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Abstract 

Background: Consumption of sugar-sweetened beverages (SSBs) is an important public health 

problem in Canada, especially among adolescents. Estimates show that rates of SSB consumption 

are particularly high in the northern territories, especially in Nunavut. This is concerning given 

that regular SSB consumption is associated with obesity, diabetes and tooth decay, among other 

health concerns. 

Objectives: This thesis has two objectives. The first is to describe SSB consumption patterns 

among adolescents from Nunavut specifically, all three territories combined and 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 School-aged Children study (HBSC); 

a cross-sectional survey of Canadian youth in grades 6-10. All frequencies for food and beverage 

consumption were obtained from a 7-day food frequency questionnaire. SSB consumption 

consisted of a composite measure including soft drinks, sports drinks and energy drinks. The types 

of school food programs were obtained from an administrative questionnaire filled out by each 

school’s Principal or delegate. Multilevel multivariate Poisson regression models were used to 

examine the associations between school food programs and SSB consumption.  

Results: Youth from Nunavut consumed the most SSBs (53.1% 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 food programs and daily SSB consumption. Two school food programs 

were weakly associated with weekly SSB consumption: nutrition month activities (RR=0.93, 

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

Rates of SSB consumption were highest among Nunavummiut youth followed by youth from all 

three territories combined and then the provinces. Little association was found between school 

food programs and SSB consumption among Canadian youth in grades 6-10. These findings point 

to the need for examining other determinants and potential areas for intervention, for reducing SSB 

consumption among Canadian youth, particularly in high consumer sub-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 disease.  In Canada, as a result of changing socioeconomic, societal and 

dietary factors, adolescents are increasingly consuming energy-dense, nutrient-poor foods (1). One 

particularly concerning trend is the high rates of consumption of sugar-sweetened beverages 

(SSBs). SSBs include any beverage containing added sugar – carbonated beverages, one form of 

SSB, have become the fourth leading contributor of calories to the adolescent diet in Canada (2). 

The rise of SSB consumption among adolescents is particularly concerning given its association 

with a number of health issues including obesity, diabetes and tooth decay (3–8). 

 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. (2014) has suggested 

that approximately 82% of adults in Nunavut drink at least two cans of soft drink per day; while, 

in comparison, adults in the provinces only consume about half a can of soft drink per day, on 

average (9,10). Although consumption patterns are known for adults, little information is currently 

available on adolescent populations specifically, particularly within the northern region of 

Nunavut.   

 School nutritious food programs are common prevention strategies aimed at reducing SSB 

consumption among young people. Schools 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 
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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 school settings may result in a 

drop in overall consumption – for example, students who had access to vending machines selling 

SSBs were more likely to report consuming SSBs than students without access to these vending 

machines (11–13). In contrast, other studies have indicated that reducing access to SSBs in the 

school setting does not, in fact, reduce overall consumption (14–16). Such conflicting evidence 

raises questions about the effectiveness of school food programs. It thus 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 order to inform 

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 youth from Nunavut, the territories combined and 

the provinces, and the second objective is to determine the associations between school food 

programs and SSB consumption in all Canadian youth.  

Manuscript 1 addresses objective 1 through the use of descriptive statistics and cross-

tabulations to describe the differences in prevalence and patterns of SSB consumption by region. 

Manuscript 1 hypothesizes that youth from the north, especially Nunavut, have the highest SSB 

consumption rates. Manuscript 2 addresses objective 2 by examining the relationship between 

student’s access to school food programs and SSB consumption through the use of multilevel 

multivariate Poisson regression models. Manuscript 2 hypothesizes that students exposed to school 
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food programs will have lower SSB consumption rates, while students not exposed to school food 

programs will have higher SSB consumption rates. Figure 1.1 provides a conceptual model of the 

thesis. Information on ethics clearance can be viewed in Appendix A. 

 

 

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 consumption. The thesis utilizes 

data from the Canadian Health Behaviour in School-aged Children (HBSC) study. The HBSC is a 

School food 

programs 

SSB 

consumption 

Confounders: 

Neighbourhood 

income, grade, rurality  

 

Covariates: 

Relative family affluence, 

sex, physical activity, 

screen time, family dinners 

Nunavut 
Territories 

combined 
Provinces 

Conceptual model of thesis 

Manuscript 1 describes SSB consumption by region, as seen in the bottom right half 

of the figure (blue shading). Manuscript 2 examines the relationship between school 

food programs and students’ SSB consumption, as seen in the top half of the figure 

(orange shading).  

 

Figure 2.1.1. Conceptual model of thesis 
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nationally representative survey among adolescents in grades 6 to 10. More information on the 

HBSC study can be found in Appendix B.  

Manuscript 1 uses 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 and 7 surveys do 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 it attempts 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 interventions and 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 hands of people 

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 at relevant journals. Manuscript 1 has been 

formatted for submission to Arctic Journal and manuscript 2 for the Journal of School Health. 
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Presentations at conferences will allow for the research to reach relevant stakeholders. Results for 

manuscript 1 have already been presented at the Transforming Health Care in Remote 

Communities conference hosted by the University of Alberta, April 2016 (17). 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 Department 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) spent 4 weeks 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 youth. 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 Nunavut and 

their feedback was integrated into the final version.  

1.6 Thesis Organization  

This thesis follows the guidelines outlined in the Queen’s University of Graduate Studies 

“General Forms of Theses” for a manuscript based thesis (18). Chapter 2 provides an overview of 

the literature around SSB consumption. This 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 programs 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 
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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 information 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 thesis focuses on the consumption of sugar-sweetened 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 as the associations 

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 concerns associated 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 reducing 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 SSB consumption; 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 beverages containing 

added caloric sweeteners, such as sugar/sucrose, high-fructose corn syrup and fruit juice 

concentrates (1). 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 Canada (2). Despite increased 

calls from public health officials, SSB consumption continues to rise in Canada. Between 1967 
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and 2007, SSB consumption rose by 37 calories per capita per day – this is equivalent to one third 

of a can of soft drink, or 110ml, per person per day (3,4). These trends are particularly alarming 

given the well-established 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 

consume more than 1 can  of soft drink per day (376 grams) and adolescent girls only half a can 

(179 grams) 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 daily (6). This study included an overall sample of 10 188 

participants and used in-school self-reported surveys with 12 questions regarding beverage 

consumption (6). One strength of the study was that it specified the volume of beverage consumed, 

for example, the questionnaire identifies one serving of soft drink as one cup or one can (6). A 

limitation of the study was that it used a convenience sample instead of a random sample in all 

three regions and therefore the results are not generalizable (6).  

From this evidence it is apparent that many young people are consuming SSBs in Canada, 

despite recommendations from various health organizations, such as the Canadian Diabetes 

Foundation and the Centre for Disease Control (CDC) (7,8). In the following sections, three 

important health concerns associated with SSB consumption are examined: obesity, diabetes and 

tooth decay (9–11). 
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2.2.2 Obesity  

Obesity and overweight are prevalent issues in Canada and they have been associated with 

SSB consumption. As of 2011, more than one in four Canadian adults were identified as obese or 

overweight – a number which has almost doubled since 1981 (4,12). Among adolescents, rates of 

obesity and overweight have remained high, standing currently at 22% (13). Many studies have 

shown positive correlations between high sugar intake, often in the form of SSBs, and obesity 

(10,14). For instance, meta-analyses have revealed that youth who consume one or more SSBs per 

day have a 55% increased odds for incident overweight or obesity when compared to children who 

consume none or very little (OR=1.55, CI=1.32, 1.82) (10). A cohort study by Ludwig et al. (2001) 

also observed an increase in BMI (mean of 0.24 kg/m2, CI=0.10-0.39) 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 children with a mean age of 11.7 years for 19 months (14). 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 children and adolescents (10,14). Furthermore, the rising rates of obesity in Canada 

have resulted in a greater number of preventative initiatives for SSB consumption (12). 

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 population (15). Although less common 

in children and adolescents, diabetes is currently on the rise in Canada, accounting for 26,000 

prevalent cases among youth (15). Since type 2 diabetes is often rare in children and adolescents, 

many studies use metabolic syndrome to measure 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, high-plasma triglycerides and low high-density 

lipoprotein cholesterol (16). Evidence from US and Canadian studies indicate that type 2 diabetes 

and metabolic syndromes are positively related to SSB consumption (16–25). For example, meta-

analyses based on data from 11 studies with a total of 310,819 participants have revealed that 

individuals who consumed SSBs at least once 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=1.12, 1.41) (26). 

Furthermore, original research by Ambrosini et al. (2013) 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 years. A strength of this study is both the longitudinal design as well as the precise 

measurements of circumference, blood pressure, fasting serum lipids, glucose and insulin (17). In 

youth specifically, SSB consumption is associated with metabolic syndrome, particularly for those 

who are overweight (16).  

2.2.4 Tooth decay  

Deteriorating oral health and tooth decay is another important health concern associated 

with SSB consumption. In Canada, almost 60% of adolescents have had a cavity (27). Cavities 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 example, 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 health (34). The authors concluded that children who consumed the highest amounts of 

SSBs (top tertile) had over twice the odds of dental caries than those children who consumed the 

least SSBs (bottom tertile) (OR=2.2, CI=1.4, 3.6) (34). Another study found a dose-response 
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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 dental carries (29). Because oral health 

has been strongly linked to general health and chronic disease, high rates of SSB consumption, as 

it links to tooth decay, is a significant public health concern (32,35). This is especially a concern 

in children as poor oral health can affect children’s food choices and oral communication skills 

(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 energy-dense and 

nutrient-poor food and beverages, such as SSBs (40–42). Several studies indicate that northern 

populations, particularly in Nunavut, are increasingly consuming SSBs (40,41,43,44). Three 

studies in particular, examine SSB consumption patterns in Inuit residing in Nunavut (40,41,45). 

A recent cross-sectional 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 per day (41). To 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 population found 

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 coffee (40). Finally a study by Johnson-Down 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 hours (45).  This research points to high SSB consumption patterns in the North, 

particularly among 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 ages (5,46).  

Obesity, diabetes and tooth decay are of particular concern in the North due to changing 

diets of Indigenous peoples and potentially increasing SSB consumption (40,41,45,47). The 

following discussion will focus on these three health concerns and their prevalence in the three 

northern territories, 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, representing 23.1% of the population in 

Yukon, 51.9% in the Northwest Territories and 86.3% of the population in Nunavut (48). This can 

be further 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% respectively) (48).   

Obesity levels in Canada vary by region. It has been shown that the lowest proportions of 

obese individuals are found in Canada’s largest cities (Toronto, Vancouver and Montreal), and the 

highest proportions are in Atlantic Canada, the Prairies and the Territories (49). National 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 average, which 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% respectively (13).  

