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Abstract
Background: The added sugar intake of children and adolescents in Canada warrants more
research due to its contribution to obesity, diabetes, and other chronic and mental health issues.
Objective: To assess the trends and correlates of added sugar intake in Canadians aged 6 to 17.
Methods: Data were provided by the Canadian Community Health Survey-Nutrition 2004 and
2015. Statistical analysis included multivariable regression and t-tests.
Results: In 2015, 35.66% of Canadians aged 6 to 17 met sugar intake guidelines. Compared to
2004, in 2015 intake of fruit and vegetables was higher, while sugar and caloric intake was
lower. Sedentary activity, sex, age, race, household income, and region of residence were risk
factors for high added sugar intake.
Conclusion: Dietary habits have improved from 2004 to 2015, but average sugar intake continues
to surpass the recommended amount. Significant correlates were identified, but more research is
needed to investigate variations in intake.
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Chapter 1

1

Introduction

This chapter explores the prevalence and causes of childhood obesity in Canada. It also discusses
the importance of studying determinants of added sugar consumption due to its association with
childhood obesity, a critical public health issue. The purpose of this study and an overview of the
remaining chapters of this thesis are also provided.

1.1 Childhood Obesity in Canada
Childhood obesity is a public health issue of vital importance in Canada, and worldwide.
According to the 1978/1979 Canada Health Survey and the 2013 Canadian Health Measures
Survey, over the past four decades, the rate of overweight in children and adolescents has more
than doubled from 12% to 27% and the rate of obesity has increased more than fourfold from 3%
to 13% (Rodd & Sharma, 2016). The trends in overweight and obesity rates in Canadian children
and adolescents are in line with trends observed globally; from 1980 to 2013, overweight and
obesity in children and adolescents in developed countries increased from 16.9% in boys and
16.2% in girls, to 23.8% in boys and 22.6% in girls in 2013 (Ng et al., 2014). While the
prevalence of overweight and obesity in children and adolescents is lower in developing
countries compared to developed countries, rates are increasing in developing countries as well;
in 1980 8.1% of boys and 8.4% of girls in developing countries were either overweight or obese;
these rates increased to 12.9% in boys and 13.4% in girls in 2013 (Ng et al., 2014).

Childhood obesity can contribute to the early development of chronic health conditions such as
type II diabetes, atherosclerotic heart disease, and high blood pressure (Ball & McCargar, 2003;
Morrison & Chanoine, 2007). It can also lead to low self-esteem, negative self-image, and
internalizing behaviours such as sadness, loneliness, and depression (Pulgarón, 2013).
Additionally, childhood obesity increases the risk of adulthood obesity (Singh et al., 2008),
which contributes to many co-morbidities among adults such as type II diabetes, cardiovascular
disease, hypertension, stroke, gallbladder disease, osteoarthritis, sleep apnea, and certain cancers
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that cumulatively can cost the Canadian healthcare system up to $7.1 billion per year (Anis et al.,
2010).
Obesity, which is generally defined as an excess of body fat, is caused by an imbalance between
energy intake and energy expenditure that results in a net positive intake of energy that is then
stored by the body (Pulgarón, 2013). A widely accepted classification system for overweight and
obesity is Body Mass Index (BMI), which takes into account an individual's height and weight
such that an individual with a BMI over 25 kg/m2 is considered to be overweight, and an
individual with a BMI over 30 kg/m2 is considered to have obesity (De Onis et al., 2007). For
children and adolescents between ages 5 to 18, BMI classification also depends on age since
growth rates are highly dependent on age during this period. The World Health Organization's
Child Growth Standards provide BMI-for-age cutoffs such that a BMI-for-age above the 85th
percentile is equivalent to an overweight classification, BMI-for-age above the 97th percentile is
equivalent to an obese classification, and BMI-for-age above the 99.9th percentile is considered
severely obese (Dietitians of Canada & Canadian Pediatric Society, 2014).

Poor diet, limited physical activity, and increased sedentary behaviours are the most direct and
widely accepted contributors to obesity, but other risk factors have also been identified such as
genetics, perinatal and prenatal factors, and social environment.

1.2 Risk Factors of Obesity
1.2.1

Genetics

Some genetic conditions that can predispose children to become obese include Prader-Willi,
Bardet-Biedl, Cohen, and Alstrom syndromes (Ebbelin, Pawlak, & Lugwig, 2002). These
conditions are caused by genetic mutations and are thus very rare and account for only a handful
number of cases of obesity worldwide; but genome wide association studies have identified up to
31 genes that are associated with BMI and may be the cause of a predisposition to obesity (Heid
et al., 2011; Speliotes et al., 2011). However, the increase in the prevalence of obesity worldwide
in the last 30 years cannot be attributed to genetics alone as the gene pool of a population tends
to be stable and it can take generations for new genetic mutations to spread (Qi & Cho, 2008).
Gene interactions, coupled with the emergence of a social environment that makes over-eating
and under-exercising easy, help to exacerbate genetic preconditions to obesity (Qi & Cho, 2008).
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1.2.2

Prenatal and Perinatal Factors

Numerous meta-analyses have found that pre- and perinatal factors such as maternal smoking
during pregnancy, gestational weight gain, gestational diabetes, infant weight gain, duration of
breastfeeding, and infant sleep patterns can have an effect on a child's risk of obesity at different
life stages from infancy through to adolescence (Baird, 2005; Foley et al., 2012; Hillier et al.,
2007; Ludwig & Currie, 2010; Oken, Levitan, & Gillman, 2008; Yan, Liu, Zhu, Huang, &
Wang, 2016). Additionally, one study found that these factors can have a synergistic additive
effect on the risk of childhood obesity, whereby children of mothers who smoked, gained
excessive weight during pregnancy, were not breastfeeding for at least 12 months, and did not
attain a minimum of 12 hours of sleep had a 0.29 probability of being overweight at 3 years of
age, compared to a probability of 0.06 for infants that did not face or engage in these four risk
factors (Oken et al., 2008).

1.2.3

Environment

Childhood obesity can also be influenced by familial, school, and environmental factors that
result in poor diet quality, low physical activity, and sedentary behaviours. Parental food choices
can be imprinted on their children due to food availability at home, with some studies indicating
that the availability of fruits and vegetables at home strongly influences consumption of these
foods (Jago, Baranowski, & Baranowski, 2007; Larson et al., 2015). The frequency of family
meals has also been correlated to BMI in some studies, with frequent family meals acting as a
protective factor against childhood obesity (Larson et al., 2013).
Children and adolescent's exposure to a harmful food environment has also been the subject of
obesity-related research. The underlying rationale being that exposure to fast food outlets and
convenience stores near homes and schools provides access to unhealthy energy-rich food
options (Laska et al., 2010). A systematic review of the influence of the retail food environment
on obesity-related outcomes found some evidence of a positive effect of retail food environment
on body weight (Williams et al., 2014). A study on food access and children's BMI in Toronto,
Ontario (aged 9 to 13, n=1035) also found that living in an area with a higher density of healthy
food outlets and proximity to supermarkets decreased the odds of being overweight and obese
(Larsen, Cook, Stone, & Faulkner, 2014).
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The built environment and neighborhood characteristics can also influence the prevalence of
obesity by either encouraging or discouraging physical activity among children and youth. The
presence of public recreation facilities and neighbourhood walkability has been found to be
inversely related to BMI scores in children (Casey et al., 2014; Gilliland et al., 2012). Other
studies have also suggested a link between perceived neighbourhood unsafety and lower physical
activity levels in children; although the direct link to children's BMI is less clear (An et al., 2017;
Datar, Nicosia, & Shier, 2013; Singh, Siahpush, & Kogan, 2010).

1.2.4 Physical Activity and Sedentary Behaviours
Obesity occurs as a result of a net positive energy intake over time. Thus, engaging in regular
physical activity may help prevent weight gain. For numerous health benefits including reducing
the risk of weight gain, Health Canada and the World Health Organization recommend that
children and adolescents (aged 5 to 17) attain a minimum of 60 minutes of moderate-to-vigorous
physical activity (MVPA) per day. In order to obtain an objective and precise estimate of the
amount of physical activity Canadian children are achieving, the Canadian Health Measures
Survey used accelerometers to track the physical activity of a representative sample of children
and adolescents 6 to 19 years old (Colley et al., 2011). The study found that only 7% of children
accumulated 60 minutes of MVPA at least 6 days a week (Colley et al., 2011). Although long
term data on trends in physical activity among children is not available, it is likely that societal
and technological changes have led to less active commuting and outdoor play, and more
participation in sedentary behaviours, such as watching television and computer use (Bassett et
al., 2015).
In addition to a decrease in the physical activity levels of children, there has also been an
increase in sedentary behaviours such as watching television, playing video games, and
computer/smartphone use. Longitudinal studies of children that watch television have found a
strong link between how much TV children watch, and their likelihood of gaining excess weight
(Jackson & Cunningham, 2017; Rey-López, Vicente-Rodríguez, Biosca, & Moreno, 2008).
While a meta-analysis of interventions to reduce sedentary behaviours found that reduction in
sedentary behaviours lead to a significant decrease in the BMI of children and adolescents (van
Grieken et al., 2012), it should be noted that while a negative association between sedentary
behaviour and physical activity exists, it is very small, suggesting that one activity does not
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necessarily displace the other (Pearson et al., 2014). Other reasons sedentary behaviours may
contribute to childhood obesity are unhealthy snacking during television viewing, advertisement
of unhealthy food and beverages to children, and interference with sleep (Moreira et al., 2010;
Rey-López et al., 2008; The Academy of American Pediatrics, 2011).

1.3 Dietary Intake
In addition to physical activity, the most direct and important determinant to the risk of obesity is
diet since weight gain results from chronic over-consumption of calories that are not expended
by the body (Malik, Willett, & Hu, 2013). While weight gain can result from the overconsumption of any food or drink items, simple carbohydrates such as sugar have a low thermic
effect and high glycemic index, as such, they are metabolized quickly by the body leading to a
spike in blood glucose and insulin levels (Abete et al., 2010). This spike in blood glucose
increases short term hunger and can lead to over eating (Abete et al., 2010).
Yet, another theory about the relationship between added sugar and weight gain is more intricate
and asserts that the relationship may not be as straight forward as individuals being at fault for
simply over-consuming calories. From an endocrine perspective, the consumption of refined
sugar may not affect appetite the same way consumption of other food does. Certain research
suggests that the fructose in refined sugar may not suppress the hormone ghrelin, which
functions to stimulate appetite; nor raise levels of the hormone leptin, which inhibits hunger after
a person has eaten, thus leading to an overconsumption of calories (Lustig, 2016).
Children and adolescents also tend to have a greater preference for sweetness in general, and a
preference for higher concentrations of sugar, compared to adults (Drewnowski, Mennella,
Johnson, & Bellisle, 2012; Mennella, Finkbeiner, Lipchock, Hwang, & Reed, 2014), suggesting
that high sugar consumption leads to children and adolescents becoming more susceptible to
overweight and obesity.
From a sociological perspective, there are also many influences embedded in Western societies
and culture that make consuming sugar a more entrancing option than consuming healthier, more
nutrient dense foods.
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Factors that have been found to influence the intake of high sugar food items in children and
adolescents include the ease of accessibility at home, school, sports arenas, and the homes of
friends (Battram, et al., 2016). As well as an appeal to consume these items that is cultivated by
the advertising and marketing of high sugar items specifically towards children (Battram et al.,
2016). Studies of food marketing towards children and adolescents has found that 91% of food
advertisements during Saturday morning children's TV programming was for foods that are high
in added sugar, fat, or sodium, and low in nutrients (Batada, Seitz, Wootan, & Story, 2008).
Additionally, high sugar items tend to be available in the convenient form of snacks, drinks, and
fast food items, which are energy dense (kcal/100grams) but nutrient poor, and have a lower
energy cost ($/100kcal) compared to more nutrient dense foods (Drewnowski, 2003). Fast food
and food away from home in general, is also typically served in larger portion sizes compared to
foods available at home (Altman et al., 2015).
All the factors mentioned above indicate how consuming food and drink items with added sugar
is a palatable, appealing, cheap, and convenient option for children and adolescents that makes it
easy for them to consume more than their recommended number of daily calories.

