°:108.245.246

Despite the need for a holistic approach, multiple food policies and other public health
interventions are typically not implemented simultaneously due to political cycles and other
considerations. It is promising that nutrition labelling is being considered in the context of a suite
of interventions within Canada’s Healthy Eating Strategy*® (e.g., reducing marketing to
children, sodium reduction strategies), particularly given suggestions to use multiple
interventions to support healthy and sustainable eating patterns.*>*>®’ Indeed, policy approaches
that integrate a suite of reinforcing interventions are needed to embrace the complexity of eating
patterns and their interactions with human and planetary health;>” though, Chapter 5 indicates
there is substantial progress to be made in terms of integrating both. Interventions that target
informed choice and require relatively few resources to implement, such as nutrition labelling at
the point-of-purchase, can potentially play a role in helping individuals navigate a complex food
system that is not supportive of healthy and sustainable eating patterns in the interim. However,
it is critical that interventions continue to be evaluated for their intended and unintended effects,

including consideration of how interventions may interact with each other.

To contribute to a food system transformation, policy approaches that integrate multiple
strategies will need to be implemented and evaluated from a ‘whole-0f-systems’ lens to
minimize potential trade-offs between human and planetary health. Drawing upon frameworks
such as NOURISHING?® can provide insight into the types of interventions that can be designed
and implemented to jointly support healthy and sustainable eating patterns. Although the
framework does not explicitly address sustainability, it identifies leverage points for intervening
within food environments and food systems to effectively support human and planetary health.
For example, supply chain incentives may support food production systems that contribute to
improved dietary quality and lower greenhouse gas emissions®’ and food-based dietary
guidelines can provide guidance on healthy eating patterns with lower impacts on greenhouse
gas emissions and water and land use.!>!%2 Moving forward, a ‘de-siloed’ approach to food and

nutrition policy that considers the ‘whole-0f-system’, including engagement of actors and
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stakeholders across multiple levels, sectors, and disciplines, will be critical for jointly

considering human and planetary health,1%26:33:48,53

Evaluating the impact of interventions on factors related to both human and planetary
health, as well as trade-offs

Complementing recommendations for designing and implementing interventions, data collection
tools and analytic methods will need to be expanded to appropriately measure impacts of
interventions on human and planetary health. Evidence from real-world settings, such as post-
secondary settings,®?%* provides a valuable testing ground for ‘whole-0f-systems’ policy
approaches by examining the effectiveness of interventions within the context of existing food
environments and food systems. Real-world evidence provides insight into the scalability of
interventions by informing the contexts in which they may be most effective; for example, real-
world evidence on calorie labelling suggests greater impacts in cafeteria settings compared to
restaurants or fast-food chains because consumers are often daily visitors.*4>14 However, the
limitations of real-world evaluations (e.g., uncontrolled confounding) can provide challenges for

interpretation?36-238

and it is critical to examine the extent of their generalizability by interpreting
the findings within the context they are evaluated.?*® For instance, interpretation of real-world
evidence of interventions examined in post-secondary settings should consider the setting (i.e.,
cafeterias in residences versus quick-service coffee shops) and individual-level characteristics of
patrons (e.g., age, socio-economic status, health literacy) to understand the generalizability of the

findings to inform policies that may impact the general Canadian population.

The analytic approach presented in Chapter 7 aimed to address both human and planetary health
by examining food groups and nutrients relevant to both; however, other approaches are
increasingly possible.18924%2% |ntegrating interpretations from both can address whether an
intervention that creates positive health and/or environmental outcomes at the food consumption
stage may have negative health and environmental impacts at other points along the supply
chain;26:33:48.53.190.251 for jnstance, interventions that promote healthy options but may also be
heavily packaged and processed.%® There is a growing body of evidence that uses a combination
of diet quality indices??®2%% and data on the environmental sustainability of foods;'8%21-253 for
example, drawing upon life cycle assessment to examine impacts on greenhouse gas emissions as

foods and beverages move through the food supply chain.'®¥25 Several modelling studies have
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used combined measures to examine alignment of eating patterns®°2°+2% and food-based

dietary guidelines®*

with human and planetary health. Careful consideration is needed to ensure
measures do not fall into a reductionist approach of considering limited indicators, for example,
focusing only on calories or on greenhouse gases rather than considering the various facets of
healthy and sustainable eating patterns and food systems.?>” Measures will also need to be
expanded to capture other interconnected dimensions of healthy and sustainable eating patterns,
such as considerations of culture and heritage, to more holistically measure implications on
human and planetary health.*3* Thus, measures and metrics for evaluating interventions need to
consider the multi-dimensional nature of healthy and sustainable eating and there is substantial

progress to be made in terms of identifying best practices for jointly measuring both.

8.5 Conclusions

Drawing upon real-world evidence from post-secondary settings, the findings of this dissertation
contribute to our understanding of the range of food and nutrition interventions that can
potentially support healthy and sustainable eating patterns among young adults. The scoping
review demonstrates that interventions to support both healthy and sustainable eating patterns in
post-secondary settings are currently limited, with a greater emphasis on human health versus
planetary health. The findings of the empirical studies of calorie labelling suggest numeric and
TLL formats, on their own, may improve awareness of nutrition information. The analyses of
effects of the labels on calories, food groups, and nutrients purchased were inconclusive due to a
lack of parallel trends across sites. Future analyses will use sales data over a longer period of
time to assess the impact of the labels on calories purchased at the group-level and to investigate
the extent that uncontrolled confounding may have influenced the results. The research presented
in this dissertation provides a blueprint for future evaluations of food and nutrition policies and
interventions to jointly consider human and planetary health. Further work is needed to expand
data collection and analytical metrics and methods to appropriately measure the impact of
interventions that aim to support healthy and sustainable eating patterns, as well as their trade-

offs for human and planetary health.
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APPENDICES

Appendix A. Search strategy for scoping review

Concepts Food and Environmental Intervention Post-secondary
nutrition sustainability settings
Author Food; nutrition*; | Environment*; Intervention*®; Post-secondary;
keywords diet*; eating waste™; program*; universit®;
sustainab*; initiative*; university
carbon®; education*; student®; college
greenhouse gas™; student*;
climate change; campus*;
global warming cafeteria*; food
service®
Controlled | Nutritional Health policy; Food services
subject sciences; Diet, health education;
headings food, and health promotion
nutrition
Based on
MeSH for
MEDLINE
Limits e English only
e Publication date January 2000 — present
Basic search | (food OR nutrition OR sustainability) AND (intervention) AND (post-
secondary)
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Advanced #1 Search: Nutrition and environmental sustainability = 853,444 results
search food [tiab] OR nutrition* [tiab] OR diet* [tiab] OR eating [tiab] OR Nutritional sciences [mesh] OR Diet, Food, and Nutrition[mesh] OR
(MEDLINE) | environment*[tiab] OR waste*[tiab] OR sustainab*[tiab] OR carbon*[tiab] OR greenhouse gas* [tiab] OR climate change [tiab] OR global
warming [tiab]
December
2019 #2 Search: Intervention - 699,620 results
intervention*[tiab] OR program™ [tiab] OR initiative* [tiab] OR education* [tiab] OR health policy [mesh] OR health education [mesh] OR
health promotion [mesh]
#3 Search: Post-secondary settings = 22,571 results
post-secondary [tiab] OR universities [mesh] OR university student*[tiab] OR college student* [tiab] OR campus*[tiab] OR cafeteria* [tiab]
OR food service* [tiab] OR Food services [mesh]
Final search - 2,855 results
#1 AND #2 AND #3 (filter for January 2015 onwards)
Advanced #1 Search: Nutrition and environmental sustainability > 201,051 results
search TITLE-ABS-KEY (food AND (nutrition* OR diet* OR eating OR environment* OR waste* OR sustainab* OR carbon* OR “greenhouse gas”
(SCOPUS)!? | OR “climate change” OR “global warming”))
December #2 Search: Intervention > 1,729,357 results
2019 TITLE-ABS-KEY (intervention® OR program* OR initiative* OR education®* OR trayless)
#3 Search: Post-secondary settings > 12,698 results
TITLE-ABS-KEY (post-secondary OR universit* OR college* OR university student* OR college student®* OR campus* OR cafeteria* OR
food service*)
Final search > 215 results
#1 AND #2 AND #3 (filter for January 2015 onwards)
Advanced #1 Search: Nutrition and environmental sustainability > 23,472 results
search (TI food OR AB food) AND (TI nutrition* OR AB nutrition* OR TI diet* OR AB diet* OR TI eating OR AB eating OR TI environment* OR
(CINAHL)1! | AB environment* OR TI waste* OR AB waste* OR TI sustainab* OR AB sustainab* OR TI carbon* OR AB carbon* OR TI “greenhouse
gas” OR AB “greenhouse gas” OR TI “climate change” OR AB “climate change” OR TI “global warming” OR AB “global warming” OR
December MM diet)
2019

#2 Search: Intervention > 361,209 results
TI intervention®* OR AB intervention* OR TI program* OR AB program* OR Tl initiative* OR AB initiative* OR TI education* OR AB
education* OR MM health promotion OR MM nutrition policy
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#3 Search: Post-secondary settings > 81,521 results

TI post-secondary OR AB post-secondary OR TI universit* OR AB universit* OR TI college* OR AB college* OR TI university student* OR
AB university student* OR TI college student* OR AB college student* OR TI campus* OR AB campus® OR TI cafeteria* OR AB cafeteria*
OR TI food service* OR AB food service* OR MM Students, College OR MM Students, Undergraduate

Final search > 867 results
#1 AND #2 AND #3 (filter for January 2015 onwards)

Advanced
search
(ERIC)!?

December
2019

#1 Search: Nutrition and environmental sustainability > 851 results
noft(food) AND (noft(nutrition*) OR noft(diet*) OR noft(eating) OR noft(environment*) OR noft(waste*) OR noft(sustainab*) OR
noft(carbon*) OR noft(“greenhouse gas”) OR noft(“climate change”) OR noft(“global warming””) OR mainsubject(nutrition))

#2 Search: Intervention > 122,223 results
noft(intervention*) OR noft(program*) OR noft(initiative*) OR noft(education*) OR mainsubject(health education) OR mainsubject(health
promotion)

#3 Search: Post-secondary settings > 47,740
noft(post-secondary) OR noft(universit*) OR noft(college*) OR noft(university student*) OR noft(college student*) OR noft(campus*) OR
noft(cafeteria*) OR noft(food service*) OR mainsubject(postsecondary education)

Final search > 339 results
#1 AND #2 AND #3 (filter for January 2000 onwards)

To narrow scope, food was included as a separate concept to nutrition and environmental sustainability.

2“Trayless” was included to capture interventions related to environmental sustainability that were not captured in PubMed. This term specifically targets interventions that removed the use of trays
from cafeterias to monitor changes to food waste. These interventions were identified as relevant following a basic search, however, did not appear in the initial PubMed search.

SLimits were placed to retrieve peer-reviewed articles only.
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Appendix B. Data charting form for scoping review

Data field

Description

Article information

Author(s), year of publication, title, journal.

Study location and setting

Where was the intervention implemented? (e.g., university/college name
and/or country) What was the setting of the intervention?

Study objectives

What was the objective of the study?

Intervention description

What was the intervention? Did the authors compare the intervention to a
control group?

Intervention type

What was the intervention type according to the NOURISHING
framework?

Duration of intervention

How long was the intervention and study period? Was there a follow-up
period?

Study populations

Who was the intervention intended for? (e.g., students, staff, faculty)

Study design

What was the study design?

Outcome measures and
evidence on effectiveness

What was the outcome of interest and how was it measured? Did the
intervention influence the outcome of interest?

Considerations for human
and planetary health

Did the authors consider human health and/or environmental sustainability
in the implementation and evaluation of the intervention? Did the authors
discuss implications on other food system challenges?

Limitations and gaps

What are the knowledge or methodological gaps in the literature?