CCHS does not collect reliable data on Nunavut populations; 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 recent research suggests that metabolic syndrome and diabetes is 

rising in these populations (50–53). For example, the Polar Year Inuit Health Survey (2007-2008) 

surveyed 33 Inuit communities in Inuvialuit Northwest Territories, Nunavut and Nunatsiavut 

northern Labrador and identified diabetes in 12.2% of those who were over 50 and 1.9% in those 

under 50 (53). These figures are comparable to Canadian national averages which identify diabetes 

prevalence of 15.7% among those aged 60-64 years and 2.4% among those aged 25-39 years old 

in 2009 (54). The prevalence of risk factors associated with diabetes are high among Inuit when 

compared to other groups (50). 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. 26.4%) (52). In terms of community 

size, infrastructure and culture there are many similarities between the Nunavik region of Quebec 

and Nunavut (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, recent research that has shown increasing problems with oral health in northern 

populations, particularly among children (55–58). For example, according to data from the 

Nunavut Inuit Child Health Survey (2007/2008), 69.1% of young children aged 3 to 5 had 

experienced dental caries (58). Moreover, the same study found that children with dental caries 

drank more soft drinks than children without (0.8 vs 0.5 times per day respectively, p≤0.05) (58). 

Evidence also suggests that dental caries in young children in northern parts of Canada is 

associated with the addition of sugar to the feeding bottle (55,59). For example, 72.2% of children 

aged 2 to 5 in the Kativik region of Quebec (an Inuit region in the northernmost part of Quebec) 

had evidence of baby bottle tooth decay (55). Introduction to sugary beverages at such a young 

age may set a precedent for increased SSB consumption and obesity later in life (60,61).  

2.4 Risk factors associated with SSB consumption 

  Several risk factors have been associated with increased SSB consumption. These include 

poor diet, low SES, specific family influences, sedentary behaviour and in some cases, physical 

activity (6,62,63). This section will examine 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 high-caloric foods is associated with more frequent SSB 

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, savory 

snacks, iced desserts and total sugar consumption (65). This study examined the dietary habits, 

using a food frequency questionnaire, of 9433 adolescents aged 10 to 19 (65). The biggest 

limitation of this study was the cross-sectional design, limiting causality (65). Furthermore, a meta-
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analysis investigating the nutritional factors associated with soft drinks concluded that 

consumption of SSBs was associated with decreased intake of calcium, fruit, riboflavin and other 

nutrients (11). Further evidence from a national US Physical Activity and Nutrition survey 

indicated that adolescents who ate at fast food restaurants 1-2 day per week (OR=1.25, CI=1.05, 

1.50) or ≥3 days per week (OR=2.94, CI=2.31, 3.75) had a greater odds of consuming SSBs ≥3 

times per day than those who frequented fast food restaurants less than one day a week (66). This 

evidence indicates that SSB consumption is associated with, and may result in, other poor dietary 

behaviours (11,64–66).  

2.4.2 Socioeconomic status   

Another important risk factor to consider for SSB consumption is socioeconomic status, 

often measured using parental education, parental employment and/or family income (62,66–68). 

A cross sectional analysis examining 24-hour dietary recall of SSBs and demographic and 

socioeconomic associations revealed that adolescents from low-income families had higher odds 

of heavy SSB consumption (500kcal or 3.5 335 ml cans of soft drink) than those from high-income 

families (OR=1.93, CI=1.05, 3.56) (62). In the above study, family income was measured based 

on per-capita income as it related to the federal poverty level, e.g. high income families made 

300% more than the federal poverty level whereas low-income 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 of heavy SSB 

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 low-income cannot afford 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, energy-dense foods and beverages 

such as SSBs, some of which may be at lower cost than healthier alternatives (69). Another 

explanation may be that low-income youth sometimes reside, and build their food preferences, in 

single-parent households or in homes where parents work long hours, shifts or have multiple jobs 

and may therefore rely on convenient and quick, energy-dense foods to feed their families (67).  

2.4.3 Family influences 

Diet largely stems from the family environment, and this is true for SSB consumption (67). 

This section will discuss two family influences associated with SSB consumption: family meals 

and family support. Participating in family meals has been associated with better diet and less SSB 

consumption in children and adolescents (62,68–71). For example, a cross-sectional study of 

adolescents in the US found that the number of meals eaten together as a family 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 SSBs (p<.001) (69). This study examined family meals 

patterns among 4746 adolescents and used log-linear and linear modelling to determine 

relationships (69). One major strength of this study was the large and diverse sample of 

adolescents, however, difficulties assessing the inherent nature of family meals does arise and 

sometimes results in difficulty when comparing this measure across different studies (69). 

Furthermore, meta-analyses has found that adolescents who participated in at least three family 

meals per week had a 20% reduction in the odds of unhealthy eating behaviours (including SSB 

consumption) compared to those who participated in less than three family meals per week 

(OR=0.80, CI=0.68, 0.95) (71). 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 features of the home environment, is associated with SSB consumption (72–76). A review of 

the effects of general parenting and obesity-inducing 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 controlling or involved parents (72). For 

example, a cross-sectional study by Van der Horst et al (2007) examined perceived parenting 

practices of 383 Dutch adolescents using multiple linear regression models (76). The authors 

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 consumption (76). This 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 of SSBs (76). One 

limitation of this study is that it did not include a diverse sample of adolescents and therefore it 

may not be generalizable to other populations (76). This evidence indicates that the family 

environment, especially parental habits and styles, influence adolescent SSB consumption (72–

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 consumption (66,77–80). A longitudinal study examining changes in screen 

time and eating behaviour among 6002 female and 4917 male adolescents over 2 years, for 

example, found that for each additional hour spent watching television or playing video games, 

SSB consumption increased by 0.06 servings per day (p<.001) (77). 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 2793 adolescents aged 6-12 found that both sports and energy drinks were 

significantly associated with higher video game use (78). A strength of this study was the large 

and diverse sample size, however, the cross-sectional design limits the ability to make causal 

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 and Canada (6,66,78,79). 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 consuming (6,66,78,79). 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 physical activity, 

sports drink consumption was associated with increased physical activity (64). This 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). Self-reported data and limited response options in this study 

may result in some bias (64). In 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 physical activity (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=0.61, 0.80) (6). The 

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 activity participation (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 particular sub-groups 

such as those from lower SES families 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 that students 

consume approximately 35% of their total daily caloric intake on school premises (81,82). Schools 

are also good settings for research and intervention evaluation, as they provide access to a diverse 

sample of adolescents with a variety of socio-demographic backgrounds and a locale where 

interventions can be implemented and assessed (83). For 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 alternatives (84).  

Current research has shown mixed results when it comes to the effectiveness of school food 

programs. Some studies indicate that restricting access to SSBs and high-energy nutrient-dense 

foods in the school environment improves student diet (82,85–89) – 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 high fat foods and SSBs in Texas 

middle schools (87). The longitudinal design of this study was a strength, however, a strong 

limitation of this study is that it only measured in-school consumption and not overall consumption 

(87). In contrast, other studies have not found any effects of food interventions on SSB 

consumption (66,81,90–93) – for example, Blum et al. concluded that when schools reduced access 
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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 introduced these initiatives (92). 

Although schools present an excellent opportunity to modify youth behaviour, these mixed results 

raise questions about the effectiveness of 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 

concerns, including: 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 important to consider. 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 knowledge gap in the literature, the present study provides information on 

the prevalence and patterns of SSB consumption among school-aged youth, within Nunavut 

specifically, the North as a whole and the Canadian provinces. 

To inform overall understanding of 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 SSB consumption, 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 school-based programs is mixed. The current thesis stands 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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3.1 Abstract 

Introduction: Regular consumption of sugar-sweetened beverages (SSBs) is a well-known risk 

factor for weight gain, tooth decay and metabolic syndrome. Rates of SSB consumption in 

Nunavut specifically, have been noted to be exceptionally high. The objective of this study is to 

describe consumption rates of specific foods and beverages, with a focus on SSBs, among 

adolescents in Nunavut, northern Canada as a whole and the Canadian provinces.  

Methods: Data from the 2009-2010 (26 078 participants) and 2013-2014 (30 117 participants) 

cycles of the Health Behaviour in School-aged Children (HBSC) study were used to investigate 

population characteristics and consumption patterns. Comparative analyses examining 

consumption patterns for Nunavut, the three territories combined and the southern 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 24.3% 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 adolescents 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 counterparts in the 

provinces and territories as a whole and also had higher consumption levels of other energy-dense 

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

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

Regular consumption of sugar-sweetened beverages (SSBs), such as soft drinks, sweetened 

juices, sports drinks and energy drinks, are well-known risk factors for weight gain, tooth decay 

and metabolic syndrome leading to diabetes (Bernabé, 2014; Danyliw, Vatanparast, Nikpartow, & 

Whiting, 2012; Hu, 2010; Malik, Pan, Willett, & Hu, 2013; Te Morenga, Mallard, & Mann, 2012; 

Vartanian, Schwartz, & Brownell, 2007). In this study, SSBs are defined as beverages which 

contain added caloric sweetener, such as sugar, high-fructose corn syrup and fruit juice 

concentrates (Hu, 2010). Diet soft drinks and fruit juices without added sugar are not included. 

 High levels of SSB consumption is a serious public health concern in Canada (Lobstein, 

2014; Public Health Agency of Canada, 2011). Currently, although prevalence rates for SSB 

consumption are known for the provinces, there is less available information for Nunavut and the 

territories (Garriguet, 2008a, 2008b). Existing 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 cans of soft 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 school-aged Inuit youth, specifically with respect to SSB consumption, in 

Nunavut (Gates, Skinner, & Gates, 2014). This knowledge gap is important. Inherent health risks 

associated with SSB consumption in young people are significant and reports from local 

communities in these regions indicate potentially alarmingly high rates of consumption. 

Nunavut is Canada’s largest territory, covering approximately two million square 

kilometers. It houses twenty five small remote, fly-in communities and accounts for nearly half of 

the total Inuit population in Canada with Inuit representing over 85% of the total population in the 

territory (Government of Canada, 2005; Statistics Canada, 2006). As a region, Nunavut has high 
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rates of several risk factors for high SSB consumption. One is that many families in the territory 

deal with high levels of poverty; 17.2% of the population is unemployed, compared to the national 

average of 7.1% (Egeland, Faraj, & Osborne, 2010; Egeland, Pacey, Cao, & Sobol, 2010). Nunavut 

has the lowest average family income in Canada (Government 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 of 17.2% (Egeland, Pacey, et al., 2010; Health Canada, 2007). Low 

socioeconomic status (SES) and factors associated with poverty have been linked to high SSB 

consumption (Mazarello Paes et al., 2015). Nunavut peoples may be at increased risk of SSB 

consumption because 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 Agency of Canada, 2011). Poor oral health, especially among 

children, has also been highlighted recently as an important public health issue in Nunavut (Houde, 

Gagnon, & St-Germain, 1990; Lawrence, H.P. et al., 2004; Pacey, Angela, Nancarrow, Tanya, & 

Egeland, Grace, 2010; Schroth, Harrison, & Moffatt, 2009). Studies have shown that 69.1% of 

children in Nunavut have either decaying, extracted or filled teeth, compared to 57% of Canadian 

children overall (Health Canada, 2010; Pacey, Angela et al., 2010). Another particular issue seen 

in the north is baby bottle tooth decay, which is associated with adding sugar or a sugary liquid to 

a baby’s bottle. Although information is lacking in Nunavut, similar communities have found this 

to be a problem. For example, in Kativik, a mostly Inuit region in northern Quebec, baby bottle 

tooth decay was found to be upwards of 70% (Houde 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 School-aged Children 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 nation-wide self-report survey within a larger 

WHO affiliated, international study that focuses on adolescent health. HBSC uses a multi-stage, 

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 depending 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 day of the survey, are 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 Brunswick and Prince 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 

students exclusively, “northern” students from the three territories collectively, and students from 

the ten provinces. 

