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Abstract

Background: Consumption of sugasweetened beverages (Spi an importanipublic health
problem in Canadaspecially mong adolescents simates show that rates of SSB consumption
are particuldy high inthe northern territories, especially Munavut. This is concerning given

that regular SSB consumption is associated wittésity, diabetes and tootle@y, among other
health concerns.

Objectives: This thesishastwo objectives. The first is to describe SSB consumption patterns
among adolescents from Nunavut specifically, all three territcoesbinedand the provinces.

The second is to determine the association between individual and cumulative school food
programs and SSB consumption.

Methods: Data were obtained from the Health Behaviour in Sclageld Children study (HES);
acrosssectional survepf Canadian youth in gradesl®. All frequencies fofood and beverage
consumptionwere obtained from a-day food frequency questionnaire. SSB consumption
consisted of a composite measure including soft drinks, sports drinks and energyTtitypes

of school food programs were obtained from an administrative questionnaire filled out by each
s ¢ h oRihcipad or delegate Multilevel multivariate Poisson regression models were used to
examine the associations between school food programs and S$igptios.

Results: Youth from Nunavut consumed the most SSB%1% in 2010 and 55.0% in 2014 were
daily consumers), followed by youth from the territories (31.1% in 2010 and 27.0% in 2014), then
youth from the provinces (24.3% in 2010 and 19.1% in 2014). No significant relationships were
found between school foodqgrams andlaily SSB consumptianTwo school food programs
were weakly associated withreekly SSB consumptionnutrition month activities (RR=0.93,

Cl1=0.89, 0.98) and healthy options in the snack bar ((RR=1.07, CI=1.01, 1.14).



Conclusions:

Rates of SSB esumption were highest amohynavummiut youttollowed byyouth from all
three territories combined and théhe provinces.Little associatiorwas foundbetweenschool
food program&ndSSB consumptioamongCanadiaryouth in grades-40. These findinggpoint
to the need for examining other determinants and potential areas for interviemtteducingSSB

consumption amon@anadian youth, particularly in high consureab-populations.
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Chapter 1

Introduction

1.1 General Overview

Adolescents require a diet rich in nutrients from fruits, vegetables and protein in order to
grow and avoid chronic diseasén Canada, as a result of changing socioeconomic, societal and
dietary factors, @lescents are increasinglgnsumingnergydense, nutrieapoor foodg1). One
particularly concerning trend is thHagh rates ofconsumption of sugessweet@ed beverages
(SSBs). SSBs include any beverage containing added sugabonated beverages, one form of
SSB, have become the fourth leading contributor of calories to the adolescent diet in(@panada
The rise of SSB consumption among adolescents is particularly concerning given its association
with a number of health issues including obesity, diabetes and tooth(8e8ay

In addition to rising overall rates of SSB consumption, researchers have also noted that
consumption patterns differ by region. For example, a study by Sheehy et al. (2084gdested
that approximately 82% of adults Nunavutdrink at least two cans of soft dripler da; while,
in comparison, adults in the provinces only consume about half a can of soft drink per day, on
averagd9,10) Although consumption patterns are known for ajliltle information is currently
available on adolescent populations specifically, particularly within the northern region of

Nunavut.

School nutritious food programs are common preverdiategesaimed at reducing SSB
consumption among young peegdbchools present a unique setting for targeting behavior change,
as adolescents spend a good portion of their time at school and the student body is a captive

audience for intervention implementation. However, one challenge facing researchers and policy

1



makers seeking to utilize school nutritious food programs is the lack of evaluation of these kinds

of interventions across various contexts and the uncertainty about their effectiveness.

Current evidence indicates that reducing access to SSBs in setto@snayresult in a
drop in overall consumptionfor example, students who had access to vending machines selling
SSBs were more likely to report consuming SSBs than students without access to these vending
machineg11-13). In contrast, other studies have indicated that reducing ac&SBs in the
school setting does not, in fact, reduce overall consumftiél6). Such conflicting evidence
raises questions about the effectiveness of school food pregiarthus motivates further
investigation.

1.2 Objectives and Hypotheses

Given the above, the overall aim of this thesis is to build evidence around the issue of SSB
consumption among Canadian youth, specifically in the northern territories, in ordeorta inf
continuing prevention efforts. The current thesis will address two objectives through two separate
studies: manuscript 1 (chapter 3) and manuscript 2 (chapter 4). The first objective is to describe
SSB prevalence and patterns of consumption in yoath Munavut, the territories combined and
the provinces, and the second objective is to determine the associations between school food
programs and SSB consumptioraihCanadian youth.

Manuscript laddresses objective 1 through the use of descriptivistgts and cross
tabulations to descrilthe differences in prevalence and patterns of SSB consumption by.region
Manuscript lhypothesizethat youth from the north, especially Nunaveaive the highest SSB
consumption ratedManuscript 2addresses objdee 2 by examining theelationship between
student ' schoalfobadgwgams and SSB consumptittmough the use of multilevel

multivariate Poisson regression mod&lsinuscript 2ypothesizethat students exposed to school

2



food programsvill hawe lower SSB consumption rates, while students not exposed to school food
programswill have higher SSB consumpticaies. Figure 1.provides a conceptual model of the

thesis Information on ethics clearance can be viewed in Appendix A.
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Figure 2.1.1. Conceptual model of thesis

Manuscript 1 describes SSB consumption by region, as seen in the bottom ri
of the figure (blue shading). Manuscript 2 examines the relationship betweer
food programs and student s’ SSB <co
(orang shading).

1.3 Study Purpose and Population

In keeping with the objectives of manuscripts 1 and 2, the general purpose of the thesis is
to investigate the prevalence and patterns of SSB consumption among Canadian youth and
examine the relationship between school food programs and SSB consumpgitimedis utilizes

data from the Canadian Health Behaviour in Sclaggd Children (HBSC) study. The HBSC is a
3



nationally representative survey among adolescents in grades 6 to 10. More information on the
HBSC study can be found in Appendix B.

Manuscript luses HBSC data from two time points: cycle 6 in 2009/2010 and cycle 7 in
2013/2014. Although this manuscript describes two time points, it does not indicate a trend over
time as there are too few time points to establish a trend, and the cycle 6 amdyg slor not
follow the same students over time. Manuscript 2 uses only the most recent HBSC data from
2013/2014.

1.4 Public Health Relevance

The current thesis is a useful resource for health policy and program construction or
adaptation. This is because tteanpts to identify youth who consume high amounts of SSBs and
investigate the relationship between SSB consumption and school food programs. In this way, the
current study provides a basis for informing targeted interventions and for looking critically at
existing programs. By investigating the associations between school food programs and SSB
consumption the thesis can potentially contribute to either the construction of new programs or the
modification of existing programs in order to target interverstiand effectively reduce SSB
consumption among youth.

1.5 Knowledge Translation

Knowledge translation, and specifically the dissemination of research results, is also an
important aspect of research and ensures that research evidence moves into the leapudis of p
and organizations that can put it to effective use. Plans for knowledge dissemination for this thesis
include publication, presenting at conferences and communicating with northern stakeholders.
Both manuscripts will be submitted for publication @fevant journals. Manuscript 1 has been

formatted for submission to Atic Journal and manuscript 2 for the Journal of School Health.



Presentations at conferences will allow for the research to reach relevant stakeholders. Results for
manuscript 1 have aady been presented at tAeansforming Health Care in Remote
Communitiesconference hosted by the University of Alberta, April 2Q18). This conference
involved many policy makers from the northern territories, including Glen Abernethy the Minister

of Health for the Northwest Territories and Rosemary Keenainak the Assistant Deputy Minister at
the Nunavut Departent of Health. Key findings for the thesis were also presented in Toronto at
the Indigenous Health Conference in May 2016.

Communication with key stakeholders in Nunavut specifically also occurred throughout
the research. The primary author (LD) spentegks in the remote community of Arviat, Nunavut
gaining field experience to inform aspects of the analysis and interpretation. During this time LD
was able to learn about dietary practices from community members, teachers, Principals, store
managers and yoh. This fieldwork provided some insight into the issue of SSB consumption in
remote Nunavut communities and helped with subsequent interpretation of findings. The first
manuscript has also been reviewed by government and community stakeholders in Bodavut
their feedback was integrated into the final version.

1.6 Thesis Organization

This thesis follows the guidelines outline
“Gener al Forms of Thes e §18) Chapter 2 provides anwogecview gt b a
the literature around SSB consumptidhis includes outlining the prevalence of consumption in
Canada and the north, SSB related health concerns, and risk factors associated with SSB
consumption. It also provides an overview of the research surrounding the relationships between
school food prgrams and SSB consumption. Chapter 3 is manuscript 1 and is formatted for

submission to the journal Arctic. It describes SSB consumption in Nunavut, the territories



combined and the provinces. Chapter 4 is manuscript 2. It examines the relationship between
school food programs and SSB consumption. The final chapter, Chapter 5, provides a summary
and general discussion of the findings as well as its public health significance and future suggested
directions for research. Appendices providing additional métion such as a detailed description

of the HBSC survey, statistical methods, power calculations and specific survey questions used in
the study are also included.
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Chapter 2

Literature Review

2.1 General Overview

This thesidocuses on the consumption of sugareetened beverages (SSBs) by youth in
Canada with a special focus on the northern territories, i.e. Yukon, Northwest Territories and
Nunavut. It investigates the prevalence and patterns of consumption as well a®dtieiass
between school food programs and SSB consumption among young people. The purpose of this
chapter is to provide an overview of the current literature and it has three objectives: (i) to describe
current prevalence rates and important health coscassociated with SSB consumption in
Canada, (ii) to examine risk factors that have previously been associated with SSB consumption,
and (iii) to summarize the evidence around the effectiveness of school food programs specifically
as they relate to redu@ SSB consumption among youth.

Structurally, this chapter is divided into five sections. The first two sections examine SSB
consumption and related health concerns for all of Canada and the North exclusively; the third
section details risk factors for B&€onsumption; the fourth section investigates the role of school
food programs with respect to SSB consumption; and the fifth section summarizes the current
knowledge gaps in the literature in the area. In this thesis, SSBs are defined as beveragegcontai
added caloric sweeteners, such as sugar/sucrosefrinogpse corn syrup and fruit juice
concentrate$l). Soft drinks, fruit drinks, sports drinks and energy drinks are all included in this
category. Diet soft drinks and fruit juices not containing added sugar are excluded under this
definition as they do not contain added sugar.

SSB consumption is an increasing public health concern in CéRpd2espite increased

calls from public health officials, SSB consumption continues to rise in Canada. Between 1967
9



and 2007, SSB consumption rose by 37 calomesapita per day this is equivalent to one tlir
of a can of soft drink, or 110l, per person per d&$,4). These trends are particularly alarming
given the wellestablished negative effects of SSB consumption.

2.2 Health concerns associated with SSB consumption in Canada

2.2.1 Prevalence of SSB consumption in Canada

Research has shown that calories from SSBs make up a relatively large portion of the diets
among Canadian adolescents. In a recent Statistics Canada study, adolescent boys were found to
consumemore than 1 carof soft drnk per day376 gramsphnd adolescent girlsnly half a can
(179 gram} per day(5). Vanderlee et al. (2014) examined the frequency of SSB consumption
among youth from three distinct regions in Canada and found that overall, approximately 44% of
youth consumed three or more SSBs déily This study included an overalsple of 10 188
participants and used -sthool seHreported surveys with 12 questions regarding beverage
consumption (6)One strength of thetudy was that it specified the volume of beverage consumed,
for example, the questionnaire identifies one senof soft drink as one cup or one can (6). A
limitation of the study was that it used a convenience samgiead of a random sample in all
three regions and therefore the results are not generalizable (6).

From this evidence it is apparent that manyngpeople are consuming SSBs in Canada,
despite recommendations from various health organizations, such as the Canadian Diabetes
Foundation and the Centre for Disease Control (CDC3). In the following sections, three
importanthealth concerns associated with SSB consumption are examined: obesity, diabetes and

tooth decay9-11).

10



2.2.2 Obesity

Obesityand overweight arprevalent issugin Canadand they havbeen associated with
SSB consumption. As of 2011, more than one in four Canadian adultgdemstiéed as obeser
overweight-a number which has almost doubled since 1@812) Among adolescents, rates of
obesityand overweighhave remained high, standing currently2a% (13). Many studies have
shown positive correlations between high sugar intake, often in the form of SSBs, and obesity
(10,14) For instance, metanalyses have revealed that youth who consume one or more SSBs per
day have a 55% increased oddsihcident overweight or obesity when compared to children who
consume none or very little (OR=1.55, CI=1.32, 1(8R). A cohort study by Ludwig et al. (2001)
also observed an increase in BMI (mean of 0.24 kg@®h=0.160.39) and frequency of obesity
(OR=1.60, CI=1.14, 2.24) with each additional serving of SSB consumed (14). This study
followed 548 school childrenitih a mean age of 11.7 years for 19 moiffl#y. One limitation of
the study is the lack of statistical power due to the small sample size (14).

SSB consumption is likely an important contributor to overweight and obesity, particularly
with respect to cldren and adolescen$0,14) Furthermore, the rising rates of obesity in Canada
have resulted in a greater number of preventative initiatives for SSB consufigiion
2.2.3 Diabetes

Diabetes is another health concern that is associated with SSB consumption. It is estimated
that diabetes affects 2.4 million Canadians or 6.8% of the popu(a&drAlthough less common
in children and adolescents, diabetes is currently on the rise in Canada, accounting for 26,000
prevaknt cases among youth5). Since type 2 diabetes is often rare in children and adolescents,
many studies use metabolic syndrotnemeasure the potential occurrence of diabetes in these

populations(16). Clinical identification requires at least three of the following symptoms:
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abdominal adiposity, hypertension, dysglycaemia,pigisma triglycerides and low higtensity
lipoprotein cholesterd]16). Evidence from US and Canadian studies indicate that type 2 diabetes
and metabolic syndromes are positively related to SSB consunip@ezb). For example, meta
analyses based on data from 11 studies with a total of 310,819 participants have revealed that
individuals who consumed SSBs adéonce a day have a 26% greater risk of developing type 2
diabetes than those who consumed SSBs less than once a month (RR=1.26, CI=1.(28)1.41)
Furthermore, original research by Ambrosini et(a013) indicated that youth in the top tertile of
SSB consumption had increased BMI, increased overweight and obesity risk as well as greater
overall cardiometabolic risk (17). This study used a large sample size of 1433 adolescents aged 14
to 17 yearsA strength of this study is both the longitudinal design as well as the precise
measurements of circumference, blood pressure, fasting serum lipids, glucose and insuin (17).
youth specifically, SSB consumption is associated with metabolic syndrortieylaaly for those
who are overweigh(l6).
2.2.4 Tooth decay

Deterioratingoral health and tooth decay is another important health concern associated
with SSB consumption. In Canada, almost 60% of adolescents have had §3gvidavities are
also twice as prevalent in lower income groups compared to Canadians from high income groups
(27). Evidence indicates that there is a positive correlation between SSB consumption and tooth
decay(28-39). For examfe, a cohort study by Marshall et al. (2003) followed a young cohort of
US children aged 1 to 5 over 5 years to determine the relationship between beverage consumption
and dental healt{84). The authors concluded that children who consumed the highest amounts of
SSBs (top tertile) had over twice the odds efi@l caries than those children who consumed the

least SSBs (bottom tertile) (OR=2.2, CI=1.4, 3(84). Another study found a dosesponse
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relationship associated with SSBs and tooth decay in adults, in other words, as SSB consumption
increased there was a corresponding increase in the risk of denta (@&YiBecause oral health
has been sbingly linked to general health and chronic disease, high rates of SSB consumption, as
it links to tooth decay, is a significant public health con€8eh35) This is especially a concern
in children as poor or al heal th can mskilsect ch
(32,35)
2.3 Health concerns associated with SSB consumption in the North

Indigenous peoples in the northern regions of Canada are currently experiencing a change
of diet from previously consumed traditional foods rich in nutrients, to more edergpe and
nutrientpoor food and beverages, such as S@Bs42). Several studies indicate thabrthern
populations, particularly in Nunavut, are increasingly consuming S88%1,43,44) Three
studies in particular, examine SSB consumption patterns in Inuit residing in N@#@\Ai,45)
A recent crosssectional study, by Sheehy et al. (2013), conducted in three remote communities in
Nunavut, discovered that the mean portion sizes for soft drink consumption in adults with a mean
age of 42 was 663 grams, or almost two cans of soft drink pgdtlpyfo provide some context,
the reported mean portion size of soft drinks among all Canadian adults of a similar age was only
193 grams (approximately half a can) for men and 97 grams (approximately one third of a can) for
women(46). A similar study also by Sheehy et al. (2014) with the same Inuit populatiod fou
that sweetened juices were the most commonly consumed drinks at 0.63 times per day and regular
soft drinks were the third most consumed beverages at 0.41 times per day in Nunavut communities,
after tea and coffe@O). Finally astudy by Johnse®own et al. (2010), conducted in 16 of the 25
communities in Nunavut reported that SSBs were among the most commonly consumed market

foods in young children, where 95.5% of the study population reported consuming SSBs in the
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past 24 hourq45). This research points to high SSB consumption patterns in the North,
particularlyamong Nunavummiut (Nunavut residents). However, these studies focus mainly on
very young or adult populations and there is a lack of information on adolescent consumption
patterns(41,45) This is especially concerning since adolescents are most often the highest
consumers of SSBs when compared to other ¢gés6)

Obesity, diabetes and tooth decay are of particular concern in the North due to changing
diets of Indigenous peoples and potentially increasing SSB consun{gtiofl,45,47) The
following discussion will focus on these three health concerns and their prevalence in the three
northern temtories, with a particular focus on Nunavut, in order to highlight the importance of
limiting SSB consumption in these regions. Yukon, the Northwest Territories and Nunavut house
the highest proportions of Indigenous peoples in Canada, representingd3tiEfpopulation in
Yukon, 51.9% in the Northwest Territories and 86.3% of the population in Nu@8)uThis can
be futher split by Aboriginal identity. In Nunavut, of those who identify as Indigenous, the
majority identify as Inuit (99%), whereas in the Northwest Territories and Yukon the majority
identify as First Nations (63% and 77% respectivedy).