1.4 Sugar and Obesity
Added sugar consumption among Canadian children warrants further investigation given that
higher added sugar consumption has been associated with childhood obesity (Malik, Schulze, &
Hu, 2006), and the metabolic syndrome (Lustig, 2016). In particular, the consumption of sugar
sweetened beverages (SSB) may be a key contributor to the increasing levels of obesity in
Canada due to their high and concentrated added sugar content, low satiety of liquid sugars
compared to solid sugars, and tendency for people not to compensate for SSB consumption by
reducing energy intake from the consumption of other foods (De Ruyter et al., 2014; Hu, 2013;
Malik et al., 2006).
Independent of its role in weight gain, sugar intake also contributes to the risk for developing
metabolic syndrome and type 2 diabetes through metabolic pathways that cause insulin
resistance (which contributes to metabolic disease), the formation of reactive oxygen species
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(which contribute to premature aging and mutation of cells), and disruptions in hormonal
signaling of ghrelin and leptin (which can cause over-consumption of food) (Lustig, 2016).

1.5 Sugar Intake of Children and Adolescents
The Canadian Food Guide was developed by Health Canada as a dietary guideline to help
Canadians meet their nutrient requirements, lower their risk of obesity and other chronic
conditions, and to contribute to their overall health and vitality (Health Canada, 2007). The guide
recommends that the majority of the diet should consist of fruits and vegetables, followed by
grain products, milk and alternatives, and meat and alternatives. At the same time, it
recommends that consumption of foods that are high in calories, sugar, fat, or salt, (e.g. cakes,
ice cream, French fries, sweetened drinks etc.), that are represented in the 'other' food category,
should be limited.
However, findings from the Canadian Community Health Survey (CCHS) on Nutrition from
2004, which measured diet by asking participants to report everything they consumed in the past
24-hour period, showed that children and adolescents between the ages of 9 and 18 attained 24%
to 25% of their daily calories from total sugar, and the majority of this sugar came from the
'Other' food category, suggesting that added sugars were the main source of sugar, rather than the
intrinsic sugars found in the rest of the food groups (fruit and vegetables, milk products, grain
products, and meat and alternatives) (Langlois & Garriguet, 2011). Since the majority of daily
calories are coming from the 'Other' food category, this suggests that children and adolescents
are not meeting Health Canada's dietary recommendations. Additionally, since this study
measured total sugar intake, it is also unclear whether Canadian children and adolescents are
meeting added sugar intake guidelines that have been published by health organizations such as
Diabetes Canada, which recommends that added sugar should be limited to less than 10% of
daily energy intake (Diabetes Canada, 2016).

1.6 Study Objectives
This study examines the correlates of added sugar intake in Canadian children and adolescents
aged 6 to 17. Using cross-sectional data from the CCHS-Nutrition 2004 and 2015. The first
objective of this thesis assesses what percentage of Canadian children and adolescents are
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meeting added sugar intake guidelines that recommend that added sugar intake should make up
less than 10% of daily energy intake. Differences in other dietary habits between children and
adolescents that do and do not consume the recommended amount of added sugar were also
examined. The second objective was to compare added sugar intake, and other dietary
behaviours such as fruit and vegetable intake, and caloric intake, between 2004 and 2015.
Detailed information about nutrition from the 24-hour dietary recall data that were collected in
the CCHS. The third objective was to develop a model for the relationship between added sugar
intake and other behavioural characteristics including time spent engaging in sedentary
behaviour and time spent in physical activity, while controlling for other correlates of added
sugar intake.

1.7 Thesis Overview
The following chapter contains a review of the literature on the social determinants of dietary
sugar intake. Chapter 3 explains the methodology employed in this study. Chapter 4 presents the
results of this study, and Chapter 5 includes a discussion of the implications and conclusions that
can be made from the findings.
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Chapter 2

2

Literature Review

This section provides a review of the literature examining the social determinants of added sugar
consumption among children and adolescents. Section 2.1 describes the methodology used to
complete a systematic review of the available literature on this topic. Section 2.2 describes the
commonly used measurements of added sugar intake in children and adolescents. Section 2.3
describes the relationships between added sugar intake and social determinants of health and 2.4
discusses the gaps in literature and how they will be addressed in this study.

2.1 Search Strategy and Inclusion Criteria
A systematic review of the literature on the social determinants of added sugar intake among
children and adolescents was conducted by searching the following databases on September 8th,
2017: Medline, EMBASE, Scopus, CINAHL, and Web of Science. The relevant search terms
were selected to reflect the three domains of interest: sugar consumption, determinants, and
children. For sugar consumption the search terms, "sugar consumption", OR "sugar intake", OR
"dietary sucrose", OR "sugar*", OR sweeten* were used. For determinants, the search terms
determinant*, OR "causal factor*", OR correlat*, OR predictor*, OR associat*, OR "risk
factor*" were used. Lastly, for the target population of children and adolescents the following
search terms were used: youth, OR adolescen*, OR child*. These three domains were searched
separately then combined using an 'AND' search statement. Due to the high number of search
hits, the results were further limited by searching for the terms sugar* OR sweeten* in the title.
The search hits were also limited by year (2007 to 2017), language (English), and by age group
(children 6 to 12, and adolescents 13 to 17) in the databases that allowed for search limitation by
age group. This search strategy retrieved 4,133 results which were imported into the citation
program Mendeley. Of these results, 1,657 duplicates were removed. The remaining 2,476
results were title and abstract screened and studies relating to clinical populations, non-human
studies, studies on the health outcomes of sugar consumption, studies that reported levels of
sugar consumption but did not discuss causal factors, and other non-relevant studies were
removed. This left 170 studies for full text screening, at which stage studies were removed if
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they focused on specific cohorts such as children with overweight or obesity, children of lowincome families, or children from immigrant families. The aim of this screening was to focus on
studies utilizing a diverse, population-based sample in order to study how socio-economic status
and other causal factors may affect the added sugar consumption of children and adolescents of
varying age, sex, race, geographic location, and other relevant factors. The overarching objective
of conducting a literature review in this manner was to develop a theoretical model with all the
correlates of added sugar consumption in children and adolescents that can be found in the
literature.
Of the 170 studies that were full text screened, 123 were excluded, thus leaving 47 studies. The
reference lists of these studies were also reviewed; this led to the inclusion of 14 more relevant
papers that were not identified by the search strategy. Thus, in total 61 studies were included for
data extraction. The data extracted from each study included type of study, sample size, age of
the study population, study location, data collection method, the measure of added sugar used,
study objectives, and results. Appendix A presents the studies that were extracted.
An overview of the systematic review process is illustrated in the Preferred Reporting Items for
Systematic Review and Meta-Analysis (PRISMA) flow diagram presented below.

11

Figure 1: PRISMA Flow Diagram

2.2 Study Population and Design
Seven of the 61 research papers included in this literature review were from Canada, 28 from the
United States, 17 from Europe, four from Australia, one from Kuwait, one from South Korea,
one from Brazil, one literature review that included papers from English language countries, and
another review that was international in scope. The majority were cross-sectional studies, but
two analyzed data from longitudinal studies, and two were systematic reviews.
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Thirty-four of the papers focused specifically on adolescents between the ages of 12 and 19,
while the remaining examined children aged 2 to 11, or had a study population that spanned
these two age groups.
The smallest sample size of the studies was 154 in an American study of the effect of sleep
duration on adolescent nutrition and weight status (McKnight-Eily et al., 2011). The largest
sample size was 108,726 from a paper that published findings of a National School Health
Survey in Brazil (Ferreira, Claro, & Souza Lopes, 2015).

2.3 Measurements of Sugar
The most common measure of added sugar intake in the papers included in this literature review
was sugar sweetened beverages, with 44 papers solely measuring SSB intake, and an additional
14 papers looking at SSB intake as well as high sugar items such as candy, chocolates and
desserts. One paper only measured consumption of desserts, while two research papers examined
the overall dietary intake of added sugar.
Ten of the studies collected dietary data through a 24-hour dietary recall, while ten other papers
utilized a food frequency questionnaire, and one utilized a food diary. The remaining papers
collected data on diet and other health behaviours through surveys that asked specific questions
about particular food consumption behaviours such as number of sugary drinks consumed in a
week. For these types of surveys, six were completed by parents, 29 self-reported by the study
population of children or adolescents, and three combined surveys from parents and children.

2.3.1

Sugar Sweetened Beverages

A sugar sweetened beverage can generally be defined as a beverage that contains added sucrose,
high fructose corn syrup, or other caloric sweetener, which include but are not limited to soft
drinks, fruit drinks, and energy drinks (Hu & Malik, 2010). SSB are a common measure of sugar
intake because they are the largest source of added sugar in both Canadian and American
children's diets (Hu & Malik, 2010). For instance, analysis of Canadian Community Health
Survey (CCHS) Nutrition 2004 found soft drinks to be the primary source of sugar in the diet of
Canadian children aged 9 to 18 (Langlois & Garriguet, 2011).
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Additionally, numerous epidemiologic studies have found a positive link between SSB
consumption, long term weight gain, and increased risk for numerous chronic diseases (Hu &
Malik, 2010). Furthermore a parallel relationship between the obesity epidemic in the United
States and increased consumption of SSB has been found in time trend analysis of nutrition data
from the past 30 years (Duffey & Popkin, 2007).
For these reasons, SSB intake has been used as a cost-efficient marker of overall added sugar
intake in studies that cannot feasibly measure total sugar intake but are still interested in studying
SBB intake as an obesogenic behaviour. As such, SSB intake was a common measure in studies
that utilized self-report questionnaires to glean information about dietary and other behaviours,
rather than studies that used a food frequency questionnaire, food diary, or 24-hour dietary recall
as their method of data collection.

2.3.2

Foods High in Added Sugar

One paper reported sugar intake solely through the consumption of high sugar foods such as
desserts since principal component analysis was used, even though other sources of sugar
including SSB were measured through a food frequency questionnaire (Craig et al., 2010).
Meanwhile, 10 papers reported on high sugar foods such as candy, chocolate, and desserts in
addition to sugar sweetened beverages.

2.3.3

Added Sugar

Added sugar was measured in two research papers, one utilizing data from a food frequency
questionnaire and one using data from the National Health and Nutrition Examination Survey
(NHANES), which can be considered the American equivalent of the CCHS since it is an annual
population health survey that aims to assess the nutritional and health status of adults and
children living in the United States (Centers for Disease Control and Prevention, 2018). The
NHANES collects dietary information from a representative sample of Americans through a 24hour food recall and creates derived variables such as added sugar and total sugar, which can be
used by health researchers. While this may be a cost and time intensive measure to collect, and
produce, 24-hour dietary recalls, as well as food diaries, are the most comprehensive (yet still not
perfect) measures of sugar in the diet.
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2.4 Negative Consequences of Sugar
In children, too much sugar intake can contribute to the development of dental caries (Brouns,
2015), metabolic syndrome, type 2 diabetes (Lustig, 2016), as well as childhood obesity (Malik,
Pan, Willett, & Hu, 2013). Childhood obesity can contribute to the early development of chronic
health conditions such as atherosclerotic heart disease (Ball & McCargar, 2003; Morrison &
Chanoine, 2007). Childhood overweight and obesity can also lead to low self-esteem, negative
self-image, and internalizing behaviours such as sadness, loneliness, and depression (Pulgarón,
2013). Moreover, childhood obesity increases the risk of adulthood obesity, which in turn is also
linked to numerous chronic health illnesses in adulthood such as type II diabetes, cardiovascular
disease, hypertension, stroke, gallbladder disease, osteoarthritis, sleep apnoea, and certain
cancers (Singh et al., 2008).