Funding source

How was the study funded? Did the authors have any conflicts of interest?
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Appendix C. Comparison of offerings at each site and phase

Table C-1. Description of offerings at each site

Control site Numeric site Traffic light label site

Meals Hot meal stations: daily Hot meal stations: daily e Hot meal stations: daily
offerings; menus were on weekly offerings; menus were on weekly offerings; menus were on weekly
rotation that differed across sites rotation that differed across sites rotation that differed across sites
and phases and phases and phases
Customizable sandwich station: Customizable sandwich station: e Customizable sandwich station:
standard station of add-ons standard station of add-ons standard station of add-ons
Customizable bowl station: Customizable bowl station: e Customizable bowl station:
standard station of add-ons standard station of add-ons standard station of add-ons
Customizable pizza station: Customizable pizza station: e Customizable pizza station:
standard station of add-ons standard station of add-ons standard station of add-ons
Grill: standard menu Grill: standard menu e Grill: standard menu + additional
Customizable salad bar: all pre- Customizable salad bar: all pre- burger and poutine options
made salads and add-ons made salads and add-ons e Customizable salad bar: all pre-
consistent across sites consistent across sites made salads and add-ons
Grab and go station: all offerings Grab and go station: all offerings consistent across sites
consistent across sites consistent across sites e Grab and go station: all offerings

consistent across sites
Beverages Standard inventory Standard inventory e Standard inventory
Snacks Standard inventory + UW Food Standard inventory + UW Food e Standard inventory + branded

Services smoothies

Services smoothies

smoothie outlet
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Table C-2. Calorie amounts and proportion of items for traffic light labelling categories by site and phase

Control site Numeric site Traffic light label site
Pre-test Post-test Pre-test Post-test Pre-test Post-test
(Total=1289) (Total=1295) (Total=1289) (Total=1295) (Total=1327) (Total=1332)
Calorie amounts'? (kcal) Mean (Range: Q1-Q3; Maximum)
Overall 177 176 176 175 184 185
(80-240; 1200) (80-230; 1200) (80-232; 1120) (80-240; 830) (80-250; 1200) (80-250; 1200)
Meals 173 173 170 169 183 185
(30-225; 1200) (30-220; 1200) (30-220; 1120) (30-221; 830) (30-240; 1200) (33-231; 1200)
Hot meals 283 272 261 247 250 263
(125-340; 1200) (120-270;1200) (140-325; 1120) (140-300; 810) (130-290; 1200) (120-290; 1200)
Sandwiches 85 85 85 85 85 85
(10-120; 383) (10-120; 383) (10-120; 383) (10-120; 383) (10-120; 383) (10-120; 383)
Bowls 89 89 89 89 89 89
(10-170; 330) (10-170; 330) (10-170; 330) (10-170; 330) (10-170; 330) (10-170; 330)
Pizzas 49 49 49 49 49 49
(10-90; 150) (10-90; 150) (10-90; 150) (10-90; 150) (10-90; 150) (10-90; 150)
Grill 235 235 235 235 329 329
(90-341; 830) (90-341; 830) (90-341; 830) (90-341; 830) (120-450; 980) (120-450; 980)
Salad 80 80 80 80 80 80
(5-120; 490) (5-120; 490) (5-120; 490) (5-120; 490) (5-120; 490) (5-120; 490)
Grab-and-go 408 408 408 408 408 408
stations (240-570; 800) (240-570; 800) (240-570; 800) (240-570; 800) (240-570; 800) (240-570; 800)
Beverages 100 100 100 100 100 100
(40-140; 550) (40-140; 550) (40-140; 550) (40-140; 550) (40-140; 550) (40-140; 550)
Snacks 199 199 199 199 205 205

(131-260; 600) (131-260; 600)  (131-260; 600)  (131-260; 600) (131-270; 650) (131-270; 650)

Proportion of items by traffic light labelling categorization® n(%)

Meals N=511 N=517 N=511 N=517 N=527 N=532
Green 253 (49.5) 258 (49.9) 253 (49.5) 256 (49.5) 260 (49.3) 264 (49.6)
Amber 111 (21.7) 116 (22.4) 117 (22.9) 116 (22.4) 117 (22.2) 120 (22.6)
Red 147 (28.8) 143 (27.7) 141 (27.6) 145 (28.1) 150 (28.5) 148 (27.8)
Beverages N=157 N=157 N=157 N=157 N=157 N=157
Green 90 (57.3) 90 (57.3) 90 (57.3) 90 (57.3) 90 (57.3) 90 (57.3)
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Amber 66 (42.0) 66 (42.0) 66 (42.0) 66 (42.0) 66 (42.0) 66 (42.0)

Red 1(0.64) 1 (0.64) 1(0.64) 1(0.64) 1 (0.64) 1 (0.64)
Snacks N=621 N=621 N=621 N=621 N=643 N=643
Green 122 (20.0) 122 (20.0) 122 (20.0) 122 (20.0) 122 (19.0) 122 (19.0)
Amber 286 (46.1) 286 (46.1) 286 (46.1) 286 (46.1) 298 (46.4) 298 (46.4)
Red 213 (34.3) 213 (34.3) 213 (34.3) 213 (34.3) 223 (34.7) 223 (34.7)

'Hot menu offerings rotated daily and were on a separate weekly rotation at each site.

20fferings at customizable stations for sandwiches, bowls, pizzas, and salads included add-ons that were standardized across all sites.

3Scores of green-, amber-, and red-labelled items were calculated using a proportional weighting and scoring system. Weights were calculated based on the proportion of green-,
amber-, and red-labelled items relative to the total number of add-ons in the full entrée. For example, a customizable sandwich with 5 green-labelled items, 3 amber-labelled items,
and 2 red-labelled items would receive a score of 0.5 for green, 0.3 for amber, and 0.2 for red. Similarly, a lasagna with 1 amber indicator would receive a score of 1 for the amber
category and 0 for green and red categories.
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Table C-3. Absolute and percent difference for calories and proportion of items by traffic light categories between phases at each site

Control site Numeric site Traffic light label site

Difference in calorie amounts between pre and post'? kcal (%)

Overall 1 (-0.57) 1 (-0.57) 1 (+0.54)
Meals 0 (0.00) 1 (-0.59) 2 (+1.08)
Hot meals 11 (-3.96) 14 (-5.51) 13 (+5.07)
Sandwiches 0 (0.00) 0 (0.00) 0 (0.00)
Bowls 0 (0.00) 0 (0.00) 0 (0.00)
Pizzas 0 (0.00) 0 (0.00) 0 (0.00)
Grill 0 (0.00) 0 (0.00) 0 (0.00)
Salad 0 (0.00) 0 (0.00) 0 (0.00)
Grab-and-go stations 0 (0.00) 0 (0.00) 0 (0.00)
Beverages 0 (0.00) 0 (0.00) 0 (0.00)
Snacks 0 (0.00) 0 (0.00) 0 (0.00)

Difference in proportion of items by traffic light labelling categorization between pre and post® (% difference)

Meals

Green 0.00 0.00 +0.3
Amber +0.7 -0.5 +0.4
Red -1.1 +0.5 -0.7
Beverages

Green 0.00 0.00 0.00
Amber 0.00 0.00 0.00
Red 0.00 0.00 0.00
Snacks

Green 0.00 0.00 0.00
Amber 0.00 0.00 0.00
Red 0.00 0.00 0.00

'Hot menu offerings rotated daily and were on a separate weekly rotation at each site.

20fferings at customizable stations for sandwiches, bowls, pizzas, and salads included add-ons that were standardized across all sites.

3Scores of green-, amber-, and red-labelled items were calculated using a proportional weighting and scoring system. Weights were calculated based on the proportion of green-,
amber-, and red-labelled add-ons relative to total number of add-ons in the full entrée. For example, a sandwich with 5 green add-ons, 3 amber add-ons, and 2 red add-ons would
receive a score of 0.5 for green, 0.3 for amber, and 0.2 for red. Similarly, a lasagna with 1 amber indicator would receive a score of 1 for amber, 0 for green and 0 for red.
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Table C-4. Absolute and percent difference in calories and proportion of items by traffic light
categories between sites at each phase

Pre-test Post-test

Numeric versus control site

Difference in calorie amounts®? kcal (% difference)

Overall 1(-0.57) 1(-0.57)
Meals 3 (-1.75) 4 (-2.33)
Hot meals 22 (-8.09) 25 (-9.63)
Sandwiches 0 (0.00) 0 (0.00)
Bowls 0 (0.00) 0 (0.00)
Pizzas 0 (0.00) 0 (0.00)
Grill 0 (0.00) 0 (0.00)
Salad 0 (0.00) 0 (0.00)
Grab-and-go stations 0 (0.00) 0 (0.00)
Beverages 0 (0.00) 0 (0.00)
Snacks 0 (0.00) 0 (0.00)

Difference in proportion of items by traffic light labelling categorization® (% difference)

Meals

Green 0.00 0.00
Amber +1.2 0.00
Red -1.2 +0.4
Beverages

Green 0.00 0.00
Amber 0.00 0.00
Red 0.00 0.00
Snacks

Green 0.00 0.00
Amber 0.00 0.00
Red 0.00 0.00

Traffic light versus control site

Difference in calorie amounts®? kcal (% difference)

Overall 7 (+3.88) 9 (+4.99)
Meals 10 (+5.62) 12 (+6.70)
Hot meals 33 (-12.4) 9 (-3.36)
Sandwiches 0 (0.00) 0 (0.00)
Bowls 0 (0.00) 0 (0.00)
Pizzas 0 (0.00) 0 (0.00)
Grill 94 (+33.3) 94 (+33.3)
Salad 0 (0.00) 0 (0.00)
Grab-and-go 0 (0.00) 0 (0.00)
stations

Beverages 0 (0.00) 0(0.00)
Snacks 6 (+2.97) 6 (+2.97)

Difference in proportion of items by traffic light labelling categorization® (% difference)

Meals

Green -0.2 -0.3
Amber +0.5 +0.2
Red -0.3 +0.1
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Beverages

Green 0.00 0.00
Amber 0.00 0.00
Red 0.00 0.00
Snacks

Green -1.0 -1.0
Amber +0.3 +0.3
Red +0.3 +0.3

Traffic light versus numeric site
Difference in calorie amounts®? kcal (% difference)

Overall 8 (+4.44) 10 (+5.55)
Meals 13 (+7.37) 6 (+9.04)
Hot meals 11 (-4.31) 16 (+6.27)
Sandwiches 0 (0.00) 0 (0.00)
Bowls 0 (0.00) 0 (0.00)
Pizzas 0 (0.00) 0 (0.00)
Grill 94 (+33.3) 94 (+33.3)
Salad 0 (0.00) 0 (0.00)
Grab-and-go 0 (0.00) 0 (0.00)
stations

Beverages 0 (0.00) 0 (0.00)
Snacks 6 (2.97) 6 (2.97)

Difference in proportion of items by traffic light labelling categorization® (% difference)
Meals

Green -0.2 +0.1
Amber -0.7 +0.2
Red +0.9 -0.3
Beverages

Green 0.00 0.00
Amber 0.00 0.00
Red 0.00 0.00
Snacks

Green -1.0 -1.0
Amber +0.3 +0.3
Red +0.3 +0.3

'Hot menu offerings rotated daily and were on a separate weekly rotation at each site.

20fferings at customizable stations for sandwiches, bowls, pizzas, and salads included add-ons that were standardized across all
sites.

3Scores of green-, amber-, and red-labelled items were calculated using a proportional weighting and scoring system. Weights
were calculated based on the proportion of green-, amber-, and red-labelled add-ons relative to the total number of add-ons in the
full entrée. For example, a customizable sandwich with 5 green-labelled add-ons, 3 amber-labelled add-ons, and 2 red-labelled
add-ons would receive a score of 0.5 for green, 0.3 for amber, and 0.2 for red. Similarly, a lasagna with 1 amber indicator would
receive a score of 1 for the amber category and O for green and red categories.
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Appendix D. Plain-language educational poster

Sample for one-page handout to educate consumers on how to use of numeric and TLL, which were made

available in the intervention cafeterias.

Modified from: Government of Ontario (2018). Calories on menus. Available from:

https://www.ontario.ca/page/calories-menus

What is menu labelling?

Look for products with nutrition information labels next to
items in the cafeteria.

The labels provides at a glance information about the
food or beverage to help you make a healthy choice.

What do the labels mean?

Indicates the number of calories for a standard
per 10

o serving size of the food or beverage.

What about customizable meals?

For a healthier choice, try to pick fixings and toppings with
a lower amount of calories.

Calories for additional toppings may be added to the
calories posted for each item.

Daily calorie needs

Adults and youth (ages 13 and older) need an average of 2,000
calories a day. Individual needs may vary based on age, gender,
and activity level.

What is menu labelling?

Look for products with green,
next to items in the cafeteria.

or red coloured labels

The colours show you at a glance if the food or beverage
is low, , or high in calories for a standard serving
to help you make a healthy choice.