Community characteristics were determined using additional sources of data. Community 

population, defined as the population in a one-kilometer buffer 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 used to determine 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, 2015). This study received ethical clearance from 

Queen’s University, Health Sciences and Affiliated Teaching Hospitals Research Ethics Board 

(#6016256) and the National HBSC study has approval from both the Queen’s University General 

Research Ethics Board (File #GMISC-062-13) and the Public Health Agency of Canada/Health 

Canada. 

Measures 

Demographic characteristics included are sex (boys vs. girls), age and grade (6-10).  

Family affluence was measured using the HBSC Family Affluence Scale (FAS). Data for Nunavut 

for this scale were only available in 2010. The FAS is a composite (four question) measure of 

students’ level of wealth, categorizing each student according to high, medium or low affluence. 

Questions for both years include: whether or not the student has their own bedroom, the number 

of cars their family owns, how 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 validity (Boyce, 

Torsheim, Currie, & Zambon, 2006; Currie et al., 2008; Schnohr et al., 2007).  

Physical activity was measured using two questions that assess the number of days the 

student was physically active in one week. Questions asked on how many days in a usual week 
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and the past week the student is physically 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 Physiology (Canadian Society for Exercise Physiology, 2012a). This method for 

measuring physical activity has been previously tested for reliability (k=61%) (Prochaska JJ, Sallis 

JF, & Long B, 2001).  

The screen time measure was created by asking students to report on three screen time 

behaviours: watching television (including videos and DVDs), playing games on a computer or 

console (Playstation, Xbox, Gamecube, etc.) and using a computer for chatting on-line, internet, 

emailing, homework etc. Responses ranged from “none at all” to “about 7 or more hours a day”. 

The screen time measure was obtained by first averaging each screen 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 seven-day log 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 behavior (Canadian Society 

for Exercise Physiology, 2012b).   

BMI was measured using student self-reported information on height and weight and was 

calculated using the standard formula: weight in kilograms divided by height in meters squared. 

One obvious extreme outlier was deleted. BMI was categorized 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 age (World Health Organization, 2015).  
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The variables grandparents in the home and family structure were constructed using the 

question: “All 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 who live there”. Response options 

available were: mother, father, stepmother, stepfather, grandmother, grandfather, I live in a foster 

home or children’s home and someone else. Students were categorized as living with their 

grandparents if they selected any combination that included either the grandmother and/or the 

grandfather and as having a nuclear family if they indicated that both their mother and father lived 

in the same home.  

Family meals were measured slightly differently in the 2010 and 2014 survey cycles. In 

both cases a single question was used to determine how many days a week the student had an 

evening meal with their family. In 2010 the question asked: “On average, how many times per 

week does your family sit down at the table together for dinner/supper”. Responses ranged from 

0 to 7 days a week. In 2014 the question asked: “How often do you have an evening meal together 

with your mother or father (or other adult family member)”. Responses ranged from “never” to 

“every day”. The measure for both years was categorized as high (≥7 times a week), moderate (2-

6 times a week) and low (≤1 times per week). These responses were kept separate for the two 

cycles.  

All food and beverage items 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 were non-SSBs (diet soft drinks and fruit juice), 

SSBs (soft drinks, sports drinks, energy drinks), fruits and vegetables (fruit, vegetables, dark green 

vegetables, orange vegetables), game from hunting, sweets and potato chips. There were seven 

response options ranging from “never” to “more than once a day, every day”. The average weekly 
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consumption of each item was calculated by recoding the response categories as: “never”=0, “less 

than once a week”=0.25, “once a week”=1, “2-4 days a week”=3, “5-6 days a week”=5.5, “once a 

day every day” and “more than once a day, every day”=7. The FFQ has been tested for test re-test 

reliability and shown to have Spearman’s correlations ranging from 0.57 for potato chips to 0.80 

for regular soft drinks (Levin, Kirby, Currie, & Inchley, 2012; Vereecken, De Henauw, & Maes, 

2005; Vereecken, Rossi, Giacchi, & Maes, 2008).  

Summary items were created for SSBs, fruit and vegetables and, sweets and chips. 

Responses were coded as above with the exception of “more than once a day, every day,” which 

was coded as 14. To obtain an overall score for weekly fruit and vegetables and SSB consumption, 

each item was summed (Vereecken et al., 2008). All 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 prices 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 three territories combined (i.e. the North), and 

the provinces (i.e. the South). Rao-Scott chi-square tests were used to test significant differences 

(p<0.05) between characteristics of youth in the provinces versus the territories. Row frequencies 

were presented to describe daily or higher SSB consumers by several variables as well 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 reported for each variable. 

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 are within a confidence interval of plus or minus 1%. 

Regional estimates (North, South and Nunavut) are within plus or minus 5%. Table 3.1 describes 

the sample characteristics from 2010 and 2014 across the provinces, territories and Nunavut. 

Students’ age ranged from 9 to 19 years. The mean age (SD) for 2010 for girls was 13.3 (1.5) years 

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 across the sample. In 2010, more youth in the territories reported 

low family affluence as compared to the provinces and more youth in Nunavut reported being of 

low affluence than in 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, adolescents in Nunavut were more likely to live in small communities, as 

defined by there being less than 500 people living in the 1 km radius around the school, than those 

in the provinces. Communities in Nunavut were exclusively fly-in, whereas no provincial 

communities included in the survey were fly-in. As for the other territories, seven communities 

were fly-in but accessible to the southern provinces via winter roads, while one community was 

entirely fly-in. Finally, in terms of soft drink prices, Nunavut had the highest prices at a mean of 
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$12.08 per two liter bottle. 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 daily 60-minute guidelines for 

physical activity. There was a significant difference between 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 describes food 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 young people in the provinces and territories. Youth from the territories consumed less 

fruit and vegetables (74% in 2010 and 77% in 2014 consumed every day or more) than those in 

the provinces (82% in both years consumed every day or more), while Nunavut students consumed 

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 Nunavut. Wild game consumption was also 

significantly higher in the northern territories, in both 2010 and 2014, than in the provinces and 
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was highest in Nunavut. Frequencies of other healthy eating behaviours examined, including 

weekday breakfast, family meals and teeth brushing, can be seen in table 3.1. 

Beverage consumption  

Consumption of non-SSBs (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 consume fruit juice at least daily (45% and 43% 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 the 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 compared to youth 

in the provinces and territories. Overall for 2010 and 2014, rates of daily or more SSB consumption 

were highest among youth from Nunavut (53% and 55% respectively), followed by the territories 

and the provinces.  Over half of the Nunavut sample consumed 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. Significant associations 

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. In the North and South, high consumers were more 

likely to be male, in older grades, have low SES and be from non-nuclear families 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 and profiles 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 

Nunavut when 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 between high SSB consumption 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 have changed dramatically in Nunavut over the past fifty years. One 

explanation for the rise in SSB consumption may be associated with Nunavut’s recent 

colonization.  For hundreds or even thousands of years, the traditional Inuit diet included nutrient-

dense foods, such as wild game, marine mammals, fish, bird seasonal roots, stems, tubers and wild 

berries (Kuhnlein & Receveur, 2007; Mead, Gittelsohn, Kratzmann, Roache, & Sharma, 2010). 

The colonization and settlement of Inuit resulted in a devaluing of their traditional practices and a 

rapid change from nomadic life (Horvath, 1972). Evidence indicates that with the decline in 

consumption of traditional food in Nunavut, there has been a corresponding increase and desire 

for store-bought foods, especially among children (Hopping et al., 2010; H. V. Kuhnlein, 

Receveur, Soueida, & Egeland, 2004; Sheehy, Roache, & Sharma, 2013; Wein, Freeman, & 

Makus, 1996). Studies have found, for example, that more than 40% of children’s daily energy is 

sourced from non-nutrient, energy-dense, store-bought foods (H. V. Kuhnlein et al., 2004). With 

a reduction in hunting and gathering and in the availability of country foods, there has been some 

loss of knowledge about traditional food practices and an increasing value placed on store-bought 
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foods. Inuit – in particular, younger generations – are commonly relying on store bought meal 

alternatives and beverages such as SSBs (Chan et al., 2006; Mead et al., 2010).  

Other social factors may also be influencing SSB consumption in the North. Previous 

studies in the U.S. have shown that family meals are positively associated with fruit and vegetable 

intake and negatively associated with soft drink consumption (Neumark-Sztainer, Hannan, Story, 

Croll, & Perry, 2003). Studies have shown that adolescents who share at least three meals per week 

with their families are at a reduced risk of consuming unhealthy foods compared to those that do 

not (including SSBs)(Neumark-Sztainer et al., 2003). The current study partially supports these 

findings. For the provinces and territories combined, although not specifically for Nunavut, there 

was a positive association between the number of family meals per week and daily SSBs 

consumption.  

 A growing reliance on, and enjoyment of, convenience foods, among both parents and 

children may be one explanation for the high rates of SSB consumption found in Nunavut. Another 

explanation might be related to family structure. Previous research has shown that adolescents in 

nuclear households, i.e., with two parents, are less likely to consume junk food such as SSBs than 

adolescents in non-nuclear households (Ambrosini, 2009; Stewart, 2009). The current study shows 

that adolescents in nuclear families are less likely to consume SSBs on a daily basis than 

adolescents living in non-nuclear families. There could be several reasons for this. One reason 

found in southern Canadian communities is that single-parents are working long hours or have 

multiple jobs, relying on quick and convenient foods to feed their families (Patrick & Nicklas, 

2005). Adolescents in one-parent households may also have less supervision and more autonomy 

in their food and beverage choices, which could result in higher consumption of preferred sugary 

foods. These relationships may differ in the northern setting due to differences in housing, 
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employment and culture. There is a general gap in knowledge around how family structure 

specifically in the north may be impacting 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 shown to be the case in previous 

studies. Grandparents have been shown to provide children with treats such as SSBs regardless of 

parental approval (Hoare 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 Nunavut, this difference was less pronounced. Further research would do well to 

investigate the potential influence of extra adult, elder or parental figures, such as grandparents, 

on SSB consumption.  

Another common explanation for SSB consumption is SES – lower SSB consumption, for 

example, has been shown to be associated with higher SES (Mazarello Paes et al., 2015). The 

current study is no exception. Family affluence level was positively associated with SSB 

consumption level in 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 SES and SSB consumption there. One 

explanation is that FAS, as a measure of SES, may not differentiate affluence levels well among 

young people in Nunavut. This could be because the FAS items, such as international vacations, 

or number of cars, may only differentiate the very wealthy from 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 use all-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 destinations. Failure to be able to measure a full 

SES gradient in Nunavut may explain why SSB consumption is not associated with family 

affluence in this region.  

There are several strengths and limitations of the present study. A major strength is the 

study’s large sample size, which provides adequate power, especially in Nunavut where previous 

sample sizes have been relatively small and where the current study is territorially representative. 

Further, this study provides essential information on SSB consumption patterns, especially in 

Nunavut where patterns have not been previously documented at a territorial level. This study was 

undertaken with guidance from northern stakeholders and addresses an important public health 

concern for northerners and for all Canadians. 