2.4.1

Adverse Levels of Sugar Intake

Since sugar is not acutely toxic to humans, there is no research using human subjects that
indicates a detrimental level of sugar intake. Rather, health organizations such as Diabetes
Canada and the World Health Organization (WHO) present recommendations about sugar intake
in order to reduce the risk of weight gain, type 2 diabetes, and dental caries. The WHO strongly
recommends that intake of free sugars (all monosaccharides and disaccharides added to foods by
the manufacturer, cook, or consumer, plus sugars naturally present in honey, syrups and fruit
juices) be less than 10% of total energy intake (Brouns, 2015). The WHO also makes a
conditional recommendation that free sugar intake should further be reduced to less than 5% of
total energy intake. Diabetes Canada similarly recommends that less than 10% of daily energy
intake should be from added sugar, but this definition does not include natural sugars found in
100% fruit juice. For children that consume between 1,400 to 2,200 calories per day, these
recommendations for 10% or less of total energy intake from sugar translate to approximately 9
to 14 teaspoons, or 36 to 56 grams of sugar per day. For adolescents that consume between 2,000
to 2,800 calories per day, daily sugar intake should be kept between 12.5 to 17.5 teaspoons, or 50
to 70 grams of sugar per day. These calculations were made using the United States Department
of Agriculture (USDA) American Dietary Guidelines on the caloric needs of individuals in given
sex and age categories, and converted into teaspoon measures according to the fact that one
teaspoon of sugar contains 16 calories. While it is not intuitive to think about calories, teaspoons,
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or grams of sugar when consuming food, for reference, a can of soft drink has 39 grams or
around 10 teaspoons of sugar (United States Department of Agriculture, 2018).

2.5 Determinants of Sugar Intake in Children and Adolescents
The research papers included in this literature review varied in the factors they assessed for
association with added sugar intake. The current discussion of the correlates of added sugar
intake found in the literature will follow a social-ecological model framework by discussing
individual factors, interpersonal factors, environmental factors, and finally, broad factors that
depend on geography.

2.5.1
2.5.1.1

Individual Level Determinants
Sex

Information about the sex of study participants was commonly collected in the papers included in
this literature review, but sex was often considered a confounding factor and thus most papers
either stratified the results by sex or adjusted for it, rather than examine its direct effect. The
effect of sex on sugar consumption was not found to occur in one direction. Of the papers that
stratified by sex rather than adjust for it, two papers found that males consumed more sugar than
females. Meanwhile three other papers found that females had significantly higher intake of
sugar.
Park et al. (2012), who used data from 16,188 subjects in the American Youth Risk Behavior
Survey, found that being male was significantly associated with greater odds of drinking SSB
more than once daily among secondary school students aged 13 to 18 (aOR= 1.47, 95% CI: 1.26,
1.72) (Park et al., 2012). The authors stated that this finding was in line with previous research
that they had looked at, but failed to provide any explanation for why this sex difference was
observed. The second paper to find a significantly higher intake of sugar among males was also
the only paper to attempt to study why gender differences were occurring (Hilsen et al., 2013).
This paper investigated the gender differences in soft drink consumption among Norwegian
adolescents (ages 13 to 16) and found that girls had a lower consumption frequency than boys
(β= -1.06, 95% CI: -1.30, -0.83). They performed mediation analysis and concluded from their
findings that gender differences occurred due to differences in attitudes and preferences for soft
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drinks. These preferences explained 56.9% of the variation in the relationship between gender
and soft drink consumption. Attitudes, accessibility, and modelling explained 51.0%, 27.3%, and
12.5% of the variance, respectively. Combined, these mediators explained 63% of the gender
variation in soft drink consumption. Yet after adjustment for these factors, the direct effect of
gender was still significant, thus indicating that the gender differences observed in this study
could not be fully explained by differing attitudes and preferences alone (Hilsen et al., 2013).
Papers that found sugar consumption to be higher in females include a publication by Ferreira
and colleagues that analyzed data from 108,726 Brazilian students that completed the National
School Health Survey. The authors found that female gender was associated with regular
consumption of sweets and/or SSB (aOR=1.36, 95% CI: 1.33, 1.38) (Ferreira et al., 2015). While
they noted that this finding is counter to previous research that shows female adolescents to be
more concerned about food consumption as a way to control their weight, the authors did not
provide a possible explanation of their findings. Two other papers that examined other
modifiable factors such as food security and socio-economic factors, found a sex difference in
sugar consumption. Mark et al (2012) examined the effect of household income and food
security on dietary indicators in Canadian youth (n=8,938, ages 9 to 18). This paper stratified
results by sex and found that girls from low income, food insecure families had higher intakes of
SSB. Another study including Scottish children and adolescents (n=1,233, ages 5 to 11), found
that sedentary behaviours were positively associated with a diet high in sweets for girls (Craig et
al., 2010).
Most papers either adjusted for, or stratified by sex while the main objective was to investigate
the role of other modifiable factors. As a consequence, discussions about why sex differences
occurred was very limited, perhaps because sex is a non-modifiable factor. The research papers
in this review tended to focus the discussion on social determinants of dietary sugar intake, rather
than individual factors such as sex and age.

2.5.1.2

Age

Similar to sex, age is another non-modifiable factor that was controlled for rather than directly
studied in most of the research papers included in this review. Most papers either studied sugar
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intake in children (aged 6 to 11) or adolescents (aged 12 to 17), while nine papers had a study
population that spanned these two age groups.
One research paper from the Netherlands studied the effect of age on sugar consumption among
children ages 6 to 13 (n=644), and found age (in years) to be significantly and positively
associated with SSB intake (β=0.05, 95% CI: 0.02, 0.07) (van de Gaar, van Grieken, Jansen, &
Raat, 2017). Unfortunately, the authors did not discuss why this trend was observed.
Of the studies included in this review, more studies focused on adolescents. This might perhaps
be due to findings from previous research that indicate that adolescents tend to have the highest
intake of sugar of any age group. Analysis of CCHS Nutrition 2004 data showed that 14 to 18
year old males consumed more sugar than any other age group (Langlois & Garriguet, 2011). It
is theorized that adolescents tend to have the highest rates of sugar intake because their increased
growth rates lead to higher energy requirements, and calorie dense foods provide a highly
palatable and convenient way to meet these increased energy requirements (Ferreira et al., 2015).
At this age, adolescents also have greater autonomy to make dietary choices for themselves and
purchase the food items of their choice (Han & Powell, 2013). Thus, adolescents may be
considered a high-risk group in terms of their sugar intake, leading to a greater research interest
in how these high rates of sugar intake can be reduced.

2.5.1.3

Race

Racial background is a factor of interest in relation to sugar intake because the prevalence of
obesity has been found to differ by race in children and youth (Freedman et al., 2006; Singh,
Siahpush, & Kogan, 2010; van de Gaar et al., 2017). For this reason, some papers included racial
identity in their model however, only four papers in this literature review examined the direct
effect of racial identity on sugar intake in children and adolescents.
Larson et al. (2015) studied how family and home environments, in relation to the dietary intake
of adolescents (n= 2,374, ages 9 to 12) in the United States, varied by race. The authors found
that parental encouragement for healthy eating varied by race and was associated with
significantly less SSB consumption among White, African American, Asian, and other/mixed
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racial groups of youth, but not associated with the SSB intake of East African, Hispanic and
Native American youth (Larson et al., 2015).
A study by Park et al. (2012) which used 2010 National Youth Physical Activity and Nutrition
data and included 11,209 secondary school students (ages 13 to 18) in the United States, found
that being non-Hispanic black was associated with higher odds of high SSB intake (three or more
times per day) (OR=1.87, 95% CI: 1.52, 2.29), when compared to non-Hispanic white. While
being non-Hispanic other/multiracial (compared to non-Hispanic white) was associated with
lower odds for high SSB intake (OR=0.67, 95% CI: 0.47, 0.95) (Park et al., 2012). The authors
state that this finding is in line with previous research looking at racial differences in dietary
intake in a population from the United States.
The third study that examined racial differences in SSB consumption of adolescents in the
United States (n=18,281, ages 11 to 14) found that higher SSB consumption was reported by all
racial minority groups compared to White adolescents, except for Asians. Additionally, this
relationship was not found to be mediated by differential distribution of fast food restaurants and
convenience stores in proximity to 47 different schools included in the study (β=0.0001, pvalue=0.875) (Richmond et al., 2013).
One paper by van de Gaar et al. (2017) which explored factors associated with racial differences
in SSB consumption of children in the Netherlands (n=644, ages 6 to 13) found that children of
Surinamese/Antillean background consumed more SSB than their Dutch counterparts (β=0.20,
95% CI: 0.08, 0.31); the other racial backgrounds under study were Moroccan/Turkish, and
Other/Unknown (van de Gaar et al., 2017).
The results from studying racial differences in sugar intake may vary depending on the racial
makeup of the population being studied. There are also some theories that have been postulated
to explain this effect. The eating culture and types of foods consumed may differ, with children
of some racial backgrounds growing up in more obesogenic environments where SSB and other
sources of added sugar are more readily available (van de Gaar et al., 2017). For example, one
theory for why the black population in the United States tends to have higher consumption rates
of SSB compared to the white population is that SSB are more frequently marketed towards
them (Park et al., 2012). Parenting styles and involvement may also differ depending on ethnic
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background, and additionally, differences in health literacy of parents may lead to more or less
regulation of children's diets (van de Gaar et al., 2017).

2.5.1.4

Immigration Status

Acculturation is the process by which immigrants adapt to the culture and social patterns found
in the country to which they migrate. Although it cannot intrinsically be measured, it is often
studied by proxy with measures such as time spent in the new country and language spoken at
home. A study of the effect of generation status and language acculturation on Mexican
American adolescents found that third generation adolescents consumed more SSB than first
generation adolescents (β=172mL/d, 95% CI: 104, 241), and this was in line with previous
studies on the acculturation process in adults (Liu et al., 2012). Acculturation studies such as this
one indicate that immigrants may adopt unhealthy dietary practices prevalent in the country they
migrate to, and that the healthy immigrant effect diminishes with time as this acculturation takes
place (Liu et al., 2012). No studies which compared added sugar intake of immigrant to
Canadian born children and adolescents were found.

2.5.1.5

Sedentary Behaviours and Physical Activity

Sedentary behaviours such as television (TV) viewing, and computer/tablet/phone use were a
very commonly examined correlate of added sugar consumption in the studies included in this
literature review, and the results consistently indicated that sedentary behaviours have a positive
effect on added sugar consumption (Borghese et al., 2014; Bornhorst et al., 2015; ByrdWilliams, Hoelscher, Springer, & Ranjit, 2010; Ferreira, Claro, & Lopes, 2015; Gebremariam et
al., 2017; Kenney & Gortmaker, 2017; Lipsky & Iannotti, 2012; Moreira et al., 2010; Park et al.
2012a; Park et al. 2012b; Pearson, Ball, & Crawford, 2011; Santaliestra-Pasias et al., 2012).
Various mechanisms have been proposed for why sedentary behaviours may lead to less healthy
dietary patterns. One hypothesis is that passive overconsumption of food and drink occurs due to
less self-monitoring since attention is diverted to watching TV (Bornhorst et al., 2015). Yet
another study that performed mediation analysis for TV snacking still found a significant
association between TV viewing and sugar consumption, and did not note any effect
modification due to TV snacking (Lipsky & Iannotti, 2012).
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Others have proposed that exposure to advertisements of energy rich food and drinks geared
directly to children as the underlying cause since advertisements may have the power to
influence and shape food preferences (Santaliestra-Pasias et al., 2012). Furthermore, TV viewing
was found to be strongly associated with the consumption of highly advertised foods but weakly
related to the consumption of infrequently advertised foods (Lipsky & Iannotti, 2012). This
susceptibility to advertisements is concerning since advertised foods and drinks tend to be energy
rich but nutritionally poor items such as candy, SSB, and fast food (Lipsky & Iannotti, 2012).
While it is difficult to establish causality between sedentary behaviours and added sugar intake
due to the cross-sectional nature of most of the studies on this topic, one of the studies included
in this literature review examined the longitudinal associations between TV viewing and SSB
intake among 9,842 Australian adolescents (ages 12 to 15) and found that those who watched
more than two hours of TV per day at baseline had higher consumption rates of SSB two years
later (Santaliestra-Pasias et al., 2012). Additionally they noted that this association was mediated
by snacking during TV viewing, and the perceived value of TV viewing (i.e. participants'
enjoyment of, and belief in the value of watching TV) (Santaliestra-Pasias et al., 2012).
While added sugar intake is typically associated with higher levels of sedentary behaviour, it is
also associated with lower levels of physical activity. Park et al. (2012) reported that being
physically active for less than 60 minutes per day, on fewer than 5 days a week was associated
with higher daily SSB intake (aOR=1.19, 95% CI: 1.08, 1.30). Another paper found similar
results for soft drink consumption but noted that while soft drink consumption was lower in more
physically active children, sport drink consumption was significantly higher. This finding is
possibly due to the misperception that sport drinks are healthier, while in reality they still contain
added sugar (Ranjit et al., 2010). This paper also noted that the distinction between soft drink
and sport drink consumption would be missed by research that more broadly classifies both types
of drinks as sugar sweetened beverages (Ranjit et al., 2010). Borghese et al. (2014) also noted
that sedentary behaviours were negatively associated with soft drink consumption in a study of
Canadian children (n=523, ages 9 to 11).
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2.5.1.6