What do the colours mean?

RED means choose this food less often
Indicates the item is high in calories

means choose this food on
Indicates the item has a medium number of calories

O
GREEN means choose this food more often
Indicates the item is low in calories

What about customizable meals?

For a healthier choice, try to pick fixings and toppings with
more greens and and fewer reds.

Calories for additional toppings may be added to the
calories posted for each item.

Daily calorie needs

Adults and youth (ages 13 and older) need an average of 2,000
calories a day. Individual needs may vary based on age, gender,
and activity level.
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Appendix E. Interview guide cognitive testing of labels

INTRODUCTION & CONSENT

[Greeting and Introductions — Hi, I’m Kirsten, thanks for coming in today.]

“Thanks again for your help with our menu labels. First, I would like to provide you with some information on the study and review the consent form with you.”
[Provide information letter and consent form]

“To begin, I just have a couple of questions for you.”

WARMUP QUESTIONS

[Intro 1] In a typical week, how often do you eat at a residence cafeteria? Probe:

How easy or hard is it to answer this question?
Follow-up probe:

How sure or unsure are you of this number?

[Intro 2] The last time you visited any eating establishment (e.g., fast-food Probe:
chain, cafeteria, restaurant, etc.), did you notice any nutrition information How easy or hard is it to answer this question?
posted? Follow-up probe:

How sure or unsure are your response?

LABELS

“Now, we’re going to show you some images of menus in a residence cafeteria on our slide deck. We would like you to pretend that this is a typical visit to a
residence cafeteria and you are making an order for lunch on a weekday. Please write down your order on the piece of paper provided. | just want to reiterate that
there are no right or wrong answers here and we really appreciate your feedback for our study materials.”
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IMAGE SET 1

Traffic light label
scenario

[Image set 1: Photo of Ron Eydt Village cafeteria to set the stage, an image of a sample hot menu,
two images of packaged sandwich labels (vegetable sandwich and turkey sandwich), two images
of beverage options (milk and fruit juice), two images of snack options (apple and chips). All
food and beverages will have a traffic light label to indicate calorie amounts. An image of our
educational handout will also be displayed.]

Small subset of images (subject to change upon consultation with Food Services):

Turkey Sandwich Fresh
Ingredients: bread, sliced turkey, Xpress

leaf lettuce, margarine

- | .

=2 : i‘ N . R
REVelatien cafeteria (REV)

What is menu labelling?

Menu labelling is information found next to items on menus in restaurants and cafeterias.

This information includes:

Traffic light label
Contextual statement

What do menus tell you?

These give you information about the nutritional value of a food or beverage. You can use this information to make
healthier food choices and achieve overall good health.

The traffic light label quickly indicates foods and beverages that can be chosen more or less often:

@ Means choose more often
© Means choose on occassion
@ Means choose less often

Statements about daily calorie needs

As of January 1, 2017, businesses must also post one of the following statements on their menus:
- Adults and youth (ages 13 and older) need an average of 2,000 calories a day, and children
(ages 4 to 12) need an average of 1,500 calories a day. However, individual needs vary.
- The average adult requires approximately 2,000 to 2,400 calories per day. However, individual
calorie needs may vary.

As of January 1, 2018, businesses covered by the new rules must post the following statement:
Adults and youth (ages 13 and older) need an average of 2,000 calories a day, and children (ages 4 to 12)
need an average of 1,500 calories a day. However, individual needs vary.

Probe:

This scenario takes place in Ron
Eydt Village cafeteria, which is
approximately an 8-10 minute
walk to the main campus. You
have time to grab lunch at 12pm
before your next class at
1:30pm. You plan to eat lunch in
the dining area with a few of
your floor-mates.

Please write down your food and
beverage order.

[INITIAL INTERPRETATION]
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IMAGE SET 2

Numeric calorie label
scenario

[Image set 2: Photo of Village 1 cafeteria to set the stage, an image of a sample hot menu, two
images of packaged sandwich labels (vegetable sandwich and ham sandwich), two images of
beverage options (water and pop), two images of snack options (banana and cookies). All food
and beverages will have a traffic light label to indicate calorie amounts. An image of a contextual
statement and the educational handout will also be displayed.]

Small subset of images (subject to change upon consultation with Food Services):

'\ -
Turkey Sandwich Fresh
Ingredients: bread, sliced turkey, Xpress

leaf lettuce, margarine ‘l u”l || Hl”

0401

4,29 | 480 cals

What is menu labelling?

Menu labelling is information found next to items on menus in restaurants and cafeterias.

This information includes:

Calorie label
Contextual statement

What do menus tell you?

The menu will provide the number of calories you get from each of the standard food or drink items that are
sold. In the case of menus, you'll find this information directly below, beside or above the name or price of
each standard food item on the menu.

A standard food item refers to both food and drinks. it's an item that is:
- s0ld in 3 standard or regular size
- served, processed and/or prepared in a regulated location
(e.g., fast-food or dine-in restaurant, grocery store)
- meant to be eaten/drank right away, with no further preparation by the customer
(eg., coffee shops, bakeries, fast-food and dine-in restaurants)

Statements about daily calorie needs
As of January 1, 2017, businesses must also post one of the following statements on their menus:
- Adults and youth {ages 13 and older) need an average of 2,000 calories a day, and children
(ages 4 to 12) need an average of 1,500 calories a day. However, individual needs vary.
- The average adult requires approximately 2,000 to 2,400 calories per day. However, individual
calorie needs may vary.

As of January 1, 2018, businesses covered by the new rules must post the following statement:

Adults and youth (ages 13 and older) need an average of 2,000 calories a day, and children (ages 4 to 12)
need an average of 1,500 calories a day. However, individual needs vary.

Government of Ontario (2018). Calories on menus. Available from:
https://www.ontario.ca/page/calories-menus

Probe:

This scenario takes place in
Village 1 cafeteria, which is
approximately a 2-5 minute
walk to the main campus. You
have time to grab lunch at 12pm
before your next class at
1:30pm. You plan to eat lunch in
the dining area with a few of
your floor-mates.

Please write down your food and
beverage order.

[INITIAL INTERPRETATION]
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INTERVIEW

“Thank you for doing that. To begin, we would like to ask you some questions about your food order and how you made your decisions. After that, we will ask
you some questions about the labels and how you understood them. Sometimes, it will seem like we are asking the same question repeatedly. Please be patient
with us—we want to get as much detail as possible about ways that we can improve our scenarios.

For some of the questions, | will ask you how you came up with your answer. Again, this is not because we do not believe you, but because we want to understand
how you think through your answer to a question. When | ask you to explain how you came up with your answer, it will be like my asking you to tell me how
many windows you have in your house by closing your eyes, visualizing your house, and your telling me how you go from room to room of your house in order to
count the windows there. As an exercise, let’s try that now. Please close your eyes, and tell me how many windows are in your house, by taking me from room to
room.”

[Participant response]

“Thanks. Now, when we show you some scenarios and ask you guestions about them, | would like you to do the same thing. You can tell me your understanding
of the labels and talk me through how you decided your food order.”

“Ok, let’s get started. ’'m going to show you some images that you have already seen.”

[NOTE: The interviewer will use a semi-structured interview protocol, using the following types of probes, as appropriate to the questionnaire items and interview
responses. Actual questions will be shown on a screen, without programming or interviewer notes.]
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TRAFFIC LIGHT LABELS (IMAGE SET 1)

ORDER

If you are willing, can you please share
with us the order you made at REV.

[Participant shares order]

Probe:
Can you walk me through how you decided your order? What information did you use
to make your decision? (Use probes if needed)

[INTERPRETATION]

INTERPRETATION

Interpretation of colours

When you see these symbols, can you tell
me what you think they mean?

Probe:
What does the green circle mean to you? What does the yellow circle mean to you?
What does the red circle mean to you?

What do you think of when you see these colours? What do you associate these colours
with?

[INTERPRETATION: To identify what participants associate these colours with.]

INTERPRETATION

Grab-and-go item

What do you think this red circle means
when it is on a food or beverage item?

(Show image with red label)

Probe:
Try to visualize this label in a residence cafeteria and tell me what you are seeing and
thinking when you see this label.

[INTERPRETATION: To identify how participants interpret a red symbol without
education.]

INTERPRETATION

Gran-and-go item

What do you think this green circle means
when it is on a food or beverage item?

(Show image with green label)

Probe:
Try to visualize this label in a residence cafeteria and tell me what you are seeing and
thinking when you see this label.

[INTERPRETATION: To identify how participants interpret a green symbol without
education.]
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INTERPRETATION

Grab-and-go item

What do you think this yellow circle
means when it is on a food or beverage
item?

(Show image with yellow label)

Probe:
Try to visualize this label in a residence cafeteria and tell me what you are seeing and
thinking when you see this label.

[INTERPRETATION: To identify how participants interpret a yellow symbol without
education.]

INTERPRETATION

Grab-and-go item with
handout

After reading this handout, what do you
think the green, yellow, and red circles
mean when included on a food or
beverage label?

(Show image of handout)

Probe:
How easy or hard was it understand the information provided here?

What nutrition information is considered for the traffic lights? How sure are you of this
answer?

How did you arrive at that answer? (Use specific probes if needed)

[INTERPRETATION & CLARITY]

INTERPRETATION

Handout

From this handout, can you tell me what
the purpose of menu labelling is?

(Show image of handout)

Probe:
Can you summarize what this handout means? How confident are you of this summary?

Is there anything that you are confused about?
Was this easy or hard to answer? (Use specific probes if needed)

[INTERPRETATION & CLARITY]

COMPUTATION

Menu

Based on the handout we showed
previously, can you tell me what this
menu means to you?

(Show image of handout and contextual
statement)

Probe:
Can you walk me through your thought process behind this menu?

What do you think the green colour means? What about the red? What about the
yellow? What nutrition information determines the colour of these symbols?

Which days would you consider purchasing a special? Why? How well do you
remember the information provided in the handout?

[INTERPRETATION & COMPUTATION]
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PREFERENCE

Grab-and-go items

We are going to show you two different
labels, can you tell me which label you
prefer and why?

[If respondent chooses traffic light label
with numbers] We are going to show you
a menu with different types of labels, can
you tell me which you prefer and why?

(Sample labels are subject to change
based on consultation with Food
Services.)

Probe:

What do you think the yellow colour means in the first label? What do you think the
yellow colour means in the second label? How confident are you of your answer for
each label?

How did you arrive at that answer? Was that easy or hard to interpret? (Use specific
probes if needed)

Which label is the most clear to you? Which label grabs your attention?
Which aspects do you like in each of the labels?
What is confusing about these labels?

[PREFERENCE]

FORMAT

(Show all images for set 1)

Probe:
Do you have any concerns regarding the formatting of our labels or handout? Please
comment on font size, placement, brightness of colours, etc.

Was there anything that confused you during your initial order at the start of the
session?

[INTERPRETATION & PREFERENCE]

“Ok, we’re more than halfway done. We’ll now look at some of the images from the second scenario that you saw at the start of the session.”

NUMERIC LABELS (IMAGE SET 2)

ORDER

If you are willing, can you please share with us the

order you made at V1.

[Participant shares order]

Probe:

did you use to make your decision? [Follow-up with specific probes if
needed]

[INTERPRETATION]

INTERPRETATION

Can you walk me through the information provided on

this label?

Probe:
Do you associate this number with being good or bad?
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Interpretation of
numbers

(Show image of numeric labels)

Tell me what is confusing about this label.

[INTERPRETATION]

INTERPRETATION

Handout

After reading this handout, what does this tell you
about the menu labels?

(Show image of handout)

Probe:
Can you summarize what this handout means? How confident are you of
this summary?

Is there anything that you are confused about? How easy or hard was it
easy for you to summarize this blurb? (Use specific probes if needed)

[INTERPRETATION & CLARITY]

INTERPRETATION

Grab-and-go item with
handout

What does this contextual statement mean to you?

(Show image of handout)

Probe:
How easy or hard was it understand the information provided here?

How do you use this statement in context with the labels?

[INTERPRETATION & CLARITY]

COMPUTATION

Based on the handout and contextual statement we
showed previously, can you tell me what this menu

Probe:
Can you walk me through your thought process behind this menu?