The study also has several limitations. The 2014 cycle of the HBSC is lacking some 

variables for Nunavut, 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 associations used data only 

from the 2010 cycle of the HBSC and this reduced the available sample size. Another limitation is 

the fact that we do not know the exact volume of SSB or other food and beverages consumed at 

each instance. Further, the category of “more than once a day” does not quantify the amount 

consumed in one day – for 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 between individuals within this high consumer category. Furthermore, the 

item for “fruit juice” may be misclassified because some youth may consider juice cocktails or 

crystals as fruit juice instead of a sugar-sweetened beverage. The FFQ also does not include other 

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 Nunavut, the 

territories combined and the provinces. Its major finding is that 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 energy-dense food, particularly when compared to 

the reported consumption levels of students 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 nutrition and health 

promotion interventions.  

3.6 References  

Ambrosini, G. L. 2009. Adolescent dietary patterns are associated with lifestyle and family psycho-social 

factors. Public Health Nutrition 12(10): 1807–1815. 

Bernabé, E. 2014. Sugar-sweetened beverages and dental caries in adults: A 4-year prospective study. 

Journal of Dentistry 42(8): 952–958. 

Boyce, W., Torsheim, T., Currie, C., & Zambon, A. 2006. The Family Affluence Scale as a measure of 

national wealth: Validation of an adolescent self-report measure. Social Indicators Research 

78(3): 473–487. http://doi.org/10.1007/s11205-005-1607-6 

Canadian Society for Exercise Physiology. 2012a. Canadian physical activity guidelines. Retrieved from 

http://www.csep.ca/CMFiles/Guidelines/CSEP_PAGuidelines_youth_en.pdf 

Canadian Society for Exercise Physiology. 2012b. Canadian sedentary behaviour guidelines. Retrieved 

from 

http://www.csep.ca/CMFiles/Guidelines/CanadianSedentaryGuidelinesStatements_E_2012.pdf 



52 

 

Chan, H. M., Fediuk, K., Hamilton, S., Rostas, L., Caughey, A., Kuhnlein, H., Loring, E. 2006. Food 

security in Nunavut, Canada: Barriers and recommendations. International Journal of 

Circumpolar Health. 65(5). http://doi.org/10.3402/ijch.v65i5.18132 

Currie, C., Molcho, M., Boyce, W., Holstein, B., Torsheim, T., & Richter, M. 2008. Researching health 

inequalities in adolescents: The development of the Health Behaviour in School-Aged Children 

(HBSC) Family Affluence Scale. Social Science & Medicine 66(6):1429–1436. 

http://doi.org/10.1016/j.socscimed.2007.11.024 

Danyliw, A. D., Vatanparast, H., Nikpartow, N., & Whiting, S. J. 2012. Beverage patterns among 

Canadian children and relationship to overweight and obesity. Applied Physiology, Nutrition, and 

Metabolism 37(5):900–906. http://doi.org/10.1139/h2012-074 

Garriguet, D. 2008a. Beverage consumption of Canadian adults (Statistics Canada Health Reports). 

Statistics Canada. Retrieved from http://www.statcan.gc.ca/pub/82-003-

x/2008004/article/6500821-eng.pdf 

Garriguet, D. 2008b. Beverage consumption of children and teens (Statistics Canada Health Reports No. 

Catalogue no. 82-003X). Statistics Canada. Retrieved from http://www.statcan.gc.ca/pub/82-003-

x/2008004/article/6500820-eng.pdf 

Egeland, G. M., Faraj, N., & Osborne, G. 2010. Cultural, socioeconomic, and health indicators among 

Inuit preschoolers: Nunavut Inuit Child Health Survey, 2007-2008.  Rural and Remote Health 

10(1365). Retrieved from http://www.rrh.org.au/articles/subviewnew.asp?ArticleID=1365 

Egeland, G. M., Pacey, A., Cao, Z., & Sobol, I. 2010. Food insecurity among Inuit preschoolers: Nunavut 

Inuit Child Health Survey, 2007-2008. Canadian Medical Association Journal 182(3):243–248. 

http://doi.org/10.1503/cmaj.091297 

Fulton, J. E., Gao, S., Harnack, L., Jacobs, D. R., Jr., Lytle, L. A., Schmitz, K. H., & Van Coevering, P. 

2004. Reliability and validity of a brief questionnaire to assess television viewing and computer 

use by middle school children. Journal of School Health 74(9):370+. 



53 

 

Gates, A., Skinner, K., & Gates, M. 2014. The diets of school-aged Aboriginal youths in Canada: A 

systematic review of the literature. Journal of Human Nutrition and Dietetics 28(3):246-261. 

http://doi.org/10.1111/jhn.12246 

Government of Canada, S. C. 2005. Land and freshwater area, by province and territory. Retrieved 

December 17, 2015, from http://www.statcan.gc.ca/tables-tableaux/sum-som/l01/cst01/phys01-

eng.htm 

Government of Nunavut. 2015. Nunavut Quick Facts. Government of Nunavut. Retrieved from 

http://www.stats.gov.nu.ca/en/home.aspx 

Health Canada. 2010. Oral Health Statistics 2007-2009 - Canadian Health Measures Survey (CHMS)- 

Health Canada [statistics]. Retrieved January 6, 2016, from http://www.hc-sc.gc.ca/hl-

vs/pubs/oral-bucco/fact-fiche-oral-bucco-stat-eng.php 

Health Canada, H. C. 2007. Canadian Community Health Survey, Cycle 2.2, Nutrition (2004): Income-

related food security in Canada. Retrieved from http://www.hc-sc.gc.ca/fn-

an/surveill/nutrition/commun/income_food_sec-sec_alim-eng.php 

Hoare, A., Virgo-Milton, M., Boak, R., Gold, L., Waters, E., Gussy, M., de Silva, A. M. 2014. A 

qualitative study of the factors that influence mothers when choosing drinks for their young 

children. BMC Research Notes. http://doi.org/10.1186/1756-0500-7-430 

Hopping, B. N., Erber, E., Mead, E., Sheehy, T., Roache, C., & Sharma, S. 2010. Socioeconomic 

indicators and frequency of traditional food, junk food, and fruit and vegetable consumption 

amongst Inuit adults in the Canadian Arctic. Journal of Human Nutrition and Dietetics 23(s1): 

51–58. http://doi.org/10.1111/j.1365-277X.2010.01100.x 

Horvath, R. J. 1972. A definition of colonialism. Current Anthropology 13(1):45–57. 

Houde, G., Gagnon, P. F., & St-Germain, M. 1990. A descriptive study of early caries and oral health 

habits of Inuit pre-schoolers: preliminary results. Arctic Medical Research Suppl:683–684. 



54 

 

Hu, F. B. 2010. Sugar-sweetened beverages and risk of obesity and type 2 diabetes: Epidemiologic 

evidence. Physiology & Behavior 100(1): 47–54. 

Kuhnlein, H. V., & Receveur, O. 2007. Local cultural animal food contributes high levels of nutrients for 

Arctic Canadian Indigenous adults and children. The Journal of Nutrition 137(4): 1110–1114. 

Kuhnlein, H. V., Receveur, O., Soueida, R., & Egeland, G. M. (2004). Arctic Indigenous peoples 

experience the nutrition transition with changing dietary patterns and obesity. The Journal of 

Nutrition 134(6): 1447–1453. 

Lawrence, H.P., Romanetz, M., Rutherford, L., Cappel, L., Binguis, D., & Rogers, J. 2004. Oral health of 

Aboriginal preschool children in Northern Ontario. PROBE 38(4). Retrieved from 

http://www.caphd.ca/sites/default/files/Aboriginal_Preschool.pdf 

Levin, K. A., Kirby, J., Currie, C., & Inchley, J. 2012. Trends in adolescent eating behaviour: A 

multilevel cross-sectional study of 11–15 year olds in Scotland, 2002–2010. Journal of Public 

Health 34(4): 523-531. http://doi.org/10.1093/pubmed/fds021 

Lobstein, T. 2014. WHO | Reducing consumption of sugar-sweetened beverages to reduce the risk of 

childhood overweight and obesity. Retrieved November 15, 2014, from 

http://www.who.int/elena/bbc/ssbs_childhood_obesity/en/ 

Malik, V. S., Pan, A., Willett, W. C., & Hu, F. B. 2013. Sugar-sweetened beverages and weight gain in 

children and adults: A systematic review and meta-analysis. The American Journal of Clinical 

Nutrition 98(4): 1084–1102. http://doi.org/10.3945/ajcn.113.058362 

Mazarello Paes, V., Hesketh, K., O’Malley, C., Moore, H., Summerbell, C., Griffin, S., Lakshman, R. 

2015. Determinants of sugar‐sweetened beverage consumption in young children: A systematic 

review 16(11): 903–913. 

Mead, E., Gittelsohn, J., Kratzmann, M., Roache, C., & Sharma, S. 2010. Impact of the changing food 

environment on dietary practices of an Inuit population in Arctic Canada. Journal of Human 

Nutrition and Dietetics 23(s1): 18–26. http://doi.org/10.1111/j.1365-277X.2010.01102.x 



55 

 

Neumark-Sztainer, D., Hannan, P. J., Story, M., Croll, J., & Perry, C. 2003. Family meal patterns: 

Associations with sociodemographic characteristics and improved dietary intake among 

adolescents. Journal of the American Dietetic Association 103(3): 317–322. 

http://doi.org/10.1053/jada.2003.50048 

Northwest Territories Bureau of Statistics. 2015. Northwest Territories Community Price Survey. 

Nunavut Bureau of Statistics. 2015. Nunavut food price survey. 

Pacey, Angela, Nancarrow, Tanya, & Egeland, Grace. 2010. Prevalence and risk factors for parental-

reported oral health of Inuit preschoolers: Nunavut Inuit Child Health Survey, 2007-2008. 

10(1368). Retrieved from http://www.rrh.org.au/articles/subviewnew.asp?ArticleID=1368#2 

Patrick, H., & Nicklas, T. A. 2005. A review of family and social determinants of children’s eating 

patterns and diet quality. Journal of the American College of Nutrition 24(2): 83–92. 

http://doi.org/10.1080/07315724.2005.10719448 

Prochaska, J.J., Sallis, J.F., & Long, B. 2001. A physical activity screening measure for use with 

adolescents in primary care. Archives of Pediatrics & Adolescent Medicine 155(5): 554–559. 

http://doi.org/10.1001/archpedi.155.5.554 

Public Health Agency of Canada. 2011. Obesity in Canada - Healthy Living - Public Health Agency of 

Canada. Retrieved April 21, 2015, from http://www.phac-aspc.gc.ca/hp-ps/hl-mvs/oic-oac/index-

eng.php 

Schnohr, C. W., Kreiner, S., Due, E. P., Currie, C., Boyce, W., & Diderichsen, F. 2007. Differential item 

functioning of a Family Affluence Scale: Validation study on data from HBSC 2001/02. Social 

Indicators Research 89(1): 79–95. http://doi.org/10.1007/s11205-007-9221-4 

Schroth, R. J., Harrison, R. L., & Moffatt, M. E. K. 2009. Oral health of Indigenous children and the 

influence of early childhood caries on childhood health and well-being. Pediatric Clinics of North 

America 56(6): 1481–1499. http://doi.org/10.1016/j.pcl.2009.09.010 



56 

 

Sheehy, T., Roache, C., & Sharma, S. 2013. Eating habits of a population undergoing a rapid dietary 

transition: Portion sizes of traditional and non-traditional foods and beverages consumed by Inuit 

adults in Nunavut, Canada. Nutrition Journal 12(1): 1–11. http://doi.org/10.1186/1475-2891-12-

70 

Statistics Canada. 2006. Aboriginal Peoples in Canada in 2006: Inuit, Métis and First Nations, 2006. 