Obesity levels in Canada vary by region. It has been shown that the lowest proportions of
obese individual s estrcides (Taranto,/anconver@rdantreal), andthe r g
highest proportions are in Atlantic Canada, the Prairies and the Terrigd@edNational data
sources report that the Northwest Territories have the highest proportion of obesity (35.3% of the
population) and Nunavut with the fourth highest obesity levels in Canada (33.0% of the
population)(49). To put this in context, on average in Canada, 24.8% of the population are obese

(49)
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Diabetes is another concern in the northern territories that can be associated with SSB
consumption. According to 2009 CCHS data, the northwest territories and Yukon had lower
diabetes rates than the national averadpch was 6.0% in 2009 and 6.7% in 2014 (13). However,
more recently in 2014, both the Northwest Territories and Yukon saw dramatic increases in
diabetes rates, raising from 5.4% and 4.2% in 2009 to 7.3% and 7.8% respé€t8yely

CCHS does not collect reliable data on Nunavut pajons; therefore evidence on
diabetes among Inuit populations generally is presented. Although previous evidence has indicated
that type 2 diabetes and metabolic syndrome were lower among Inuit populations than their
Caucasian counterparts, more receneassh suggests that metabolic syndrome and diabetes is
rising in these populatior(80-53). For example, the Polar Year Inuit Health Survey (200U8)
surveyed 33 Inuit communities in Inuvialuit Northwest Territories, Nunavut and Nunatsiavut
northern Labrador and identified detlks in 12.2% of those who were over 50 and 1.9% in those
under 5053). These figures are comparable to Canadian national averagesdemtty diabetes
prevalence of 15.7% among those ageéb8@ears and 2.4% among those age@2%years old
in 2009(54). The prevalence of risk factors associated with diabetes are high among Inuit when
compared to other group®0). For example, a study conducted by Lavallee and Bourgalt
comparing the health of Inuit women from Nunavik to women from southern Quebec found that
Inuit were more likely than southern Quebec women to have high BMIs (30+) (23.9% vs. 12.3%),
and were more likely to be physically inactive (47.9% vs. 26.@2) In terms of community
size, infrastructure and culture there are many similarities between the Nunavik region of Quebec
and Nunavu(50,52)

Finally, tooth decay is another health concern in the northern territories. Few studies have

attempted to survey the entire northern population to determine oral health status. There is,
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however, reent research that has shown increasing problems with oral health in northern
populations, particularly among childrgb5-58). For example, according to data from the
Nunavut Inuit Child Health Survey (2007/2008), 8®.1f young children aged 3 to 5 had
experienced dental cari¢s8). Moreover, the same study found that children with dental caries
drank more soft drinks than children 8.t hout
Evidence also suggests that dental caries in young children in northern parts of Canada is
associated with the addition of sugar to the feeding b@H&9) For example, 72.2% of children
aged 2 to 5 in the Kativik region of Quebec (an Inuit region in tmhe@ocmost part of Quebec)
had evidence of baby bottle tooth de¢&9). Introduction to sugary beveragassuch a young
age may set a precedent for increased SSB consumption and obesity lat¢6Mdike
2.4 Risk factors associated with SSB consumption

Several risk factors have been associated with increased SSB consuntsmintlude
poor diet, low SES, specific family influences, sedentary behaviour and in some cases, physical
activity (6,62,63) This section will exaine each of these risk factors and their relation to SSB
consumption.
2.4.1 Poor Diet

One risk factor associated with SSB consumption is having a poor diet. Diet low in fruits
and vegetables and high in other higtloric foods is associated with more frequ&sB
consumption(11,64-66). Collison et al. (2010), for example, found a significant correlation
between high intake of SSBs and other poor dietary choices, such as fast food meal intake, savo
snacks, iced desserts and total sugar consumf@®)nThis study examined the dietary habits,
using a food frequency questionnaire, of 9433 adolescents aged 10(65)19he biggest

limitation of this study was the crasgctional design, limiting causality (65). Furthermomaeda
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analysis investigating the nutritional factors associated with soft drinks concluded that
consumption of SSBs was associated with deeeatake of calcium, fruit, riboflavin and other
nutrients (11). Further ewlence from a national US Physical Activity and Nutrition survey
indicated that adolescents who ate at fast food restaur@ntiay per week (OR=1.25, CI=1.05,
1.50) or =23 days per week (OR=2.914, Cl=2.31,
timesper day than those who frequented fast food restaurants less than one dayGbjvébis
evidence indicates that SSB consumption is associated with, and may result in, other poor dietary
behaviourg11,64-66).
2.4.2 Socioeconomic status

Another important risk factor to consider for SSB consumption is socioeconomic status,
often measured using parental education, parental employméat tamly income (62,6668).
A cross sectional analysis examining-t2dur dietary recall of SSBs and demographic and
socioeconomic associations revealed that adolescents froindome families had higher odds
of heavy SSB consumption (500kcal or 3.5 335 méa#rsoft drink) than those from highcome
families (OR=1.93, CI=1.05, 3.56) (62). In the above study, family income was measured based
on percapita income as it related to the federal poverty level, e.g. high income families made
300% more than the fedal poverty level whereas leilwcome made 135% or less than the federal
poverty level (62). A similar point also holds in the case of education, a component of SES.
Adolescents with parents who had a high school education or less had higher odds &Sieavy
consumption than adolescents whose parents had some college education or more (OR=1.28,
CI=1.10, 1.50) (62). One potential reason for the association between SSBs and SES may be that
those with a lower level of education or with lemcome cannot affar higher priced fruits and

vegetables or specialized ingredients and may not have knowledge or skills to cook with them.
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These families may tend to purchase other more processed, -eleeisp/ foods and beverages
such as SSBs, some of which may be at lowgst than healthier alternatives (69). Another
explanation may be that lewncome youth sometimes reside, and build their food preferences, in
singleparent households or in homes where parents work long hours, shifts or have multiple jobs
and may thereferrely on convenient and quick, eneignse foods to feed their families (67).
2.4.3 Family influences

Diet largely stems from the family environment, and this is true for SSB consur(fption
This section will discuss two family influences associated with SSB consumption: family meals
and family supportParticipating in family meals has been associated with better diet and less SSB
consumption in children and adolesce(i2,68-71). For example, a crossectional study of
adolescents in the US found that the number of meals eaten togethéaraily was associated
with levels of SSB consumption; i.e. those who participated in 7 or more family meals per week
consumed 1.08 servings of SSBs in the last 24 hours whereas those who never participated in
family meals consumed 1.26 servings of S§Bs001)(69). This study examined family meals
patterns among 4746 adolescents and usedinegr and linear modelling to determine
relationships (69). One major strength of this study was the large and diverse sample of
adolescents, howevatjfficulties assessing the inherent nature of family mealss arise and
sometimes results in difficulty when comparing this measure across different studies (69).
Furthermore, metanalyses has found that adolescents who participated in at least three family
meals per week had a 20% reduction in the odds dafaltity eating behaviours (including SSB
consumption) compared to those who participated in less than three family meals per week
(OR=0.80, CI=0.68, 0.98Y1). This evidence indicates therefore that participation in family meals

may play a protective role for SSB consumption among youth.
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Another aspect of family that influences SSB consumption is family support. Evidence has
shown that family support, such as support from parents as measured by looking at parenting styles
or fedures of the home environment, is associated with SSB consunp#erst). A review of
the effects of general parenting and obesitjucing behaviours concluded that adolescents with
parents who were moderately controlling but highly involved consumed the least amount of SSBs
when compared to adolescents with other levels of controllingwvaived parentg72). For
example,a crosssectional study bwan der Horst et al (2008xamined perceived parenting
practices of 383 Dutch adolescents using multiple linear regression models (76utfidrs a
discovered that those adolescents who perceived their parents as more restrictive, i.e. parents that
restricted access to SSBs in the home, had lower rates of SSB consuikidimis study also
found that those adolescents who perceived their parents as involved, such as parents who make
the time to encourage or discuss important issues, also had lower intakes off65Bme
limitation of this study is that it did not include a diverse sample of adolescents and therefore it
may not be generalizable tther populations (76)This evidence indicates that the family
environment, especially parental habits and styles, influence adolescent SSB cons(i#2ption
76).

2.4.4 Screen time

Screen time and associated sedentary behavior have also been identified as risk factors for
SSB consumption. In particular, several studies have suggested a positive relationship between
screen time and SSB consumpt{é®,7780). A longitudinal study examining changes inesam
time and eating behaviour among 6002 female and 4917 awlalescentover 2 yearsfor
example, found that for each additional hour spent watching television or playing videq games

SSB consumption increased by 0.06 servings per day (p<(@®@L)Although the longitudinal
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design of this study was a strength, it did not control for important variables such as exposure to
advertisements or parenting style (77). Another study examining patterns of energy and sports
drink consumption of 223 adolescents agedl@ found that bdt sports and energy drinks were
significantly associated with higher v@@ game use (78). A strength of this study was the large
and diverse sample size, however, the csessional design limits the ability to makausal
conclusions (78). Overall, screen time is associated with and may result in increased SSB
consumption.
2.4.5 Physical activity

Physical activity has been associated with SSB consumption among adolescents in a
number of studies across the United States @anaddq6,66,78,79) However, the evidence is
conflicting as to whether or not regular physical activity increases or decreases SSB consumption,
and seems to hinge on the types of SSBs adolescents are can&66r78,79) For example, a
study examining healthy behaviour correlates of soft drinks separately from sports drinks
concluded that while consumption of soft drinks was associated with decreased physitg| acti
sports drink consumption was associated with increased physical a(@#4jtyrhis was a cross
sectional study of over 15 000 Texas middle and high school children that examined a wide variety
of dietary and activity measures (64). Selported data and limited response auim this study
may result in some bias (64n contrast, when SSBs are examined as a composite measure
(including sports drinks and soft drinks in the same measure along with other sugary drinks) they
are often found to be associated with less physictity (6). Vanderlee et al (2014) discovered
that those adolescents who met the physical activity guidelines of 90 minutes per day consumed
30% fewer SSBs than those who did not meet the guidelines (OR=0.70, CI=0.616).80r

finding that sports drinks are associated with increased physical activity may be explained by the
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successful marketing campaign for these types of beverages as being consistent with a healthy
lifestyle and consumed along with physical activitytiogpation (64).
2.5 SSB consumption and school “healthy food” programs

The health concerns associated with SSB consumption that have been presented indicate a
need to focus on limiting SSB consumption among youth, especially those in partictdaospbd
such as those from lower SEnilies or those living in northern Canada. The school environment
presents an ideal location to influence eating behaviours, as young people spend a great deal of
time within the school environment and evidence from the United States suggests thas studen
consume approximately 35% of their total daily caloric intake on school pre(®is82) Schools
are also good settings for research and intervention evaluatiteygsrovide access to a diverse
sample of adolescents with a variety of sed#@mographic backgrounds and a locale where
interventions can be implemented and asse&&®dFor these reasons, public health advocates
have increasingly suggested that schools be used as settings for interventions to reduce access to
junk food and promote healthy food alternati(@s$).

Current research has shown mixed results when it comes to the effectiveness of school food
programs. Some studies indicate that restricting access to SSBs armhdigi nutrienrtiense
foods in the school environment improves student (@2185-89) — for example, a longitudinal
study found that SSB consumption declined three years after the implementation of a nutrition
initiative restricting portion sizes and serving frequencies of lféghHoods and SSBs in Texas
middle schoolg87). The longitudinal design of this study was a strength, howeveroagstr
limitation of this study is that it only measureedsichool consumption and not overall consumption
(87). In contrast, other studies have not found any effects of food interventions on SSB

consumptior{66,81,9693)—for example, Blum et al. concluded that when schools reducedsicc
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to SSBs through restrictions of sales in the vending machines and snack bars it did not result in a
decrease in overall SSB consumption compared to before they introducehitesees (92).
Although schools present an excellent opportunity to modify youth behaviour, these mixed results
raise questions about the effectiven®f school food programs. Examining the effectiveness of
specific programs is an important of area for further investigation.

2.6 Summary and Rationale for Thesis

As previously mentioned, SSB consumption has been associated with many health
concernsincluding: obesity, diabetes and tooth decay. Additionally, potential risk factors such as
physical activity, screen time and related sedentary behaviour, poor diet, low SES, lack of family
meals and lack of family support have all been shown to be inmpdotaonsider. Although some
studies have indicated that SSB consumption is high in the North among adults and young children,
little empirical evidence exists about rates of consumption in adolescents, particularly in Nunavut.
In attempting to fill the kowledge gap in the literature, the present study provides information on
the prevalence and patterns of SSB consumption among safpedlyouth, within Nunavut
specifically, the North as a whole and the Canadian provinces.

To inform overall understandingf the issue of SSB consumption and potential solutions,
prevalence and consumption patterns are importantly supplemented by knowledge of successful
preventive interventions. In looking at school healthy food programs as they relate to the reduction
of SSBconsumption, this study attempts to investigate options for continued health promotion
efforts. This aspect of the project gains further support from the fact that evidence on the
effectiveness of such scheohsed programs is mixed. The current thesisdst to provide greater
clarification with respect to not only who is at risk for higher SSB consumption, but also how

school health interventions can be more effectively utilized.
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Chapter 3
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Canadian youth: A northern focus
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3.1 Abstract
Introduction: Regular consumption of sugaweetened beverages (SSBsawell-known risk

factor for weight gain, tooth decay and metabolic syndrome. Rates of SSB consumption in
Nunavut specificallyhave beemotedto be exceptionally high. The objective of this stuslto
describe consumption rates of specific fo@hd beverages, with a focus on SSBmong
adolescents in Nunavut, northern Canada as a whole and the Canadian provinces.

Methods: Data from the 2002010 (26 078 participants) and 2623814 (30 117 p&cipants)

cycles of the Health Behaviour in Scheaged Children (HBSC) study were used to investigate
population characteristics and consumption patterns. Comparative analyses examining
consumption patterns for Nunavut, the three territories combinetharsduthern provinces were
conducted.

Results: In Nunavut, 53.1% in 2010 and 55.0% in 2014 of adolescents consumed SSBs once a day
or more. In contrast, daily or more than daily consumers made up 31.1% in 2010 and 27.0% in
2014 in the territories and 3% in 2010 and 19.1% in 2014 in the provinces. Adolescents in
Nunavut consumed less fruit and vegetables than their provincial counterparts, 65.5% compared
with 85.3% in 2010 and 57.5% in 2014 compared with 84.4% consumed once a day or more.
Nunavut adolscents also consumed more sweets and potato chips than provincial adolescents
(42.6% compared with 27.6% in 2010 and 52.2% and 25.2% in 2014 consumed once a day or
more).

Conclusion: Nunavut adolescents reported consuming more SSBs than their countarhet
provinces and territories as a whole and also had higher consumption levels of othedensegy

food. These results confirm previous studies but provide a current and comprehensive analysis that

can help inform future food and nutrition priogi and programing.
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3.2 Introduction

Regular consumption of sugaweetened beverages (SSBs), such as soft dewkegtened
juices, sports drinkand energy drinksarewell-known risk factos for weight gain, tooth decay
and metabolic syndrome leading to diab¢Bernabe, 2014; Danyliw, Vatanparast, Nikpartow, &
Whiting, 2012; Hu, 2010; Malik, Pan, Willett, & Hu, 28; Te Morenga, Mallard, & Mann, 2012;
Vartanian, Schwartz, & Brownell, 20Q7n this study, SSBs are defined as beverages which
contain added caloric sweetener, such as sugar-fiugtose corn syrup and fruit juice
concentrategHu, 2010) Diet soft drinks and fruit juices without added sugar are not included.

High levels of SSB consumptias aserious public health concern in Cangldabstein,
2014; Public Health Agency of Canada, 201Currently, although prevalence rates for SSB
consumption are known for the provinces, there is less aiaildformation for Nunavut and the
territories(Garriguet, 2008a, 2008biExisting studies on consumption rates in Nunavut indicate
they are very high. For example, Sheehy et al., (2013) found that 82% of adults in Nunavut
regularly consumed two standard 335ml caisaft drink per day. Although there is some data
on consumption patterns for adults and very young Inuit populations, there is little data on the
dietary habits of schoaged Inuit youth, specifically with respect to SSB consumption, in
Nunavut(Gates Skinner, & Gates, 2014This knowledge gap is importamhherent health risks
associated with SSB consumption in young peagle significantand reports from local
communities in these regions indicate potentially alarmingly high chtesnsumptio.