Menu means to you?
What do you think the numbers mean? What nutrition information is being
(Show image of handout and contextual statement) displayed?
[INTERPRETATION & COMPUTATION]
PREFERENCE We are going to show you a menu with several Probe:

Grab-and-go items

different versions of labels, can you tell me which
label you prefer and why?

(Sample labels are subject to change based on
consultation with Food Services.)

Which label is the clearest? Which label grabs your attention?

Which aspects do you like in each of the labels? What is confusing about
these labels?

[PREFERENCE]
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FORMAT (Show all images for set 2) Probe:
Do you have any concerns regarding the formatting of our labels or
handout? Please comment on font size, placement, colours, etc.

Was there anything that confused you during your initial order at the start
of the session?

[INTERPRETATION & PREFERENCE]

GENERAL COMMENTS AND CONCERNS
“Ok, now I just have a few final questions for you before we finish up.”

LABEL USE Does nutrition information impact your food and beverage choices? In the last 6 months, did you [If yes, follow up.]

ever change your behaviour because you saw nutrition labels on menus?
OTHER Did you have any difficulty/issue with any aspects of the labels, educational handout, or [Follow-up if necessary.]
CONCERNS statements that [ haven’t asked you about?

[Provide feedback letter and remuneration, and thank participant]
INTERVIEWER DEBRIEF FORM

[RECORD: time taken to finish the interview, facial/body expressions when reading the labels or handouts, make notes of responses to interview guestions. Notes
on facial/body expressions will help to provide context to the responses given by the participant. For example, if a participant shows signs of confusion when
reading the handout, this may indicate that the wording or formatting may need to be improved. Notes will only be made if indicating a potentially positive or
negative response to the study materials.]

[INCLUDE AUDIO RECORDING]

1. (ACT) In general, how did the respondent act toward you during the interview?
1. Not at all attentive
2. Somewhat attentive
3. Very attentive

2. (QUESTION) How much difficulty do you think the respondent had in understanding most of the questions?
1. Alot of difficulty
2. Some difficulty
3. No difficulty
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Appendix F. Materials for recruiting cognitive interviews

School of Public Health and Health Systems
University of Waterloo

PARTICIPANTS NEEDED FOR RESEARCH

Comparing the impact of calorie labelling formats among young adults:
Pre-testing study materials

We are seeking volunteers to take part in a pre-testing phase to assess the readability
of study materials. Participants will test either the labels or surveys to be used in a study
on calorie labelling. Students who not currently live in a UW residence are eligible.

As a participant in this study, you will be asked to participate in an open-ended interview
of approximately 20-30 minutes in duration. The questions are designed to assess your
understanding and perceptions of study materials.

Participants will receive $5 cash in appreciation of their time.

For more information about this study, please contact:
Kirsten Lee
School of Public Health and Health Systems
Email: kirsten.lee@uwaterloo.ca

To inquire about participating this study, please contact:
Miriam Price
School of Public Health and Health Systems
Email: m2price@uwaterloo.ca

This study has been reviewed by and received ethics clearance
through a University of Waterloo Research Ethics Committee.

UNIVERSITY OF
WATERLOO
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Information letter and consent form for cognitive interviews

Study title: Examining the impact of numeric versus traffic light calorie labelling at point-of-purchase on
young adults’ food and beverage purchases and diet quality

Study investigators: Kirsten Lee (kirsten.lee@uwaterloo.ca) and Sharon Kirkpatrick
(sharon.kirkpatrick@uwaterloo.ca), School of Public Health and Health Systems, University of
Waterloo This study is being conducted as part of Kirsten Lee’s PhD thesis.

Dear student,

Thank you for your interest in this study, funded by the Canadian Foundation for Dietetic Research. We
are working in collaboration with Food Services to evaluate the impact of different menu labelling
formats on food and beverage purchasing among post-secondary students. During Winter 2019, three
residence cafeterias on campus will take part in our study, in which two cafeterias will receive different
calorie labels (i.e., either traffic lights or numbers to indicate calorie information) and one cafeteria will
not receive any labelling. We are inviting you to take part in the pre-testing phase of this study, during
which we will be assessing the readability of study materials that we plan to use in an upcoming study.

Your participation in this study is voluntary. The information provided in this letter will help you make an
informed decision regarding your participation.

What will happen during this project?
Students who agree to participate will be involved in gither:
i) A 30-minute interview during which we will ask you about the label formats and handouts that
we present to you. We will ask you to:
o Select a hypothetical meal from a variety of options and answer questions about what
influenced your choice; and
o Verbalize your thought processes and preferences for different food label formats.
(e.g., “Can you walk me through the information provided on this label? ")
ii) A 30-minute interview during which we will ask you questions about a survey. We will ask you
to:
o Select a hypothetical meal from a variety of options and complete a survey with questions
about your meal selection and eating habits; and
o Explain your understanding of specific survey questions and verbalize your thought
processes behind the multiple choice responses. (e.g., “The last time you visited any food
establishment, did you notice any nutrition information posted? ")

The feedback you provide today will help us to improve our study materials. We will also be observing
your facial/body expressions and attention level to understand your reaction to study materials.

Will | receive anything for participating in this study?

In appreciation of your time, you will receive $5 cash. By participating in the pre-testing phase, you will
not be eligible to take part in a study that we will be conducting subsequently (for this reason, we are
asking you to provide your WatID below if you decide to participate in the current study). The amount
received is taxable. It is your responsibility to report this amount for income tax purposes.

Are there benefits associated with this project?
By participating in this project, you will contribute to a project to provide researchers with information to:
e Improve campus policies and programs that impact the health of post-secondary students; and
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o Make recommendations for policies and programs to support health in Ontario and across Canada

Are there possible risks in taking part?

There are no known or anticipated risks associated with participation in this study. You may choose to
skip any question that you are uncomfortable answering in this interview. If you feel uncomfortable or
upset during this study, we encourage you to talk to Counselling Services on campus at 519-888-4567
ext. 32655.

How will my information be kept private?

With your permission, this interview will be audio-recorded and later transcribed for analysis. Notes
and/or audio recordings collected during this study will be encrypted and stored on a secure server at UW
for at least 7 years. Audio files and transcripts will be stored on password-protected computers in a locked
research office at the School of Public Health and Health Systems.

Your identity will be kept confidential and any personal identifying information will not be shared
publicly. The dataset without identifiers may be shared publicly. All information that could identify you
will be removed from the data within 1 week and stored separately. WatlDs will be used for eligibility
purposes and stored separately from the data, as well as destroyed immediately after data collection. We
will keep identifying information for a minimum of 2 years and our study records for a minimum

of 7 years. Your consent form will be stored in a locked office at the School of Public Health and Health
Systems. Only the research team will have access to study data. All records will be destroyed according to
University of Waterloo policy.

Participation and withdrawal

Your participation is completely voluntary. You have the right to choose not to participate or to withdraw
at any time without consequences. You can withdraw consent to participate and have your data destroyed
by contacting us within the minimum 2 years that we will keep identifying information. It is not possible
to withdraw your consent once papers and publications have been submitted to publishers, after which
time, your data cannot be destroyed.

Project Results
If you are interested in receiving a summary of the results, please check the box at the bottom of the

consent form. We anticipate that an overview of the results will be available in mid-2019.

Ethics clearance

This study has been reviewed and received ethics clearance through a University of Waterloo Research
Ethics Committee (ORE#31830). If you have questions, contact the Office of Research Ethics, at 1-519-
888-4567 ext. 36005 or ore-ceo@uwaterloo.ca.

If you have any questions regarding the study, please contact the student investigator, Kirsten Lee, or the
faculty supervisor, Dr. Sharon Kirkpatrick, using the information provided. Thank you for your
consideration.

Contact Information

Kirsten Lee (project contact) Dr. Sharon Kirkpatrick

PhD Student, School of Public Health and Health Associate Professor, School of Public Health
Systems, University of Waterloo and Health Systems, University of Waterloo
200 University Ave West 200 University Ave West

Waterloo, ON N2L 3G1 Waterloo, ON N2L 3G1

Email: kirsten.lee@uwaterloo.ca Email: sharon.kirkpatrick@uwaterloo.ca
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Consent

By providing your consent, you are not waiving your legal rights or releasing the investigators or
involved institutions from their legal and professional responsibilities.

I confirm that I have read the above information about the study, titled “Examining the impact of numeric
versus traffic light calorie labelling at point-of-purchase on young adults’ food and beverage purchases
and diet quality”. I had the opportunity to ask questions related to the study and have received satisfactory
answers to my questions and any additional details.

I am aware that | have the option of allowing my interview to be audio recorded to ensure an accurate
recording of my responses.

I understand that participation is voluntary and | may withdraw this consent by informing the
investigators.

This study has been reviewed and received ethics clearance through a University of Waterloo Research
Ethics Committee (ORE#31830). If you have questions for the Committee, contact the Office of Research
Ethics, at 1-519-888-4567 ext. 36005 or ore-ceo@uwaterloo.ca.

For all other questions, contact Kirsten Lee at Kirsten.lee@uwaterloo.ca.

I agree of my own free will to participate in this study.
LJYES [INO

I agree to have my interview audio recorded.

COYES ONO

Participant’s name (please print):

Participant’s signature: Date:
WatlD:
Researcher’s (witness) signature: Date:

Please send me a summary of the research that this testing will support.
L1 YES [INO

Email address:

We will only use your email address to send you a summary of the research.
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Feedback letter for participants in the cognitive interviews

Study title: Examining the impact of numeric versus traffic light calorie labelling at point-of-purchase on young
adults’ food and beverage purchases and diet quality

Study investigators: Kirsten Lee (kirsten.lee@uwaterloo.ca) and Sharon Kirkpatrick
(sharon.kirkpatrick@uwaterloo.ca), School of Public Health and Health Systems, University of Waterloo

This study is being conducted as part of Kirsten Lee’s PhD thesis.

Dear student,

Thank you for your participation in the pre-testing phase of our research study. The purpose of the primary study is
to examine the impact of different menu labelling formats on food and beverage purchasing among post-secondary
students.

The data collected during the interviews will help us improve the materials (i.e., labels/handouts OR surveys) that
we will use in the study. The information provided today will contribute to materials that will help provide
researchers with information to make recommendations for policies and programs that support health in Ontario and
across Canada.

We want to remind your identity will be kept confidential and any personal identifying information will not be
shared publicly. The dataset without identifiers may be shared publicly. All information that could identify you will
be removed from the data within 1 week and stored separately. WatlDs will be used for eligibility purposes and
stored separately from the data, as well as destroyed immediately after data collection. We will keep identifying
information for a minimum of 2 years and our study records for a minimum of 7 years. Your consent form will
remain stored in a locked research office at the School of Public Health and Health Systems. Only the research team
will have access to study data. All records will be destroyed according to University of Waterloo policy.

Your participation is completely voluntary. You have the right to choose not to participate and may withdraw at any
time within the minimum 2 years that we will keep identifying information. To withdraw from the study, please
contact Kirsten Lee using the information provided below. It is not possible to withdraw your consent once papers
and publications have been submitted to publishers, after which time, your data cannot be destroyed. As a reminder,
by participating in the pre-testing phase, you will not be eligible to take part in the primary study on menu labelling
during Winter 2019.

While the feedback provided today will be used to improve our study materials, we plan on sharing our aggregated
findings from the main study to the research community through conferences and journal articles. If you are
interested in receiving more information regarding the results of this study, please provide your email address, and
we will send you a summary of the results by Spring term 2019.

This study has received clearance by the University of Waterloo Research Ethics Committee (ORE #31830). If you
have questions for the Committee, contact the Office of Research Ethics, at 1-519-888-4567 ext. 36005 or ore-
ceo@uwaterloo.ca.

For all other questions, please contact the student investigator, Kirsten Lee, or the faculty supervisor, Dr. Sharon
Kirkpatrick, using the information provided below. Thank you again for your participation in this study.

Contact Information

Kirsten Lee (project contact) Dr. Sharon Kirkpatrick

PhD Student, School of Public Health and Health Systems, Assistant Professor, School of Public Health and Health
University of Waterloo Systems, University of Waterloo

200 University Ave West 200 University Ave West

Waterloo, ON N2L 3G1 Waterloo, ON N2L 3G1

Email: kirsten.lee@uwaterloo.ca Email: sharon.kirkpatrick@uwaterloo.ca
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Appendix G. Recruitment poster displayed at cafeterias

W UNIVERSITY OF WATERLOO
® FACULTY OF APPLIED HEALTH SCIENCES
School of Public Health and Health Systems

CAMPUS NUTRITION
RESEARCH STUDY

VISIT OUR BOOTH BETWEEN
11:30AM-2PM & 6-8:30PM

Tell us about your experience
at the residence cafeterias!