Retrieved December 12, 2015, from https://www12.statcan.gc.ca/census-recensement/2006/as-

sa/97-558/p6-eng.cfm 

Statistics Canada. 2015. Food and other selected items, average retail prices (Prices). Retrieved June 1, 

2015, from http://www.statcan.gc.ca/tables-tableaux/sum-som/l01/cst01/econ155a-eng.htm 

Statistics Canada. 2016. Labour force characteristics, seasonally adjusted, by province (monthly) 

(Newfoundland and Labrador, Prince Edward Island, Nova Scotia, New Brunswick). Retrieved 

January 14, 2016, from http://www.statcan.gc.ca/tables-tableaux/sum-som/l01/cst01/lfss01a-

eng.htm 

Stewart, S. D. 2009. Family structure, nonresident father involvement, and adolescent eating patterns. 

Journal of Adolescent Health 45(2): 193–201. 

Te Morenga, L., Mallard, S., & Mann, J. 2012. Dietary sugars and body weight: systematic review and 

meta-analyses of randomised controlled trials and cohort studies. BMJ 346: e7492–e7492. 

http://doi.org/10.1136/bmj.e7492 

Vartanian, L. R., Schwartz, M. B., & Brownell, K. D. 2007. Effects of soft drink consumption on nutrition 

and health: A systematic review and meta-analysis. American Journal of Public Health 97(4): 

667–675. http://doi.org/10.2105/AJPH.2005.083782 

Vereecken, C. A., De Henauw, S., & Maes, L. 2005. Adolescents’ food habits: Results of the Health 

Behaviour in School-aged Children survey. British Journal of Nutrition 94(03): 423–431. 

http://doi.org/10.1079/BJN20051513 



57 

 

Vereecken, C. A., Rossi, S., Giacchi, M. V., & Maes, L. 2008. Comparison of a short food-frequency 

questionnaire and derived indices with a seven-day diet record in Belgian and Italian children. 

International Journal of Public Health 53(6): 297–305. http://doi.org/10.1007/s00038-008-7101-6 

Wein, E. E., Freeman, M. M. R., & Makus, J. C. 1996. Use of and preference for traditional foods among 

the Belcher Island Inuit. Arctic 49(3): 256–264. 

World Health Organization. 2015. WHO | BMI-for-age (5-19 years). Retrieved December 17, 2015, from 

http://www.who.int/growthref/who2007_bmi_for_age/en/ 

Yukon Bureau of Statistics. 2015. Median and average retail price of pop. 

 



58 

 

Table 3.1. Description of study population from Nunavut, all three territories combined and the provinces (n, %) 

  2010   2014 

    
Nunavut 
(n=832) 

Territories 
(n=3942) 

Provinces 
(n=22136) 

P*     
Nunavut† 
(n=540) 

Territories 
(n=3625) 

Provinces 
(n=26492) 

P* 

Grade          

≤6 194(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)  

≥10 128(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         

≤ 2 hours/day 69(12.1) 475(14.5) 2231(11.2) <.0001  79(19.0) 365(11.4) 2005(8.6) <.0001 

˃ 2 hours/day 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 Rao-Scott chi-square test between provinces and territories only. 
†Some data missing for Nunavut because of the shortened survey administered to this region. 
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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 
(n=832) 

Territories 
(n=3942) 

Provinces 
(n=22136) 

Community population*   

Small (<500) 199 (23.9) 566 (14.4) 1286 (5.8) 

Medium (200-3000) 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) 

Fly-in 832 (100) 904 (22.9) 0 

Winter road 0 129 (3.3) 0 

Soft drink price    

≤$2.03/2L 0 93 (2.4) 22136 (100) 

>$2.03/2L 832 (100) 3849 (97.6) 0 
*Community population represents the population living in 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* 

Non-sugar-sweetened beverages               

Fruit Juice 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 

Sugar-sweetened 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* 

Non-sugar-sweetened beverages               

Fruit Juice 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 

Sugar-sweetened 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                 

Summary F&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 

Sweets and 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 meals§ ----    ---- ----          403(12.8) 1234(39.2) 1508(48.0) 480   2683(10.3) 10926(41.9) 12492(47.9) 390   <.0001 

*P value for Rao-Scott chi-square test between provinces and territories only. 
†Family meal variable is slightly different from 2010, 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 the dinner table for dinner, where low=0 to 1 times, moderate=2 to 6, high=7. 
¶Low = never and less than once a week, moderate = once a week to 6 days a week, high = once a day every day and more than once a day every day. 
**Missing data for Nunavut because of 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 

  
%  ≥Daily SSB 
consumption P value*   

%  ≥Daily SSB 
consumption P value   

%  ≥Daily SSB 
consumption P value 

Sex  0.0903   <.0001   <.0001 

Male 56.2   36.1   31.4  

Female 50   26   17.5  

Grade  <.0001   <.0001   <.0001 

6 to 8 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  <.0001   <.0001   <.0001 

≤ 2 hours/day 27.3   12.2   13.3  

˃ 2 hours/day 55.5   32.2   24.9  

Weekday breakfast  0.1529   <.0001   <.0001 

5 days/week 49.6   25.3   19.5  

<5 days 54.8   36.7   30.7  

Fruit and vegetables  0.9493   <.0001   <.0001 

High  54.2   29.3   22.5  

moderate 52.9   37.3   33.7  

low 53.8   42.5   47.6  

Family structure  0.1167   <.0001   <.0001 

2 parents  50   26.7   22  

other  56.1     34.9     28.3   

*P value for Rao-Scott chi-square 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.  

 

 



66 

 

 

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 sugar-sweetened 

beverage (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 school-aged youth in Canada.   

Methods: This study used student and school administrative data from the 2014 Heath Behaviour 

in School-aged Children Study. Multilevel multivariate Poisson regression analyses were used to 

model individual and cumulative school food programs with daily and weekly SSB consumption 

among Canadian youth.  

Results: 19.9% of participants reported consuming SSBs ≥daily, 49.4% consumed 1-6 days/week 

and 30.7% consumed <once a week. No significant associations were found between daily SSB 

consumption and any individual school food program. Weak associations were found between 

weekly SSB 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 consumption 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 and explore alternative 

settings or approaches for preventive intervention.  
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4.2 Introduction  

Sugar-sweetened beverages (SSBs), such as soft drinks, energy drinks and sports drinks, 

although decreasing with time, still present an issue within the Canadian context, specifically 

among youth1. Among adolescents in grades 9 and 10, approximately 8-15% are consuming soft 

drinks at least once a day1. Sugar consumption has long been linked to negative health outcomes. 

Studies agree that high consumption of sugar, especially in the form of SSBs, can result in weight 

gain, diabetes, cardiovascular disease and dental caries2–5. Given the health concerns and relatively 

high rates of SSB consumption, there is a greater need 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 their total daily caloric intake in the school setting6. Schools are also good settings for 

research, as they provide access to a large and diverse sample of adolescents7. There is an 

increasing push in Canada to improve school food environments, particularly by reducing access 

to junk foods, such as SSBs, and promoting healthy food alternatives in the school setting8.  

Unfortunately, the effectiveness of school food programs at reducing SSB consumption 

remains unclear as studies have shown mixed results9–12. In 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 SSBs9. In 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 schools13. This pattern has also been 
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confirmed by others10,13,14. Although schools present an excellent setting to impact youth 

behaviour, these mixed results raise questions about the effectiveness of 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. It adds to the growing literature around the 

effectiveness of school food programs for reducing SSB consumption among school-aged 

children.  

4.3 Methods 

Participants  

This study used data from the 2014 cycle of the Canadian Health Behaviour in School-

aged Children (HBSC) study. HBSC is a cross-sectional, self-report survey administered every 

four years, within a larger, World Health Organization affiliated, international study that focuses 

on health and health behaviours among youth ages 10-15 years. HBSC uses a multi-stage 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 size1. Then, a list of eligible and consenting schools is created and 

schools are randomly selected1. Next, the Principals of each school select two classrooms for each 

eligible school grade and all students from the selected classrooms 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 was 77% for students 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 area-level information. The National HBSC study has approval from both the Queens 

General Research Ethics Board (File #GMISC-062-13) and the Public Health Agency of 

Canada/Health Canada, while this specific study received ethical clearance from at Queen’s 

University, Health Sciences and Affiliated Teaching Hospitals Research Ethics Board (#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 the 7-day food frequency questionnaire (FFQ) 

within the HBSC by 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, “less than once a week”=0.25, “once a week”=1, “2-4 days a week”=3, “5-

6 days a week”=5.5, “once a day every day”=7 and “more than once a day, every day”=14 and 

summed to obtain an overall value for frequency of SSB consumption per week. Daily SSB 

consumption was categorized as “yes” if the student reported consuming SSBs 7 or more times 

per week. Weekly SSB consumption was categorized as “yes” if SSBs were consumed at least 

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 demonstrates adequate test re-test reliability with a 

Spearman’s correlation ranging from 0.73 to 0.8015,16. The measure for soft drinks has also been 

tested against 24-hour food recall, another common method of measuring food intake, and shown 

to have almost perfect agreement among Belgian children16.  

Exposure: School food programs  

Information for school food programs was obtained from the HBSC school administrator’s 

survey 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 administrator’s survey were linked to the student-level HBSC data to provide 

corresponding school level information for each student.  

All healthy food initiatives are referred to as “programs” instead of policies since they are 

implemented at the school level. Questions from the administrator’s survey dethtermined whether 

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, stopped the sale of junk food and held 

junk food free days. Response options were yes, no or N/A. For the current study, N/A was 

combined with no to create a dichotomous variable of yes/no. In addition, Principals were asked if 

they provided healthy food choices at reasonable/subsidized prices, healthy eating promotional 

materials, daily healthy eating specials and healthy eating cafeteria programs in any of the 

following locations: the cafeteria, snack bar/tuck shop and/or vending machines. This question 

was categorized as “1” if at least one of the locations were checked. Finally, principals were asked 

if their school provided students with free fruits and vegetables (yes/sometimes/no). When used 
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within the composite exposure for programs offered, yes and sometimes were 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 school food programs, 

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 covariates 

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 schools, low-income and high-income 

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 those in low-income 

and rural areas may consume more than those in high-income and urban areas 17. 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 

consumption18,19. All covariates were found to be statistically significant and were included in the 

models.  

Demographic characteristics of sex, male vs female, and grade, 6-8 vs 9-10, were 

measured. Relative family affluence was measured by asking students to rate how well off they 

think their family is. Options included: “very well off,” “quite well off,” “average,” “not very well 

off” and “not well off at all”. Responses were categorized into three groups. ‘Very well off’ and 
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‘quite well off’ were combined for high affluence, ‘average’ as medium affluence and ‘not very 

well off’ combined with ‘not well off at all’ for low affluence. This measure has been tested for 

reliability and found to have an intra-class correlation coefficient of 0.7320. Family support was 

measured through a scale consisting of 4 items: “I get the help and support I need from my family,” 

“My family really tries to help me,” “I can talk about my problems with my family” and “My 

family is willing to help me make decisions”. These items were summed to create a scale and split 

into approximately equal tertiles. The family support scale has been used previously and has a 

Cronbach’s alpha of 0.911.   