Nunavut i S Canada’ s | argest territory,
kilometers. It houses twenty five small remote;ifiycommunities and accounts for nearly half of
the total Inuit population in Canada with Inuit representing over 85¥%edbtal population in the

territory (Government of Canada, 2005; Statistics Canada, 26863 region, Nunavut has high
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rates of severaisk factorsfor high SSB consumption. One is that many families in the territory
deal with high levels of poverty; 17.2% of thepulation is unemployed, compared to the national
average of 7.1%Egeland, Faraj, & Osborne, 2010; Egeland, Pacey, Cao, & Sobol, Rhi@vut

has the lowest average family income in Cané@avernment of Nunavut, 2015; Statistics
Canada, 2016)Child food insecurity is higher in Nunavut than the national average. Recent
estimates show that 70% of children in Nunavut live in food insecure households as compared to
a national average 017.26 (Egeland, Pacey, et al., 2Q16lealth Canada, 2007)Low
socioeconomic status (SES) and factors associated with poverty have been linked to high SSB
consumption(Mazarello Paes et al., 2013 lunavut peoples may be at increased risk of SSB
consumption becae of high rates of poverty and other indicators of low SES.

Nunavut also faces high rates of negative health outcomes associated with SSB
consumption, such as obesity and tooth decay. Obesity rates in the territory are particularly high
among children- for example, estimates place approximately 26% of Nunavummiut children at
BMIs of 30 or over(Public Health Agencyf Canada, 2011)Poor oral health, especially among
children, has also been highlighted recently as an important public health issue in Nidoadet
Gagnon, & StGermain, 1990; Lawrence, H.P. et al., 2004; Pacey, Angela, Nancarrow, Tanya, &
Egeland, Grace, 2010; Schroth, Harrison, & Moffatt, 20@)idies have shown that 69.1% of
children in Nunavut hze either decaying, extracted or filled teeth, compared to 57% of Canadian
children overal(Health Canada, 2010; Pacey, Angela et al., 2040)ther particular issue seen
in the north is baby bottl®oth decay, which is associated with adding sugar or a sugary liquid to
a baby’ s bottle. Although information is | ack
to be a problem. For example, in Kativik, a mostly Inuit region in northern Quel®cpbttle

tooth decay was found to be upwards of 7B%ude et al., 1990)
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The aim of this study is to describe food and beverage consumption with a focus on SSBs
in Nunavut, the territories combined and the provinces.
3.3 Methods
Study population and procedures

This study uses Canadian data from the Health Behaviour in Saged|Chdren Study
(HBSC). Both 2010 and 2014 cycles were used to obtain SSB consumption data for two cross
sections by region. The Canadian HBSC survey is a naiid@ selfreport survey within a larger
WHO affiliated, international study that focuses on asimé@t health. HBS uses a mulstage,
cluster sampling strategy. First, schools are selected, followed by individual classrooms. All
students in the selected classrooms are asked to participate. Each school requires either passive or
active consent depeimg) on local school board policy. In addition to those students who do not
provide consent, students from private schools, home schools, young people living in First Nations
reserves, incarcerated youth or other young people not at school on the daguo¥élyeare not
included in the survey.

The 2009/2010 Canadian HBSC consisted of 26 078 students from 436 schools and in
2013/2014, 30 117 students from 377 schools across Canada. In the 2009/2010 cycle, all provinces
participated except New BrunswickdaRrince Edward Island. The 2013/2014 cycle included all
13 provinces and territories. The school response rate was 57% in 2010 and 50% in 2014, the
student response rate was 77% in both 2010 and 2014. This study stratifies adolescents by Nunavut
studente x cl usi vely, “northern” students from the
the ten provinces.

Community characteristics were determined using additional sources of data. Community

population, defined as the population in a-&Hemeter bdfer around the school, was determined
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using the census subdivision level data in the 2006 Canadian census (Statistics Canada, 2006).
Road access was determined using geographic data and Google maps. The Northwest Territories
Statistics Bureau was useddetermine winter road access for northern communities. Soft drink
prices were determined using the food price survey from Statistics Canada as well as individual
food price surveys from the Yukon, Northwest Territories and Nunavut statistics bureaus
(Northwest Territories Bureau of Statistics, 2015; Nunavut Bureau of Statistics, 2015; Statistics
Canada, 2015; Yukon Bureau of Statistics, 20T9)is study received ethical clearance from
Qu e e n’ ssityUHealthr 8ciences and Affiliated Teaching Hospitals Research Ethics Board
(#6016256) and the National HBSC study has approval from both the ' QUimaversityGeneral
Research Ethics Board (File #GMIS62-13) and the Public Health Agency of Canadaltte
Canada.
Measures

Demographic characteristicgicluded are sex (boys vs. girls), age and grad&0j6
Family affluencavas measured using the HBSC Family Affluence Scale (FAS). Data for Nunavut
for this scalewere only available in 2010. The FAS isa@amposite (four question) measure of
student s’ l evel of wealth, categorizing each
Questiondor both yearsnclude: whether or not the student has their own bedroom, the number
of cars their family owndhow many vacations outside of the country the student has been on in
the past year and the number of computers in the students home. This item has been found to have
a Kappa agreement coefficient of 0.57 with country GDP, indicating moderate véidiyge,
Torsheim, Currie, & Zambon, 2006; Currieagt 2008; Schnohr et al., 2007)

Physical activitywas measured using two questions that assess the number of days the

student was physically active in one week. Questions asked on how many daysial week
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and thepast weelthe student is physadly active for at least 60 minutes per day. These two items
were then averaged to form an activity measure of days per week the student was physically active
for at least 60 minutes. This measure was dichotomized as either meeting the guidelines for
adolescent physical activity (60 minutes, 7 days a week) or not, as outlined by the Canadian Society
for Exercise PhysiologyCanadian Society for Exercise Physiology, 201Z2d&jis method for
measuring physical activity has been previously tested for reliability (k=@8&3haska JJ, Sallis

JF, & Long B, 2001)

The screen timaneasure was created by asking students to report on three screen time
behaviours: watching television (including videos and DVDs), playing games on a compute
console (Playstation, Xbox, Gamecube, etc.) and using a computer for chatling, amernet,
emailing, homework etc.ésponsesanged froninone taftaltaddtd 7 or mor e ho
The screen time measure was obtained by first averaginge@an time behaviour individually
then summing all the screen time behaviors to obtain overall hours of screen time per day. This
method has been previously tested for reliability against a staxetog and has proven reliable
(Fulton et al., 2004)Responses were dichotomized as more than or equal to 2 hours a day and less
than 2 hours a day, according to the Canadian guidelines for sedentary b@avaatian Society
for Exercise Physiogy, 2012b)

BMI was measured using student gelborted information on height and weight and was
calculated using the standard formula: weight in kilograms divided by height in meters squared.
One obviouextremeoutlier was deleted. BMI was catatzed into four categories: underweight,
normal weight, overweight or obese. This was in accordance with the World Health Organizations

(WHO) growth chart for boys and girls under 18 years of(#¢@rld Health Organization, 2015
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The variablegrandparents in the homendfamily structurewere constructed using the
guestionfiAll families are different and we would like to know about yours. Please answer for the
home where you live all or most of the time and mark the people | i v Respbrisesoptiens
available weremother, father, stepmother, stepfather, grandmother, grandfather, I live in a foster
home or chil dr ends . Stuents weren chtegsrinech @ livieg wighl theie
grandparents if they selectedyacombination that included either the grandmother and/or the
grandfather and as havinghaclear familyif they indicated that both their mother and father lived
in the same home.

Family mealsvere measured slightly differently in the 2010 and 28d#vey cycles. In
both cases a single question was used to determine how many days a week the student had an
evening meal with their famjil In 2010 the question askefdl:@ average, how many times per
week does your family sit down at the table togethrer fad i n n e rRespangeprangeadl from
0 to 7 days a week. In 2014 the questionaskddow of t en do you have an
with your mother or f at heRespbpnseas rangedirgimn eavtbu ot f a
iever yThanegsorefo bot h years was categorized as hi
6 times a week) and |l ow (<1 times per week).
cycles.

All food and beveragigems were derived from the Food Frequency Questionnaire (FFQ)
in the HBSC survey. Students were asked how many times they usually eat or drink selected food
items in a typical week. Items used for this study wereS®Bs (diet soft drinks arfcuit juice),

SSBs (soft drinks, sports drinks, energy drinks), fruits agdtables (fruit, vegetables, dark green
vegetables, orange vegetables), game from hunting, sweets and potato chips. There were seven

response options ranging fragimn e vi@firnbo r e t han o0 n c eThesavedageyweeklg ver y
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consumption of eachitemwa cal cul ated by recoding the respc
than once a week” =04 2bays ocoancBedaijve2k "Wwé8e k ™25 .
day every day” and “more than once a dtasy, eve
reliability and shown to have Spearman’s <corr
for regular soft drinkgLevin, Kirby, Curie, & Inchley, 2012Vereecken, De Enhauw, & Maes,
2005;Vereecken, Rossi, Giacchi, & Maes, 2008)

Summary items were created for SSBs, fruit and vegetablessamgbts and chips.
Responsewere coded as above with the exceptiohaghor e t han onc,ewhzh day,
was coded as 14. To obtain an overall score for weekly fruit and vegetables and SSB consumption,
each item was summé¥ereecken et al., 2008QAll consumption items are categorized as low
(never and less than once a week), moderate (once a week to 6 days a week) or high (once a day
every day and more than once a day every day).

Finally, soft drink prics for the provinces were obtained from Statistics Canada. Data on
soft drink prices were obtained directly from the statistics bureau of each individual territory.
Prices represent an average price from all available communities within the territory.

Statistical Analysis

Data analyses were conducted in SAS version 9.4 (SAS Institute, Cary, NC, 2012).
Descriptive analyses were used to investigate population characteristics and consumption patterns.
Analysis was organized according to Nunavut, the thregoiees combined (i.e. the North), and
the provinces (i.e. the South). R&oott chisquare tests were used to test significant differences
(p<0.05) between characteristics of youth in the provinces versus the territories. Row frequencies
were presentedtdescribe daily or higher SSB consumers by several variables as welt as chi

square tests for association (p<0.05). Missing data were investigated for patterns and determined
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to be missing at random (MAR). The numbers of missing values were reportedtoragi@ble.
Variables with missing data greater than 50% were excluded.
3.4 Results
Sample population and Individual Characteristics

The total study population consisted of 26 078 adolescents in 2010 and 30 117 adolescents
in 2014. Estimates for overall proportions angthin a confidence interval gflus or minus 1%
RegionalestimategNorth, South and Nunavusye withn plus or minus %. Table 3.1 describes
the sample characteristics from 2010 and 2014 across the provincesri¢srigind Nunavut.
Students’ age ranged from 9 to 19 years. The
and 13.4 (1.6) for boys. In 2014, the mean age was 14 (1.4) for girls and 14.0 (1.5) for boys. Grade
and sex were evenly distributed agdise sample. In 2010, more youth in the territories reported
low family affluence as compared to the provinces mode youth inNunavut reportedeing of
low affluence tharin the territories combined. In terms of BMI, differences varied greatly by
region. Obesity and overweight were highest in Nunavut, followed by the territories and lowest in
the provinces.
Community Characteristics

Home community characteristics are reported for the 2010 cohort only and are described
in Table 3.2. In 2010, adolescemsNunavut were more likely to live in small communities, as
defined bythere beindess than 50Qeople living inthe 1km radius around the school, than those
in the provinces. Communities in Nunavut were exclusivelyirflywhereas no provincial
commuirities included in the survey were {ig. As for the other territories, seven communities
werefly-in butaccessible to the southern provinces via winter roads, while one community was

entirelyfly-in. Finally, in terms of soft drink prices, Nunavut had thghest prices at a mean of
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$12.08 per two litebottle. This was followed by the territories, which had a mean price of $5.07
per two liter bottle and the provinces, which had the lowest prices throughout at a mean of $2.03
per two liter bottle.

Healthy Behaviours

Table 3.1 shows the frequency of healthy behaviours, such as physical activity and reduced
screen time. The majority of youth across regions did not meet the daityn®&@e guidelines for
physical activity. There was a significant differenoetween northern (14.5%) and southern
(16.8%) regions with respect to physical activity levels and physical activity levels were lowest in
Nunavut. Screen time use was also high across all provinces and territories, including Nunavut.

Table 3.3 describg®od behaviours in 2010 and 2014. These include consumption of fruit
and vegetables, eating food from game hunting, sweets and potato chips intake, regularity of
weekday breakfasts, and family meals. In most cases, it was found that there were significant
differences between the northern territories and the southern provinces, and patterns were more
pronounced for comparisons with Nunavut individually.

In 2010 and 2014, fruit and vegetable consumption was significantly different when
comparing youngeople in the provinces and territories. Youth from the territories consumed less
fruit and vegetables (74% in 2010 and 77% in 2014 cond@wery day or more) than those in
the provinces (82% in both years consdmeery day or more), while Nunavut stutieoonsumed
even less fruit and vegetables, with 58% in 2010 and 52% in 2014 consuming every day or more.
A similar pattern emerged for consumption of sweets and potato chips, where the provinces
consumed the least, followed by the territories then Nun&Vitl game consumption was also

significantly higher in the northern territorjga both 2010 and 2014han in the provinces and
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was highest in Nunavut. Frequencies of other healthy eating behaviours examined, including
weekday breakfast, family mealsdateeth brushing, can be seen in tahle 3.
Beverage consumption

Consumption of noi®SBs (fruit juice and diet soft drinks) and SSBs (soft drinks, energy
drinks and sports drinks) can also be viewed in Table 3.3. In both 2010 and 2014, youth in Nunavut
were more likely to consunfeuit juice at least daily (45% amtB%respectively when compared
to the territories and provinces. Diet soft drink consumption was low across all regions in both
years, approximately 4%, including Nunavut.

Soft drinks were tB most consumed SSB. Rates of daily or greater soft drink consumption
in Nunavut were high compared to the provinces and territories, 42.7% in 2014 and 37.8% in 2010.
Similarly, high rates of sports and energy drinks were seen in Nunavut youth compgoathto
in the provinces and territories. Overall for 2010 and 2014, rates of daily or more SSB consumption
were highst among youth from Nunavut (53% abiPb6respectively, followed by the territories
and the provinces. Over half of the Nunavut samplewuord SSBs once a day or more in both
years compared to one quarter or less in the provinces. Figure 1 provides an illustration of high
SSB consumption by region in 2010 and 2014.

Characteristics of daily SSB consumers are described in Table 3.4. Sigraisaniations
with high SSB consumption were found for all variables tested in the territories combined and the
provinces. In Nunavut however, significant associations with SSB consumption were found only
for grade, game consumption and screen time.dmibrth and South, high consumers were more
likely to be male, in older grades, have low SES and be frormuoolearfamilies and live with
their grandparents. They were also more likely to eat high amounts of game, low amounts of fruits

and vegetables and consume breakfast and participate in family meals less than three days a week.
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3.5 Discussion

This study highlights ahprofiles SSB consumption among young people in Nunavut, and
compares this with consumption patterns among similar groups in the provinces and territories.
Overall, very high rates of daily or more SSB consumption were found among young people in
Nunavutwhen compared to youth in other regions. For all three regions, significant bivariate
associations were found between high SSB consumption and game consumption, grade and screen
time. Results also show that while bivariate associations exist betweerS8Bgto8sumption and
predicting variables, including SES, sex and family meals, in the provinces and the territories,
these associations do not hold in the context of Nunavut.

Dietary behaviours havehangd dramatically in Nunavubver the past fifty year©One
explanation for the rise in SSB consumptiomay be associated withN u n a v nederit s
colonization Forhundreds or even thousandsyetrs, the traditional Inuit diet included nutrient
dense foods, such as wild game, marine mammals, fish, bird abssats, stems, tubers and wild
berries(Kuhnlein & Receveur, 2007; Mel, Gittelsohn, Kratzmann, Roache, & Sharma, 2010)
The colonizatiorand settlemeraf Inuit resulted in a devaluing of their traditional practices and a
rapid change from nomadic liféHorvath, 1972) Evidence indicates that with the decline in
consumption of traditional food in Nunavut, thér@s beera corresponding increase and desire
for storebought foods, especially among childr@dopping et al.,, 2010; H. V. Kuhnlein,
Receveur, Soueida, & Egeland, 2004; Sheehy, Roache, & Shabi@;, ®/ein, Freeman, &
Makus,1996) St udi es have found, for example, that
sourced from nomutrient energydense, stordought foodgH. V. Kuhnlein et al., 2004With
a reduction in hunting and gathering and in the availability of country foods, there has been some

loss of knowledge about traditional food practices @amicicreasing value placed on stdreught
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foods Inuit — in particular, younger generatiorsare commonlyrelying onstore bought meal
alternatives antleverages such &SBs(Chan et al., 2006; Mead et al., 2010)

Other ®cial factors may alsbe influenang SPB consumptionin the North Previous
studiedn the U.Shave shown that family meals are positively associated with fruit and vegetable
intake and negatively associated with soft drink consumgheumarkSztainer, Hannan, Story,
Croll, & Perry, 2003) Studies have shown that adolescents who share at least three meals per week
with their familiesare at a reduced risk of consuming unhealthy foods compared to those that do
not (including SSBgNeumarkSztainer et al., 2003)The current study partially supports these
findings. For the provinces and territories combirathough not specifically for Nunavut, there
was a positive association between the number of family meals per weekainE8Bs
consumption.