Sleep Duration

Of the five research papers in this literature review that assessed the relationship between sleep
duration and added sugar intake, all found a negative association such that shorter sleep duration
or higher variability in sleep was associated with higher intake of added sugar (Al-Haifi et al.,
2016; Clarke et al., 2014; Kjeldsen et al., 2014; McKnight-Eily et al., 2011; Park et al., 2012).
These papers greatly varied in the population they studied and how sleep and dietary intake was
measured, yet all came to the same conclusion. A cross-sectional study of Kuwaiti adolescents
(n=906, ages 14 to 19) found that consumption of SSB and sweets was negatively associated
with sleep duration in males (Al-Haifi et al., 2016). Another cross-sectional study of American
adolescents (n=581, ages 11 to 19), observed that females who slept 8 to 9 hours a night
consumed significantly less added sugar compared to females who slept less than 8 hours, or
more than 9 hours a night (Clarke et al., 2014). Analysis of the 2009 Youth Risk Behaviour
Survey data indicated that adolescents (n=16,188, ages 13 to 18) that consumed one or more SSB
drink per day, obtained less than 8 hours of sleep (OR=1.18, 95% CI: 1.08, 1.29) (Park et al.,
2012). A similar study of American adolescents (ages 13 to 18, n=12,154) found that insufficient
sleep (i.e. less than eight hours a night) was associated with higher odds of consuming SSB more
than once daily (aOR=1.14, 95% CI: 1.03, 1.28) (McKnight-Eily et al., 2011). Lastly, a study of
children aged 8 to 11 (n=676) in Denmark found that sleep duration (hours per night) was
negatively associated with added sugar (β= -1.50 (% energy), 95% CI: -2.27, -0.73), and SSB
(β= -1.07(% energy), 95% CI -1.61, -0.54) (Kjeldsen et al., 2013). Variability in sleep was also
found to be associated with SSB consumption, and these associations were found despite
adjustment for potential confounders including age, sex, pubertal status, height, weight, screen
time, physical activity, parental education, and ethnicity (Kjeldsen et al., 2013).
Literature focused on the link between sleep duration and unhealthy diet in children and
adolescents presents both physiological and behavioural explanations as to why these two factors
may be associated with one another. A short sleep duration is thought to negatively impact
metabolism by increasing the levels of the hormone ghrelin and decreasing the levels of leptin,
which stimulate and suppress appetite, respectively (Cappuccio et al., 2008). This enhanced
stimulus to eat may have an additive effect, with more time available to eat as less time is spent
sleeping (Kjeldsen et al., 2013). Short sleep duration has also been shown to be associated with a
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preference for energy dense foods in children and adolescents, which could be explained by
increased neural activity in the areas of the brain associated with reward as a response to food
stimuli in sleep deprived individuals (St-Onge et al., 2012).
From a behavioural perspective, short sleep duration might also be an indicator of a household in
which sleep, diet, and other lifestyle habits are less regulated by parents (Kjeldsen et al., 2013),
leaving children and adolescents more responsible to make lifestyle choices for themselves
which may result in less healthy choices.

2.5.1.7

Other Factors

Other correlates of added sugar consumption in adolescents found in the literature included
skipping breakfast (Skeie & Sandvaer, 2015; Vagstrand et al., 2009), and smoking (Park et al.,
2012; Vagstrand et al., 2009). Both factors indicate a clustering of unhealthy behaviours,
suggesting that adolescents who are high consumers of SSB are not health-conscious in regards
to their dietary and other lifestyle habits. Yet these specific factors have not been studied in as
much depth, as for example, the effects of socio-economic status, or sedentary behaviours.

2.5.2
2.5.2.1

Family Level Determinants
Socio-Economic Status

The effect of socio-economic status (SES) on added sugar intake in children and adolescents was
examined using a variety of measures including household income, parental education, cultural
capital, food insecurity, and micro-level economic factors. Interestingly, SES was always
assessed through multiple markers rather than a single marker. Low income was commonly
studied in parallel with parental education (Han & Powell, 2013), while others looked at low
income and food security (Mark, Lambert, & O’Loughlin, 2012), and low income and other
measures of deprivation such as living in a deprived area (Craig et al., 2010).
SES is a complex construct and one reason it is often assessed through multiple measures is
because it is unclear which aspects of SES most affect, or differentially affect, added sugar
consumption (Zarnowiecki, Ball, Parletta, & Dollman, 2014). Zarnowiecki et al. (2014) assessed
how various SES measures are associated with diet, as there is no consensus on which measure is
most indicative of differences in added sugar consumption among children and adolescents. The
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study measured multiple SES factors including maternal education, maternal occupation,
household income, home postal code, parent age, and parent marital status. It found maternal
education to be the most consistent and strongest correlate of children's dietary intake, while
postal code was the least frequent correlate of children's dietary intake (Zarnowiecki et al.,
2014). The results of the associations between different SES measures and added sugar
consumption in children and adolescents are presented below.

2.5.2.1.1

Income

The studies that assessed the effect of low income on added sugar intake consistently found that
children with lower household income had significantly higher sugar consumption (Craig et al.,
2010; Han & Powell, 2013; Jensen et al., 2012; Mark et al., 2012; Zarnowiecki et al., 2014). This
implies that greater consumption of sugar dense items may be due to the accessibility and
affordability of these items (Han & Powell, 2013). Previous research has proposed that obesity
and unhealthy dietary patterns tend to be more prevalent in lower income groups because the
high energy density of sugar, as well as fats, oils, refined grains, and potatoes, provides a low
cost option so that dietary energy needs can still be met under budgetary constraints
(Drewnowski & Specter, 2004). For example, the energy cost of soft drinks is approximately
875kcal/$, while that of orange juice is 179kal/$ (Drewnowski & Specter, 2004). Also, energy
dense items tend to have a longer shelf life, and coupled with other factors such as convenience
and taste, may explain why children, as well as adults from low income groups tend to consume
significantly more sugar than their peers with higher incomes (Drewnowski & Specter, 2004).
Alternatively, a study on the effect of micro-level economic factors (such as pocket money
available to children, restrictions on food and drink due to cost considerations) on SSB intake
found that pocket money was a strong positive correlate of SSB consumption in children
(n=7,234, ages 10 to 12). This finding contradicts the studies that assessed the relationship
between household income and sugar intake, as pocket money was found more readily available
to children from households with higher income (Jensen et al., 2012).

2.5.2.1.2

Parental Education

Parental education is a common measure of SES. Ahmadi et al. (2015) justified the use of
parental education as a measure of SES in the self-report survey of adolescents used in his
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research paper because it may be difficult for adolescents to accurately report their household
income, or the occupations of their parents (Ahmadi et al., 2015).
In a study that examined three different indicators of SES including the Scottish Index of Social
Deprivation, household income, and the educational level of the main food provider, it was
found that parental education was associated with dietary patterns (Craig et al., 2010). Children
of parents with university/college degree level education had higher quality dietary patterns,
while the children of parents with no educational qualifications tended to follow dietary patterns
high in snacks and desserts (Craig et al., 2010). This paper employed a study population ranging
in age from 5 to 17 years which was separated into two groups, 5 to 11 years and 12 to 17 years.
The authors noted that parental education was the socio-economic factor most associated with
dietary patterns in 5 to 11 year olds. For 12 to 17 year olds on the other hand, household income
was the only significant socio-economic indicator of observed dietary patterns. The authors went
on to hypothesize that as children gain independence with age, the spending money available to
them may influence their dietary choices more than parental education. With adolescents' own
education, rather than their parents' becoming more influential at this age (Craig et al., 2010).
Socio-economic indicators such as parental education are thought to have an influence on dietary
quality due to social and psychological processes that affect nutritional knowledge, budgetary
constraints, and peer group influence (Fernandez-Alvira et al., 2013). Additionally, parents can
influence their child's dietary choices through the food modelling via their own eating
behaviours, and also by making certain foods available and accessible to their children
(Fernandez-Alvira et al., 2013). While the effect of parental modelling is discussed in further
detail later in this chapter, Fernandez-Alvira et al (2013) noted that parental modelling can be
influenced by parental education. Parents with higher education may have more health-related
knowledge that they may be utilizing when raising their children. It is for this reason that
parental education has often been found to be more strongly related to childhood dietary quality
and obesity than other socio-economic indicators such as parental occupation or income
(Fernandez-Alvira et al., 2013).
Out of the six research papers that examined the effect of parental education on the sugar
consumption of children and adolescents, only one paper found sugar consumption to be higher
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in the children of more highly educated parents, rather than parents with lower levels of
educational attainment (OR=1.29, 95% CI: 1.19, 1.39) (Ferreira et al., 2015). This difference can
be attributed to the fact that the population being studied was Brazilian adolescents, while the
other papers were focused on high income countries including Canada and several countries in
Europe. In middle income countries such as Brazil, the consumption of SSB and other more
calorie dense foods is considered a sign of wealth, as such, higher parental education may signify
easier economic access to items high in sugar (Ferreira et al., 2015). Whereas in high income
countries, high consumption of SSB has consistently been found to be associated with lower
purchasing power (Ferreira et al., 2015).
In a study that examined the association between screen based sedentary behaviours and SSB
consumption, it was found that parental education had a moderating effect on the positive
association between time spent in sedentary activity and SSB consumption in two of the eight
countries that were studied (Gebremariam et al., 2017). The association between sedentary
activity and SSB was the strongest in children with low parental education compared to those
with high parental education (Gebremariam et al., 2017). The authors reasoned that this
moderating effect may be explained by previous research that has found that eating and drinking
while watching TV is more common in children of parents with low education (Gebremariam et
al., 2017).

2.5.2.1.3

Food Insecurity

Food insecurity is the inability to consistently and dependably access enough food for an active
and healthy lifestyle, and can exacerbate the effects of low income on an individual's diet
(Rossen & Kobernik, 2016). The papers that examined the association between food insecurity
and sugar consumption consistently found that children and adolescents from food insecure
households had a higher intake of sugar compared to their food secure counterparts (Ahmadi et
al., 2015; Calloway et al., 2016; Mark et al., 2012; Rossen & Kobernik, 2016). Yet, all noted the
difficulty of accurately measuring food insecurity since children may experience food insecurity
differently than their parents (as parents may shield their children from hunger by providing
available food to children while personally going hungry). Also, food secure and food insecure
children may differ from each other in many other factors such a household income,
neighbourhood level socio-economic factors, parental education, and household size (with a
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trend that food insecure children are more likely to live in larger households) (Rossen &
Kobernik, 2016). For this reason, Rossen and Kobernik (2016) used propensity score matching to
compare food secure and insecure children (n=5,136, ages 2 to 15), and found that while other
measures of dietary intake were attenuated by propensity matching, sugar consumption remained
significantly different with very food insecure children consuming more sugar. The authors went
on to suggest that due to the small sample size of children that were very food insecure, limited
conclusions should be drawn from the data (Rossen & Kobernik, 2016).
The papers that examined food insecurity in Canadian populations also noted that there is a
limited effect of food insecurity for low income families on the diet quality of children due to the
availability of subsidies such as the Universal Child Care Benefit and Canadian Child Tax
Benefit that help shield children from facing greater nutritional deprivation (Ahmadi et al., 2015;
Mark et al., 2012). However, they still found sugar consumption to be significantly higher in
food insecure children and adolescents in Canada (Ahmadi et al., 2015; Mark et al., 2012).