* You will be asked to
complete a 10-15 min survey.

e You will receive $5 cash in
appreciation of your time.

This research study has been reviewed by and
received ethics clearance through a University
of Waterloo Research Ethics Committee.

For more information about the study, contact
Kirsten Lee (kirsten.lee@uwaterloo.ca)
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Appendix H. Exit interviewer script and procedure

Research assistants used the following script to recruit participants at the study sites.

Step 1: Approaching students
Hello, we are conducting a study to learn more about how post-secondary students make decisions
about food and beverage purchases at residence cafeterias. Would you be interested in learning more

about our study?

If the student says yes, the research assistant tallies the response on the tracking sheet (see below) and
provides them with an iPad.

If the student says no, the research assistant tallies the response on the tracking sheet.

Step 2: Eligibility screener

The research assistant provides the student with an iPad, which directs them to a page with the eligibility
screener with the following questions:

1. Are you a student at the University of Waterloo?
2. To your knowledge, have you participated in this study this week?
3. Did you make a purchase or look at the menu options at ___name of cafeteria  today?

If the student is eligible to participate, the survey will direct them to the information letter and consent
form.

If the student is not eligible to participate, the survey will exit and the research assistant will thank the
student for their time.

Step 3: Information letter and consent form (Appendix H-ii)

The survey directs the student to the information letter and consent form.

If the student consents to participating in the study, the survey will continue.

If the student does not consent to participating in the study, the survey will exit and the research
assistant thanks the student for their time.
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Number of students approached

Date/time: Location: Research assistant:

This sheet must be returned to the study coordinator at the end of each day.
Mark ‘Y’ if the student consented and completed the survey; ‘N’ if they refused.
Use “*" if something unique happened (e.g., incomplete survey due to WiFi or survey errors).

1 2 3 4 5 6 7 8 9 10
11 12 13 14 15 16 17 18 19 20
21 22 23 24 25 26 27 28 29 30
31 32 33 34 35 36 37 38 39 40
41 42 43 44 45 46 47 48 49 50
51 52 53 54 55 56 57 58 59 60
61 62 63 64 65 66 67 68 69 70
71 72 73 74 75 76 77 78 79 80
81 82 83 84 85 86 87 88 89 90
91 92 93 94 95 96 97 98 99 100
1 2 3 4 5 6 7 8 9 10
11 12 13 14 15 16 17 18 19 20
21 22 23 24 25 26 27 28 29 30
31 32 33 34 35 36 37 38 39 40
41 42 43 44 45 46 47 48 49 50

Notes (if noting something specific to survey, please include time of submission):
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Appendix I. Information letter and consent form

Study Title: Examining the factors that influence food and beverage purchasing among post-secondary
students at campus eateries.

Study investigators: Kirsten Lee (kirsten.lee@uwaterloo.ca) and Sharon Kirkpatrick
(sharon.kirkpatrick@uwaterloo.ca), School of Public Health and Health Systems, University of
Waterloo

This study is being conducted as part of Kirsten Lee’s PhD thesis.

Dear student,

Thank you for your interest in this study, funded by the Canadian Foundation for Dietetic Research. We
are working in collaboration with Food Services to learn about the factors that influence food and
beverage purchasing among post-secondary students at campus eateries.

Your participation in this study is voluntary. The information provided in this letter will help you make an
informed decision regarding your participation.

What will happen during this project?
¢ Students who agree will be asked to complete a brief survey about them and their experience at
this cafeteria.
o The survey will take about 10 minutes and will be provided to you promptly after signing
the informed consent form if you choose to participate.
o You will be asked questions related to your most recent purchase at this cafeteria, as well
as your eating habits and demographics (e.g., gender, program of study).

Will I receive anything for participating in this study?
e Inappreciation of your time, you will receive $5 cash for completing the brief survey today.
e The amount received is taxable. It is your responsibility to report this amount for income tax
purposes.

Are there benefits associated with this project?
By participating in this project, you will contribute to findings that provide researchers with information
to help:

e Improve campus policies and programs that impact the health of post-secondary students; and

o Make recommendations for policies and programs to support health in Ontario and across Canada

Are there possible risks for taking part?

Some students might feel uncomfortable answering personal questions about themselves or their eating
habits. This information will help us understand participant characteristics and used to interpret responses
to other items. You may choose to skip any question that you are uncomfortable answering. If you feel
uncomfortable or upset during this study, we encourage you to talk to Counselling Services on campus at
519-888-4567 ext. 32655.

How will my information be kept private?
Your identity will be kept confidential and no personal identifying information will be shared publicly.
The dataset without identifiers may be shared publicly. Your data will be stored with a numeric code and
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kept separate from any identifying information. The researchers will keep a file linking identifying
information (e.g., email address) with participant ID numbers for a minimum of 2 years. Individual results
will not be shared and your personal identifiers will not be included in any project materials, such as
presentations or papers. All data and forms will be stored on secure UW servers and only accessed from
password-protected computers by the research team. Consent forms will be stored in a locked research
office at the School of Public Health and Health Systems for at least 7 years. All records will be destroyed
according to University of Waterloo policy.

Participation and withdrawal

Your participation is completely voluntary. You have the right to choose not to participate or to exit the
survey at any time without consequence. If you decide to exit the survey, you will still receive the
honoraria. You can withdraw consent to participate and have your data destroyed by contacting us within
the minimum 2 years that we will keep identifying information. To withdraw from the study, please
contact Kirsten Lee using the information provided below. It is not possible to withdraw your consent
once papers and publications have been submitted to publishers, after which time, your data cannot be
destroyed.

Participation in other studies

At the end of the survey, you will be asked permission to be re-contacted later to participate in a separate
study. If you agree to be contacted, your email address will be shared with other researchers who are
leading this study.

Project Results
If you are interested in receiving a summary of the results of this research, please provide your email

address at the end of the survey. We anticipate that an overview of the results will be available in mid-
2019.

Ethics clearance

This study has been reviewed and received ethics clearance through a University of Waterloo Research
Ethics Committee (ORE#31830). If you have questions for the Committee, contact the Office of Research
Ethics, at 1-519-888-4567 ext. 36005 or ore-ceo@uwaterloo.ca.

If you have any questions regarding the study, please contact the student investigator, Kirsten Lee, or the
faculty supervisor, Dr. Sharon Kirkpatrick, using the information provided. Thank you for your
consideration.

Contact Information

Kirsten Lee (project contact) Dr. Sharon Kirkpatrick

PhD Student, School of Public Health and Health Associate Professor, School of Public Health
Systems, University of Waterloo and Health Systems, University of Waterloo
200 University Ave West 200 University Ave West

Waterloo, ON N2L 3G1 Waterloo, ON N2L 3G1

Email: kirsten.lee@uwaterloo.ca Email: sharon.kirkpatrick@uwaterloo.ca
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Consent

By providing your consent, you are not waiving your legal rights or releasing the investigators or
involved institutions from their legal and professional responsibilities.

I confirm that I have read the above information about the study titled, “Examining the factors that
influence food and beverage purchasing among post-secondary students at campus eateries”. I have had
the opportunity to ask gquestions related to the study and have received satisfactory answers to my
guestions and any additional details.

I understand that participation is voluntary and | can withdraw this consent by informing the researcher.
This study has been reviewed and received ethics clearance through a University of Waterloo Research
Ethics Committee (ORE#31830). If you have questions for the Committee, contact the Office of Research
Ethics, at 1-519-888-4567 ext. 36005 or ore-ceo@uwaterloo.ca.

For all other questions, contact Kirsten Lee at kirsten.lee@uwaterloo.ca.

| agree of my own free will to participate in this study. [1YES [ NO
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Appendix J. Thank you/debriefing email for participants

Study title: Examining the impact of numeric versus traffic light calorie labelling at point-of-purchase on
young adults’ food and beverage purchases and diet quality

Study investigators: Kirsten Lee (kirsten.lee@uwaterloo.ca) and Sharon Kirkpatrick
(sharon.kirkpatrick@uwaterloo.ca), School of Public Health and Health Systems, University of
Waterloo

This study is being conducted as part of Kirsten Lee’s PhD thesis.

Dear student,

Thank you for your participation in our research study, “Examining the impact of numeric versus traffic
light calorie labelling at point-of-purchase on young adults’ food and beverage purchases and diet
quality”.

In the information letter, we described the project as an opportunity to learn more about post-secondary
students’ food and beverage purchasing. Students completed an in-person survey following their purchase
at a residence cafeteria. Students who chose to participate in the second phase of the study were prompted
to complete an online survey asking to recall their meals consumed the day of the initial survey.

However, the primary goal of this study was to understand the impact of different menu labelling formats
on food and beverage purchasing among post-secondary students. This study included participation of
three residence cafeterias on campus, in which two cafeterias received different calorie labels (i.e., either
traffic lights or numbers to indicate calorie information) and one cafeteria did not receive any labelling.
We used sales data, survey responses, and dietary intake from the online food and nutrition tool to assess
how the labels may have influenced your food and beverage purchasing and decisions.

We did not reveal details regarding the specific purpose of the study because we did not want to influence
your responses or actions. If the labels worked well to help make healthier food and beverage choices, we
can use this information to provide recommendations on policies related to menu labelling or other
labelling-related initiatives aimed at keeping Canadians healthy. The use of partial disclosure will not
affect stipulations for receiving honoraria.

Now that the research project has been fully explained, we want to remind your identity will be kept
confidential and any personal identifying information will not be shared publicly. The dataset without
identifiers may be shared publicly. All information that could identify you will be removed from the data
within 1 week and stored separately. We will keep identifying information for a minimum of 2 years and
our study records for a minimum of 7 years. Your consent form will remain stored in a locked research
office at the School of Public Health and Health Systems. Only the research team will have access to
study data. All records will be destroyed according to University of Waterloo policy.

Your participation is completely voluntary. You have the right to choose not to participate and may
withdraw within the minimum 2 years that we will keep identifying information. To withdraw from the
study, please contact Kirsten Lee using the information provided below. It is not possible to withdraw
your consent once papers and publications have been submitted to publishers, after which time, your data
cannot be destroyed.
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This study, including the use of partial disclosure, has received clearance by the University of Waterloo
Research Ethics Committee (ORE # 31830). If you have questions for the Committee, contact the Office
of Research Ethics, at 1-519-888-4567 ext. 36005 or ore-ceo@uwaterloo.ca.

Please do not hesitate to email us if you have any additional questions. Thank you again for your
participation in this study.

Contact Information

Kirsten Lee (project contact) Dr. Sharon Kirkpatrick

PhD Student, School of Public Health and Health Assistant Professor, School of Public Health
Systems, University of Waterloo and Health Systems, University of Waterloo
200 University Ave West 200 University Ave West

Waterloo, ON N2L 3G1 Waterloo, ON N2L 3G1

Email: kirsten.lee@uwaterloo.ca Email: sharon.kirkpatrick@uwaterloo.ca
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Debriefing note/poster for cafeterias

Study title: Examining the impact of numeric versus traffic light calorie labelling at point-of-purchase on
young adults’ food and beverage purchases and diet quality

Study investigators: Kirsten Lee (kirsten.lee@uwaterloo.ca) and Sharon Kirkpatrick
(sharon.kirkpatrick@uwaterloo.ca), School of Public Health and Health Systems, University of
Waterloo

This study is being conducted as part of Kirsten Lee’s PhD thesis.

Dear student,

This cafeteria took part in a research study in collaboration with Food Services, titled “Examining the
impact of numeric versus traffic light calorie labelling at point-of-purchase on young adults’ food and
beverage purchases and diet quality”.

The primary goal of this study was to understand the impact of different menu labelling formats on food
and beverage purchasing among post-secondary students. This study included participation of three
residence cafeterias on campus, with two cafeterias receiving calorie labels in different formats (i.e.,
traffic lights or numbers to indicate calorie information) and one cafeteria not receiving any labelling. We
used sales data and responses from the survey to assess how the labels may have influenced students’
food and beverage purchasing and decisions. This notice is to make you aware of the use of calorie labels
in the past month and that we will be utilizing sales data to understand the influence of the labels on
purchasing. Sales data do not contain any identifying information and will be used only to understand
trends in total sales and items purchased.