A growing reliance on, and enjoyment, abnvenience foods, among both parents and
children may be one explanation for the high rates of SSB consumption found in Némaiber
explanation might beelated tafamily structure. Revious research has shown that adolescents in
nuclearhouseholds, i.e., with two parents, are less likely to consume junk food such as SSBs than
adolescents in nenucleathousehold¢Ambrosini, 2009; Stewart, 2009he current study shows
that adolescents inuclearfamilies ae less likely to consume SSBs on a daily basis than
adolescents living in nenuclearfamilies. There could be several reasons for this. @ason
found in southern Canadian communities is giagleparentsare working long hours or have
multiple jobs,relying on quick and convenient foods to feed their familestrick & Nicklas,

2005) Adolegentsin oneparent households may also have less supervision and more autonomy
in their food and beverage choicegyich couldresult in higher consumption of preferred sugary

foods. These relationships may differ in the northern setting due to diffeseincéousing
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employmentand culture There is a general gap in knowledge around how family structure
specifically in the north malgeimpacing SSB consumption

One other aspect of family structure associated with SSB consumption is the presence of
grandparents in the home. Although it may seem that having an additional adult or parental figure
would foster healthier eating habits, this has not always been slokerthe case in previous
studies. Grandparents have been shown to provide children with treats such as SSBs regardless of
parental approvalHoare et al., 2014)in the current study, adolescents who were living with
grandparents were more likely to consume SSBs than those who did not overall. Interestingly, in
the context of Nunaut, this difference was less pronounced. Further research would do well to
investigate the potential influence of extra adeltleror parental figures, such as grandparents,
on SSB consumption.

Another common explanation for SSB consumption is SE8er SSB consumption, for
example, has been shown to be associated with highel(l&%rello Paes et al., 20159)he
current study is no exceptioframily affluence level was positively associated with SSB
consumption levein the provinces and territories. Interestingly, although family affluence was
lower in Nunavut than in the other regions (17.2% reporting low family affluence vs. 2.2% in the
provinces), there was no significant association between 8#S$8B consumption there. One
explanation is that FAS, as a measure of SES, maglifietentiateaffluencelevels wellamong
young people in Nunavut. This could becausghe FAS items, such as international vacations
or number of cargnay only differatiate the very wealthfrom the majority and not differentiate
across the full SES gradient. Many families do not purchase cars regardless of ability to pay, for
example, as they usall-terrain vehicles and snow machines more commonly in some

communities Even well off families may not choose to travel internationally but could be
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travelling across the north, or to other Canadian destinatiararé-tobe able taneasure full
SES gradienin Nunavut may explain why SSB consumption is not associatéd family
affluence in this region.

There are several strengths and limitations of the present study. A major strength is the
study’s | arge sample size, which provides ade
sample sizes have been relativetyall and where the current study is territorially representative.
Further, this study provides essential information on SSB consumption patepegiallyin
Nunavut wiere patterns haveot been previously documentata territorial levelThis study was
undertaken with guidance from northern stakeholders and addresses an important public health
concern fomortherners and fall Canadians.

The study also has several limitations. The 2014 cycle of the HBSC is |astmeg
variables for Nnavut, including questions regarding the family affluence scale and frequency of
family dinners. The resulting lack of data was because only a shortened questionnaire was
presented to the Nunavut students in 2014. For this reason, bivariate associatiotata®nly
from the 2010 cycle of the HBS#hd this reduced the available sample.sia®ther limitation is
the fact that we do not know the exact volume of SSB or other food and beverages consumed at
each instance. Furtherncet hae daay’egdoegs oot mepua
consumed in one dayfor example, a student consuming 2 cans of soft drink a day and a student
consuming 10 cans a day would be placed in the same category. This is problematic because there
could be differences bgeen individuals within this high consumer category. Furthermore, the
item for *“fruit juice” may be misclassified &
crystals as fruit juice instead of a sugareetened beverage. The FFQ also does not mdcikr

beverages, such as milk, water or alcohol all of which would have been helpful to include.
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Conclusion

The current study presents data on SSB consumption among adolescents in,Nlo@avut
territories combined and the provincéds major finding isthat Nunavut adolescents consume
SSBs over double that of their counterparts in the provinces. Another important finding is that
Nunavut has high consumption levels of other enegyse food, particularly when compared to
the reported consumption leveisstudents in the other provinces and the territories. Overall these
results present empirical, population level data that help confirm important dietary issues in the
North and in Nunavut and could be used to advocate for and inform future nutritidrealtid
promotion interventions.
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Table 3.1. Description of study population from Nunavut, all three territories combined and the provinces (n, %)

2010 2014
Nunavut  Territories Provinces P Nunavuu Territories Provinces P
(n=832) (n=3942) (n=22136) (n=540) (n=3625) (n=26492)
Grade
XKce 194(23.3) 798(20.2) 4367(19.7) 0.3199 120(22.2) 711(19.6) 3916(14.8) <.0001
7 175(21.0) 826(21.0) 4379(19.8) 118(21.9) 702(19.4) 5126(19.4)
8 147(17.7) 770(19.5) 4496(20.3) 130(24.1) 804(22.2) 5038(19.0)
9 188(22.6) 809(20.5) 4586(20.7) 93(17.2) 673(18.6) 6307(23.8)
X M N 128(15.4) 739(18.8) 4308(19.5) 79(14.6) 735(20.3) 6104(23.0)
Missing 0 0 0 0 0 0
Sex
Female 420(50.9) 1949(49.7) 10903(49.3) 0.2263 257(48.2)  1816(50.3) 13362(50.7) 0.6757
Male 406(49.1) 1975(50.3) 11220(50.7) 276(51.78) 1792(49.7) 12991(49.3)
Missing 6 18 13 7 17 138
Family affluence
High 201(35.0) 2108(62.8) 13595(66.8) <.0001 - 1623(54.1) 15526(65.1) <.0001
Average 275(47.8) 1078(32.1) 6310(31.0) . 1124(37.5) 7756(32.5)
Low 99(17.2) 173(5.1) 457(2.2) - 253(8.4) 556(2.3)
Missing 257 583 1773 - 625 2653
BMI
Underweight 15(3.6) 69(2.6) 560(3.2) <.0001 4(1.8) 88(3.9) 639(3.4) <.0001
Normal 234(55.9) 1729(66.2) 12412(70.5) 118(53.9) 1378(62.1) 13096(69.6)
Overweight 124(29.6) 565(21.6) 3163(18.0) 61(27.9) 499(22.5) 3390(18.0)
Obese 46(11.0) 249(9.5) 1473(8.4) 36(16.4) 255(11.5) 1699(9.0)
Missing 413 1330 4527 321 1405 7667
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Physical activity

7 days/week 100(13.1) 487(13.0) 3157(14.7) 0.0064 62(12.3) 501(14.5) 4321(16.8) 0.0006
<7 days/week 662(86.9) 3265(87.0) 18359(85.3) 443(87.7) 2964(85.5) 21467(83.2)
Missing 70 190 620 35 160 703

Screen time
K H K2dzNA k 69(12.1) 475(14.5) 2231(11.2) <.0001 79(19.0) 365(11.4) 2005(8.6) <.0001
T H K2dzNh K 503(87.9) 2800(85.5) 17709(88.8) 337(81.0) 2830(88.6) 21365(91.4)
Missing 260 667 2195 124 430 3121

Grandparents in the home
Yes 84(12.0) 323(8.8) 1482(6.9) <.0001 - 280(9.1) 1762(7.0) <.0001
No 614(88.0) 3337(91.2) 19973(93.1) — 2794(90.9) 23540(93.0)
Missing 134 282 680 — 551 1189

Family Structure
2 parents 362(51.9) 2074(56.7) 14430(67.3) <.0001 - 1814(59.0) 17766(70.2) <.0001
Other 336(48.1) 1585(43.3) 7027(32.7) — 1260(41.0) 7536(29.8)
Missing 134 283 679 — 551 1189

Teeth brushing
»Once a day 612(75.6) 3436(88.3) 20719(94.2) <.0001 - 2855(89.2) 24743(94.4) <.0001
<Once a day 198(24.4) 456(11.7) 1269(5.8) — 345(10.8) 1483(5.6)
Missing 22 50 148 - 425 265

“P value for Ra&cott chisquare test between provinces and territories anly
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Table 3.2. Home community characteristics of sample youth from Nunavut, the northern territories and the provinces in 2010 (n, %)

Nunavut Territories Provinces
(n=832) (n=3942) (n=22136)
Community populatioh
Small (<500) 199 (23.9) 566 (14.4) 1286 (5.8)
Medium (2003000) 633 (76.1) 2273 (57.7) 7205 (32.6)
Large (>3000) 0 1103(28.0) 13646 (61.6)
Road access
Permanent 0 2909 (73.8) 22136 (100)
Flyin 832 (100) 904 (229) O
Winter road 0 129 (3.3) 0
Soft drink price
H$2.03/2L 0 93 (2.4) 22136 (100)
>$2.03/2L 832 (100) 3849 (97.6) O
*Community population represents the populatitivingin the 1km buffer area around the
school
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Table 3.3. Consumption patterns in adolescent in 2010 and 2014 by Nunavut, all three territories combined and the provinces (n, %)

2010
Nunavut (n=832) Territories (n=3942) Provinces (n=22136)
Low Moderate High Missing Low Moderate High Missing Low Moderate High Missing p*
Nonsugarsweetened beverages
FruitJuice 110(14.0) 302(38.3) 376(47.7) 44 499(13.1) 1876(49.4) 1426(37.5) 141 2602(12.0) 10930(50.4) 8147(37.6) 457 0.129
Diet soda 619(80.6) 113(14.7) 36(4.7) 64 2922(77.5) 705(18.7) 142(3.8) 173 15435(71.4) 5187(24.0) 999(4.6) 515 <.0001
Sugarsweetened beverages
Soda 165(20.9) 327(41.3) 299(37.8) 41 1209(31.7) 1933(50.7) 669(17.6) 131 7100(32.7) 11575(53.3) 3049(14.0) 412 <.0001
Sports drinks 353(44.8) 326(41.4) 109(13.8) 44 2210(57.6) 1333(34.8) 291(7.6) 108 13678(62.6) 6953(31.8) 1211(5.5) 294 <.0001
Energy drinks 559(70.9) 183(23.2) 46(5.8) 44 3045(79.6) 625(16.3) 154(4.0) 118 18674(85.6) 2535(11.6) 610(2.8) 317 <.0001
Summary SSB 87(11.5) 269(35.4) 403(53.1) 73 834(22.4) 1736(46.6) 1158(31.1) 214 5305(24.7) 10944(51.0) 5224(24.3) 662 <.0001
Food
Summary F&V 40(5.4) 216(29.1) 487(65.5) 89 89(2.4) 646(17.6) 2934(80.0) 273 324(1.5) 2796(13.2) 18098(85.3) 918 <.0001
Game from hunting  367(6.9) 289(37.0) 126(16.1) 50 2100(54.8) 1261(32.9) 469(12.3) 112 17544(80.6) 3377(15.5) 835(3.8) 380 <.0001
Sweets and chips 85(11.4) 305(41.0) 354(42.6) 88 507(14.0) 2130(58.6) 995(27.4) 310 2307(10.9) 12944(61.4) 5818(27.6) 1067 <.0001
Weekday breakfast 213(26.9) 214(27.0) 366(46.2) 39 779(20.3) 1078(28.1) 1982(51.6) 103 4001(18.3) 5352(24.4) 12552(57.3) 230 <.0001
Family meals 100(17.2) 292(50.1) 191(32.8) 249 605(17.8) 1778(52.4) 1007(29.7) 552 3074(14.9) 10488(51.0) 6994(34.0) 1579 <.0001
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2014

Nunavut (n=540)

Territories (n=3625)

Provinces (n=26492)

Low Moderate High Missing Low Moderate High Missing Low Moderate High Missing p*
Nonsugarsweetened beverages
FruitJuice 88(17.3) 191(37.5) 230(45.2) 31 713(20.2) 1772(50.2) 1046(29.6) 94 4841(18.6) 13493(51.9) 7654(29.5) 504 0.053
Diet soda 440(87.8) 38(7.6)  23(4.6) 39 2892(82.8) 501(14.3) 100(2.9) 132 20257(78.0) 4873(18.8)  823(3.2) 539 <.0001
Sugarsweetened beverages
Soda 104(20.6) 186(36.8) 216(42.7) 34 1266(36.2) 1689(48.4) 538(15.4) 132 10430(40.3) 12811(49.5) 2653(10.3) 598 <.0001
Sports drinks 223(43.2) 215(41.7) 78(15.1) 24 2095(58.9) 1196(33.7) 263(7.4) 71 16813(64.4) 7997(30.6) 1306(5.0) 376 <.0001
Energy drinks 434(84.3) 58(11.3) 23(4.5) 25 3086(86.9) 372(10.5)  95(2.7) 72 23717(90.8) 1921(7.4) 493(1.9) 361 <.0001
Summary SSB 53(10.8) 167(54.2) 269(55.0) 51 971(28.3) 1538(44.8) 927(27.0) 189 7929(30.9) 12811(50.0) 4882(19.1) 870 <.0001
Food
SummaryF&V 47(9.8) 158(32.8) 277(57.5) 58 123(3.6) 596(17.6) 2668(78.8) 238 566(2.2)  3421(13.4) 21531(84.4) 974 <.0001
Game from hunting  198(38.5) 203(39.4) 114(22.1) 25 2032(57.2) 1123(31.6) 398(11.2) 72 21757(83.6) 3403(13.1)  858(3.3) 474 <.0001
Sweetsand chips 42(9.0) 182(38.8) 245(52.2) 71 473(14.4) 1989(60.5) 824(25.1) 339 3099(12.5) 15477(62.3) 6270(25.2) 1646 0.007
Weekday breakfast — — — 635(20.0) 838(26.4) 1697(53.5) 455 5111(19.6) 5979(22.9) 15034(57.6) 367 <.0001
Family mealk — — — 403(12.8) 1234(39.2) 1508(48.0) 480 2683(10.3) 10926(41.9) 12492(47.9) 390 <.0001

*P value for Radcott chisquare test between provinces and territories anly

“Family meal variable is slightly different fr@@10, states having dinner “together with your family" instead of "at the table"

“Weekday breakfast is categorized as low=never or one day, moderate=two, three or four days, high=five days
§Times per week the student sits down with their family at thiener table for dinner, where low=0 to 1 times, moderate=2 to 6, high=7
fLow = never and less than once a week, moderate = once a week to 6 days a week, high = once a day evenpdayhamdonce a day every day.
**Missing data for Nunavut becauss the shortened survey administered to this region.
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Table 3.4. Description of daily or greater SSB consumers by Nunavut, all three territories combined, and the provinces in 2010

Nunavut Territories Provinces
X511 A X5 1 A X5 1 )
consumption P valué consumption P value consumption P value
Sex 0.0903 <.0001 <.0001
Male 56.2 36.1 31.4
Female 50 26 17.5
Grade <.0001 <.0001 <.0001
6t08 46 28.2 22.8
9 and 10 64.4 35.4 26.6
Game <.0001 <.0001 <.0001
High 65.8 51.6 53.5
Moderate 59.7 34.7 34.7
Low 43.5 24.5 21
Family meals 0.3677 0.0181 <.0001
7 days/week 52.7 26 20.9
<7 days 48.6 30.1 25.2
FAS 0.3219 0.0007 <.0001
High 50.8 27.1 23.1
Average 55 31.4 24
Low 46.4 38.9 32.4
Grandparents 0.6045 0.0017 <.0001
Yes 55.7 38.1 31.3
No 52.6 29.5 23.5
Physical activity 0.064 0.0004 <.0001
7 days/week 62 38.1 34.6
<7 days/week 51.6 29.9 22.7
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Screen time
X H K2 dzN&A
¥ H K2 dzNA
Weekday breakfast
5 days/week
<5 days
Fruit and vegetables
High
moderate
low
Family structure
2 parents
other

27.3
55.5

49.6
54.8

54.2
52.9
53.8

50
56.1

<.0001

0.1529

0.9493

0.1167

12.2
32.2

25.3
36.7

29.3
37.3
42.5

26.7
34.9

<.0001

<.0001

<.0001

<.0001

13.3
24.9

19.5
30.7

22.5
33.7
47.6

22
28.3

<.0001

<.0001

<.0001

<.0001

*P value for Raéscott chisquare tests for significant difference between the levels of each variables (p<0.05)
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Figure 3.1. Description and Frequencies of food and beverage consumption in 2010 and 2014

*Note that figures do not show trends. To confirm potential trends over time further data points are required.

Proportion of youth who consume 7 or more servings per
week by region in 2010

Proportion of youth who consume 7 or more servings per
week by region in 2014
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Chapter 4
Associations between school food environments and sugar-sweetened beverage

consumption among school-aged youth
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4.1 Abstract

Introduction: Schools are common locations for interventions to reduce -sugsetened
beveragg(SSB) consumption among youth. However, research indicates mixed results on the
effectiveness of such programs. This study examines the relationship between individual and
cumulative school food programs and SSB consumption among saipedlyouth in Cara.

Methods: This study used student and school administrative data from the 2014 Heath Behaviour
in Schootaged Children Study. Multilevel multivariate Poisson regression analyses were used to
model individual and cumulative school food programs with daily and wé&B/ consumption
among Canadian youth.

Results:19. 9% of participants reported-6cdaysweedk mi ng
and 30.7% consumedrce a week. No significant associations were found betd@énSSB
consumption and any individual saidood program. Weak associations were found between
weeklySSB consumption and providing healthy food options in the snack bar (RR=1.07, CI=1.01,
1.12) and nutrition month activities (RR=0.93, CI=0.89, 0.98). No associations were found
between any SSB osumption and cumulative number of food programs.