Neighbourhood income was obtained by linking school postal codes to geographical 

Statistics Canada census data using PCCF+. PCCF+ links each school postal code to small 

geographical 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 the highest income. Quintiles were 

adjusted for national distributions of income, rather than area-based income, which limit the 

potential effects from differences in income and living costs across the country. For this study 

neighbourhood income was further divided into low (Q1 & Q2) and moderate/high (Q3-Q5) 

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 

10 000) were categorized as urban in order to differentiate between cities and rural or “small town” 

schools. The remaining schools were categorized as rural. Rural schools were further categorized 

into three groups, according to metropolitan influenced zones (MIZ). MIZ 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% for weak MIZ and 0% for no MIZ21. 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 commuting flow21. For this study, 

schools within the three territories and those with no MIZ were combined with the weak MIZ 

category. Rurality was categorized 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 characteristics both for the overall sample and 

by urban and rural schools. Row frequencies and bivariate associations, using Rao-Scott Chi 

Square tests, were examined between individual variables and daily SSB consumption. The 

proportion of available food programs in schools 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 determine if SSB rates 

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 conducted to model 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 used PROC 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 

under-represented 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, family support, 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 

demonstrated that sufficient level 2 power occurs if the level 2 sample size is larger than 50 and 

the ICC is less than 0.1022,23. Since this study consists of 313 schools and has an ICC of less than 

0.07, level 2 power is considered sufficient.  

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 descriptive 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 consumption, 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 across grades 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% (CI=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% (CI=19.2, 20.1) lived in 

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% (CI=48.9, 50.0) consumed 1-6 days a week and 30.7% (CI=30.2, 31.2) consumed less 

than once a week (Table 4.1). 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 low. They were 

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 described in Table 4.2. The most 

common school food initiatives offered healthy choices during breakfast programs (65.4%, 

CI=60.2, 70.6) and lunch programs (65.0%, CI=69.7, 70.2). The majority of schools offered 

healthy food programs in the cafeteria, while fewer schools offered 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 schools (of 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%, CI=45.3, 62.8, in rural 

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%, CI=4.3, 12.4, in urban schools) and offering students free fruit and 
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vegetables (85.7%, CI=79.8, 91.7, said yes or sometimes in rural schools 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 analyses with a log 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 between individual school food programs and 

daily SSB consumption and only two weak significant associations were found for weekly SSB 

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 

choices 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 family affluence, 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 SSB consumption.  

4.5 Discussion 

The effectiveness of school food programs at reducing SSB consumption has increasingly 

come under scrutiny, mainly because relevant research has produced mixed results9,14,24,25. The 

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 6-10. This study examined 13 individual school food programs and 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 differences in 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 present 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 reducing overall SSB 

consumption12,14,24–26. For example, Taber et al. (2012), found that in schools that banned SSBs, 

in-school SSB consumption decreased but overall consumption actually increased14. Additional 

studies found that some school food programs may increase the risk of SSB consumption – for 

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 

machines12. Again, this evidence 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 food options at 

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 obtain SSBs off school grounds regardless of, or to compensate for, the lack of SSBs 

available within schools14,27. 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 school hours12. 

Second, if only junk food or soft drinks are banned, it is possible that students might compensate 

by consuming other sugary products such as sports drinks28. Third, this study examined school 

food programs that provided healthy options or subsidized healthy food, which may not 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. Furthermore, if a student’s preference is for sugary-foods 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 specifically14,27. 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 “Drop the Pop” message has been prominent in these kinds of 

interventions and may explain some of their potential effectiveness 29.  

If this study indicates that many school-based interventions may do little to influence SSB 

consumption among school-aged youth, the question 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 consumption of low-nutrient, energy-dense 

foods, particularly SSBs, largely arise within this setting 6,30. 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 consumption 18,31,32. The current study supports previous findings, in that it found 

that participating in family meals at least once a week was associated with a 20% higher risk of 

consuming daily SSBs when compared to those who participated in family meals 1-6 times a week 

33. Another important component of the home environment is parental influence. Parents can 

substantively influence habits associated with SSB consumption. For example, youth who perceive 

parents as promoting or encouraging screen-viewing have been found to consume SSBs at greater 

rates than those who did not promote screen-viewing behaviour34. The current study also found 

that screen time was strongly associated with SSB consumption – participating in more than 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 an influence on families may be important for influencing SSB consumption patterns. 

Policies that target consumer products can impact family wealth and purchasing choices35. For 

example, when SSBs are made more expensive, households need to make strategic choices about 

what they consume35. Policies such as beverage taxes, regulating food advertising, nutrition 

labeling and interventions targeting adults may be effective at modifying consumer behaviour 

within the home, including SSB consumption for children27,36,37. Soft drink advertising in 

particular may play a role in the school setting; large soft drink industries have negotiated a share 

of profits with schools and school boards. Vending 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 schools. Taber et 

al. (2014) found that state soda taxes modified the relationship between vending machines in 
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schools and youth’s SSB consumption12. In other words, they found that students were 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 did not tax soft 

drinks, indicating that the cost of soft drinks and the state soda taxes may limit SSB consumption 

at school12. 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 modified27. Investigation of the effects of provincial and territory wide interventions 

may be a productive direction for future study, in combination with continued focus on high 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 power. Second, 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 nationally representative.  

There are also has several limitations. First, the cross-sectional design limits the ability to 

draw causal conclusions. Second, associations may have been biased through unmeasured 

variables such as personal preference or the food environment 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 expected to 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 to in-school SSB consumption. School food programs may be associated 

with in-school consumption, if not overall consumption, as demonstrated by one study14. 

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 

consumption. 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 error may have occurred 

since all data were self-reported. 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 school may 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 dissemination area. Previous studies 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 area38.  

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 experimental 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 outside of the school environment, such as taxing SSBs, in combination with 
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comprehensive school food programs and policies39. This may help to gain a better understanding 

of how to modify school food programs to specifically 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) 

    Total (n=29793)   Urban (n=19830)   Rural (n=9600) 

Variable  n % 

Daily SSB 

consumers (%)*  n % 

Daily SSB 

consumers (%)  n % 

Daily SSB 

consumers (%) 

Outcome             

SSB consumption              

   ≥7 days/week  5713 19.9 ----  3241 16.9 ----  2388 25.9 ---- 

   1-6 days/week  14208 49.4 ----  9455 49.3 ----  4581 49.8 ---- 

   <1 day/week  8820 30.7 ----  6492 33.8 ----  2237 25.9 ---- 

   Missing  1052    642    394   

Demographics             

Sex             

   Male  14627 49.4 26.4  9698 49.1 23.1  4725 49.5 33.1 

   Female  15011 50.6 13.6  10036 50.9 11.0  4816 50.5 18.9 

   Missing  155    96    59   

Grade             

   6 to 8  16273 54.6 17.7  10600 53.5 14.0  5673 59.1 24.8 

   9 to 10  13520 45.4 22.4  9230 46.5 20.2  3927 40.9 27.6 

   Missing  0    0    0   

Perceived family wealth           

   High  14977 53.5 18.6  10264 54.9 15.9  4524 50.6 24.5 

   Average  10332 36.9 20.3  6702 35.9 17.2  3499 39.1 26.3 

   Low  2666 9.5 23.2  1722 9.2 20.1  916 10.3 28.6 

   Missing  1818    1142    661   

Neighbourhood 

income             

   Q1 (lowest)  5221 21.1 24.1  2966 17.9 21.2  2255 27.5 27.9 

   Q2   5699 23.0 21.2  2790 16.9 17.3  2909 35.5 25.0 
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   Q3  6308 25.5 18.6  4183 25.3 17.3  2125 26.0 21.4 

   Q4  3441 13.9 15.6  2833 17.1 13.9  608 7.4 23.6 

   Q5 (highest)  4061 16.4 14.2  3771 22.8 14.1  290 3.5 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 19.4 

   >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 27.5  1958 10.0 24.3  1021 11.3 33.5 

   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 3.5 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 chi-square 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. 

†MIZ = Census metropolitan influenced zone, where strong MIZ=at least 30% of residents commute to work in an urban area, moderate MIZ=≥5-<30% work in an urban area and weak/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 

Variable  

Total (n=319)   Urban (n=183)*   Rural (n=136) 

n % Yes   n % Yes   n % Yes 

Cafeteria          
Healthy food at reasonable/subsidized price 146 44.9  85 46.5  57 41.9 
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 12.5 
Healthy eating promotional materials 24 7.4  12 6.6  12 8.8 
Daily healthy eating specials 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 eating promotional materials 18 5.5  11 6.0  5 3.7 
Daily healthy eating specials 5 1.5  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 junk-food-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 21.5  38 20.9  28 21.1 
No 74 23.1   55 30.2   19 14.3 

*Urban schools are those in census metropolitan areas and census agglomerations with populations greater than 10,000, rural schools 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 consumption   Outcome = Weekly SSB consumption 

 Unadjusted Adjusted*  Unadjusted  Adjusted† 

Exposure RR (95% CI) RR (95% CI)   RR (95% CI) RR (95% CI) 

Offers free F&V      

Yes 1.20 (1.03, 1.40) 1.11 (0.95, 1.29)‡  1.05 (1.00, 1.11) 1.04 (0.99, 1.09) 

Sometimes 1.14 (0.92, 1.40) 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) 0.98 (0.83, 1.15)‡§  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, 1.40) 1.11 (0.96, 1.28)‡  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 (1.18, 1.61) 1.18 (1.00, 1.39)  1.06 (1.01, 1.12) 1.03 (0.98, 1.09) 

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

Health food choices during lunch program     

Yes  0.93 (0.79, 1.10) 0.91 (0.77, 1.08)  0.99 (0.94, 1.05) 0.99 (0.94, 1.04) 

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

Healthy food choices in the cafeteria      

Yes  1.32 (1.14, 1.53) 1.14 (0.97, 1.35)  1.05 (1.00, 1.10) 0.99 (0.93, 1.04) 

No  1.00 (referent) 1.00 (referent)  1.00 (referent) 1.00 (referent) 
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Healthy food choices in the vending machine     

Yes 1.07 (0.91, 1.25) 0.98 (0.83, 1.16)  1.03 (0.98, 1.09) 1.00 (0.95, 1.05) 

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

Healthy food choices in the snack bar      

Yes 1.22 (1.01, 1.46) 1.20 (0.99, 1.44)‡  1.07 (1.01, 1.14) 1.07 (1.01, 1.14) 

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

Total number of healthy food programs offered     

0 to 2 1.00 (referent) 1.00 (referent)‡  1.00 (referent) 1.00 (referent) 

3 to 5 1.07 (0.87, 1.31) 1.07 (0.87, 1.32)  1.02 (0.95, 1.09) 1.02 (0.95, 1.09) 

6 to 8 1.25 (1.02, 1.52) 1.12 (0.91, 1.37)  1.04 (0.97, 1.11) 0.99 (0.93, 1.06) 

9 to 11 1.30 (1.07, 1.58) 1.11 (0.90, 1.35)   1.05 (0.99, 1.12) 1.00 (0.94, 1.06) 

Bold font indicates statistical significance of p<.05      
*All models controlling for sex, grade, neighbourhood income, family dinners, family support, screen time, physical activity and metropolitan influences zones.  
†All models controlling for sex, grade, family dinners, family support, screen time, physical activity and MIZ    
‡model also controls for individual SES       
§Model 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 SSB RR (95% CI) 

Healthy food at breakfast program     

No 11822 15.02 1.00    

Yes 14729 18.06 1.18 (1.00, 1.39) 

Grade      

6 to 8 15024 14.04 1.00    

9 to 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    

Q1 & 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 15.41 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      

≤2 hours/day 1968 10.54 1.00    

>2 hours/day 21359 16.39 1.51 (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      
†Healthy food at the breakfast program was the closest exposure to 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 school food programs. The results were 

based on cross-sectional data from a large, nationally representative survey of Canadian youth in 

grades 6 to 10. Analyses were performed using descriptive methods for manuscript 1 and 

multilevel multivariate Poisson 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 2010 and 2014. 