If the labels worked well to help make healthier food and beverage choices, we can use this information
to provide recommendations on policies related to menu labelling or other labelling-related initiatives
aimed at keeping Canadians healthy. Thank you to the participants who volunteered their time to
participate in the survey phases of the study.

This study has received clearance by the University of Waterloo Research Ethics Committee (ORE #
31830). If you have questions for the Committee, contact the Office of Research Ethics, at 1-519-888-
4567 ext. 36005 or ore-ceo@uwaterloo.ca.

Please do not hesitate to email us if you have any additional questions. Thank you again for your
participation in this study.

Contact Information

Kirsten Lee (project contact) Dr. Sharon Kirkpatrick

PhD Student, School of Public Health and Health Assistant Professor, School of Public Health
Systems, University of Waterloo and Health Systems, University of Waterloo
200 University Ave West 200 University Ave West

Waterloo, ON N2L 3G1 Waterloo, ON N2L 3G1

Email: kirsten.lee@uwaterloo.ca Email: sharon.kirkpatrick@uwaterloo.ca
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Appendix K. Exit survey

Questions have been adapted from the Canada Food Study by Hammond and colleagues, as well
as a traffic light labelling study by Olstad and colleagues.

Cluster 0: Eligibility screener, consent, unique identifiers

Thank you for your interest in participating in this study. We will first ask you some questions to
determine if you are eligible to participate.

1. Are you a student at the University of Waterloo?
2. To your knowledge, have you participated in this study this week?
3. Did you make a purchase or consume food at the present cafeteria today?

If the student is eligible to participate, the survey will continue to the information letter and
consent form. If the student is not eligible to participate, the survey will exit.

Information letter and consent form (see Appendix H)
4. (The survey will ask for consent from the participant using the checkbox and statement
below)

1 Tagree of my own free will to participate in the study.

If the student consents to participate, the survey will continue. If the student does not consent to
participate, the survey will exit.

Thank you for choosing to participate in our survey! We will first ask some questions about you.
5. What is your day of birth? (1-31)

6. What are your mother’s initials? If you don’t know your mother’s initials, please enter
YY. (A-Z) (A-Z)

7. What are your father’s initials? If you don’t know your father’s initials, please enter ZZ.
(A-Z) (A-Z)

8. In what city were you born? (XYZ)
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Cluster 1: Intervention exposure and most recent purchase
Next, we will ask you questions about the purchase you just made at this cafeteria.
1. At which residence cafeteria did you most recently make a purchase?

a. Ron Eydt Village (REV)
b. Village 1 (V1)

c. UW Place (UWP)/Claudette Millar Hall (CMH)
d. Don’t know
e. Prefer not to answer

Please consult the research assistant if you are unsure of the name of this residence cafeteria.

2. Which cafeteria would you consider to be your main source for meals on campus?
a. Ron Eydt Village (REV)

b. Village 1 (V1)

c. UW Place (UWP)/Claudette Millar Hall (CMH)

3. How many times have you purchased food or drinks at the following cafeterias in the past
week? Please tap and drag the slider circle until you see a number that corresponds with
your response for each residence cafeteria.

Each time you paid at the cash register counts as one purchase. If you did not purchase a food
or drink at a residence cafeteria, please tap on the slider circle so that you enter '0'".

a. Ron Eydt Village (REV) [Enter number]
b. Village 1 (V1) [Enter number]
c. UW Place (UWP)/Claudette Millar Hall (CMH) [ Enter number]

4. How many times have you purchased food or drinks at the following cafeterias in the
past 24 hours?

Each time you paid at the cash register counts as one purchase.

a. Ron Eydt Village (REV) [Enter number]

b. Village 1 (V1) [Enter number]

c. UW Place (UWP)/Claudette Millar Hall (CMH) [Enter number]

Now we are going to ask you questions about your most recent purchase at {piped text Q1.

5. Did you purchase an entree? (e.g., hot menu items, sandwiches)
a. Yes = move to question 8
b. No =2 skip to question 9

6. Please select the phrase/image that best represents your entree (select all that apply).

245



I purchased one of the daily hot meal specials.

I purchased a sandwich from the sandwich bar.

I purchased a noodle bowl, curry, or pasta from a customizable station.

I purchased a pizza, bruschetta, or quesadilla from a customizable station.

I purchased a salad as a meal from the salad bar.

I purchased a burger from the grill station

I purchased one of the ‘on-the-go’ items from the fridge stations (e.g., boxed
sandwiches, sushi sets).

1 Other (please specify):

N O O O

Based on the options selected in question 6, a subset of questions will be asked.:

a)

b)

d)

g)

(if selecting ‘daily hot meal special’) Which of the following daily hot meal specials best
represents your entrée?

Meal: (dropdown of all meals)

Sides: (dropdown of all sides)

Sides: (dropdown of all sides)

(if selecting a ‘sandwich from the sandwich bar’) Please select all the items you included
on your sandwich.
Checkboxes: list of breads, deli meats, vegetables, sauces, cheeses, and add-ons

(if selecting a ‘noodle bowl, curry, or pasta from a customizable station’) Please select all
the items you included in your bowl.
Checkboxes: grain, vegetables, meats, sauces, add-ons

(if selecting a ‘pizza, bruschetta, or quesadilla from a customizable station’) Please select
all the items you included on your entrée.

Checkboxes: Pizza, bruschetta, or quesadillas

Checkboxes: breading, sauce, cheese, vegetables, meats, add-ons

(if selecting ‘salad as a meal from the salad bar’) Please select all the salads you
purchased.

Multi-select list: salad bar options

Please enter the approximate number of scoops for your salad:

(if selecting a ‘burger from the grill station’) Please select all the items you included on
your burger.
Checkboxes: buns, burger meat, vegetables, cheese, sauces, add-ons

(if selecting ‘on-the-go’ items) Please select the items you purchased.
Drilldown question: Sushi, salad, sandwich, yogurt

Drilldown question: type based on above selection

Drilldown question: size (if needed)
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h) (using piped text) Please provide approximate serving sizes (e.g., scoops) for each of
your entrees.

How much of the [item] did you consume?
a. I ate the entire item.
I ate about three-quarters of the item.
c. I ate about half of the item.
d. Iate about one-quarter of the item.
e. Idid not eat the item.
f. Don’t know
g. Prefer not to answer

Please estimate the number of calories for your meal if you were to consume the entire [item].
a. Enter amount
b. Don’t know
c. Prefer not to answer

7. Did you purchase a beverage?
a. Yes = move to question 10
b. No =2 skip to question 11

8. Please select the phrase/image that best represents your beverage (select all that apply).
] Water

Juice

Pop

Milk

Sports drink

Other (please specify):

O O0Odod

Based on the options selected in question 8, a subset of questions will be asked.:
a) (for each option) Please respond to the following list of dropdown questions.
Drilldown questions: brands, type of drink, size

How much of the [item] did you consume?

I ate the entire item.

I ate about three-quarters of the item.
I ate about half of the item.

I ate about one-quarter of the item.

I did not eat the item.

Don’t know

Prefer not to answer

o Ao oW

Please estimate the number of calories for your meal if you were to consume the entire [item].
a. Enter amount
b. Don’t know
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c. Prefer not to answer
9. Did you purchase a snack?
a. Yes = move to question 12

b. No = skip to question 13

10. Please select the phrase/image that best represents your snack (select all that apply).

] Chips

] Bakery items (e.g., cookies, squares, muffins, croissants)
"] Fruit (fresh)

] Vegetable cup (fresh)

1 Chocolate and/or candy/gum

1 Yogurt

] Ice cream

1 Crackers and dip

1 Nuts and/or trail mix

1 Other (please specify):

Based on the options selected in question 8, a subset of questions will be asked.:
a) (for each option) Please respond to the following list of dropdown questions.
Drilldown questions: brands, type of drink, size

How much of the [item] did you consume?

I ate the entire item.

I ate about three-quarters of the item.
I ate about half of the item.

I ate about one-quarter of the item.

I did not eat the item.

Don’t know

Prefer not to answer

@ o ae o

Please estimate the number of calories for your meal if you were to consume the entire [item].
a. Enter amount
b. Don’t know
c. Prefer not to answer

11. Did you purchase anything else that you did not already report?
a. Yes (please specify):
b. No

(if yes) Please provide approximate serving sizes (e.g., scoops) for each of this item.

12. Estimate the number of calories for all the food and drinks you just purchased:
a. Don’t know
b. Prefer not to answer

13. How much did you pay for your purchase?
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a. Enter amount
b. Don’t know
c. Prefer not to answer

Cluster 2: Intervention-related questions (noticing/influence use)

The next questions are about the purchase you just told us about and your experience making
this purchase at {insert piped text from Q1.

14. Did you notice any nutrition information posted in this residence cafeteria when you made
your purchase?
a. Yes = move to question 15
b. No - skip to cluster 4
c. Don’t know
d. Prefer not to answer

15. When did you first notice this nutrition information?

Today was my first time noticing the nutrition information
In the last 7 days

In the last 2 weeks

In the last 3 weeks

In the last month

More than a month ago

Don’t know

Prefer not to answer

S e a0 o

16. Where was the nutrition information located? (select all that apply)
a. On the menu board or a poster/sign
b. Next to an item or on an item card/label
c. Other (please specify):
d. Don’t know
€.

Prefer not to answer

[PROGRAMMING NOTE: Using display logic/blocks in Qualtrics, a variation of cluster 3
will appear based on the option selected in question 16. This helps us to know how the
use/influence/perceptions questions are linked to the labels that they saw. If participant
chooses all the above, the survey will ask them to specify what the nutrition information
looked like and what it conveyed (i.e., q17 and q18) for each location and then they will be
asked to select an option. The remainder of the questions will be asked for their chosen
option. Most likely, they will say that the format was the same for both, and there will only
be a slight loss of data in the scenario that they see different formats for both locations.]

Cluster 3: Intervention-related questions (influence/use/perceptions)
[PROGRAMMING NOTE: Sample text for options based on selection for Q17]

You indicated that you noticed nutrition information [response to Q16]. Please answer the
following questions based on the nutrition information that you saw [response to Q16].
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17. What did the nutrition information include? (choose the best response)

° a0 o

Symbols and numbers (e.g., colours using red, amber, and green)
Numbers

Other (please specify):

Don’t know

Prefer not to answer

18. For your response above, what did the {piped text Q17} convey? (please select all that apply)

O

N I B o

Amount of calories
Amount of fat

Amount of carbohydrates
Amount of sugar
Amount of sodium

Other (please specify):
Don’t know

Prefer not to answer

Please answer the following for the {piped text Q17} that you noticed on the [response to Q16].

19. Did you use the nutrition information to help you make your purchase today?

oo o

Not at all - skip to question 21
A little > display question 20
A lot = display question 20
Don’t know

Prefer not to answer

20. [PROGRAMMING NOTE: Only displayed if answered b or ¢ to Q19] How did you use
the nutrition information to help make your purchase today?

U
U

[]
U
U

[ used the {piped text Q16} to help me identify foods that were healthy versus unhealthy.
[ used the {piped text Q16} to help me identify foods that had less calories versus more
calories.

Other (please specify):

Don’t know

Prefer not to answer

21. In the past week, how often did the nutrition information influence your food and beverage

purchases?

mo a0 o

For all of my purchases
For most of my purchases
For some of my purchases
For none of my purchases
Don’t know

Prefer not to answer
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Please answer the following questions for the {piped text Q17} that you noticed on the [answer
from question 16].

22. How easy or hard was it to understand the nutrition information?

Mmoo o

Agree

Neither agree nor disagree
Disagree

Strongly disagree

Don’t know

Prefer not to answer

23. How easy or hard was it to use the nutrition information?

e a0 o

Agree

Neither agree nor disagree
Disagree

Strongly disagree

Don’t know

Prefer not to answer

24. Overall, did the nutrition information make you feel ...

oo o

Less in control of making healthy eating decisions
Neither less nor more in control

More in control of making healthy eating decisions
Don’t know

Prefer not to answer

25. For your most recent purchase, have you done any of the following due to the nutrition
information [answer from question 16]? (Select all that apply)

S o ae o

Ordered something different
Ate less of the food ordered
Chose to eat somewhere else
Ate at that location less often
Other (please specify):

None of the above

Don’t know

Prefer not to answer

Cluster 4: Understanding/general perceptions/general purchasing

The following questions are related to ANY food or beverage purchases that you make in
settings away from home, such as restaurants, cafeterias, and fast-food chains.