Conclusion: Evidence from this study indicates that individual and cumulative school food
programs are not strongly associated with daily or weekly SSB consumption. Future longitudinal,
experimental or qualitative studies could confirm this lack of association alateafternative

settings or approaches for preventive intervention.
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4.2 Introduction

Sugarsweetened beverages (SSBs), such as soft drinks, energy drinks and sports drinks,
although decreasing with time, still present an issue within the Canadian cepifically
among youth Among adolescents in grades 9 and 10, approximai&B28 are consuming soft
drinks at least once a daysugar consumption has long been linked to negative health outcomes.
Studies aree that high consumption of sugar, especially in the form of SSBs, can result in weight
gain, diabetes, cardiovascular disease and dentalarigiven the health concerns and relatively
high rates of SSB consumption, there is atgeneed to focus on limiting SSB consumption in
youth.

Schools are an ideal location to modify eating behaviours, as young people spend a good
portion of their time at school and evidence indicates that youth in the U.S. consume approximately
35% of thér total daily caloric intake in the school setfin@chools are also good settings for
research, as they provide access to a large aretsdivsample of adolescent3here is an
increasing push in Canada to improve school food environmentsupaty by reducing access
to junk foods, such as SSBs, and promoting healthy food alternatives in the schodl setting

Unfortunately, the effectiveness of school food programs at reducing SSB consumption
remans unclear as studies have shown mixed réstfitén a longitudinal study by Cullen et al.
(2008) SSB consumption among middle school students was found to have declined three years
after the implementation of a Texas Public School Nutrition Policy, which restricted availability
and portion sizes of high fat foods and SSBs contrast, Blum et al. (2008) found that when
schools with interventions restricting access to SSBs were compared to those schools without

interventions, SSB consumption was similar between scHodibis pattern has also been
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confirmed by othef§1314 Although schools present an excellent setting to impact youth
behaviour, these mixed results raise questions about the effessvef school food programs.

The aim of this study was to measure the relationship between exposures to different
individual school food programs, as well as a cumulative number of school food programs, and
frequency of SSB consumption among youth. Idsado the growing literature around the
effectiveness of school food programs for reducing SSB consumption among-agadol
children.

4.3 Methods
Participants

This study used data from the 2014 cycle of the Canadian Health Behaviour in-School
aged ChildrefHBSC) study. HBSC is a crosectional, selfeport survey administered every
four years, within a larger, World Health Organization affiliated, international study that focuses
on health and health behaviours among youth agd$ M@ars. HBSC uses a rtitdtage cluster
sampling approach by first selecting schools then individual classrooms within selected schools.
At the first stage, all schools are identified according to: language of instruction, public or catholic
designation and community siz&hen, a list of eligible and consenting schools is created and
schools are randomly selecteNext, the Principals of each school select two classrooms for each
eligible school grade and all students from the setectassrooms are invited to participate. In the
three northern territories, all schools and students in grades 6 to 10 were invited to participate.
Students were not included in the HBSC study if they were from private schools, home schools,
living on First Nations reserves, incarcerated, not at school on the day of the survey or did not

provide active or passive parental consent as per the local school board policies.
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The overall 2014 HBSC study included 30,117 students from 377 schools. For the purpose
of this specific study, 29,793 students from 314 schools were included. Schools were excluded if
they did not have completed administrative surveys or if the administrative survey did not link
with student data. The response rates for the 2014 HBSC wador Atudents and 50% for
schools.

Data for neighbourhood income and rurality were obtained from Statistics Canada. The
Statistics Canada Postal Code Conversion File (PCCF+) was linked to school postal codes to
provide aredevel information. The National HBSC study has approval from bahQbeens
General Research Ethics Board (File #GMI®2-13) and the Public Health Agency of
Canada/ Health Canada, while this specific st
University, Health Sciences and Affiliated Teaching Hospitals ResednadsBoard (#6016256).
Instruments
Outcome: SSB consumption

Two outcomes for SSB consumption were used in order to differentiate between daily and
weekly users. Both measures were derived from tbay7food frequency questionnaire (FFQ)
within the HBSCby summing the frequency of consumption of soft drinks, sports drinks and
energy drinks, as these were the available beverage options that contained sugar. Responses were
recoded as “never”=0, “|l ess t hddays;ande€ =8, we &k "
6 days a week”=5.5, “once a day every day” =7
summed to obtain an overall value for frequency of SSB consumption per week. Daily SSB
consumption was categori zed asSSBy7osroreitimhest he s
per week. Weekly SSB consumption was <categor.

once a week. The FFQ, and more specifically the measure for soft drinks, a major contributor to
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SSBs, has been used previously and demonstrateguate test reest reliability with a
Spearman’s correl at i &H# Theaeagurerfoy soft dricksrha®alsd i&ent o 0
tested against 2dour food recall, another common method of measuring food intake, and shown

to have almost perfect agreement among Belgian chiftiren

Exposure: School food programs

Il nformation for school food programs was ol
surwey completed by the Principal or their delegate. The survey includes items on school
characteristics, such as school climate and facilities, programs and activities offered. Data from
the school admi ni strator ' s-leveluHBSCedgta toverovele | i nk e
corresponding school level information for each student.

All healthy food initiatives are referred
implemented at the schoollev@luest i ons fr om t h e therchimddwhettseet r at or
different school food programs were available. Programs options were: offered healthy food
options during the breakfast program, lunch program, in the cafeteria, snack bar/tuck shop and
vending machines, organized nutrition month activities, stppe sale of junk food and held
junk food free days. Response options wges, noor N/A. For the current study\/A was
combined with no to create a dichotomous variablgefno In addition, Principals were asked if
they provided healthy food choices reasonable/subsidized prices, healthy eating promotional
materials, daily healthy eating specials and healthy eating cafeteria programs in any of the
following locations: the cafeteria, shack bar/tuck shop and/or vending machines. This question
wasca gori zed as “1” if at | east one of the | oc:

if their school provided students with free fruits and vegetalyles'sometimes/no)Vhen used
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within the composite exposure for programs offeyedandsometmeswere combined to indicate
that that program was offered.

The above variables were used both as individual exposures and combined as one
composite exposure to explore a potential dose effect. The composite exposure, indicating the total
number of school food programs offered, was created by summing all 13 smbd@rograms,
treating each program as equal. Each unit in this measure indicates one school food program and
was categorized into 4 groups: 0 to 2 programs (referent), 3 to 5 programs, 6 to 8 programs and 9
to 11 programs.

Confounders and other covates

Variables considered as confounders, prior to model testing were: grade, neighbourhood
income and rurality. These three variables were considered as confounders because school food
programs may differ between high schools and middle schoolsintamme and highincome
neighbourhoods, and rural and urban regions. In addition, these factors impact the outcome of SSB
consumption, where older youth consume more SSBs than younger youth and thosadoihosv
and rural areas may consume more than thosghmiticome and urban areds Other covariates
included were sex, relative family affluence, school population, family meals, family support,
screen time and physical activity, as evidence suggests these are significantly associated with SSB
consumptiof?*°. All covariates were found to be statistically significant and were included in the
models.

Demographic characteristics of sex, male vs female, grade, 68 vs 910, were
measured. Relative family affluence was measured by asking students to rate how well off they
think their fami veriysweOptodbhs oi iguudedwet | of

of fo and fno tRepwrsésiwere dategorazdd int thite@groopy.e r vy ara| | of f

72



6qui t e weredombinedffdr ldigh affluencé,a v e ra;angedidm affluence amdn ot very
we | | combfnéddwithd n ot we | for lawfaffluerecd. Thes méadure has been tested for
reliability and found to have an intcdass correlation coefficient of 0223 Family support was

measured through a scale consistingof 4 itéms: get the hel p and support
AMy family realliy tainedg alt & abdblopt menyandgirMyb | e ms
family is willing to help me malee e ¢ i s These isems were summed to create a scale and split

into approximately equal tertiles. The family support scale has been used previously and has a
Cronbach’stalpha of 0.91

Neighbourhood income was obtained by linking school postal codes to geographical
Statistics Canada census data using PCER3CF+ links each school postal code to small
geogaphical regions called dissemination areas (DAs). DAs are then mapped onto the 2006 census
data and the neighbourhood income of that area is linked to each school and divided into quintiles,
where quintile 1 was the lowest income and quintile 5 was tjieeki income. Quintiles were
adjusted for national distributions of income, rather than-basad income, which limit the
potential effects from differences in income and living costs across the country. For this study
neighbourhood income was further idied into low (Q1 & Q2) and moderate/high (Q®)
categories.

Urban vs rural categories were also determined using the PCCF+. Schools within census
metropolitan areas (population of at least 100 000) or census agglomerations (population of at least
10000 wer e categorized as urban in order to dif
schools. The remaining schools were categorized as rural. Rural schools were further categorized
into three groups, according to metropolitan influenced zondg)(NWIZ was determined by

calculating the percentage of residents who commute to urban areas. This categorization was
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determined as follows: 30% or greater for strong MIZ, at least 5% to less than 30% for moderate
MIZ, greater than 0% to less than 5% Weeak MIZ and 0% for no MIZ. The three territories
were assigned to their own separate category, because many of the census subdivisions in these
areas are large and sparsely populated, resulting in unstable commutifig Flomthis study,
schools within the three territories and those with no MIZ were combined with the weak MIZ
category. Rurality wasategorized into four levels: urban then rural with, strong MIZ, moderate
MIZ and weak/no MIZ.
Data analysis

Data analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC, 2012).
Descriptive analyses were used to determine sample chargeddyegh for the overall sample and
by urban and rural schools. Row frequencies and bivariate associations, usiSgdiRaGhi
Square tests, were examined between individual variables and daily SSB consumption. The
proportion of available food programsschools was also described for the overall sample and in
urban/rural schools.

A hierarchical approach to modeling was then used, because of the multilevel and clustered
nature of the data. First, empty models were tested for each outcome to dete®SBerates
varied between schools. Only minimal variation was accounted for by schools (ICC=0.066 and
0.0043 for daily and weekly SSB consumption respectively). Next, bivariate regression analyses
with a Poisson distribution and log link were conductedntmlel both daily and weekly SSB
consumption as the dependent variable, with the 13 individual types of food programs and the
composite number of food programs as the independent variables. To account for the clustered
nature of the data, these models UBRDC GLIMMIX with random effects for schools. The

models also accounted for variations in sampling between provinces and territories by applying
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standardized weights. Overrepresented provinces and territories were given a weight of <1 and
underrepresenté regions were given a weight of >1. Finally, all models were adjusted for
covariates using backwards selection with a liberal cut off (p<0.2). Significant covariates included:
grade, sex, relative family affluence, school population, family meals, faoplyort, screen time,
physical activity and rurality.

The direct use of level 2 variables in the models requires consideration of power at both
the school (level 2) and student (level 1) level. Previous statistical simulations and studies have
demonstraté that sufficient level 2 power occurs if the level 2 sample size is larger than 50 and
the ICC is less than 0.33% Since this study consists of 313 schools and has an ICC of less than
0.07, level 2 power is considersdifficient.

Missing data were investigated for patterns and assumed to be missing at random (MAR),
since the complete case data set did not differ greatly from the full data set. The numbers of missing
values were reported for each variable in the detseei analyses and complete case analysis was
used. Missing data were greater than 10% for neighbourhood income (16.4%) and screen time
(11.5%), however, since these variables were significantly associated with the outcomes of daily
and weekly SSB consumgn, they remained in the models.

4.4 Results
Sample demographics

The total final sample consisted of 29,793 students from 313 schools. Demographic
characteristics are profiled in Table 4.1. Males and females were equally represented as were
students acrosgrades 6 to 10. There were 19,830 (67.4% CI=66.8, 67.9) students attending

schools in urban areas. Among those residing in rural areas, 3.5% (Cl=3.3, 3.7) lived in strong
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MIZ areas, 9.5% (CI=9.1, 9.8) lived in moderate MIZ areas and 19.6% (Cl=19.2i26dLjn
weak or no MIZ areas.
SSB consumption

Overall, 19.9% (CI=19.4, 20.3) of participants reported consuming SSBs at least once a
day, 49.4% (C1=48.9, 50.0) consumeé tlays a week and 30.7% (CI=30.2, 31.2) consumed less
than once a week (Table 4.Those residing in rural areas, particularly in weak or no MIZ regions,
were more likely to consume SSBs daily than those in urban areas. Daily SSB consumers were
more likely to be male, in grades 9 or 10 and rate their relative family affluence as &wwére
also more likely to be physically active 7 days a week, spend more time on screens, have family
dinners less than once a week and report low family support.
School food programs

Types of individual school food programs offered are describedhlnleT4.2. The most
common school food initiatives offered healthy choices during breakfast programs (65.4%,
CI1=60.2, 70.6and lunch programs (65.0%, CI=69.7, 70.2). The majority of schools offered
healthy food programs in the cafeteria, while fewer schoffered healthy food programs in tuck
shops and vending machines. Many schools offered free fruit and vegetables to students either the
entire school year (55.5%, CI=50.0, 60.9) or some portion of the year (21.5%, CI=17.1, 26.4).

Urban and rural schoo(sf all MIZ levels combined) differed in the number and type of
school food programs offered. In most cases urban schools were more likely to offer programs
than rural schools with the exception of nutrition month activities (54.0%, Cl=45.3, 62.8,lin rura
schools vs 31%, CI=24.1, 37.7, in urban schools), holding junk food free days (19.0%, CI=11.9,

25.8, in rural schools vs 8%, Cl=4.3, 12.4, in urban schools) and offering students free fruit and
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vegetables (85.7%, CI1=79.8, 91.7, said yes or sometimasainschools vs 69.8%, CI=63.1, 76.5,
in urban schools).
School food programs association with SSB consumption

Adjusted associations between school food programs and SSB consumption were explored
using multilevel multivariate Poisson regression analys#s aviog link and random effects for
schools to account for clustering. Students without access to the food program were used as the
referent group and were compared to students with access to the program.

Overall, no adjusted associations were found/een individual school food programs and
daily SSB consumption and only two weak significant associations were founceéklySSB
consumption. Weak associations were found for offering healthy food choices in the snack bar and
nutrition month activities.In particular, students were less likely to report weekly SSB
consumption if they had access to nutrition month activities (RR=0.93, CI=0.89, 0.98). Whereas,
students were more likely to report weekly SSB consumption if they had access to healthy food
chaces in the snack bar (RR=1.07, CI=1.01, 1.12). No significant adjusted associations were
found for the cumulative exposure of healthy food programs on weekly or daily SSB consumption.
The covariates of grade, sex, neighbourhood income, relative fanihgrage, family dinners,
family support, screen time, physical activity, rurality and school population were associated with
daily and weekly SSB consumption. Table 4.4 uses breakfast programs to demonstrate the
associations between covariates and daily &@&Bumption.
4.5 Discussion

The effectiveness of school food programs at reducing SSB consumption has increasingly
come under scrutiny, mainly because relevant research has produced mixedi!fé&dtt3he

present study contributes to the existing literature by examining the relationship between
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individual and cumulative school food programs and SSB consumption among Canadian students
in grades 6L0. This study examined 13 individual school food progrand their associations

with daily and weekly SSB consumption. School food programs ranged from those providing
healthy food options by reducing access to junk food to providing healthy eating promotional
materials.

The current study found no differerscim risk for daily SSB consumption and only small
differences in risk for weekly SSB consumption, when students were exposed to individual or
cumulative interventions. Further, although not statistically significant, the results indicate that the
direction of risk appears to be slightly towards increased risk of daily SSB consumption, when
exposed to some school food programs, in particular, those programs providing healthy food
options in the snack bar and at the breakfast program.

The results of the psent study accord well with some other studies. Research has shown
that although school food programs and policies are effective at reducing access to SSBs in the
school setting itself, programs are not always effective at actually redosieigall SSB
corsumptiort?142426_ For example, Taber et al. (2012), found that in schools that banned SSBs,
in-school SSB consumption decreased but overall consumption actually inéteAseitional
studies found that some school food programs may increase the risk of SSB consuifgation
example Taber et al. (2014) found that students without access to SSBs through vending machines
in schools, had higher rates of SSB consumption than those students with access to vending
machine&. Again, this evidece aligns with the current study, as it was found that, although not
significant, the direction of risk may be slightly towards increased risk for daily SSB consumption
when exposed to school food programs, specifically programs providing healthy fomusagiti

the snack bar and breakfast program.
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There are several contributing factors that may be considered when explaining the lack of,
or very weak, association between school food programs and SSB consumption. First, it is possible
that students obtainSBs off school grounds regardless of, or to compensate for, the lack of SSBs
available within schooléZ. This might increase overall SSB consumption since students become
familiar with the vendors and can access them 7 days a week instead of just during schol hours
Second, if only junk food or soft drinlkese banned, it is possible that students might compensate
by consuming other sugary products such as sports #tifksrd, this study examined school
food programs that provided healthy options or subsidized healthy foodh mhicnot be directly
associated with SSB consumption. SSBs might not be the focus of the food programs studied. For
example, a hot breakfast program might not expect to change SSB consumption rates as that is not
the purpose of the intervention. Furthermaf a studens preference is for sugafgods or SSBs,
for instance, simply providing more healthy options may not deter them from consuming unhealthy
foods. The lack of association or even the potential increased consumption of SSBs, despite of the
presence of school food programs, may be the result of compensatory dietary behaviours or
interventions not being directed at SSBs specifiéafiy To support this idea, one of the only
intervention that showed weak association with weekly SSB consumption in the current study was
nutrition month activities. The “ Deseokmds bfh e Poj
interventions and may explain some of their potential effectivefess

If this study indicates that many schdmzsed interventions may do little to influence SSB
consumption among scheaged youth, the gséon remains: What is the most effective setting
and strategy to tackle this issue? Major influences on SSB consumption sit within the home
environment. Food habits and behaviours, such as the consumptionrmitioswnt, energydense

foods, particulary8SBs, largely arise within this settifd’. Family factors, such as high family
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wealth and participating in family meals, have been shown in association with decreased
adolescent SSB consumptitit!*2 The current study supports previous findings, in that it found
that participating in family mealst least once a week was associated with a 20% higher risk of
consuming daily SSBs when compared to those who participated in family reafads a week

33 Another important component of the homesimnment is parental influence. Parents can
substantively influence habits associated with SSB consumption. For example, youth who perceive
parents as promoting or encouraging scingewing have been found to consume SSBs at greater
rates than those whitid not promote screeviewing behaviout®. The current study also found

that screen time was strongly associated with SSB consumpparticipating in more #n 2

hours of screen time per day was associated with a 50% higher risk of daily SSB consumption
when compared to those who participated in less than 2 hours.