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 contrast, in the 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 the north, which points to high consumption. The current study is the first 

to profile SSB consumption throughout Nunavut and in youth specifically (1–3).  

The second manuscript investigated the relationship between SSB consumption and school 

food programs. The main result of this manuscript was that school food programs were not found 

to be associated with SSB consumption, with the exception of a few programs where associations 

were weak with weekly consumption only. Providing nutrition month activities in the school was 
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associated with a 7% decrease in weekly SSB consumption (RR=0.93, CI=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 fact, although not statistically significant, patterns seem to indicate 

that among daily SSB consumers access to some school food programs may be associated with an 

increase in SSB consumption. The potential increase in SSB consumption among daily consumers 

in relation to many of the school food programs studied has also been observed in previous research 

(5,6). This particular finding, as well as the lack of associations found, may be explained through 

the singular-setting of these programs since research has indicated that programs that engage 

multiple settings, such as provincial or territorial soft drink taxes, are more successful (7).  

5.3 Validity  

5.3.1 Internal validity 

Internal validity indicates how accurately a study’s results reflect the information presented 

in the sample population (11). Common threats to internal 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 to a study’s internal validity is selection bias. Selection bias occurs 

when the association between exposure and outcome differ for those who participate in the survey 

and those who do not participate (11). Those students who are not represented in the study include: 

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 not at school on the day 

of the survey. Youth excluded from the study may present 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 school food 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 

consumption, the relationship between school food programs and SSB consumption may differ, 

resulting in possible selection bias in the study. Caution should be taken when interpreting the 

results for populations other than sample studied because the relationship between school food 

programs and SSB consumption may be different for those included vs. those excluded.  

Volunteer bias is a type of selection bias that occurs when those who elect to participate in 

the study are systematically different from those who do 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 excluded from 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 school (12). 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), this possibility is unlikely to impact the overall findings.  

Information bias  

Another threat to internal validity is information bias. Information bias is defined as any 

intentional or unintentional error made in the measurement of a relevant exposure, outcome or 

covariate (11). Information bias exists 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 bias exists but is limited (9). Misinterpreted questions, incorrect recall, 

deliberate response error and the surveys use of limited multiple-choice questions, rather than 

open-ended questions, could result in intentional or unintentional errors. For example, recall 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 previous week. Studies 

on this HBSC item have been conducted to determine its validity and reliability (10,13,14). When 

compared to a food diary, it was found that reports of soft drink consumption from the FFQ did 

not differ significantly from the food diary for Belgian youth, but were slightly underestimated for 

Italian youth (10). Furthermore, when compared to a 24 hour food behaviour checklist, another 

common method of determining consumption patterns, the FFQ questionnaire had almost perfect 

agreement for soft drinks (13). For instance, a study by 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 the FFQ (13). 

This type of information bias effects all youth in the same way and it is referred to as recall error. 

It is less likely that recall bias is present 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. However, it is possible 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 consider is social desirability bias. This occurs when 

participants intentionally or unintentionally over-report characteristics that are seen as good and 

under-report characteristics seen as bad (11). For example, SSB consumption may be 
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underestimated if students are aware of the negative effects and are heavy consumers. In other 

words, students may be under-reporting their SSB consumption, especially those who consume 

daily or more. This type of bias is likely to result in an under-reporting 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 factor, particularly when this 

third factor is related to both the exposure and outcome but not on the causal pathway (11). 

Although the current study controlled for potential covariates identified in previous studies, it is 

possible that residual and uncontrolled confounding remain. These factors may have been 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 food environments surrounding the school.  

Residual confounding may have also occurred through the self-reported nature of the survey, 

which may not have accurately measured the true nature of school food programs, among other 

variables. This would have biased the results 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 modification occurs when the magnitude of the effect of an exposure differs 

depending on the level of a third variable (11). Grade especially may present as an effect modifier 

since both school food programs and SSB consumption may differ between lower grades and 

higher grades. 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 counterparts (15). 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 thesis is statistical 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 calculations (20). This 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 the group is measured through the intra-class 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 

the ICC 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 0.30) (21).  

In this thesis, the ICC was found to be 0.06, indicating that 7% of the variation can 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 adequate power (20,21). Since this 

study has both a large level 2 sample size (313 schools) and a relatively small ICC (0.06), it has 

been assumed that there is sufficient power at level 2 therefore student-level power computations 

were used to determine the overall power of the study. Student-level power 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 that the null relationships found in manuscript 2 were observed because of 

chance, or type-II error. Type-II 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 ranged from 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 effects are in any case 

very small, this has little effect on the interpretation of the results.  

Missing data  

Missing data presents another threat to internal validity. Since some missing data were over 

10% for the covariates in manuscript 2, specifically for neighbourhood income and screen time, 

missing data were assessed 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 between school food programs and SSB 

consumption.   

In the 2014 cycle of the HBSC, some Nunavut participants were given a shortened survey, 

as per the request of relevant stakeholders in the North. This means that some Nunavummiut 

students did not have the opportunity to answer questions regarding family affluence or frequency 

of family dinners. In manuscript 1, these variables were excluded in the description of Nunavut in 

2014. However, since some of these survey items were identified as covariates in the analyses for 

manuscript 2, some students from Nunavut were excluded from the models containing any 

variables which were missing for Nunavut, due to the use of complete case analysis. This is 

problematic when it is recalled that Nunavut youth consume the most SSBs compared with the 

provinces and territories combined. The potential consequence is that Nunavummiut students may 
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be under-represented in the overall analysis. To mitigate this, data from 2010, where there was full 

data for Nunavut, were analyzed to determine the relationship 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 have been under-represented in manuscript 2, the 

relationship between school food programs and SSB consumption appears to be the same.  

5.3.2 External Validity 

  External validity, or generalizability, refers to the ability to apply the study results to other 

populations outside of the sample. The use of HBSC data in this thesis contributes to 

generalizability. The HBSC has a high student response rate (77%) and acceptable school response 

rates (50-55%). This contributes to the generalizability of the thesis, since it captures the majority 

of the intended population as well as non-biased estimates of the population patterns. Second, the 

sampling methodology of the HBSC includes a near-census 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 

results 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 results especially 

from manuscript 1. Third, the use of provincial and territorial weights in manuscript 2 adjust for 

over or under sampling of the provinces and territories. This helps to further ensure the 

representativeness to all Canadian youth, especially in the analyses for manuscript 2. Results 

cannot be generalized to similar populations 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 grounds for causation for 

etiological relationships. Because of the cross-sectional design of this thesis temporality is not 

possible. Temporality is the one requirement for causality. However, causality is still assessed as 

a practice in education. Bradford-Hill’s nine criteria for causation is used to aid researchers in 

determining if their observation are causal or not (11). Discussed below are the five most 

commonly used criteria for causation: temporality, biological plausibility, strength of association, 

dose-response 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 important criterion for testing causation is temporality. Temporality refers to 

whether an exposure precedes the development of an outcome (11). This criterion is the only 

necessary condition for causation. Because the study is cross-sectional, it is not possible to 

determine that school food programs precede SSB consumption. Reverse-causality 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 where they see a need for them, 

i.e. where there is a high frequency of SSB consumption. Therefore, it is impossible to say the 

relationship is causal, simply that school food programs and SSB consumption may be associated. 

The lack of temporality and potential reverse-causality should be considered when interpreting the 

results from manuscript 2. 
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5.4.2 Biological plausibility  

Biological plausibility is the concept that there is a plausible mechanism between the 

exposure and outcome (11). 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 low-nutrient energy-dense foods (including SSBs) after the implementation of a 

school nutrition policy (16). Biological plausibility is likely.  

5.4.3 Strength of association 

Strength of association, or effect size, is defined by the size of the association measured – 

the stronger the association the more likely the relationship is causal (11). Significant, but weak, 

associations with weekly SSB consumption were found for two school food programs: healthy 

food choices in the snack bar (RR=1.07) and 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 school food programs were statistically significant, the strength of association may 

present a concern in terms of causation. 

5.4.4 Dose-response relationship  

Dose-response relationship specifies that as the exposure increases so does the outcome. 

This study measured the dose-response relationship between the total number of school food 

programs and SSB consumption. No dose-response relationship was found concerning weekly 

SSB consumers, i.e., when programs increased from one program to three programs 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 risk of SSB 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 would decrease the risk of SSB consumption, the results 

indicate an increasing risk in SSB consumption as the number of programs increases, which 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 programs for reducing SSB 

consumption are conflicting. Some previous research has demonstrated null results between SSB 

consumption and school food programs (5,17). For example, a case-control study suggested that 

there was no decline in SSB consumption in schools with limited access to SSBs compared to 

schools with access (18). However, studies have also shown the opposite: negative results (7,19). 

Consistency 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 criterion has been met to 

some degree. 

According to Bradford Hill’s criteria for causation, we cannot say that the relationship 

between exposure to school food programs and SSB consumption is causal.  

5.5 Strengths and Limitations  

The current thesis has several strengths. First, the use of a large survey provides adequate 

power and a uniquely large sample size for Nunavut, specifically in manuscript 1. Previous studies 
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in Nunavut often have small sample sizes consisting of only a few communities (1,8). The 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 communities 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 small associations 

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 is the first study, 

to our knowledge, to quantify the frequency of SSB consumption in Nunavummiut youth. The 

study identifies Nunavut youth as high consumers of SSBs and other nutrient-poor foods and 

compares rates to youth from the provinces and the territories combined.  

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 validated (9). 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 

questionnaire against children’s food diaries to determine its effectiveness (10).    

There are also several limitations to consider. First, when interpreting SSB consumption it 

is important to consider a few things. It is likely that SSB consumption is under-reported due to 

desirability bias. Also, the exact volume of consumption is unknown. For example, one student 

may consider a serving as one 335ml can, whereas another student might consider it to be a 500ml 

bottle. This may also result in under-reporting of SSB consumption.  
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Second, missing data may present a concern when interpreting results, particularly in 

manuscript 2. Missing data may result in decreased statistical power and potential bias if the 

missing participants differ from the included participants. Third, 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 self-reported survey may bias the results towards the null. Finally, unmeasured confounding 

may also present a concern. Variables such as personal preference and food environments 

surrounding the school may further impact SSB consumption among school-aged youth.   