26. Please rank the factors below from the highest to lowest influence on your food and
beverage choices. You may drag the options.

a.

Price
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@ moe ao o

Taste

Nutrition information
Convenience

Dietary restrictions

Other (please specify):
Don’t know

Prefer not to answer

[PROGRAMMING NOTE: Movable options]

27. In the past week, how often does nutrition information on menus (e.g., calorie labels)
influence the food or beverages you choose to eat in a cafeteria, restaurant or fast food chain
setting?

moe a0 o

All the time

Most of the time
Some of the time
Never

Don’t know

Prefer not to answer

28. When you eat in a cafeteria, restaurant or fast food chain setting, what nutrition information
would you most like to see on a menu? (select all that apply)

[]

U
U
U

O

[]

No nutrition information

The number of calories for each menu item

A symbol to summarize nutrition information for each menu item

The number of calories for each menu item AND a symbol to summarize nutrition
information for each menu item

Other (please specify):

Don’t know

Prefer not to answer

Cluster 5: Indicators (health literacy, body esteem and disordered eating behaviours)

[PROGRAMMING NOTE: The following are indicators of health literacy from the Newest
Vital Sign: The participant will be shown a Nutrition Facts Table from a pint of ice cream
and be prompted to answer the following questions.]

Next, we are going to show you the back of a container of a pint of ice cream. Please use the
image to help answer the next set of questions.

29. If you eat the entire container, how many calories will you eat? (enter number of calories)

30. If you are allowed to eat 60 grams of carbohydrates as a snack, how much ice cream

could you have? (enter number of cups)
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31. Your doctor advises you to reduce the amount of saturated fat in your diet. You usually
have 42 g of saturated fat each day, which includes one serving of ice cream. If you stop
eating ice cream, how many grams of saturated fat would you be consuming each day?
(enter number of grams)

32. Pretend that you are allergic to the following substances: penicillin, peanuts, latex gloves,
bee stings. Is it safe for you to eat this ice cream? (yes/no) — follow up with why

33. If you usually eat 2,500 calories in a day, what percentage of your daily value of calories
will you be eating if you eat one serving? (enter value)

Almost done! We have a few questions about your perceptions of your body and eating
habits. Please answer the questions to the best of your ability.

34. Which of these statements best describes you currently?
a. lam trying to limit my calorie intake

Prefer not to answer

b. Iam trying to maintain my calorie intake

c. lam trying to increase my calorie intake

d. Iam not interested in changing my calorie intake
e. Other (please specify):

f. Don’t know

g.

35. During the past 12 months, have you tried to.... (Select all that apply)
a. Lose weight

Gain weight

Stay the same weight

I have not tried to do anything about my weight

Don’t know

Prefer not to answer

oo o

[PROGRAMMING NOTE: The following are questions from SCOFF]

36. Would you say that food dominates your life?
a. Yes
b. No

c. Don’t know

d. Prefer not to answer

37. Do you worry that you have lost control over how much you eat?
a. Yes
b. No

c. Don’t know

d. Prefer not to answer
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38. Do you make yourself sick (vomit) because you feel uncomfortably full?
a. Yes
b. No
c. Don’t know
d. Prefer not to answer

39. Have you recently lost more than 15 pounds (6.8 kg) in a 3-month period?
Yes

No

Don’t know

Prefer not to answer

o o

40. Do you believe yourself to be fat when others say you are thin?
a. Yes

b. No

c. Don’t know

d. Prefer not to answer

Cluster 6: Demographics

To finish, the following questions are about you.

41. What is your year of birth? (starting from 2003 — 16 years of age min)

42. What sex were you assigned at birth, meaning on your original birth certificate?
a. Female

b. Male

43. What is your current gender identity?

a. Woman

b. Man

c. Trans male/trans man

d. Trans female/trans woman

e. Gender queer/gender non-conforming
f. Different identity (please specify):

g. Don’t know

h. Prefer not to answer

44. People living in Canada come from many different cultural and racial backgrounds. Are you...
a. White

b. Chinese

c. South Asian (e.g., East Indian, Pakistani, Sri Lankan)
d. Black

e. Filipino

f. Latin American
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45.

46.

47.

°op g -FT PR

Southeast Asian (e.g., Cambodian, Indonesian, Laotian,
Vietnamese)

Arab

West Asian (e.g., Afghan, Iranian)

Japanese

Korean

. Other (please specify):

Don’t know
Refuse to answer

What is your program of study?

SR Mo a0 o

Applied Health Sciences

Arts and Business
Environment

Engineering

Math and Computing Sciences
Science

Other

Prefer not to answer

What is your year of study?

@ o e o

First year (1A/1B terms)

Second year (2A/2B terms)

Third year (3A/3B terms)

Fourth year (4A/4B terms)

Beyond fourth year (Beyond 4B term)
Don’t know

Prefer not to answer

This next question is about your parents. By parents (“mother”, or “father”), we mean whome
ver you consider to be your parents/guardians. This can be your birth parents, adoptive
parents, step-parents, foster parents, or legal guardians. Using this definition, please indicate
the highest level of education that was completed amongst your mother and/or father?

a.
b.
C.

SR oo e

No post-secondary degree, certificate or diploma

Trade certificate or diploma from a vocational school or apprenticeship training
Non-university certificate or diploma from a community college, College d'enseignement
général et professionnel (CEGEP), school of nursing, etc.

University certificate below bachelor’s level

Bachelor’s degree

University degree or certificate above bachelor’s degree

Don’t know

Prefer not to answer
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48. Think of this scale as representing where people stand in society.
e At the top of the ladder are the people who are best off — who have the most
money, the most education and the best jobs.
e At the bottom of the ladder are people who are worst off — who have the least
money, least education and the worst jobs or no job.
The higher up you are on this ladder, the closer you are to people at the very top
and the lower you are, the closer you are to the bottom.

Where would you put yourself on the ladder?
a. Scale from 1-10

b. Don’t know

c. Prefer not to answer

Cluster 7: Participation

We would like to email you tomorrow to participate in the second phase of this study.

/

LIT7
R —— iL

49. Please enter your email address. We will use this email address to communicate with you after

the study is complete.
50. Are you interested in being contacted to participate in similar studies?

[J Yes, I am interested in being contacted to participate in similar studies.

[J No, I am not interested in being contacted to participate in similar studies.

Thank you! Your response has been submitted.
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Appendix L. Foods and beverages by category

Category Description of food at cafeterias
Meal Hot meal station (all cafeterias)
o Daily rotating entrée, cafeterias were offset each week.
e Sides at all cafeterias included rice, potatoes, and mixed vegetables.
Customizable sandwich station (all cafeterias)
¢ Included add-ons for: bread, vegetables, protein, cheese, sauces.
Customizable bowl station (all cafeterias)
e Included add-ons for: ‘grain’ of choice (e.g., pasta, rice, whole grain options
available), vegetables, protein, cheese, sauces.
Customizable pizza station (all cafeterias)
¢ Included add-ons for: type of breading, protein, cheese, vegetables,
sauces/spices.
Grill (all cafeterias)
¢ Included options for burgers, chicken fingers, pulled pork, hot dogs, French
fries.
e Burgers had add-ons, including: breading, protein, cheese, vegetables,
sauces.
Salad bar (all cafeterias)
e Options for were pre-made salads, customizable salads or soup.
e Add-ons for salad included: vegetables, protein, sauces.
Grab-and-go station (all cafeterias)
o Standard set of pre-packaged sandwiches, sushi trays, and salad containers.
o Dressings were counted as an add-on for pre-packaged salads.
Beverage e Included all juices/iced teas, sodas, milks, and water bottles sold in fridges.
e Drinks from self-serve stations for juices and pops were included.
e Hot coffee/tea were also included as a beverage, with add-ons for sugar and
milk available.
o All beverages were standardized in offerings and sizes across all cafeterias.
Snacks o All pre-packaged snacks were standardized across cafeterias, including,
chips, candy, chocolate bars granola bars and snack-sized cereal cups.
e Pre-packaged yogurt and yogurt parfaits were included. Customizable yogurt
salad bowls from the salad bar were coded as shacks for consistency.
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Pre-packaged snacks served in the grab-and-go fridges were included (e.g.,
fruit cups).

Bakery items (e.g., cookies/cakes) made by the on-campus food services
team was also standardized across sites, though some daily variation is
possible.

Whole pieces of fruit and vegetables (e.g., from salad bar) were included as
snacks for consistency with fruits cups.

The snacks described above were standardized in offerings and sizes across
all cafeterias.

Smoothies were categorized as a shack given the multiple components used
to comprise a smoothie. The traffic light labelling site had a branded
smoothie outlet.
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Appendix M. Supplementary data for Chapter 6

Table M-1. Model output for site, phase, and their interaction for outcomes related to noticing
and use of nutrition information (N=1799 respondents; pre=854, post=945)

Estimate Standard  95% CI p-value
error

Noticing of nutrition information
Phase
Post-test vs. pre-test -0.17 0.22 -0.59-0.26 0.44
Site
Numeric vs. control 0.26 0.22 -0.17-0.68 0.24
Traffic light vs. control 0.55 0.21  0.14-0.96 0.01
Phase*site
Post-test*numeric 1.14 0.28 0.59-1.70 <0.001*
Post-test*traffic light 1.64 0.28 1.08-2.19 <0.001*
Noticing calorie information
Phase
Post-test vs. pre-test -0.06 0.26  -0.58-0.45 0.81
Site
Numeric vs. control 0.31 0.25 -0.19-0.80 0.23
Traffic light vs. control 0.78 0.24 0.32-1.26 <0.001*
Phase*site
Post-test*numeric 1.11 0.33 0.46-1.76 <0.001*
Post-test*traffic light 1.28 0.32 0.65-1.91 <0.001*
Strategies for use: Select items with fewer calories
Phase
Post-test vs. pre-test 0.23 0.54 -0.81-1.28 0.66
Site
Numeric vs. control 0.65 051 -0.35-1.64 0.20
Traffic light vs. control 1.01 0.48  0.06-1.97 0.04*
Phase*site
Post-test*numeric 0.91 0.63 -0.32-2.14 0.15
Post-test*traffic light 1.09 0.61 -0.09-2.28 0.07*
Strategies for use: Select items healthier items
Phase
Post-test vs. pre-test -0.31 0.35 -0.99-0.36 0.37
Site
Numeric vs. control 0.11 0.31 -0.50-0.72 0.72
Traffic light vs. control -0.04 0.32 -0.67-1.40 0.91
Phase*site
Post-test*numeric 0.55 0.44 -0.31-1.40 0.21
Post-test*traffic light 1.71 043 0.86-255 <0.001*
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Behavioural response: Ordered something

different

Phase

Post-test vs. pre-test -0.22 0.35 -0.91-0.47 0.54
Site

Numeric vs. control 0.03 0.34 -0.64-0.69 0.94
Traffic light vs. control 0.24 0.33 -0.41-0.88 0.47
Phase*site

Post-test*numeric 0.81 0.46 -0.09-1.70 0.08
Post-test*traffic light 141 0.43 0.57-2.50 0.001*
Strategies for use: Ate less food

Phase

Post-test vs. pre-test -0.49 0.50 -1.48-0.49 0.33
Site

Numeric vs. control 0.25 042 -0.57-1.08 0.55
Traffic light vs. control 0.08 0.45 -0.81-0.97 0.86
Phase*site

Post-test*numeric 1.50 0.60  0.33-2.67 0.01*
Post-test*traffic light 2.06 0.61 0.87-3.26 0.05

ISignificance level of p<0.05 reported and significant p-values are indicated using an asterisk (*).

2All models were adjusted for a standard set of covariates. Model output for covariates was not included for ease of
interpretability.