Given the importance of home environment, provincial or territory wide policies that may
have aninfluence on families may be important for influencing SSB consumption patterns.
Policies that target consumer products can impact family wealth and purchasing®eéhBmes
example, when SSBs are made more expensive, households need to make strategic choices about
what they consunig Policies such as beverage tsxeegulating food advertising, nutrition
labeling and interventions targeting adults may be effective at modifying consumer behaviour
within the home, including SSB consumption for childféf3’ Soft drink advertising in
particular may play a role in the school seftilarge soft drink industries havegotiatech share
of profits with schools and school boardgending machine profits may also be important for
schools.This could make eliminating SSBs in schools particularly difficult.

State taxes may also play a role in availability and access of SSBs within sthbelset

al. (2014) found that state soda taxes modified the relationship between vending machines in
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school s and vyoutinaherSveds, theyfousduhatstudentsiwere at a higher
risk of SSB consumption when they did not have access to vending machines, compared to when
they did have access. However, this relationship was only prevalent in states that alxdsodit t
drinks, indicating that the cost of soft drinks and the state soda taxes may limit SSB consumption
at schodl. Furthermore, the profits generated from taxes on SSBs can be used to fund other
nutrition-based programs. Evidence suggests that when soda taxes are used in concert with
investments in nutrition programs, dietary behaviours such as SSB consumption can be
successfully modified. Investigation of the effects of provincial and territory wide interventions
may be a productive direction for future study, in combination with continued fatiigh risk
groups, such as those from low income families or those living in rural regions.
Strengths and Limitations

There are several advantages of the current study. First, it has a large student and school
sample size with ample statistical powsecond, few studies in Canada, to our knowledge, have
examined both individual and cumulative school food programs on a national level. This study
also examines a wide variety of individual school food programs with a sample that can be adjusted
to be nabnally representative.

There are also has several limitations. First, the €eges8onal design limits the ability to
draw causal conclusions. Second, associations may have been biased through unmeasured
variables such as personal preference or the émettonment outside of school. Third, school
programs directly aimed at reducing SSB consumption, or the amount of focus on SSBs individual
programs had, were not measured. Healthy food programs such as providing healthy food options,
may not be expectad change SSB consumption and therefore, might not be directly associated

with consumption. Fourth, SSB consumption was measured as frequency of overall SSB
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consumption as opposed tesohool SSB consumption. School food programs may be associated
with in-school consumption, if not overall consumption, as demonstrated by one“study
Promoting and offering healthy food options may have other positive effects on health, such as
increasing fruit and vegetable consumption, but appear to be less likely to change SSB
consumpbn. Fifth, the exact volume of an individual serving of SSB at each instance was
unknown. For this study one serving of soft drink was considered as one standard 335ml can,
however, students may have considered other portion sizes. Sixth, recall grfavwaaccurred
since all data were seléported. Seventh, some potential confounders were not controlled for
because of restraints within the dataset. Variables such as price of other beverages and proximity
of local stores selling beverages to the sthaay present important confounders between school
food programs and SSB consumption. Finally, the measure for neighbourhood income has some
limitations, since it does not catch students attending schools who live outside the school postal
code’ s ibn aeaePreviousastudies have used Geographical Information Systems (GIS)
to determine a one or three kilometer buffer around the school which captures more than just the
single dissemination ar&a
Conclusion

This study found no associations between school food programs and daily SSB
consumption and only weak associations for weekly SSB consumption. Because of conflicting
results in the literature, longitudinal or expeental designs may be required to fully understand
the effectiveness of school food programs at reducing SSB consumption. Further, research should
explore the effectiveness of implementing provincial or territory wide policies which limit SSB

consumption otside of the school environment, such as taxing SSBs, in combination with
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comprehensive school food programs and pofigid@his may help to gain a better understanding

of how to modify school food programs to spemafly target daily users.
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Table 4.1. Demographic characteristics of the HBSC sample and characteristics of daily SSB consumers by region (row frequencies)

Variable
Outcome

SSB consumption
> ‘Hays/week
1-6 days/week
<1 day/week
Missing

Demographics

Sex
Male
Female
Missing

Grade
6to8
9to 10
Missing

Perceived family wealth
High
Average
Low
Missing

Neighbourhood

income

Q1 (lowest)
Q2

Total (n=29793)

Urban (n=19830)

Rural (n=9600)

%

Daily SSB
consumers (%)*

%

Daily SSB
consumers (%0)

%

Daily SSB
consumers (%0)

5713
14208
8820
1052

14627
15011
155

16273
13520

14977
10332
2666
1818

5221
5699

19.9
49.4
30.7

49.4
50.6

54.6
45.4

53.5
36.9
9.5

211
23.0

26.4
13.6

17.7
224

18.6
20.3
23.2

24.1
21.2

3241

9455

6492
642

9698
10036
96

10600
9230

10264
6702
1722
1142

2966
2790

87

16.9
49.3
33.8

49.1
50.9

53.5
46.5

54.9
35.9
9.2

17.9
16.9

23.1
11.0

14.0
20.2

15.9
17.2
20.1

21.2
17.3

2388

4581

2237
394

4725
4816
59

5673
3927

4524
3499
916
661

2255
2909

25.9
49.8
25.9

49.5
50.5

59.1
40.9

50.6
39.1
10.3

27.5
35.5

33.1
18.9

24.8
27.6

245
26.3
28.6

27.9
25.0



Q3 6308 255 18.6 4183 25.3 17.3 2125 26.0 214

Q4 3441 13.9 15.6 2833 17.1 13.9 608 7.4 23.6
Q5 (highest) 4061 164 14.2 3771 228 14.1 290 35 14.5
Missing 5063 3287 1413

Covariates

Physical activity

7 days/week 4792 16.6 27.5 3249 16.8 23.9 1492 16.0 34.8
<7 days/week 24148 83.4 18.3 16040 83.2 15.5 7807 83.0 24.1
Missing 853 541 301

Screen time

<2 hours/day 2354 9.0 13.8 1515 8.6 10.8 827 9.9 194
>2 hours/day 23932 91.0 19.7 16101 91.4 16.7 7535 90.1 25.9
Missing 3507 2214 1238

Family dinners

<once/week 3030 10.5 275 1958 10.0 24.3 1021 11.3 335
1-6 times/week 12033 41.6 18.7 8300 42.4 16.3 3571 39.6 24.1
7 days/week 13880 48.0 18.1 9198 47.6 15.6 4436 49.1 23.3
Missing 850 274 572

Family support scale

Q1 (highest) 8272 30.6 17.2 5795 31.7 15.3 2409 28.6 21.7
Q2 9220 34.1 17.3 6220 34.0 14.8 2865 34.1 22.7
Q3 (lowest) 9533 35.3 21.6 6263 34.3 18.7 3141 37.3 27.3
Missing 2768 1552 1185

Rurality

Urban* 19830 67.4 16.9 19830 100.0 16.9

Strong MIZ 1034 35 21.5 1034 10.8 21.5
Moderate MIZ 2783 9.5 21.3 2783 30.0 21.3
Weak/No MIZ 5783 19.6 29.0 5783 60.2 29.0
Missing 363 0 0

Bold font indicates significant Rao Scott etjuare test (p<0.05) between individual variables and daily SSB consumption.

*Urban area indicates census metropolitan areas and census agglomerations with populations greater than 10,000.

T Ml Z = n@&eopditansnfluened zone, where strong Mtat least 30% of residents commute to work in an udsaamoderate MIZ=5-<30% work in an urbaarea andveak/no MIZ=0
>5% work in an urban area, including the territories.
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Table 4.2. Proportion of schools offering programs encouraging healthy eating behaviours by urban and rural regions

Total (n=319) Urban (n=183) Rural (n=136)
Variable n % Yes n % Yes n % Yes
Cafeteria
Healthy food at reasonable/subsidized price 146 44.9 85 46.5 57 419
Healthy eating promotional materials 123 37.9 69 37.7 50 36.8
Daily healthy eating specials 104 32.0 65 35.5 36 26.5
Healthy eating cafeteria program 114 35.1 65 35.5 46 33.8
Offered healthy food choices 136 43.6 82 45.3 51 40.5
Snack bar/Tuck shop
Healthy food at reasonable/subsidized price 43 13.2 26 14.2 17 125
Healthy eating promotional materials 24 7.4 12 6.6 12 8.8
Daily healthy eatingpecials 14 4.3 10 5.5 4 2.9
Healthy eating cafeteria program 9 2.8 6 3.3 3 2.2
Offered healthy food choices 72 23.4 44 24.9 26 20.8
Vending machine
Healthy food at reasonable/subsidized price 48 14.8 32 17.5 14 10.3
Healthy eatingoromotional materials 18 55 11 6.0 5 3.7
Daily healthy eating specials 5 15 5 2.7 0 0.0
Healthy eating cafeteria program 7 2.2 7 3.8 0 0.0
Offered healthy food choices 101 32.3 67 36.8 30 24.0
Other programs offered
Offered healthy choices during breakfast program 210 65.4 104 57.1 102 46.7
Offered healthy choices during lunch program 204 65.0 126 70.8 75 57.7
Organized Nutrition Month activities 125 40.6 55 30.9 67 54.0
Stopped the sale of junk food 142 45.2 76 42.7 61 46.9
Held junkfood-free days 38 12.3 15 8.3 23 18.9
Ensure that students have access to fruit and vegetables regardless of ability to pay
Yes, entire school year 178 55.5 89 48.9 86 64.7
Yes, occasional/short term 69 215 38 20.9 28 211
No 74 23.1 55 30.2 19 14.3

*Urban schools are those éensus metropolitan areas and census agglomerations with populations greater thanut@l,80Bools are those in areas less than 10,000
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Table 4.3. Multilevel multivariate Poisson regression models for the association between exposure to each school healthy food program

and daily and weekly sugar-sweetened beverage consumption

Outcome = Daily SSB consumptiol

Outcome= Weekly SSB consumptio

Unadjusted Adjusted* Unadjusted | R2dza i

Exposure RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI)
Offers free F&V

Yes 1.20(1.03,1.40 mdmm o0 n P 1.05(1.00, 1.11) 1.04 (0.99, 1.09)

Sometimes 1.14 (0.921.40) 1.10(0.88, 1.36) 1.01 (0.94, 1.09) 1.01 (0.94, 1.08)

No 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent)
Organized Nutrition Month Activities

Yes 1.08(0.92,1.26 n dpy 06 n D 0.96 (0.91, 1.01) 0.93 (0.89, 0.98)

No 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent)
Stopped the sale of junk food

Yes 1.25(1.08, 1.46, 1.12(0.96, 1.31) 1.04 (0.99, 1.09) 1.00 (0.95, 1.05)

No 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent)
Healthy food at subsidized prices

Yes 1.21(1.05,140 mdmm 6 n P 1.05(1.00, 1.10) 1.00 (0.96, 1.05)

No 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent)

Healthy food choices during breakfast program
Yes 1.38(1.181.61)
No 1.00 (referent)
Health food choices during lunch program

Yes 0.93(0.79, 1.10

No 1.00 (referent)
Healthy food choices in the cafeteri

Yes 1.32(1.14, 1.53

No 1.00 (referent)

1.18 (1.00, 1.39)
1.00 (referent)

0.91 (0.77, 1.08)
1.00 (referent)

1.14 (0.97, 1.35)
1.00 (referent)

90

1.06 (1.01, 1.12)
1.00 (referent)

0.99 (0.94, 1.05)
1.00 (referent)

1.05 (1.00, 1.10)
1.00 (referent)

1.03 (0.98, 1.09)
1.00 (referent)

0.99 (0.94, 1.04)
1.00 (referent)

0.99 (0.93, 1.04)
1.00(referent)



Healthy food choices in the vending machine

Yes 1.07 (0.91,1.25, 0.98 (0.83, 1.16)

No 1.00 (referent) 1.00 (referent)
Healthy food choices in the snack b

Yes 1.22(1.01,1.46 mdHN o6ndP

No 1.00 (referent) 1.00 (referent)
Total number of healthy food programs offered

O0to2 1.00 (referenty M dnn 6 NE

3to5 1.07 (0.87,1.31 1.07 (0.87,1.32)

6to8 1.25(1.02,1.52 1.12(0.91, 1.37)

9to 11 1.30 (1.07,1.58 1.11 (0.90, 1.35)

1.03 (0.98, 1.09) 1.00 (0.95, 1.05)
1.00 (referent) 1.00 (referent)

1.07 (1.01,1.14) 1.07 (1.01, 1.14)
1.00 (referent) 1.00 (referent)

1.00(referent) 1.00 (referent)

1.02 (0.95, 1.09) 1.02 (0.95, 1.09)
1.04 (0.97,1.11) 0.99 (0.93, 1.06)
1.05 (0.99, 1.12) 1.00 (0.94, 1.06)

Bold font indicates statistical significance of p<.0

*All models controlling for sex, grade, neighbourhood income, family dinners, family support, screen time, physicahadtivigtropolitan influences zones.

'ttt Y2RSta
Y2RSt lfaz O2yGNRfa 1
8Model also controls for school population
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Table 4.4. Results of multivariate Poisson regression examining risk of daily SSB consumption

among youth with access to healthy food at breakfast programs and covariates+

Variable Total* % high SSE RR  (95% CI)
Healthy food at breakfast progran

No 11822 15.02 1.00

Yes 14729 18.06 1.18 (1.00, 1.39)
Grade

6108 15024 14.04 1.00

9to 10 11715 20.01 1.24 (1.13,1.37)
Sex

Male 13107 22.03 1.00

Female 13495 11.50 0.54 (0.50, 0.58)
Neighbourhood income

Q3,Q4 & Q5 14158 15.14 1.00

Ql& Q2 10590 18.45 1.16 (0.98, 1.36)
Family dinners

<once/week 2419 23.34 1.00

1-6 times/week 10272 16.40 0.79 (0.71,0.88)

7 days/week 12861 1541  0.78 (0.70,0.87)
Family support

High (Q3) 7635 15.62 1.00

Moderate (Q2) 7900 14.04 0.80 (0.73,0.88)

Low (Q1) 8142 18.37 1.07 (0.98, 1.16)
Screen time

A hours/day 1968 10.54 1.00

>2 hours/day 21359 16.39 151 (1.29,1.76)
Physical activity

7 days/week 4489 24.51 1.00

<7 days/week 21493 15.00 0.64 (0.59, 0.70)
Rurality

Urban 20766 15.68 1.00

Strong MIZ 956 23.55 1.37 (0.96, 1.96)

Moderate MIZ 3328 16.39 1.37 (1.09, 1.72)

Weak/No MIZ 1689 25.57 1.72 (1.39, 2.14)

*Weights applied

Wi S f dil Kt&he Breakfast program wake closest exposur® being significant
Bold font indicates statistical significance of p<0.05

All covariates controlled for in the model
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Chapter 5

Discussion

5.1 Thesis Overview

The primary purpose of this thesis was to examine rates of SSB consumption in youth from
the northern territories, particularly Nunavut, and the provinces. Another objective was to assess
the relationship between SSB consumption and access to schooldgoamps. The results were
based on crossectional data from a large, nationally representative survey of Caryadimin
grades 6 to 10. Analyses weperformed using descriptive methods for manuscript 1 and
multilevel multivariatePoisson regression models for manuscript 2.
5.2 Summary of Major Findings

The first manuscript investigated the prevalence rates and patterns of SSB consumption in
youth residing in Nunavut, all three territories combined, and the provinces in both 2@{14nd
Overall, Nunavummiut youth had the highest rates of SSB consumption, followed by the territories
combined then the provinces. The proportion of youth in Nunavut who consumed SSBs at least
once daily was 53.1% in 2010 and 55.0% in 2014. In coninatste territories, 31.1% of youth in
2010 and 27.0% in 2014 consumed daily or more, while in the provinces, 24.3% of youth in 2010
and 19.1% in 2014 consumed daily or more. These results support the current available literature
on SSB consumption in therth, which points to high consumptiofhe current study is the first
to profile SSB consumption throughout Nunavut and in youth specificaiB).