2.5.2.1.4

Cultural Capital

Cultural capital is defined as social assets including perceptions, behavioural norms, and
operational skills that are needed to effectively deal with health issues (Fismen et al., 2012).
Cultural capital was used as an SES measure by one paper, that rationalized the use of this
measure by noting that there is a weak understanding of the underlying mechanism by which the
SES factors mentioned above (household income, parental education, etc.) affect diet quality
(Fismen et al., 2012). Additionally, the paper argued that there can also be issues of systematic
missing data on parental education, occupation, and income from study participants with low
SES (Fismen et al., 2012).
In the Fismen et al. (2012) paper, cultural capital was measured by asking adolescents (ages 12
to 16, n=6,447) about the number of books in their household. Cultural capital is thought to vary
across social classes and status groups and influence health behaviour through the operational
skills, knowledge, health considerations and norms acquired through education and socialization
(Fismen et al., 2012). In this paper, cultural capital was used to gain a better understanding of the
formation of taste and consumption, and to provide a different dimension to the effect of SES on
diet quality. Meanwhile, family affluence was also measured as a more conventional indicator of

27

material wealth. It was assessed using the Family Affluence Scale which asked adolescents
questions about the number of cars, holidays, computers, and bedrooms in their household
(Fismen et al., 2012).
The authors found that cultural capital was significantly associated with lower consumption of
sweets (OR=0.45, 95% CI: 0.33, 0.61) and soft drinks (OR=0.26, 95% CI: 0.17, 0.34). Family
affluence significantly correlated with the consumption of more fruit, vegetables, breakfast, and
dinner, but did not have a significant effect on the consumption of sweets and/or soft drinks.
These findings highlight the differences between social capital and material capital measures of
SES, indicating that perhaps both measures capture a different dimension of how SES affects
health (Fismen et al., 2012).

2.5.2.2

Parental Modelling

The effect of parental modelling, involvement, and regulation of their children's diet was
measured using a variety of indicators in the studies included in this review. The overarching
theory was that parents facilitate the sugar intake of their children in terms of how strict they are,
whether sugary items are readily available in the home environment, parental attitudes towards
sugar, parental intake of sugar, whether parents act as role models of healthy behaviours, and
parental encouragement of healthy eating for their children (Fink et al., 2014; Larson et al., 2015;
Lee et al., 2014; Lippevelde et al., 2013; Melbye et al., 2016; Park, Li, & Birch, 2015; Pettigrew,
Jongenelis, Chapman, & Miller, 2015; van Ansem et al., 2014; van de Gaar, van Grieken,
Jansen, & Raat, 2017; Van Der Horst et al., 2007).
It is difficult to amalgamate the results of these findings due to the variety of measures, and
methods of analysis used, but a brief summary of the findings related to parental effects on sugar
intake of children and adolescents is presented below.
Frequency of family meals was found to be related to the diet quality of children and adolescents
(ages 0 to 17 years, n=1,992) in a study conducted in North Carolina, United States (Fink et al.,
2014). In their analysis, the authors adjusted for children's age, gender, race, levels of sedentary
activity, and parental education, and found that participating in five or more family meals per
week was associated with less SSB intake among children ages 6 to 11 (OR: 2.12, 95% CI 1.27,
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3.55) (Fink et al., 2014). The authors postulated that this link may occur due to children eating
the same food as their caregivers during family meals, compared to the dietary choices they
would independently make for themselves in the absence of family meals (Fink et al., 2014).
Yet, a study examining the effect of family meal frequency on the diet quality of children (ages 8
to 9, n=3,435) in South Korea found that family meal frequency is associated with healthy eating
behaviours but not with the consumption of sweets or SSB (Lee et al., 2014). The authors noted
that this finding could be due to sweets and SSB being available in the home environment but
not typically being consumed during family meals (Lee et al., 2014).
In a study of child feeding practices among 1,350 American children (age 6), it was found that
consuming SSB more than once daily (compared to no SSB consumption) was significantly
lower in children whose mothers reported setting limits on sweets/junk foods (aOR: 0.29; 95%
CI: 0.15, 0.58 for underweight/normal-weight children; aOR: 0.16; 95% CI: 0.03, 0.79 for
overweight/obese children). Yet alternatively, SSB intake was higher among
underweight/normal-weight children whose mothers reported trying to keep their child from
eating too much of their favorite foods (aOR: 2.03; 95% CI: 1.25, 3.29). Additionally, mothers'
tendencies to pressure their children to consume more food or to ‘‘clean the plate’’ was not
associated with children's SSB intake (Park, Li, & Birch, 2015).
Parental factors were analyzed through mediation analysis by three separate papers. One paper
found that the positive association between adolescent impulsivity and soft drink consumption
was mediated by adolescents' perception of parental legitimate authority (Melbye et al., 2016). In
terms of understanding how parental factors may interact with SES influences on sugar intake,
one paper found that while children of mothers with a low education level were found to
consume more SSB than those of mothers with a high education level (β= 0.63, 95% CI: 0.36,
0.91), this association was mediated by parental intake of snacks and SSB, and home availability
of SSB (van Ansem et al., 2014). Lastly, a study of adolescents in the Netherlands (ages 12 to
17, n=383) found that more restrictive parenting practices were associated with lower
consumption of sugar-sweetened beverages (β= -38.0 ml; 95% CI -48.1, -28.0). This association
was highly mediated (~55%) by attitude, self-efficacy and modeling from parents. Nevertheless,
there was still a significant direct effect of restrictive parenting practices on SSB intake (β= -17.1
ml; 95% CI: -27.2, -6.90) (Van Der Horst et al., 2007).
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A study of the association between eleven different family-related factors (parental modeling,
automaticity, availability, parental monitoring, allowing, negotiating, communicating health
benefits, avoiding negative role modeling, parental self-efficacy, allowing SSB as a reward, and
drinking SSB together) and children's SSB consumption found that modeling, availability of
SSB, drinking SSB together, permissiveness, monitoring, and self-efficacy were the family
related factors significantly associated with children's SSB consumption (ages 11 to 12, n=7,915,
in eight European countries) (Lippevelde et al., 2013). In another paper, parental support for
healthy eating and parents' attitudes towards SSB were found to have a significant relationship
with their children's sugar consumption (Pettigrew et al., 2015).
Overall, despite differences in how parental influence was measured and assessed, these research
papers indicate that the diet quality of children is not simply tied to parental education and
income, but also how active of a role parents take in creating a healthy food environment for
their children.

2.5.3
2.5.3.1

Environmental Determinants
Food Environment

Five papers found that eating at fast food establishments significantly increased the odds of SSB
consumption (Demissie et al., 2015; Jones, Hammond, & Reid, 2015; Lopez et al., 2012; Park et
al., 2012; Powell & Nguyen, 2013). One of these papers found that fast-food and full-service
restaurant consumption, were associated with higher intake of SSB (73.77g and 88.28g for
children, respectively; 163.67g and 107.25g for adolescents, respectively). Fast-food
consumption also increased intake of sugar (5.71 to 16.24 g) for both age groups (Powell &
Nguyen, 2013). This correlation is likely due to the increased availability and low cost of SSB in
fast food outlets, (Demissie et al., 2015; Jones et al., 2015; Park et al., 2012). In line with these
findings, other papers chose to examine the effect of neighbourhood food environments since
they are thought to have an influence on dietary behaviours (An & Sturm, 2012; Deierlein et al.,
2014; Hearst, Pasch, & Laska, 2012; Laska et al., 2010; van de Gaar et al., 2017). It is
hypothesized that greater access to restaurants, convenience stores, and fast food outlets
encourages obesogenic behaviours such as the high consumption of energy rich foods, while
greater access to grocery stores encourages better dietary intake (Laska et al., 2010).
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In an observational cohort study of girls ages 6 to 8 (n=1,010) in the United States, it was found
that girls with access to only one type of local snack-food outlet reported consuming SSB and
sweets less frequently than girls with access to two or three types of outlets, and that intake of
sugary items increased with greater use of snack outlets (Deierlein et al., 2014). Similar results
were observed in a study that specifically assessed the differences between urban and suburban
food environments (Hearst et al., 2012). This study of adolescents in the United States (ages 11
to 17, n=634) found that greater perceived time to walk to food outlets was associated with less
frequent purchasing of SSB. Multivariate models showed that a perceived shorter walking time
to food outlets (i.e. 1 to 5 minutes vs. +31 minutes) was significantly associated with more SSB
purchasing. SSB purchases were also significantly associated with the number of food outlets
within a 10 min walk; these finding were observed after adjustment for clustering at the school
and study level, gender, age, qualifying for reduced cost school lunches, race, perceptions of
neighbourhood safety, ease of mobility in the neighbourhood, and urban versus suburban
neighbourhood classification (Hearst et al., 2012).
These findings highlight the impact of environmental exposure to food outlets on the sugar
intake of children and adolescents.

2.5.3.2
2.5.3.2.1

School Food Environment
Retail Food Environment Surrounding Schools

When studying the effect of the food environment on youth's dietary behaviours, the retail
density surrounding schools was often studied in addition to studying the effect of residential
areas, since youth spend the majority of their time in school. In a study of school and residential
food environments on the diet of youth in California (ages, 5 to 11, n=8,226), wherein food
environments were measured by the number and density of food outlets from varying distances
from the respondents school and home, no robust relationship with sugar consumption was found
(An & Sturm, 2012). Another American study assessed whether racial differences in SSB
consumption among adolescents (ages 11 to 14, n=18,281) could be explained by differential
distribution of food outlets surrounding schools. The authors did not find the retail food density
surrounding schools to be associated with individual SSB consumption, nor did it mediate the
association between race and SSB consumption (Richmond et al., 2014). A Canadian study from
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Sherbrooke, Quebec found no significant relationship between six different measures of the food
environment surrounding schools, but did note that students (ages 5 to 12, n=8,612) attending
schools with lower urban density had a significantly lower risk of SSB consumption compared to
students in other school environments (Lebel et al., 2016). Another study that examined both the
residential and school food environments of adolescents (ages 10 to 17, n=334), in the United
States did find a significant association of SSB intake with residential proximity to restaurants,
convenience stores, grocery stores and other retail facilities within 800 and/or 1600 meters, but
the school food environment had no significant association with SSB intake (Laska et al., 2010).
Lastly, a systematic review that included some of the papers mentioned above (An & Sturm,
2012; Laska et al., 2010; Richmond et al., 2014) in addition to 27 other papers found little
evidence for the effect of food outlets near schools on children and adolescent's (ages 5 to 18)
food purchases, consumption, and body weight (Williams et al., 2014).
The inconsistency of these findings could potentially be due to differences in the age of the study
populations in these research papers. The studies that looked at children between 5 to 11 years,
and 5 to 12 years, did not find strong associations (An & Sturm, 2012; Lebel et al., 2016) but the
paper that studied adolescents 10 to 17 years did find a significant association between the food
environment and sugar consumption (Laska et al., 2010). Adolescence marks a time of greater
independence both for youth to go places they want to go, and make their own dietary choices
thus, food environment may have a greater impact at this age compared to younger children that
rely more heavily on their parents to make dietary choices for them (Laska et al., 2010).
Additionally, Williams et al. (2014) noted that is it difficult to establish causality due to the
cross-sectional nature of most of the studies, and that the inability to pool results due to the
multiple definitions and measures of food environment surrounding schools further weakens the
results (Williams et al., 2014).