30utput for noticing and use was derived using generalized estimating equation models.
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Table M-2. Model output for site, phase, and their interaction for outcomes related to calories
purchased (N=1698 respondents; pre=828, post=870)

Estimate  Standard 95% ClI p-value
error

Calories purchased overall
Phase
Post-test vs. pre-test -183.0 59.7 -299.9  0.002*
Site
Numeric vs. control -103.0 63.9 -228.4-22.3 0.11
Traffic light vs. control -98.4 60.7 -217.5-20.7 0.11
Phase*site
Post-test*numeric 60.8 80.1 -96.2-217.8 0.45
Post-test*traffic light 186.6 77.9 33.8-339.5 0.02*
Calories purchased by entrées
Phase
Post-test vs. pre-test -144.2 67.7 -276.9-11.5 0.03*
Site
Numeric vs. control -135.7 68.7 -270.5-1.00 0.05
Traffic light vs. control -154.8 65.8 -283- -25.8 0.02*
Phase*site
Post-test*numeric 91.7 90.6 -95.8-269.2 0.31
Post-test*traffic light 186.8 88.1 14.2-359.4 0.03*
Calories purchased by beverages
Phase
Post-test vs. pre-test -28.7 9.81 -47.9- -9.43 0.003*
Site
Numeric vs. control 6.82 11.6 -15.8-29.5 0.56
Traffic light vs. control -8.04 13.9 -35.4-19.3 0.56
Phase*site
Post-test*numeric 22.3 155 -35.4-19.3 0.56
Post-test*traffic light 26.9 17.1 -6.58-60.4 0.12
Calories purchased by snacks
Phase
Post-test vs. pre-test -45.8 24.5 -93.7-2.20 0.06
Site
Numeric vs. control 6.72 28.4 -48.8-62.3 0.81
Traffic light vs. control 56.2 27.1 3.08-109.4 0.04*
Phase*site
Post-test*numeric -19.1 34.2 -86.2-48.0 0.58
Post-test*traffic light 45.9 36.5 -25.8-117.3 0.21

ISignificance level of p<0.05 reported and significant p-values are indicated using an asterisk (*).

2All models were adjusted for a standard set of covariates. Model output for covariates was not included for ease of
interpretability.

30utput for calories purchased was derived using generalized estimating equation models.
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Table M-3. Number and proportion of participants noticing and using nutrition information by subgroups for gender, health literacy,

subjective social status, and disordered eating risk (N=590 respondents; pre=195, post=358)

Control Numeric Traffic light
Pre-test Post-test Pre-test Post-test Pre-test Post-test
(n=47) (n=49) (n=67) (n=135) (n=81) (n=170)

Noticing of nutrition information
Gender n(%)
Man 28 (59.6) 27 (56.3) 33 (50.0) 68 (50.8) 45 (55.5) 87 (51.2)
Woman 19 (40.4) 21 (43.8) 33 (50.0) 66 (49.3) 36 (44.4) 83 (48.8)
Health literacy (NVS)! n(%)
High likelihood of limited literacy (0-1) 14 (29.8) 15 (30.6) 18 (26.9) 37 (27.4) 25 (30.9) 38 (21.8)
Low likelihood of limited literacy (2-3) 11 (23.4) 14 (28.6) 22 (32.8) 34 (25.2) 20 (24.7) 46 (26.4)
Adequate (4-6) 22 (46.8) 20 (40.8) 27 (40.3) 64 (47.4) 37 (44.4) 90 (51.7)
Subjective social status? M (SD) 432 (1.55) 4.45(156) 4.47(1.76) 4.49(1.68) 4.75(1.78) 4.75(1.67)
Disordered eating risk (SCOFF)® n(%)
Unlikely disordered eating (0-1) 31 (65.8) 3367.4) 43 (64.2) 96 (71.1) 59 (72.8) 131 (69.5)
Likely disordered eating (2-5) 16 (34.0) 16 (32.7) 24 (35.8) 39 (28.9) 22 (27.2) 53 (30.5)
Using nutrition information
Gender n(%)
Man 11 (47.8) 12 (50.0) 19 (57.6) 32 (48.5) 20 (55.6) 54 (49.9)
Woman 12 (52.2) 12 (50.0) 14 (42.4) 34 (51.5) 16 (44.4) 56 (50.9)
Health literacy (NVS)! n(%)
High likelihood of limited literacy (0-1) 6 (26.1) 6 (25.0) 7 (20.6) 17 (25.8) 12 (33.3) 26 (23.2)
Low likelihood of limited literacy (2-3) 6 (26.1) 9 (37.5) 14 (41.2) 17 (25.8) 6 (16.7) 26 (23.2)
Adequate (4-6) 11 (47.8) 9 (37.5) 13 (38.3) 23 (48.5) 18 (50.0) 60 (53.6)
Subjective social status? M (SD) 430(1.72) 4.46(1.61) 4.43(1.74) 4.39(1L.74) 4.66(1.71) 477 (1.75)
Disordered eating risk® (SCOFF) n(%)
Unlikely disordered eating (0-1) 13 (56.5) 16 (66.7) 20 (58.8) 45 (68.2) 25 (69.4) 75 (67.9)
Likely disordered eating (2-5) 10 (43.5) 8 (33.3) 14 (41.2) 21 (31.8) 11 (30.6) 37 (33.0)

'Health literacy was assessed using the Newest Vital Sign (4-6=adequate; 2-3=low likelihood of limited literacy; 0-1=high likelihood of limited literacy).

2Subjective social status was used as an indicator for socioeconomic status. Participants rank their perceived social status on a 10-point scale (1=high; 10=low).
3Disordered eating risk was assessed using SCOFF, a 5-item questionnaire for eating disorder symptomology among non-clinical populations. (0-1=unlikely; 2+=likely at risk).

262



Appendix N. Supplementary data for Chapter 7

Table N-1. Model output for site, phase, and their interaction for food and beverage purchasing
by TLL categories (N=1698 respondents; pre=828, post=871)

Estimate Standard 95% ClI p-value
error

Green-labelled foods and beverages purchased
Phase
Post-test vs. pre-test -0.2 0.14 -0.48-0.07 0.14
Site
Numeric vs. control -0.03 0.14 -0.31-0.25 0.86
Traffic light vs. control -0.022 0.14 -0.29-0.25 0.87
Phase*site
Post-test*numeric -0.18 0.18 -0.54-0.18 0.34
Post-test*traffic light -0.04 0.19 -0.41-0.33 0.34
Amber-labelled foods and beverages purchased
Phase
Post-test vs. pre-test -0.20 0.07 -0.33--0.07 0.003*
Site
Numeric vs. control -0.16 0.07 -0.30--0.03 0.02*
Traffic light vs. control -0.27 -0.07 -0.40 <0.001*
Phase*site
Post-test*numeric 0.21 0.09 0.03-0.4 0.02*
Post-test*traffic light 0.26 0.09 0.09-0.43 0.002*
Red-labelled foods and beverages purchased
Phase
Post-test vs. pre-test -0.11 0.05 -0.21--0.01 0.04*
Site
Numeric vs. control -0.10 0.05 -0.21-0.00 0.05
Traffic light vs. control 0.00 0.05 -0.11-0.23 0.25
Phase*site
Post-test*numeric 0.09 0.08 -0.06-0.23 0.25
Post-test*traffic light 0.11 0.08 -0.04-0.26 0.14

ISignificance level of p<0.05 reported and significant p-values are indicated using an asterisk (*).

2All models were adjusted for a standard set of covariates. Model output for covariates was not included for ease of
interpretability.

30utput for foods and beverages purchased by TLL categories was derived using generalized estimating equation models.
4Scores of green-, amber-, and red-labelled items were calculated using a proportional weighting and scoring system. Weights
were calculated based on the proportion of green-, amber-, and red-labelled add-ons relative to the total number of add-ons in the
full entrée. For example, a customizable sandwich with 5 green-labelled add-ons, 3 amber-labelled add-ons, and 2 red-labelled
add-ons would receive a score of 0.5 for green, 0.3 for amber, and 0.2 for red. Similarly, a lasagna with 1 amber indicator would
receive a score of 1 for the amber category and 0 for green and red categories.
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Table N-2. Model output for site, phase, and their interaction for food and beverage purchasing
by food groups and nutrients (N=1698 respondents; pre=828, post=871)

Estimate Standard 95% ClI p-value
error

Fruits (cup equivalents)®
Phase
Post-test vs. pre-test 0.17 0.19 -0.20-0.54 0.37
Site
Numeric vs. control 0.04 0.19 -0.32-0.41 0.82
Traffic light vs. control -0.03 0.16 -0.34-0.29 0.87
Phase*site
Post-test*numeric -0.09 0.29 -0.66-0.48 0.76
Post-test*traffic light -0.11 0.27 -0.63-0.42 0.69
Vegetables (cup equivalents)®
Phase
Post-test vs. pre-test 0.11 0.19 -0.26-0.47 0.56
Site
Numeric vs. control 0.44 0.22 0.00-0.99 0.05
Traffic light vs. control 0.62 0.20 0.22-1.00 0.01*
Phase*site
Post-test*numeric -0.01 0.29 -0.58-0.56 0.96
Post-test*traffic light -0.42 0,28 -0.96-0.12 0.13
Whole grains (0z equivalents)®
Phase
Post-test vs. pre-test 0.12 0.14 -0.14-0.39 0.37
Site
Numeric vs. control -0.19 0.10 -0.38-0.03 0.08
Traffic light vs. control -0.27 0.10 -0.46--0.08 <0.001*
Phase*site
Post-test*numeric -0.07 0.16 -0.39-0.24 0.65
Post-test*traffic light 0.12 0.16 0.20-0.44 0.47
Refined grains (oz equivalents)®
Phase
Post-test vs. pre-test 0.55 0.29 -0.01-1.11 0.06
Site
Numeric vs. control 0.19 0.28 -0.35-0.74 0.49
Traffic light vs. control 0.39 0.28 -0.16-0.94 0.16
Phase*site
Post-test*numeric -0.75 0.05 -0.17-0.02 0.13
Post-test*traffic light -1.07 0.39 -1.82--0.31 <0.001*
Plant-based proteins (0z equivalents)®
Phase
Post-test vs. pre-test 0.05 0.12 -0.18-0.28 0.66
Site
Numeric vs. control -0.12 0.10 -0.32-0.07 0.21
Traffic light vs. control 0.06 0.11 -0.16-0.28 0.59
Phase*site
Post-test*numeric -0.11 0.13 -0.38-0.15 0.41
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Post-test*traffic light 0.03 0.19 -0.32-0.37 0.88
Red meats (0z equivalents)®

Phase

Post-test vs. pre-test -0.15 0.14 -0.45-0.14 0.31
Site

Numeric vs. control 0.12 0.16 -0.19-0.44 0.45
Traffic light vs. control 0.14 0.16 -0.18-0.46 0.41
Phase*site

Post-test*numeric 0.03 0.21 -0.37-0.43 0.88
Post-test*traffic light 0.42 0.25 -0.06-0.90 0.09
Saturated fat (g)°

Phase

Post-test vs. pre-test 0.58 0.86 -1.11-2.27 0.50
Site

Numeric vs. control 1.31 1.26 -1.16-3.79 0.29
Traffic light vs. control 1.82 0.99 -0.12-3.76 0.07
Phase*site

Post-test*numeric 0.04 1.64 -3.17-3.25 0.98
Post-test*traffic light -2.10 1.28 -4.61-0.41 0.10
Sodium (g)°

Phase

Post-test vs. pre-test -2.27 1.67 -4.56-0.02 0.05
Site

Numeric vs. control -2.78 131 -5.33-0.22 0.03*
Traffic light vs. control -3.11 1.33 -5.71-0.50 0.02*
Phase*site

Post-test*numeric 4,71 1.91 0.97-8.44 0.01*
Post-test*traffic light 2.70 1.76 -0.76-6.16 0.13
Added sugars (tsp equivalents)®

Phase

Post-test vs. pre-test -2.27 1.17 -4.56-0.02 0.05
Site

Numeric vs. control -2.78 1.30 -5.33-0.22 0.03*
Traffic light vs. control -3.10 132 -5.71--0.50 0.02*
Phase*site

Post-test*numeric 4.71 1.91 0.97-6.15 0.13
Post-test*traffic light 2.69 1.76 -0.76-0.15 0.13

ISignificance level of p<0.05 reported and significant p-values are indicated using an asterisk (*).

2All models were adjusted for a standard set of covariates. Model output for covariates was not included for ease of
interpretability.

30utput for foods and beverages purchased was derived using generalized estimating equation models.

“Nutrient density ratios were calculated by dividing the amount of food groups and nutrients for foods and beverages per
individual by the total number of calories. All ratios were multiplied by 1000 kcal to aid interpretability.

SAmounts in cup, ounce, or teaspoon equivalents provided in the 2017-2018 Food Patterns Equivalents Database.

6Amounts in cup, ounce, or teaspoon equivalents provided in the 2017-2018 Food and Nutrient Database for Dietary Studies.
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