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 Canadian youth 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 consumption issues in the northern territories, especially Nunavut.  

While this thesis identifies the prevalence of SSB consumption, it also examines the 

association between school programs and SSB consumption. This study demonstrates that school 

food programs may not be associated with SSB consumption in youth, especially daily 

consumption. This may indicate a greater need for programs outside of the school to target SSB 

consumption. For example, government policies such as taxing SSBs and addressing food 

advertising should be investigated further. Taxing SSBs has been shown successful by some 

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

This research contributes to a growing and conflicting body of literature concerning the 

effectiveness of school food programs for reducing SSB consumption in youth. Future research 

should focus on qualitative strategies to examine daily SSB consumers’ perceptions and uptake of 

school food programs as well as specific details about programs themselves. This may help to 

build a better understanding of school food programs and how to modify them to effectively reduce 

overall consumption and target heavy users. Quantitatively, research should examine the 

effectiveness of school food programs but should also examine non-school policies and approaches 

including province-wide or nation-wide taxing of SSBs as well as food and beverage advertising 

within the school setting. Research surrounding the role and impact of large advertising budgets, 

child-directed advertising and other direct influences exerted by large soft drink industries should 

be considered. Future studies using longitudinal or experimental designs would help better 

determine the effectiveness of programs for 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, fly-in communities may have difficulties 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 as identify the 

most effective strategies to reduce consumption.  

5.8 Conclusion 

In summary, in comparison, youth in Nunavut were identified as consuming more SSBs, 

than youth in the combined territories or in the provinces. School food programs were not 

significantly associated with daily SSB consumption in this large, nationally representative 

Canadian sample. There were some weak associations for weekly consumption but these were in 
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opposite directions. These results suggest both a need to focus on alternative methods of reducing 

SSB consumption 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 School-aged Children (HBSC) study. The purpose 

of this appendix is to describe the HBSC using information from the Canadian national report 

(1).  

HBSC Purpose and underlying theory 

 HBSC is a cross-national study, conducted in 44 countries and regions, in collaboration 

with the World Health Organization (WHO) and nationally with the Public Health Agency of 

Canada (PHAC) (1). The study examines youth’s health and health related behaviours through 

individual and environmental factors. For example, some environment factors include the home, 

school and neighbourhood settings. The main purpose of the HBSC is to increase knowledge of 

adolescent’s health and to inform and influence health promotion, health education, policy and 

programs at the national level (2). Furthermore, the goal is to enforce positive health behaviours 

and understand risk factors for ill health and disease.  

Questionnaire and sampling  

The study surveys youth every four years in grades 6 to 10 nation-wide and provides a 

representative sample of this age group in Canada. HBSC uses a multi-stage cluster 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, a list of eligible and consenting schools was created and 

schools were randomly selected from this list. Next, the Principals of 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 students in grades 6 to 10 were invited to participate in an attempt to obtain a census for the 

full student population in these regions. All students from the classrooms selected 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.  

The student questionnaire is administered in the classroom by teachers. It is then filled out 

by students over a 45-70 minute period. Three levels of consent are required before a student could 

participate in the survey. First, the school jurisdictions gave permission to the researchers to invite 

the sampled schools and students to participate. Second, school principals at the sampled schools 

were asked to participate. Third, the researchers obtained either active or passive parent consent.  

Active parent consent involved a required signed consent form and passive consent allowed 

students to participate if they did not return the consent form indicating the parents refused 

permission to participate. The overall student participation rate in the 2014 and 2010 HBSC survey 

was estimated at 77% and the school participation rate was 53% in 2010 and 50% in 2014. 

 One administrator’s survey was conducted for each school. This survey was filled out by 

the school’s principal, vice-principal or their delegate. The survey collects data on school climate, 

such as programs and facilities offered and neighbourhood environments. 

Survey Weights  

 Responses from the student data set are weighted. The purpose of this is to represent 

national results in proportion to the actual student population within the national grade population 

(2). The result is that provinces and territories that are over-represented are given a weight of less 

than 1 and provinces and territories that are under-represented are given a weight of greater than 

1. Sample weights were considered for the analyses for manuscript 2.  



114 

 

References  

1. Freeman J, King M, Pickett W. Health Behaviour in School-aged Children (HBSC) Canada: 

Focus on Relationships [Internet]. 2016. Available from: 

http://healthycanadians.gc.ca/publications/science-research-sciences-recherches/health-

behaviour-children-canada-2015-comportements-sante-jeunes/alt/health-behaviour-children-

canada-2015-comportements-sant%C3%A9-jeunes-eng.pdf 

2. Freeman, G., King, M., Pickett, W., Craig, W., Elgar, F., Janssen, I., et al. The health of 

Canada’s young people: A mental health focus. Ottawa, Ontario: Library and Archives Canada 

Cataloguing in Publication; 194 p.  

 

 

 

  



115 

 

Appendix C 

HBSC Survey Items 

Outcome: SSB consumption 

9.   How many times a week do you usually eat or drink ... ? (Please mark one box for each line) 

  

Never 

Less 

than once 

a week 

Once 

a 

week 

2-4 

days a 

week 

5-6 days 

a week 

Once a 

day, every 

day 

Every 

day, more 

than once 

M1

0 

Coke or other soft drinks 

that contain sugar 
1 2 3 4 5 6 7 

q9n Energy drinks (Red Bull, 

Rock Star, Guru, etc.) 
1 2 3 4 5 6 7 

q9o Sports drinks (Gatorade, 

Powerade, etc.) 
1 2 3 4 5 6 7 

 

Exposure: School food programs  

22.  Does your school provide any of the following to promote the sale of healthy food? (Check all that 
apply) 1 if checked and 5 if blank 

 

 Cafeteria 
Snack bar/ 

Tuck shop 

Vending 

machine(s) 

a. Healthy food choices at a reasonable/subsidized price   q22ac  q22as  q22av 

b. Healthy eating promotional materials (e.g., posters)   q22bc  q22bs  q22bv 

c. Daily healthy eating specials   q22cc  q22cs  q22cv 

d. Healthy eating cafeteria program (e.g., Eat Smart or 
independent program)  

 q22dc  q22ds  q22dv 

e. Other ______________________________________  q22ec  q22es  q22ev 

 

23. Does your school ensure that all students, regardless of ability to pay, have access to fruits and 
vegetables? q23 

1 Yes, entire school year   

2 Yes, occasional/short term  

3 No     
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24. During the past 12 months, did your school initiate/continue any of the following 

activities/programs at your school? q24a to q24h 
 

 Yes No N/A 

a. Offered healthy food choices during breakfast program  1  2  -100  

b. Offered healthy food choices during lunch program    

c. Offered healthy food choices in the cafeteria(s)    

d. Offered healthy food choices in the snack bar/tuck shop(s)     

e. Offered healthy food choices in the vending machine(s)     

f. Organized Nutrition Month activities     

g. Stopped the sale of junk food     

h. Held junk-food-free days    

 

Covariates: Manuscript 2 

Sex  

M1   Are you male or female? 

  1 Male 

  2 Female 

Grade 

M2   What grade are you in?   

actual grade is used, not the code       

1 2 3 4 

 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?  

 

1 Very well off 

2 Quite well off 

3 Average 
4 Not very well off 

 5 Not at all well off 

 

Family dinners  

 

 

Family support scale 
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Screen time  
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Physical activity  

M16  Over the past 7 days, on how many days were you physically active for a total of at least 60 minutes per day?  

 1 0 days 2 1 day 3 2 days 4 3 days 5 4 days 6 5 days 7 6 days 8 7 days 

 

 

q18  Over a typical or usual week, on how many days are you physically active for a total of at least 60 minutes per day? 

 1 0 days 2 1 day 3 2 days 4 3 days 5 4 days 6 5 days 7 6 days 8 7 days 
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Appendix D 

Power Calculations 

 

 The purpose of this appendix is to show the power available to detect significant 

differences in the analyses used in manuscript 2 of this thesis and highlight a sample power 

calculation. Summary tables show the minimal detectable differences and corresponding relative 

risks. It should be taken into consideration that this thesis used level 2 as well as level 1 variables 

(at the school and student level), however, the power calculations for these types of analyses are 

complex. Research has shown that 50 level 2 variables provide sufficient power (1,2). Therefore 

traditional power calculations were performed with a design effect of 1.2 to account for the 

clustered 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 6-10.  

 

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  

p0 = the proportion 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 between p1 and p0 

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

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

RR = the relative risk  
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Example Power Calculation  

Outcome: Daily SSB consumption  

Exposed group: Student has access to healthy food 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  

nexp,adj              = 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 = 7402/14165 = 0.52 

d   = the smallest detectable difference that is expected to be observed = 0.0172 

 

 

 

𝑍𝛽 = √
𝑛𝑒𝑥𝑝𝑜𝑠𝑒𝑑(𝑑)2𝑟

(𝑟 + 1)𝑝(1 − 𝑝)
− 𝑍𝛼/2 

𝑍𝛽 = √
14165(0.0172)20.52

(0.52 + 1)0.20(1 − 0.20)
− 1.96 

𝑍𝛽 = 1.04 

 

 

 

 

 

 

 

 

 

 

The power to detect a difference in 

proportion of 0.0172 or a relative 

risk of 1.09, given the parameters, 

is 85.08% 
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Table 5.1. Minimum detectable difference for daily sugar-sweetened beverage consumption 

Exposure 
Nexposed, 

crude Nadjusted r p p0 p1 zα/2 z(1-β) d 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 0.370 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 subsidized 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 12.78 0.2 0.198 0.229 1.96 1.00 0.0316 84.13 1.16 

Provides healthy eating promotion materials 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 0-2  5667 4722 0.50 0.2 0.587 0.616 1.96 0.95 0.0293 82.89 1.05 

6-8 programs vs 0-2  8727 7273 0.33 0.2 0.422 0.452 1.96 1.17 0.0296 87.90 1.07 

9-11 programs vs 0-2 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 

Exposure 
Nexposed, 

crude Nadjusted r p p0 p1 zα/2 z(1-β) 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 0.0280 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 

Stopped the 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 subsidized 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 healthy eating 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 vs 0-2  5667 4722 0.50 0.69 2.063 2.105 1.96 1.59 0.0413 94.41 1.02 

6-8 programs vs 0-2  8727 7273 0.33 0.69 2.050 2.091 1.96 2.53 0.0491 99.43 1.02 

9-11 programs vs 0-2 8739 7283 0.33 0.69 1.499 1.544 1.96 2.16 0.0450 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 a log link and 

random effects to determine the associations between school food programs and daily or weekly 

SSB consumption. Log-binomial models were initially proposed but these did not converge with 

the data, therefore, Poisson regression models with robust variance 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 non-epidemiological audience. This is particularly 

important for the current thesis since the results should and will be disseminated to government 

decision makers as well as policy makers. Furthermore, experimental evidence indicates that 

Poisson regression models with robust variance and log-binomial regressions provide correct 

estimates of the relationships when compared with logistic regressions (1,2). These studies have 

also been replicated for clustered binary data and proven to provide similar results providing there 

are at least 50 clusters (3). Therefore, since this thesis uses correlated data and has over 50 clusters 

of schools, it is appropriate to use Poisson regression models with robust variance in order to 

estimate relative risks instead of odds ratios.  
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