2.5.3.2.2

Food Environment Within Schools

While no robust relationship was found between the food environment surrounding schools and
sugar intake in the studies mentioned above, studies that analyzed the food environment within
schools (rather than outside schools) did have robust findings. For example, one study that used
propensity score stratification of students who did and did not have vending machines in their
schools, showed that American adolescents (ages 12 to 17, n=3,983) who had access to SSB
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through their school vending machines consumed 0.170 (p-value < 0.05) more SSB than those
who did not have a school vending machine with SSB (Shi, 2010). Another American study that
examined the association between food sold in vending machines and dietary behaviours among
students (ages 11 to 16, n=5,930) found that vending machine content was positively related to
corresponding food intake (for both the intake of healthy foods such as fruits and vegetables, and
items high in sugar such as chocolates and SSB) in younger adolescents ages 11 to 13, but not
among older adolescents aged 14 to 16 (Rovner, Nansel, Wang, & Iannotti, 2011). An additional
study of the effect of vending machines on the dietary behaviours of adolescents (ages 12 to 14,
n=4,322) found that when vending machines are available in a school, more students chose to
purchase unhealthy snacks such as candy and SSBs rather than buying a school lunch (aOR=3.5,
95% CI: 2.2, 5.7) (Park et al., 2010). A study that did not focus directly on the presence of
vending machines in schools but rather the overall SSB availability, school based purchases, and
overall consumption of SSB (not just in school) found that 26% of adolescents (age 11,
n=10,215) that had access to SSB at school consumed them, and those that consumed more SSB
at school were more likely to consume more SSB overall (Fernandes & Rand, 2008). In
summation, the results of these studies indicate that vending machines and other sources of
sugary foods and drinks within the school environment facilitate the purchase and consumption
of these items (Park et al., 2010).
For this reason, other studies of the effect of school food environment on added sugar intake
focused on the impact of limiting the availability of sugary items in schools. A study from the
United States that assessed the sugar intake of children and adolescents (ages 6 to 18, n= 2,314)
found that attending a school without stores or snack bars was estimated to significantly reduce
SSB consumption by 22 kcal (p-value < 0.05) per school day in middle school children and by
28 kcal (p-value < 0.05) in high school children (Briefel, Wilson, & Gleason, 2009). Johnson and
colleagues examined the association between SSB consumption and other predictive school
factors such as school size, racial composition, and proportion of students qualifying for free
lunches, and determined that exposure to SSB in school was the only factor that correlated with
SSB intake among students (ρ=0.40, p-value < 0.001) (ages 11 to 14, n=9,151) (Johnson et al.,
2009). While the studies mentioned above all analyzed American populations of students, this
finding was also replicated in a study of 11,385 students from 174 different schools in British
Columbia (Masse et al., 2014). When school setting, neighbourhood education level, and
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students age and sex were controlled for, school availability of SSBs was positively associated
with one drink in the past day (OR = 1.15, 95% CI 1.02 to 1.30) and two or more SSB in the past
day (OR = 1.43, 95% CI = 1.13 to 1.80) (Masse et al., 2014). Lastly, findings from a literature
review on the effect of school nutrition and price policies on SSB consumption in youth from
English language countries indicated that policies to limit SSB availability in schools have
generally been associated with reduced SSB consumption in adolescents (Levy et al., 2011). The
review also found that the additional benefit of school policies limiting SSB availability is that
adolescents did not increase SSB consumption outside of schools as a response to the
implementation of these policies, thus school policies can have a net positive effect on reducing
sugar intake in children and adolescents (Levy et al., 2011).

2.5.4

Geographical Determinants

Of the 61 papers included in this review only seven analyzed a population of Canadian children
and adolescents, thus it is possible that the determinants of added sugar intake exert a different
effect, or different size of effect, than discussed above. For example, the presence of social
programs such as the Canadian Child Care Benefit may attenuate the effect of low income and
food insecurity on a Canadian population of children and adolescents, compared to children from
other countries that do not offer such programs. Rather than a child tax benefit, in America, for
instance, food assistance programs are utilized to address food insecurity and may affect food
insecurity specifically in children and adolescents differently than in Canada (Rossen &
Kobernik, 2016). Canada is also very diverse; in 2011, 20.6% of the Canadian population was
foreign-born (Statistics Canada, 2011), thus the effects of race and acculturation could possibly
be more pronounced in a Canadian data set. In addition, there may be differences by province
and other geographical measures.

2.6 Gaps in the Literature
Since only seven out of the 61 studies in this literature review utilized a sample population of
Canadian children and adolescents, there is a need for more research to understand the levels and
causes of added sugar intake in this population. Of the cross-sectional population-based studies
of added sugar intake in Canadian children and adolescents that do exist, all of them have only
studied SSB consumption, rather than total amount of added sugar in the diet (Ahmadi et al.,
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2015; Borghese et al., 2014; Jones et al., 2015; Lebel et al., 2016; Mark et al., 2012; Masse et al.,
2014; Sampasa-Kanyinga & Chaput, 2015). While SSB may act as a proxy measure of sugar
consumption, it is in no way a comprehensive measure of the daily energy that youth derive from
added sugar and more information is needed about total added sugar intake.
Diabetes Canada has developed a guideline for added sugar intake in children and adults and
recommends that the intake of added sugar should be less than 10% of daily energy intake
(Diabetes Canada, 2016). In order to assess how Canadian children and adolescents are
performing according to these guidelines, information on SSB intake is not enough. Information
on total added sugar intake is needed, and the Nutrition component of the 2015 Canadian
Community Health Survey provides this information via a 24-hour dietary recall. Thus far, no
studies have used this recall to study added sugar intake in children and adolescents.
Additionally, most of the papers discussed in this literature review only assessed the effects of a
few of the determinants of added sugar intake mentioned above; very few had the capacity to
assess a large number of factors at once. Analysis of the data available in the 2015 Canadian
Community Health Survey on Nutrition provides the unique opportunity for multiple correlates
of sugar consumption at the individual, family, socio-economic and geographical level to be
assessed at once on a large representative sample of Canadian children and adolescents.

2.7 Study Rationale
It is important to gain a better understanding of exactly how much added sugar Canadian
children and adolescents are consuming, what the correlates of consumption are, and how the
consumption of added sugar differs across age and geographical location. A better understanding
of added sugar consumption and its determinants will inform more effective policies to reduce
added sugar intake to the levels recommended by Diabetes Canada, and also help reduce the risk
of childhood obesity.
Yet despite the important contribution of diet and particularly added sugar intake to the risk of
obesity for Canadian children and adolescents, there is limited population level data on the
dietary and added sugar consumption behaviours of Canadian children and adolescents aside
from the information provided by the CCHS on Nutrition from 2004, and now from the CCHS
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2015. This study addresses this gap in knowledge by utilizing the CCHS 2015 data on nutrition
to examine the dietary patterns and added sugar intake of Canadian children and adolescents.
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Chapter 3

3

Methods

This chapter details the methodology used to complete this study. Section 3.1 provides a
description of the data source, the Canadian Community Health Survey (CCHS) on Nutrition
2004 and 2015, including an overview of the sampling design and data collection methodology.
Section 3.2 details the correlates of added sugar intake used in the analysis and how they were
measured. Section 3.3 describes important statistical considerations such as the application of
sampling weights, and the methods used to handle missing data.

3.1 Data Source
The data used in this study came from the CCHS-Nutrition 2015. In addition, the CCHSNutrition 2004 was also used to address study objective two; that is, to evaluate any changes in
dietary intake between 2004 and 2015. The CCHS-Nutrition is a national cross-sectional health
survey that collects information from a representative sample of Canadians about their eating
habits, use of nutritional supplements, and other health information (Statistics Canada, 2017b).
The nutrition component of the CCHS was first conducted in 2004, and again in 2015 to allow
for evaluation of changes in dietary intake between these years (Statistics Canada, 2017b). The
CCHS-Nutrition survey was developed by Statistics Canada in collaboration with various
stakeholders including Health Canada, the Public Health Agency of Canada, and provincial
health ministries. The survey data were accessed through Statistics Canada's Research Data
Centre at Western University.

3.1.1

Content of Data Source

The specific objectives of the CCHS-Nutrition 2015 are to a) collect detailed data on the
consumption of foods and dietary supplements among a representative sample of Canadians at
national and provincial levels; b) estimate the distribution of usual dietary intake in terms of
nutrients from foods, food groups, dietary supplements, and eating patterns; c) gather
anthropometric measurements for accurate body weight and height assessment to interpret
dietary intake; d) support the interpretation and analysis of dietary intake data by collecting
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information on selected health conditions and socio-economic and demographic characteristics;
and e) evaluate changes in dietary intake from the CCHS-Nutrition 2004.
The survey questionnaire consists of two components, the 24-hour dietary recall, and the general
health questionnaire. The 24-hour dietary recall was completed using computer assisted personal
interview (CAPI) which allows for the logical flow in and out of interview questions to be
programmed and also prompts the interviewee to provide a detailed recall (Statistics Canada,
2017b). The general health component focuses on disease, health, lifestyle, and social conditions,
as well as height and weight measurements (Statistics Canada, 2017b). Approximately 37% of
the sample also completed a second dietary recall on a different date using a computer assisted
telephone interview (CATI). The present analysis uses data from the first 24-hour recall, and
general health components only.

3.1.2

CCHS Nutrition Sampling Design

The target population of CCHS Nutrition 2015 was individuals 1 year of age and older living in
the ten Canadian provinces (Statistics Canada, 2017b). Persons from the Canadian territories,
those living on reserves and other Aboriginal settlements, those living in certain remote areas,
full-time members of the Canadian Forces, and those that are institutionalized were excluded
from the target population (Statistics Canada, 2017b).
This cross-sectional survey utilized stratified three-stage sampling to obtain one person from
each dwelling in each of the 10 provinces (Statistics Canada, 2017b). The objective was to obtain
a sample of 24,000 respondents nationally (Statistics Canada, 2017b). To achieve this goal, 80
sample units were first allocated to each of 12 Dietary Reference Intake (DRI) age and sex
groups (The DRI groups are ages 1-3, 4-8, males 9-13, females 9-13, males 14-18, females 1418, males 19-50, females 19-50, males 51-70, females 51-70, males 71+, and females 71+) in
each province (Statistics Canada, 2017b). The remaining 14,400 sample units were allocated to
provinces depending on their population size (Statistics Canada, 2017b).
Geographical clusters were first defined using Census Dissemination Areas (DAs) that were
slightly modified to ensure each possible geographical cluster had a minimum of 200 dwellings,
but were also not too large in area (e.g. some neighbouring DAs were combined, and the Labour
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Force Survey was used to identify areas of exclusion and remote areas) (Statistics Canada,
2017b). After the first stage in which clusters were selected, a list frame of households was used
to select a sample of households in each cluster (Statistics Canada, 2017b). At the third stage,
one person was selected from the household depending on the household roster obtained at the
beginning of the interview (Statistics Canada, 2017b). This stratified three-stage sampling design
was used for all provinces except Prince Edward Island (PEI). In PEI two-stage sampling was
conducted by forgoing the sampling of geographical clusters (Statistics Canada, 2017b).
Interviews were conducted using CAPI, and the format of the interview varied by the age of the
respondents. Interviews of children ages 1 to 5 were conducted in proxy by their parent or
guardian. Interviews of children 6 to 11 were parent assisted, whereby children completed the
survey with the aid of their parents. Respondents ages 12 and up provided their own information
without aids. Proxy interviews for those over the age of 6 were only conducted when mental or
physical limitations prevented the respondents from providing the information themselves.