The second manuscript investigated the relationship between SSB consumption and school
food programs. The main result of this manuscript was that school food programs wetsdot
to beassociated with SSB consumption, with the exception of a few programs where associations

were weakwith weekly consumption onlyProviding nutrition month activities in the school was
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associated with a 7% decrease in weekly SSB consumption (8R=0I1=0.89, 0.98), while
providing healthy options in the snack bar was associated with a 7% increase in SSB consumption
(RR=1.07, CI=1.01, 1.14). In fadlthough not statistically significant, patterns seem to indicate
thatamong daily SSB consumerscass tesomeschool food programsay be associatesith an
increase in SSB consumption. The potential increase in SSB consumption among daily consumers
in relation tamany of the school food programs studied has also been observed in previous research
(5,6). This particulafinding, as well as the lack of associations foumdy be explamed through
the singulatsetting of these programs since researcls radicated that programs that engage
multiple settingssuch as provincial derritorial soft drink taxes, are more succeséf
5.3 Validity
5.3.1 Internal validity

I nternal wvalidity indicates how accurately
in the sample populatiofi1l). Common threats to inteal validity in epidemiological studies
include: selection bias, information bias and confounding. In what follows, threats to validity are
discussed in relation to the current study.
Selection bias

One potential threat telectian biasSeledtipri bsas dcautsser n al
when theassociation between exposure and outcome differ for those who participate in the survey
and those who do not participdfel). Those students who are not represemtége studynclude:
students who did not provide consent, students from private schools, home schools, young people
living in First Nations reserves, incarcerated youth or other young people nota@tachioe day
of the survey. Yuth excluded from the study mayepent differences in the exposures and

outcomes of interest. For example, youth living on First Nations reserves or those who are
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incarcerated may be of lower SES and therefore at more risk of SSB consumption. They may also
have different access to schémbd programs. Furthermore, youth from home schools and private
schools may have different access to school food programs than youth from public schools. If some
excluded groups have less access to school food programs and are at a higher risk for SSB
comnsumption, the relationship between school food programs and SSB consumption may differ,
resulting in possible selection bias in the studswtion should be taken when interpreting the
results for populations other than sample studied because the réligtibesveen school food
programs and SSB consumption may be different for those included vs. those excluded.

Volunteer biass a type of selection bias that occurs when those who elect to participate in
the study are systematically different from thoseowllo not(11). Such differences can emerge
when the behaviours of students who participated in the study differ from those students who
refused consent, did not receive consent from their parents or were absent on the day of the survey,
and hence were excluddm the study. For example, it may be possible that students who
consume high amounts of SSBs, particularly in the form of energy drinks, might also present other
risk-taking behaviours, such as skipping schd@). If these students were not in school at the
time of the survey, there may be slight volunteer bias. Even so, since the number of youth who
consume energy drinks remains relatively low (approximately 2% of all students consume energy
drinks at least daily), teipossibility is unlikely to impact the overétdings.
Information bias

Another threat to internal validity isformation bias Information bias is defined as any
intentional or unintentional error made in the measurement of a relevant exposusa)jeoatc
covariate (11). Information biasexists when intentional or unintentional errors are made

systematically. Because many of the HBSC items have been previously piloted and validated, the
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possibility of information biagxists but idimited (9). Misinterpreted questions, incorrect recall,
deliberate response error and the surveys use of limited midhiplee questiongather than
openended questionsould result in intentional or unintentional errors. For examptsll error

may occur through the food frequency questionnaire (FFQ). Students may have had difficulty
recalling how many times they consumed certain foods or beverages in the prevabhuStwdies

on this HBSC item have been conducted to determine its validity and religbiljiy3,14) When
compared to a food diaryt was found that reports of soft drinkresumption from the FFQ did

not differ significantly from the food diary for Belgian youbut were slightly underestimated for
Italian youth(10). Furthermore, when compared to a 24 hour food behaviour checklist, another
common method of deteiming consumption patterns, the FFQ questionnaire had almost perfect
agreement for soft drinkd.3). For instance, a studyy Vereecken & Maes (2003) demonstrated
that 62% of the sample had consumed soft drinks in the previous day according to the 24 hour food
behaviour checklist compared with at least 58% but no more than 66% according to {I8FFQ
This type of information bias effects all youth in the same avalit is referred to as recall error

It is less likely that recall bias @resent in the study.

One potential issue with misclassification of the summary SSB measure may arise from
issues identifying exact volume consumed. Since the FFQ does not specify volume of drinks, for
this thesis one serving of SSB was assumed to be a 335ml can. Howeyessilide that students
had other serving sizes in mind, such as a 500ml bottle. This would bias the result towards the null
since students may be more likely to underreport their consumption than over report.

Another form of information bias to considersocial desirability biasThis occurs when
participants intentionally or unintentionally oweport characteristics that are seen as good and

underreport characteristics seen as b@hl). For example, SSB consumption may be
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underestimated if students amaae of the negative effects and are heavy consumers. In other
words, students may be undeporting their SSB consumption, especially those who consume
daily or more. This type of bias is likely to result in an uag@orting of SSB consumption.
Confounding

Confounding presents a final threat to internal validity. Confounding occurs when a
relationship of interest is distorted or hidden by the effects of a third factacupentyy when this
third factoris related to both the exposure and outcome but not on the causal pétliyay
Although the current study controlled for potential covariates identified in previous studies, it is
possiblethat residual and uncontrolled confounding remain. These factors @&y leen the
result of residual confounding through imprecise measurement or uncontrolled confounding
through failing to include additional variables. Uncontrolled confounds may include, for example,
household food security, personal preference or foodramwents surrounding the school.
Residual confounding may have also occurred through theepsfted nature of the survey,
which may not have accurately measured the true nature of school food programs, among other
variables. This would have biased tlesults towards the null.

Due to the use of school level variables in this study and the small effects found, there was
not significant power to stratify by potential effect modifiers, identified apriori, such as rurality,
sex or grade. Effect modificath occurs when the magnitude of the effect of an exposure differs
depending on the level of a third varialild). Grade especially may present as an effect modifier
since both school food programs and SSB consumption may differ between lower grades and
higher gades. For example, students in middle schools may or may not have access to programs
which are available in high schools. Further, it is known that as youth get older, they may consume

more SSBs than their younger counterpétts). Therefore it is possible that the relationship
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between school food programs and SSB consumption may differ within different grade levels.
This should be taken into consideration when interpreting the results from manuscript 2.
Statistical Power

Another important consideration for the current thésistatistical power and the use of
second level variables directly implicated in the models. Often, statistical power for multilevel
models goes overlooked because of the complexity of these types of calcua@oriEhis is
concerning because the dependent variable is not statistically independent in hierarchical data.
That is, individuals within groups have more in common than individuals between groups. The
level of variability that can be attributed to thegp is measured through the intlass correlation
coefficient (ICC). The ICC indicates how strongly units in a group, in this case schools, relate to
each other. Larger ICC values indicate a greater degree of school level correlation, i.e. the larger
thelCC the more likely the results are due to school level variation. One guideline, determined by
Maas and Hox, indicates that bias occurs when level 2 sample sizes are small (less than 50) and
ICCs are large (between 0.10 and 0.ZQ)).

In this thesis, the ICC was found to be 0.06, indicating that 7% of thatigarican be
accounted for by schools. This figure is rather small. Previous studies and statistical simulations
have shown that a level 2 sample size of 50 or more presents adequaté@eRigrSince this
study has both a large level 2 samgilee (313 schools) and a relatively small ICC (0.06), it has
been assumed that theresigficient power at level 2 therefostudentlevel power computations
were used to determine the overall power of the study. Stleleitpower calculations used a
design effect of 1.2 to account for the clustered nature of the data. There was sufficient power to

detect differences of at least 0.10. Power calculations can be seen in Appendix E.
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It is possible thathte null relationships found inanuscript 2 were obsexd because of
chance, or typ#l error. Typell error is defined as the probability of failing to reject the null
hypothesis when it is false. According to sample calculations, the minimum detectable relative risk
for SSB consumption with 80% power randgsain 1.05 to 1.09 for daily SSB consumption and
1.02 to 1.06 for weekly consumption. Because of the very small associations found some of the
comparisons may have been slightly underpowered. However, since the effantamyecase
very small, thishaslittle effect on the interpretation of the results.

Missing data

Missing data presents another threat to internadialiSince some missing data weneer
10% for the covariates in manuscript 2, specifically for neighbourhood inaochecreen time,
missing data werassessed by comparing frequencies of those excluded from the analyses with
those included. There were no apparent differences between the two groups, therefore complete
case analyses were used to determine the associations betweerfagmihgowbgrams and SSB
consumption.

In the 2014 cycle of the HBS€omeNunavut participants were given a shortened survey,
as per the request of relevant stakeholders in the North. This measrtrellunavummiut
students did not have the opportunitatswer questions regarding family affluence or frequency
of family dinnersIn manuscript 1, these variables were excluded in the description of Nunavut in
2014. However,iace sane of these survey items were identifieccagariates in the analyses for
manuscript 2 some students from MNnavut were excluded from the models containing any
variables which were missing for Nunavut, due to the use of complete case arfdlisis
problematic when it is recalled that Nunavut youth consume the most SSBs edmyiidr the

provinces and territories combined. The potential consequence is that Nunavummiut students may
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beunderrepresenteth the overall analysig.o mitigate this, data from 2010, where there was full
data for Nunavut, were analyzed to determinedegtionship between school food programs and
SSB consumption in that year. This analyses produced similar results to the 2014 cycle indicating
that even though Nunavummiut youth may héeen underepresented in amuscript 2, the
relationshipbetween deool food programs and SSB consumptmpears to be the same.
5.3.2 External Validity

External validity, or generalizability, refers to the ability to applyshelyresults to other
populations outside of the sample. The use of HBSC data in this thedisbues to
generalizability. The HBSC has a high student response rate (77%) and acceptable school response
rates (5655%). This contributes to the generalizability of the thesiEe it captures the majority
of the intended population as well as Anased estimates of the population patterns. Second, the
sampling methodology of the HBSC includes a rmsarsus of the northern territories, where all
schools and students in grades 6 to 10 were asked to participate in the survey. In other words, the
resuls for Nunavut and the territories represent the majority of the population and are generalizable
to those areas specifically. This should be kept in mind when interpreting the espdtsally
from manuscript 1. Third, the use of provincial and ter@toneights in manuscript 2 adjust for
over or under sampling of the provinces and territories. This helps to further ensure the
representativeness to all Canadian yoespeciallyin the analyses for manuscript Results
cannot be generalized to similpopulations outside of Canada. This is especially true for the
second manuscript, where different regions may have different policies on healthy food programs

within schools.
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5.4 Causation

One important aspect of epidemiological studies is to determine grémndausation for
etiological relationshipsBecause of the crosectional design of this thesis temporality is not
possible. Temporality is the one requirement for causality. However, causality is still assessed as
a practice in educatiolradfordHill * s nine <criteria for causatic
determining if their observation are causal or (it). Discussed below are the five most
commonly used criteria for causation: temporality, biological plausibility, strength of association,
doseresponse relationship and consistency. This section examines how the current thesis meets
these criteria, specifically for the relationship between school food programs and SSB
consumption in both weekly and daily SSB consumers.
5.4.1 Temporality

The most importat criterion for testing causation is temporality. Temporality refers to
whether an exposure precedes the development of an ou{@éd)ndhis criterion is the only
necessary condition for causation. Because the study is-sgosgnal, it is not possible to
determine that school food programs precede SSB consumption. Reaessdity may also be
likely in this case as it is feasible that SSB consumption precedes school food programs. For
example, it is possible that schools may implement more programs Wwagsee a need for them,
i.e. where there is a high frequency of SSB consumption. Theré&figampossible to say the
relationship is causal, simply that school food programs and SSB consumption may be associated.
The lack of temporality and potentiaversecausality should be considered when interpreting the

results from manuscript 2.

101



5.4.2 Biological plausibility

Biological plausibility is the concept that there is a plausible mechanism between the
exposure and outcom@l). The hypothesis that school food programs might impact SSB
consumption is possible. In fact, it may be the aim of these programs. Previous studies have shown
that school programs affect a variety of youth behaviours, one of which is diet. For example, a
longitudinal study demonstrated that students were twice as likely to report consuming less than
three servings of lomutrient energydense foods (including SSBs) after the implementation of a
school nutrition policy16). Biological plausibility is likely.
5.4.3 Strength of association

Strength of association, or effect size, is defined by tleeddithe association measured
the stronger the association the more likely the relationship is qddsabignificant, but weak,
associations with weekly SSB consumption were found for two school food programs: healthy
food choices in the snack bar (RR=1.Gf)d nutrition month activities (RR=0.93). Weak
associations do not necessarily mean a lack of causation, especially since school food programs
represent a meaningful intervention from a public health perspective. However, since only two of
the thirteen deool food programs were statistically significant, the strength of association may
present a concelin terms ofcaustion.
5.4.4 Dose-response relationship

Doseresponse relationship specifies that as the exposure increases so does the outcome.
This study meaged the doseesponse relationship between the total number of school food
programs and SSB consumption. No dossponse relationship was found concerning weekly
SSB consumers, i.e., when programsreased from one program to thgegrams the relative

risk was similar. However, although not statistically significant, there was a small increase in risk
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of consumption among daily consumers as the number of school food programs increased. For
example, in schools with 3 to 5 programs, the relative riS&#8 consumption was 1.07, whereas
the relative risk in schools with 9 to 11 programs was 1.11. Although not in line with the hypothesis
that exposure to school food programs waldgreasehe risk of SSB consumption, the results
indicate an increasing kSn SSB consumption as the number of programs increabésh may
contribute to causality. Again, it is important to note here that the results, although increasing with
dosage, or number of school food programs, are not statistically significant.
5.4.5 Consistency

Another criteria for causation is consistency, where the findings of the study are replicated
in previous research. The literature on the effectiveness of school food prégrasasicing SSB
consumption are conflicting. Some previous researclil@amnstrated null results between SSB
consumption and school food progra(Bsl7) For example, a casmntrol study suggested that
there was no decline in SSB consumption in schools with limited access to SSBs compared to
schools with acceg448). However, studies have also shown the opposite: negative gsLs
Consisteng is hard to achieve because we have to determine how our findings relate to this
conflicting evidence with no one underlying pattern of associations. There are sufficient
examinations that coincide with the current thesis to conclude that this critasdren met to
some degree.

According to Bradford HI | s criteria for causati on, w
between exposure to school food programs and SSB consumption is causal.
5.5 Strengths and Limitations

The current thesis has several streagHirst, the use of a large survey provides adequate

power and a uniquely large sample size for Nunaspécifically in manuscript. Previous studies
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in Nunavut often have small sample sizes consisting of only a few commyhj8¢sThe HBSC
invites all schools and students in grades 6 to 10 from the territories to participate in the survey,
providing a representative of those regions. The overall sample size in Nunavut consisted of 832
students from 16 comumities in 2010 and 540 students from 13 communities in 2014. Another
strength pertaining to the use of the HBSC study is the large Canadian sample size for both students
(n=25 077) and schools (n=313). This allows for strong power to detect even suoelhtsns
between school food programs and SSB consumption. Adequate power is essential at both the
student level as well as school level for these kinds of assessments.

Second, this study provides new and unique information about Nunavut. It isttbeutiss
to our knowledgeto quantify the frequency of SSB consumption in Nunavummiut youth. The
study identifies Nunavut youth as high consumers of SSBs and other nptregntoods and
compares rates to youth from the provinces and the territoriesroeeinb

Third, the use of the HBSC study is itself a strength. This is because the HBSC provides
an international network consisting of 43 countries where the survey items can be and have been
tested and validate@®). Many HBSC network members have tested a number of measures used
in this study. For example, Vereecken et al., among others, have tested the food frequency
guestionnai r e foadgiariestsdetermiheiitd effactyanéss).

There are also several limitatiolwsconsider. First, when interpreting SSB consumption it
is important to consider a few things. It is likely that SSB consumption is -wegderted due to
desirability bias. Also, the exact volume of consumption is unknown. For example, one student
may consider a serving as one 335ml|, @@mereas another student might consider it to be a 500ml

bottle. This may also result in uneeporting of SSB consumption.
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Second, missing data may present a concern when igtiagmresults, particularly in
manuscrip 2. Missing data may result in decreased statistical power and potential bias if the
missing participants differ from the included participaiitsird, the cross sectional nature of the
study does not allow for causation. Longitudinal or experimental studies are required in the future
to determine the effectiveness of school food programs for reducing SSB consumption. Fourth,
the selfreported surgy may bias the results towards the nélinally, tnmeasured confounding
may also present a concern. Variables such as personal preference and food environments
surrounding the school may further impact SSB consumption among sgemblouth.

5.6 Public Health Implications

SSB consumption presents a serious risk to health, especially in adolescents during
important periods of growth. The findings of this thesis suggest that many adolescents are
consuming high amounts of SSBs (approximately 20% of all Canadiuth consumed SSBs at
least daily). This thesis also points to a particular concern for SSB consumption in Nunavut, where
55% consumed SSBs at least daily. These results indicate a need for programs and policies that
focus specifically on consumptiossiues in the northern territoriespeciallyNunavut.