3.1.3

24-Hour Dietary Recall

The 24-hour dietary recall is the main component of CCHS-Nutrition. All the diet related
variables investigated in this study, including added sugar intake, fruit and vegetable intake,
caloric intake, and energy intake from added sugar, are derived from the information provided by
the dietary recall. The dietary recall component used the Automated Multiple-Pass Method
(AMPM), which is a computer based interviewing tool that helps respondents accurately report
all food and drink consumed in the previous 24-hours, and also helps glean more specific details
about foods consumed (Statistics Canada, 2017b). While AMPM was originally developed by
the USDA, it has been modified in CCHS-Nutrition to better reflect the foods available to, and
consumed by the Canadian population.
The AMPM has five distinct interview components that were designed to keep respondents
engaged in the interview and to help them remember all foods and beverages they consumed in
the past 24 hours (Statistics Canada, 2017b).
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1. The 'quick list' step allows the respondent to list all foods and beverages in any order they
remember, without being interrupted by the interviewer. This allows for a quick collection of
easily remembered foods.
2. The 'forgotten foods' step aims to help the respondent report foods that may have been
forgotten in the 'quick list' step. The interviewer probes the respondent on whether they
consumed any non-alcoholic beverages, alcoholic beverages, sweets, savoury snacks, fruits,
vegetables, cheese, breads and rolls, and any other types of foods.
3. The 'time and occasion' step asks the respondents the time when they were eating or drinking
each of the reported foods, and how they would classify the eating occasion (e.g. breakfast,
lunch, etc.). This step is designed to help the respondent remember their eating patterns for the
past 24-hours, and to allow the interviewer to group together foods and drink consumed in one
eating occasion.
4. In the 'detail cycle' step, the interviewer asks standardized questions in order the gain more
details about the foods and beverages that have been reported earlier. The aim is to collect more
information about food descriptions, food amounts, additions to foods, preparation methods, and
whether the food was fortified. A 'Food Model Booklet' is used to help the respondent accurately
report the quantity of food consumed. This booklet contains pictures of glasses, mugs, bowls,
mounds/pats/spreads, circles, and other images to help them accurately describe portions. Eating
occasions and times are also reviewed in this step to ensure there were no foods that were
forgotten. Lastly, respondents are asked where their meal was consumed.
5. The 'final review' step includes a final probe for foods that may have been consumed but not
remembered earlier.
After this last step, the respondents are asked trailing questions about their dietary habits
including questions about their salt consumption, and any food exclusions to which they adhere
(e.g. meat, eggs, dairy products, gluten, etc.).
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3.1.4

Study Population

For the purposes of the current study, the study population was limited to children and
adolescents between the ages of 6 and 17. Pregnant individuals were excluded because they have
altered dietary and nutrient requirements. After these exclusions were applied, the 2004 cohort
had a sample size of 10,028 and the 2015 cohort had a sample size of 4,359.

3.2 Measurement Instruments
This study was conducted to analyze the amount and correlates of added sugar in the diet of
Canadian children and adolescents in 2004 and 2015, as well as dietary habits related to added
sugar intake. The following section describes each of the instruments used in the analysis and
how it was measured.

3.2.1

Added Sugar Intake

Added sugar from all food sources is the main outcome variable used in this study. Added sugar
is defined as any sugar added during the processing and preparing of foods, or at the table, but
does not include intrinsic sugars found in fruit, fruit juices, vegetables, milk, and so on (Yang et
al., 2014).
The added sugar variable was created for the purposes of this study by utilizing two important
features of how the food recall data are processed and reported: the Bureau of Nutritional
Sciences (BNS) food group codes that are assigned to each reported food item, and the sugar
intake in grams calculated by Statistics Canada for every food and drink item reported in the
recall.
The Bureau of Nutritional Sciences at Health Canada has food group codes for basic foods and
recipes that are assigned to every food item reported in CCHS-Nutrition. For this study, the 24hour recall data were limited to food items that are processed and/or may contain added sugar;
while foods with BNS codes for intrinsic sources of sugar such as fruit, fruit juice, vegetables,
meat, milk, and so on, were excluded. Detailed information on BNS food group codes included
in the calculation of added sugar intake for every subject is available in Appendix B.
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Once the recall data were limited to any food and drink with added sources of sugar, the nutrient
value of added sugar that corresponds to the reported amount of food consumed, was converted
to grams and summed to create a total added sugar intake in grams per day variable for each
subject.
The variable of added sugar from food sources shows a right-skewed distribution, with a small
number of outliers. To deal with this issue, the original variable was recoded into categories
representing 10g intervals, with the last category of 350+g including all outliers; this produced a
more normal distribution with a smaller skew.

3.2.2

Fruit and Vegetable Intake

To gain a more comprehensive understanding of both the healthy and unhealthy aspects of the
diet of Canadian children and adolescents, the second objective of this analysis is to compare the
dietary behaviours (added sugar intake, energy intake from added sugar, caloric intake, fruit
intake, and vegetable intake) of Canadian children and adolescents in 2004 and 2015. The
CCHS-Nutrition 2004 provides fruit and vegetable intake as a derived variable by summing the
reported frequency of intake of fruit, fruit juice, green salad, carrots, potatoes, and other
vegetables. This variable uses data from the general health survey component and measures the
total number of times per day (frequency) fruits and vegetables are consumed, not the amount
consumed. In 2004, respondents were asked how often they usually eat a given type of fruit or
vegetable, and respondents had the option of choosing the reporting period (e.g. per day, week,
month, year). These types of questions were not included in the general health component of the
CCHS-Nutrition 2015. Thus, to create a corresponding measure of fruit and vegetable intake in
2004 and 2015, new composite variables for both CCHS cycles were created using the
information available in the 24-hour dietary recall portion of the surveys.
Similar to the process used to create the added sugar variable, the BNS food codes assigned to
every food item reported in the 24-hour recall were combined to create the fruit and vegetable
variables. The fruit intake variable reflects how many servings of fruit and fruit juice were
consumed and reported in the 24-hour food recall. The vegetable intake variable reflects how
many servings of green salad, carrots, potatoes, and all other vegetables were consumed and
reported. This measure does not include potatoes that were deep-fried or roasted, but does
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included potatoes prepared using other methods. The decision was made to exclude deep-fried
potatoes from the measure of vegetables because their high fat and salt content undermines their
nutritional value and the Canadian Food Guide recommends that vegetables should be prepared
with minimal fat and salt (Health Canada, 2007). Deep-fried potatoes and roasted potatoes are
assigned the same BNS food code, that is why roasted potatoes had to be excluded as well. It
should be noted that the fruit and vegetable variables reflect how frequently they were consumed
during the food recall day, not a specific amount consumed.

3.2.3
3.2.3.1

Individual Characteristics
Sex

Sex was included in the predictive model developed for this study because previous research
shows added sugar intake can vary by sex (Al-Haifi et al., 2016; Clarke et al., 2014; Ferreira et
al., 2015; Mark et al., 2012; Park et al., 2012; Santaliestra-Pasias et al., 2012; Vagstrand, Linne,
Karlsson, Elfhag, & Lindroos, 2009b). In the CCHS-Nutrition, sex is reported as 'male' or
'female', and in the analysis, it is coded as a binary variable.

3.2.3.2

Age

The CCHS-Nutrition reports every respondent's age in years by asking respondents their age and
also their date of birth. Age is relevant to the current analysis because children and adolescents'
nutritional requirements and growth rates can vary greatly by age (Ferreira et al., 2015). In this
analysis, age was kept as a continuous variable with values between 6 and 17.

3.2.3.3

Race

The race that respondents identify with was determined in CCHS-Nutrition by asking which
racial or cultural groups respondents feel they belong to. As respondents may identify with more
than one group, they were individually probed about each racial and cultural group including
White, South Asian, Chinese, Black, Filipino, Latin American, Arab, Southeast Asian, West
Asian, Korean, Japanese, or Other. Race was included in the present analysis as a binary variable
depending on whether or not respondents identified themselves as White or not White, since
White is the largest racial group in Canada (Statistics Canada, 2017).
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3.2.3.4

Immigration Status

Previous research has shown that recent immigrants may possess different dietary patterns than
the native population or less recent immigrants to a country, but may over time adopt local
dietary patterns through acculturation (Liu et al., 2012). In order to assess the impact of
immigration status on the added sugar intake of children and adolescents living in Canada, recent
immigrant status was included in this analysis as a binary variable. Respondents were first asked
if they are, or had ever been, landed immigrants to Canada. Those that responded yes were
additionally asked how long they have been in Canada. Subjects were coded as recent
immigrants if they came to Canada in the last five years. Immigrants that have been in Canada
for longer than five years, and non-immigrants were grouped together and coded as not recent
immigrants.

3.2.3.5

Physical Activity

Previous research has proposed that higher sugar intake is associated with lower physical activity
levels, thus pointing to a clustering of unhealthy behaviours (Byrd-Williams et al, 2010, Park et
al, 2012). To explore this association in a Canadian setting, hours spent in physical activity per
day was included in the statistical model. Physical activity is defined in the CCHS-Nutrition as
"Any activity that increases heart rate and causes temporary shortness of breath, such as running,
swimming, dancing, brisk walking, rollerblading, biking, soccer, basketball, etc.". Respondents
were asked about physical activity during free time at school, during class time, organized sports
outside of school, and leisure time (unorganized) physical activity outside of school. While
CCHS-Nutrition reports physical activity as a continuous variable in hours per week, for this
analysis this measure was converted to hours per day to keep consistent with the measure of
sedentary behaviour, which is reported in hours per day.

3.2.3.6

Sedentary Activity

High levels of sedentary activity have been positively linked to the higher consumption of added
sugar among children and adolescents in numerous studies (Borghese et al., 2014; Bornhorst et
al., 2015; Byrd-Williams, Hoelscher, Springer, & Ranjit, 2010; Ferreira, Claro, & Souza Lopes,
2015; Gebremariam et al., 2017; Kenney & Gortmaker, 2017; Lipsky & Iannotti, 2012; Moreira
et al., 2010; Park et al., 2012a; Park et al. 2012b; Pearson, Ball, & Crawford, 2011; Santaliestra-
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Pasias et al., 2012). Information on sedentary activity was gathered by asking respondents how
many hours per day they spend watching TV, using a game console, computer, tablet, or handheld device, including time spent playing games, emailing, chatting and surfing the Internet.
Sedentary behaviour is a continuous variable expressed in hours per day.

3.2.4
3.2.4.1

Family Level Characteristics/ Social Determinants of Health
Household Income

Total household income was included in the model as previous research indicates that added
sugar intake may be higher among children and adolescents from low income families (Han &
Powell, 2013; Mark et al., 2012). In the CCHS-Nutrition, total household income was
ascertained by asking the person most knowledgeable about the household situation to report
total income, before taxes and deductions, from all sources including wages and salaries, income
from self-employment, dividends and interest, employment insurance, worker's compensation,
benefits from Canada or Quebec pension plan, retirement pensions, superannuation and
annuities, RRSP/RRIF, Old Age Security and Guaranteed Income Supplement, provincial or
municipal social assistance or welfare, Child Tax Benefit or family allowances, child support,
alimony, or other sources such as rental income or scholarships.
In the CCHS-Nutrition total household income was reported as an absolute value, and also in
adjusted deciles at the provincial and federal levels. For this analysis, deciles of income at the
federal level were used. This derived variable distributes the respondents into 10 categories of
income (10 deciles) with approximately the same percentage of residents from each province,
based on their value of adjusted household income ratio. Adjusted household income ratio is a
ratio of total household income to the low-income cut-off corresponding to their household and
community size. For each respondent, this ratio helps provide a relative measure of their
household income to the household incomes of all other respondents.

3.2.4.2

Household Education

Parental education is another indicator of socio-economic status that has been found in previous
research to be inversely related to added sugar intake in children and adolescents, (Ahmadi et al.,
2015; Craig et al., 2010; Fernandez-Alvira et al., 2013; Han & Powell, 2013; van Ansem et al.,
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2014). For this analysis the variable of 'Highest educational attainment in the household' was
used. In the CCHS-Nutrition this is a categorical variable with the following seven options: Less
than High School diploma or its equivalent, High School diploma or a High School equivalency
certificate, Trade certificate or diploma, College/CEGEP/ other non-University certificate or
diploma, University certificate or diploma below the Bachelors level, Bachelors degree (e.g. BA,
BSc, LLB), or University certificate, diploma, degree above Bachelors level. For the purposes of
this study, these seven categories were collapsed into three categories (Trade certificate or
diploma/High School diploma or less, College/CEGEP/other certification below the Bachelors
level, and Bachelors degree or higher).