While this thesis identifies the prevalence of SSB consumption, it also examines the
association betweesthool programandSSB consumption. This study demonstrates that school
food programs may nobe associated with SSB consumption in youth, especially daily
consumption. Tis may indicatea greater need for programs outside of the school to target SSB
consumption. For example, government policies such as taxing SSBs and addressing food
advertising bould be investigated further. Taxing SSBs has been shown successful by some

studies, and may be a potential solution if appletthe North(22).
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5.7 Future Research Directions

This researchantributes to a growing and conflicting body of literature concerning the
effectiveness of school food programs for reducing SSB consumption in youth. Future research
Sshould focus on qualitative strategi dakeof o0 exa
school food programas well as specific details about programs themselMais may help to
build a better understanding of school food programs anddovedifythemto effectively reduce
overall consumption and target heavy users. Quantitgfivelsearch should examine the
effectiveness of school food programs but should also exaramrechoolpolicies and approaches
including provincewide or natioawide taxing of SSBss well as food and beverage advertising
within the school settindReseach surrounding the role and impactlafge advertising budgets,
child-directed advertising and other direct influences exertddrigg soft drink industries should
be consideredFuture studiesusing longitudinal or experimental designgould help better
determine the effectivenes$ programdor reducing SSB consumption. Future research would
do well to focus on policies and interventions specifically targeting the unique challenges present
in the North. For example, flin communities may have diffities providing healthy and
affordable foods to residents. Further, qualitative, community based research could help to
understand reasons for high SSB consumption among Nunavummiut youth as well astidentify
mosteffective strategies to reduce consuimpt
5.8 Conclusion

In summaryjn comparisonyouth in Nunavut were identified as consogimoreSSBs,
than youth in thecombinedterritories or in the provinces. School food programs were not
significantly associated witllaily SSB consumption in this largeationally representative

Canadian sampld.here were some weak associations for weekly consumiptivtinese were in
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opposite directionslhese results suggest both a need to focus on alternative methods of reducing
SSB consumpin in Canadian youth.
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Appendix B
HBSC Survey

The majority of the data used in this thesis were from the Canadian 2009/2010 and
2013/2014 cycles of the Health Behaviour in Sckagged Children (HBSC) study. The purpose
of this appendix is to describe the HBSC using information from the Canadianahatiport
().
HBSC Purpose and underlying theory

HBSC is a crossational study, conducted in 44 countries and regions, inbood#ion
with the World Health Organization (WHO) and nationally with the Public Health Agency of
Canada (PHAC]1). The study examnes youth’'s health and heal t'
individual and environmental factors. For example, some environment factors include the home,
school and neighbourhood setting&ie main purpose of the HBSC is to increase knowledge of
adol e feakhandto sform andinfluence health promotiorhealth educatignpolicy and
programs at the national lev@®). Furthermore, the go& to enforce posite health lehaviours
andunderstand risk factors for ill health and disease.
Questionnaire and sampling

The study surveys youth every four years in grades 6 to 10 nwitiignand provides a
representative sample of this age group in Canada. HBSC uses -&tagétluster sampling
approach by first selecting schools then individual classrooms within selected schools. At the first
stage, all schools were identified according to: language of instruction, public or catholic
designation and community size. Then, adiseligible and consenting schools was created and
schools were randomly selected fréinms list. Next, the Principalef each school selected two

classrooms for each grade from their school, with the exception of the territories, where all schools
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and stalentsin grades 6 to 1@ere invited to participat@ an attempt to obtain @nsus for the
full student population in these regiordl students from the classrooms selected were invited to
participate. Students were not included in the HBSC studgyfwrere from private schools, home
schools, living on First Nations reserves, incarcerated, not at school on the day of the survey or
did not provide active or passive parental consent as per the local school board policies.

The student questionnaire idnainistered in the classroom by teachers. It is then filled out
by students over a 480 minute period. Three levels of consent are required before a student could
participate in the surve¥irst, theschool jurisdictiongiavepermission tdhe researchstto invite
the sampledgchoolsand studentto participate Secongschool principalst the sampled schools
were asked to participate. Third, the researchers obtained either active or passive parent consent.
Active parent consent involved raquiredsigned consent form and passive consent allowed
students toparticipate if they did not return the consent form indicating the parents refused
permission to participat&he overall student participation rate in the 2014 and 2010 HBSC survey
was estimated at7% and the school participation rate was 53% in 2010 and 50% in 2014.

One administrator’s survey was conducted f
t he school ' -pringpalioriheii dplegate. The suvey collects data on schowlte,
such as programs and facilities offered and neighbourhood environments.
Survey Weights

Responses from the student data set are weightesl purpose of this is to represent
nationalresults in proportion to the actual student population withémiational grade population
(2). The result is that provinces and territories that are-@mesented are given a weight of less
than 1 and provinces and territorieattiare underepresented are given a weight of greater than

1. Sample weighta/ere considered for the analyses for manuscript 2
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Appendix C
HBSC Survey Items

Outcome: SSB consumption

9. How many times a week do you usually eat or drink (Pl€ase mark one box for each line)
Less Once 2-4 Once a Every
5-6 days
Never than once a days a aday, every day, more
a week
a week week week day than once
M1 Coke or other soft drinks 1 2c 3c 4c 5c 6c c
0 that contain sugar
g9n Energy drinks (Red Bull, 1c 20 3¢ ac 5¢ 6c c
Rock Star, Guru, etc.)
q90 Sports drinks (Gatorade, 1 20 3c 4 5¢ 6c c

Powerade, etc.)

Exposure: School food programs

22. Does your school provide any of the following to promote the sale of healthy f@¢Gheck all that

apply)1 if checked and 5 if blank

Snack bar/ Vending
Cafeteria _
Tuck shop machine(s)
a. Healthy food choices at a reasonable/subsidized pri [ ]g22ac [ |g22as [ ] g22av
b. Healthy eating promotional materials (e.g., posters) [ ]g22bc [ ]g22bs [ ]g22bv
c. Daily healthy eating specials [ 1g22cc [ ]g22cs [ ]g22cv
d. Healthy eating cafeteria program (e.g., Eat Smartor [ g22dc [ ]g22ds [ ]g22dv
independent program)
e. Other [ 1g22ec [ ]g22es [ ]g22ev

23.Does your school ensure that all students, regardless of ability to pay, have accdasitoand

vegetables?23
Ic Yes, entire school year
’c Yes, occasional/short term
3c No

115



24.During the past 12 months, did your school initiate/continue any of the following
activities/programs at your school@24a to 24h

Yes No N/A
a. Offered healthy food choices during breakfast program 1] ] 100 ]
b. Offeredhealthy food choices during lunch program [] [] []
c. Offered healthy food choices in the cafeteria(s) [] [] []
d. Offered healthy fod choices in the snack bar/tuck shop(s) [] [] []
e. Offered healthy fod choices in the vending machine(s) [] [] []
f. Organized Nutrition Month activities [] [] []
g. Stopped the sale of junk food [] [] []
h. Held junkfood-free days [] [] []
Covariates: Manuscript 2
Sex
M1 Are you male or female?
't Male
2c  Female
Grade
M2 What grade are you in? 1c 26 3c 4c
actual grade is used, not the codk Grade 8 Grade 9 Grade 10 Grade 11
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Relative Family Affluence
M122 How well off do you think your family is?

¢ Very well off
¢ Quite well off

c Average
Not very well off

¢ Not at all well off

Family dinners

11. How often do yeu have ... 7 (Please mark one box for each line)

Lessthan ;o days  5-4cays Sédays  Every
Mewver ance a
week aweek  awesk  aoweek dey

- a. Breakfast together with your
mother or father (or other O el y il O O ‘O

adult family member)

- b. An evening meal together with
your mother or father (or other O tl| a il il il | O

adult family member)

Family support scale

70. Please show how much you agree or disagree with the following statements.
(Please mark one box for each line)

Neither
Strongly . Strongly
Agree  agree nor  Disagree .
agree disagree disagree
-r'. My family really tries to help me. in N 0 N i
-s. I get the emotional help and support I need 2 .
from my family. O U U 0 [
-1'. I can talk about my problems with my family. N 1] 1] ‘7] ]
-u My family is willing to help me make ) ,
decisions. O L ] Al il
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Screen time

75.

e

76.

On weekdays, how many hours a day do you usually spend time...?
(Please mark one box for each line)
Wee how's r
none af half an 7 hours
hour hour hour's haur's hours houm hour's or more

watching TV, videos (including
YouTube and similar services),
DVDs, and other entertainment on
ascreen?

using electronic devices such as
computers, tablets (like iPad) or
smartphones for other purposes
(e.g., homework, emailing,
tweeting, Facebook, chatting,
surfing the internet)?

playing games on a computer,
games console, tablet (like iPad),
smartphone or other electronic
device (not including moving or
fithess games such as Wii Fitness,
Dance Central, or Sports
Champions on Wii, Xbox KINECT,
or Playstation Moves)?

On weekends, how many hours a day do you usually spend time...?
(Please mark one box for each line)

Weekend hours per d_az
none at  half an 7 hours
all hour haur haurs hours hours hours hours or more

watching TV, videos (including

YouTube and similar services),

DVDs, and other entertainment on a
a screen?

using electronic devices such as

computers, tablets (like iPad) or

smartphones for other purposes

(e.g., homework, emailing, |
tweeting, Facebook, chatting,

surfing the internet)?

playing games on a computer,

games console, tablet (like iPad),

smartphone or other electronic

device (not including moving or 0
fitness games such as Wii Fitness,

Dance Central, or Sports

Champions on Wii, Xbox KINECT,

or Playstation Moves)?
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Physical activity
M16 Over thepast 7 dayson how many days were you physically active for a total of at &8asinutesper day?

c 0days 2% lday 3c 2days “c 3days S°c 4days °©Sc 5days ‘c 6days ®c 7days

gql8 Over atypical or usual weekon how many days are you physically active for a total of at @astinutesper day?

'c Odays 2c l1day 3c 2days “c 3days °c 4days °c 5days ‘c 6days Bc 7days
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Appendix D

Power Calculations

The purpose of thiappendixs to show the power available to detect significant
differences in the analyses used in manuscript 2 of this theshigiight a sample power
calculation. Summary tables show the minimal detectable differences and corresponding relative
risks. It should be taken into ceideration that this thesis used level 2 as well as level 1 variables
(at the school and student level), howetlee power calculations for these types of analyses are
complex. Research has shown th@tevel 2 variables provide sufficient powdtl,2). Therefore
traditional power calculations were performed with a design effect of 1.2 to account for the
cluskered nature of the data. These calculations assess the power to detect the relationship
between multiple school food programs and SSB consumption (either daily or weekly) among all

students in grades 1.

Definitions

n = the overall sample size

Nexposed = the number of participants exposed

Nexposed,adjusted = the number of participants exposed after controlling for a design effect of 1.2
r = the ratio of exposed to unexposed

p = the proportion of participants with the outcome

po = the proportn of participants with the outcome in the unexposed group
p1 = the proportion of participants with the outcomes in the exposed group
d = the minimum detectable difference, the difference betweangpp

o = the acceptable probability of making a type 1 error = 0.05

B = the acceptable probability of making a type 2 error = 0.20

RR = the relative risk
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Example Power Calculation

OutcomeDaily SSB consumption

Exposed group: Student has access tttthetood choices at the breakfast program (yes)

Unexposed group: Student does not have access to healthy food choices at the breakfast program
(no)

Parameter assumptions:

p = prevalence of at least daily SSB consumption among all students = 0.20
Nexpadj = number of students with access to healthy food choices at the breakfast
program = 16998/1.2 = 14165
Nunexp,adj = number of students without access to healthy food choices at the breakfast
program = 8882/1.2 = 7402
r =ratio of exposed to unexposed@402/14165 = 0.52
d = the smallest detectable difference that is expected to be observed = 0.0172
. € Qi .
W i pnp 1 wr The power to detect a difference i
proportion 0f0.0172 or a relative
o PT P PaIpX ad C gy sk of 1.09, given the parameters
T C pTE TP TE T is 85.08%
QO P8t
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Table 5.1. Minimum detectable difference for daily sugar-sweetened beverage consumption

Nex osed,

Exposure crud: Nadjusted | I P Po P1 Zvkn | Z1i 0 Power | RR
Offers free fruit and veg

Sometimes vs No 6313| 5261 1.02| 0.2| 0.396| 0.420( 1.96| 1.11| 0.0238| 86.65| 1.06

Yes vs No 13069| 10891| 0.49| 0.2| 0.3M| 0.392| 1.96| 1.37| 0.0222| 91.47| 1.06
Nutrition month 7665| 6388 2.22| 0.2| 0.206| 0.187| 1.96| 1.11| 0.0185| 86.65| 0.91
Stopped the sale of junk food 13008| 10840 0.93| 0.2| 0.191| 0.208| 1.96| 1.14| 0.0172| 87.29| 1.09
Healthy food at subdized prices 19471| 16226| 0.33| 0.2| 0.186| 0.205| 1.96| 1.01| 0.0187| 84.38| 1.10
Healthy food during breakfast program 16998| 14165 0.52| 0.2| 0.191| 0.208| 1.96| 1.04| 0.0172| 85.08| 1.09
Healthy food during lunch program 18912 15760| 0.35| 0.2| 0.214| 0.195| 1.96| 1.13| 0.0193| 87.08| 0.91
Healthy food at the cafeteria 15810, 13175| 0.61| 0.2| 0.189| 0.206| 1.96| 1.13| 0.0175| 87.08| 1.09
Healthy food at vending machine 11399, 9499| 1.23| 0.2| 0.207| 0.191| 1.96| 1.04| 0.0166| 85.08| 0.92
Healthy food at snack bar 6199| 5166| 3.01| 0.2| 0.195| 0.215| 1.96| 1.10| 0.0196| 86.43| 1.10
Held junk food free days 1818| 1515| 12.8| 0.2| 0.1 | 0.229| 1.96| 1.00| 0.0316| 84.13| 1.16
Provides healthy eating promotion materia| 15300| 12750 0.70| 0.2| 0.190| 0.207| 1.96| 1.14| 0.0171| 87.29| 1.09
Provides daily healthy eating specials 12373| 10311 1.10| 0.2| 0.193| 0.208| 1.96| 0.87| 0.0154| 80.78| 1.08
Healthy eating cafeteria program 11583| 9653| 1.24| 0.2| 0.193| 0.208| 1.96| 0.85| 0.0154| 80.23| 1.08
Cumulative food programs

3-5 programs vs-2 5667| 4722 0.50| 0.2| 0.587| 0.616| 1.96| 0.95| 0.0293| 82.89| 1.05

6-8 programs vs-2 8727| 7273| 0.33| 0.2| 0.422| 0.452| 1.96| 1.17| 0.0296| 87.90| 1.07

9-11 programs vsQ 8739| 7283| 0.33| 0.2| 0.422| 0.452| 1.96| 1.17| 0.0296| 87.90| 1.07
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Table 5.2. Minimum detectable differences for weekly sugar-sweetened beverage consumption

Nex osed,

Exposure crud: Nagjusted | I p Po P1 Zvkn | Zoio | d Power | RR
Offers free fruit and veg

Sometimes vs No 6313| 5261| 1.02| 0.69| 1.394 1.422| 1.96| 1.16| 0.028 | 87.70 | 1.02

Yes vs No 13069| 10891| 0.49| 0.69| 0.890 0.917| 1.96| 1.5|0.0267| 93.32| 1.03
Nutrition month 7665| 6388| 2.22| 0.69| 0.696 0.676| 1.96| 1.04| 0.0209| 85.08| 0.97
Stoppedthe sale of junk food 13008| 10840| 0.93| 0.69| 0.679 0.700| 1.96| 1.23| 0.0204| 89.07| 1.03
Healthy food at subdized prices 19471 16226| 0.33| 0.69| 0.670 0.697| 1.96| 1.72| 0.0268| 95.73| 1.04
Healthy food during breakfast program 16998| 14165| 0.52| 0.69| 0.684 0.704| 1.96| 1.05| 0.0200| 85.31|1.03
Healthy food during lunch program 18912| 15760| 0.35| 0.69| 0.706 0.684| 1.96| 1.01| 0.0215| 100.10 | 0.97
Healthy food at the cafeteria 15810| 13175 0.61| 0.69| 0.703 0.682| 1.96| 1.26| 0.0211| 89.62| 0.97
Healthy food at vending machine 11399 9499| 1.23| 0.69| 0.681 0.701| 1.96 1.2| 0.0202| 88.49| 1.03
Healthy food at snack bar 6199 5166| 3.01| 0.69| 0.688 0.709| 1.96| 0.854| 0.0209| 80.23| 1.01
Held junk food free days 1818| 1515|12.78| 0.69| 0.687 0.728| 1.96| 1.38| 0.0413| 91.62| 1.06
Provides healthgating promotion materials| 15300 12750| 0.70| 0.69| 0.678 0.698| 1.96| 1.22| 0.0203| 88.88| 1.03
Provides daily healthy eating specials 12373| 10311| 1.10| 0.69| 0.680 0.701| 1.96| 1.28| 0.0204| 89.97| 1.03
Healthy eating cafeteria program 11583 9653| 1.24| 0.69| 0.681 0.701| 1.96| 1.27| 0.0204| 89.80 | 1.03
Cumulative food programs

3-5 programs vs2 5667| 4722| 0.50| 0.69| 2.063 2.105| 1.96| 1.59| 0.0413| 94.41| 1.02

6-8 programs vs@ 8727 7273| 0.33] 0.69| 2.050 2.091| 1.96| 2.53| 0.0491| 99.43| 1.02

9-11programs vs €2 8739| 7283| 0.33| 0.69| 1.499 1544 1.96| 2.16| 0.04% | 98.46| 1.03
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Appendix E

Rationale for Multilevel Multivariate Poisson Regression

This thesis used multilevel multivariate Poisson regression models with lenkognd
random effects to determine the associations between school food programs and daily or weekly
SSB consumption. Lebinomial models were initially proposed but these did not converge with
the datatherefore Poisson regression models with robuestiance were used. We decided to use
these models over a logistic model because they provide a relative risk as opposed to an odds ratio
which is easier to interpret, especially for a +gmpdemiological audience. This is particularly
important for the cuent thesis since the results should and will be disseminated to government
decision makers as well as policy makdfsrthermore, experimental evidence indicates that
Poisson regression models with robust variance andbitagmial regressions provide cect
estimates of the relationships when compared with logistic regregdi@sThese studies have
also been replicated for clustered binary data and proven to provide similar results providing there
are at least 50 clustef®). Therefore, since this thesis uses correlated data and has over 50 clusters
of schools, it is appropriatto use Poisson regression models with robust variance in order to
estimate relative risks instead of odds ratios.
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