3.2.4.3

Food Security

Due to the lower cost and higher energy density of sugar rich foods, researchers suggest that
added sugar intake may be higher in food insecure households (Ahmadi et al., 2015; Calloway et
al., 2016; Rossen & Kobernik, 2016b). To explore this relationship in a Canadian population, a
measure of food insecurity in children and adolescents was created by asking eight questions
about food security as they relate to children and adolescents. If the person most knowledgeable
about the household situation gave zero affirmative answers, the child was classified as 'Food
secure'. Two to four affirmative responses translated into a classification of 'Moderately food
insecure', and five or more affirmative responses translated to 'Severely food insecure'.

3.2.5
3.2.5.1

Geographic Location
Province

Province of residence was included in the model in order to assess whether there are
geographical differences in added sugar intake. As mentioned earlier, the CCHS-Nutrition
survey does not sample from the Canadian territories, thus there are ten categories for province
of residence. These ten categories were condensed by grouping together the Maritime provinces
(Newfoundland and Labrador, Prince Edward Island, Nova Scotia, and New Brunswick), and the
Prairie provinces (Alberta, Saskatchewan, and Manitoba).

46

3.3 Statistical Analysis
3.3.1

Descriptive Statistics

Descriptive statistics were produced to understand the basic characteristics of the 2004 and 2015
datasets. Frequency distributions were calculated for sex, age, race, recent immigrant status,
sedentary activity, physical activity, household income, household education, food security,
region of residence, added sugar intake, fruit intake, vegetable intake, caloric intake, and energy
intake from added sugar for variables from both the 2004 and 2015 CCHS-Nutrition surveys.

3.3.2

Analyses for Objective 1

The first objective of this study was to determine the amount of added sugar in the diet of
children and adolescents in 2015, and to assess whether children and adolescents are meeting
added sugar intake guidelines published by various health agencies including the American Heart
Association, and Diabetes Canada. These guidelines relate to what percentage of daily energy
intake should be derived from added sugar. These guidelines recommend that daily energy
derived from added sugar should not exceed 10% of total energy intake (Diabetes Canada, 2016;
Johnson et al., 2009).
Bivariate analysis was also conducted in order to gain a better understanding of the relationship
between the amount of added sugar intake and dietary habits associated with added sugar intake.
For this analysis, the variable measuring the amount of added sugar intake was divided into
quartiles based on what percentage of energy intake was from sources of added sugar. The
categories for this assessment were 5% or less daily energy from added sugar, 5% to 10%, 10%
to 25%, and more than 25% of daily energy intake from added sugar. How individuals across
these categories differed in terms of their fruit, vegetable, and total caloric intake was also
assessed.

3.3.3

Analyses for Objective 2

The second objective of this study was to compare select dietary habits of children and
adolescents across 2004 and 2015. The variables compared include added sugar intake, fruit
intake, vegetable intake, daily caloric intake, and percentage of daily energy intake derived from
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added sugar. Student T-tests were computed to statistically assess time differences in these
dietary habits. Statistical significance was defined as p-value < 0.05.

3.3.4

Analyses for Objective 3

The third objective of this study was to develop and test a model to assess the relationship
between added sugar intake and other unhealthy behaviours such as sedentary behaviour and
physical inactivity. This objective was achieved by performing linear regression analyses and by
entering correlates in groups depending on how they are related to the outcome variable. In this
analysis, the first group of correlates entered into the regression model included the behavioural
variables related to sedentary activity and physical activity. The second block of covariates
included the demographic and socio-economic characteristics of age, sex, ethnicity, immigrant
status, household income, household education, food security, and region of residence. Statistical
significance was defined as a p-value < 0.05.

3.4 Other Statistical Considerations
3.4.1

Sample Weights

Sample weights were applied to all statistical tests in order for the results of this study to be
representative of all children and adolescents in Canada. CCHS-Nutrition assigns a unique
survey weight to each respondent included in the final sampling frame. The sample weight
corresponds to the number of people in the population that are represented by each respondent.
The sample weights were rescaled to represent the actual size of the selected sample.

3.4.2

Bootstrap Weights

Bootstrap weights were used for variance estimation in this study in order to assess the quality of
the estimates produced. Bootstrap weights were created by CCHS-Nutrition through random
resampling with replacement from the original sample, and by applying similar adjustments as
those that were applied to the sample weights.

3.4.3

Missing Data

Missing data patterns were analyzed for both the CCHS-Nutrition 2004 and 2015 datasets. For
the variables of interest from the 2004 survey (added sugar intake, age, sex, race, immigrant
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status, valid food recall), 99.80% of the respondents responded to all survey questions, and the
variable with the most missing data was recent immigration status, with 0.11% of the
respondents have missing data points. For the variables of interest in the 2015 survey (added
sugar intake, age, sex, race, immigrant status, physical activity, sedentary behaviour, household
income, household education, food security, and region of residence), 91.33% of those who
responded had a complete data pattern. The variable with the highest frequency of missing data
was white race, with 6.19% of respondents having a missing data point for this variable. Listwise
deletion was used to circumvent the problem of missing data in this study. In listwise deletion, an
observation is not used in the analysis if it has one or more missing values. After listwise
deletion of all subjects with any missing values for the variables of interest, the 2004 dataset had
a sample size of 10,008, and the 2015 dataset had a sample size of 3,972.
Imputation for missing data on household income was completed by Statistics Canada using
statistical techniques, and was necessary for 25% of the sample. Donor imputation was used for
3% of missing data in regard to the respondent's postal code.

3.4.4

Software

All statistical analyses were completed using SAS software version 9.4 (SAS Institute Inc.,
2012). Regression models were produced using the PROC SURVEYREG procedures.
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Chapter 4

4

Results

This chapter presents the findings of this study. Section 4.1 provides a description of the study
sample, and an assessment of what proportion of children and adolescents are meeting added
sugar intake guidelines. Section 4.2 examines the changes in added sugar intake and other dietary
behaviours between 2004 and 2015. Section 4.3 presents bivariate associations between added
sugar intake and its correlates. Lastly, Section 4.4 presents the results from the multivariable
regression analysis that assessed the relationship between added sugar intake and other
behavioural characteristics.

4.1 Description of Study Sample
4.1.1

Sample Characteristics

CCHS-Nutrition 2004 had 10,038 respondents between the ages of 6 and 17 with valid food
recalls. Out of these, 10 respondents were excluded from the analysis on account of them being
pregnant at the time of the survey, thus leaving a study sample size of 10,028. CCHS-Nutrition
2015 had 4,360 respondents between the ages of 6 and 17. One respondent was pregnant at the
time of survey completion and was thus excluded leaving a study sample size of 4,359. The
specific characteristics of the 2004 and 2015 samples are presented in Table 1. The presented
characteristics (sex, age, race, immigration status, time spent engaging in sedentary behaviour,
time spent in physical activity, household income, household education, food security status, and
region of residence) were selected based on previous literature that indicates that these factors
are associated with added sugar intake. There were some inconsistencies between the
measurement tools used in 2004 and 2015 and thus, sedentary activity, physical activity,
household income, and food security cannot be directly compared.
In CCHS-Nutrition 2004, respondents were asked to report their time spent in sedentary activity
in the past three months in terms of how many hours in a typical week were spent in sedentary
activity, and the response options were in ranges (e.g. less than 1 hour, from 1 to 2 hours, etc.),
thus this measure cannot accurately be converted or compared to the hours per day spent in
sedentary activity measure that was used in CCHS-Nutrition 2015. A similar problem arose
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when trying to compare data on physical activity levels between 2004 and 2015. Similarly, in
both 2004 and 2015, respondents were asked to report their household income in income
brackets; however these brackets were formatted differently at each time point. Brackets were
larger in 2015, and the upper bracket in 2004 was $80 000 or higher, while in 2015 it was $90
000 or higher, thus preventing direct comparison between the samples in 2004 and 2015. Lastly,
food security also cannot be directly compared because the food security measure in 2004 is a
household measure that is based on 18 questions, and indicates whether households with and
without children were able to afford the food they needed in the previous 12 months. Whereas in
2015, the food security measure was based on 8 child-referenced questions and describes the
food security of the child and adolescent members of a household in the previous 12 months,
since children in a household may experience food insecurity differently than adult members of a
household.
There are some notable differences between the characteristics of the samples in CCHS-Nutrition
2004 and 2015. A larger proportion of non-White individuals were sampled in 2015; in 2004,
17.66% of the sample identified as non-White, while this number rose to 29.6% in 2015. Mean
household income also varied greatly between these two samples. Average household income for
the 2004 sample was $70,189, and for the 2015 sample it was $100,368. These income values are
quite high, especially for the 2015 sample since according to Canadian Census', mean household
income in 2005 was $63,457, and in 2015 it was $70,366 (Statistics Canada, 2017a). This may
indicate a non-response bias since participation in the survey was completely voluntary. In terms
of household education, the sample was more balanced between the different categories of
household education in 2015, while in 2004 73.85% of the sample had a University Bachelor
degree or higher.
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Table 1: Characteristics of CCHS-Nutrition 2004 and 2015 Study Samples
Variable
Sex
Male
Female
Age
6
7
8
9
10
11
12
13
14
15
16
17
Race
White
Not White
Missing
Immigration Status
Recent Immigrant
Not a Recent Immigrant
Missing
Sedentary Activity
(h/week)
≤ 9.9
10 to 19.9
20 to 29.9
30 to 39.9
40+
Missing
Sedentary Activity (h/day)
≤ 1.9
2 to 3.9
4 to 5.9
6 to 7.9
8+
Missing
Physical Activity (h/week)
≤ 4.9
5 to 9.9

Frequency

2004
Percentage (%)

Frequency

2015
Percentage (%)

4846
5182

48.32
51.68

2126
2233

48.78
51.22

767
751
831
778
816
869
901
842
899
962
838
775

7.65
7.49
8.28
7.75
8.14
8.67
8.99
8.40
8.96
9.60
8.35
7.73

352
335
384
399
329
349
338
338
433
402
329
372

8.08
7.67
8.82
9.16
7.54
8.00
7.75
7.76
9.93
9.22
7.54
8.55

8248
1769
11

82.34
17.66

2945
1238
176

70.4
29.6

344
9669
15

3.44
96.56

217
4135
7

4.98
95.02

1768
3616
2745
990
882
27

17.68
36.16
27.45
9.90
8.82

1224
1780
792
329
222
12

28.15
40.94
18.23
7.57
5.11

5294
1331

53.05
13.33
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10 to 14.9
15 to 19.9
20+
Missing
Physical Activity (h/day)
≤ 0.9
1 to 1.9
2 to 2.9
3 to 3.9
4+
Missing
Income ($)
9,999 or less
10,000 to 29,999
30,000 to 49,999
30,000 to 59,999
50,000 to 79,999
60,000 to 89,999
80,000+
90,000+
Missing
Education
Trade, High School or
less
College/University
below Bachelors level
Bachelors or more
Missing
Food Security
Food Secure
Food Insecure without
Hunger
Food Insecure with
Moderate Hunger
Food Insecure with
Severe Hunger
Moderately Food
Insecure
Severely Food Insecure
Missing
Region
Maritimes
Quebec
Ontario
Prairies
British Columbia

1332
1372
651
48

13.35
13.75
6.53

162
1312
1676

1.87
15.14
19.35

2597

29.97

2917

33.67

1127
1670
1102
335
70
56

26.18
38.82
25.6
7.78
1.62

48
420

1.1
9.63

862

19.79

959

21.99

2070

47.49

1364
1767

17.93

1033

23.73

809

8.21

1437

32.99

7276
176

73.85

1885
4

43.28

9139
573

92.05
5.77

4054

94.08

185

1.86

32

0.32
242

5.61

13
50

0.31

269
944
1714
893
539

6.17
21.65
39.33
20.48
12.36

99
709
2217
4075
1748
1279

7.07
22.11
40.64
17.43
12.75
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4.1.2

Recommended Intake of Added Sugar

Various health associations including Diabetes Canada make a strong recommendation that in
order to prevent the development of various chronic diseases including obesity, daily added
sugar intake should make up less than 10% of daily energy intake. According to CCHS-Nutrition
2004, mean added sugar intake was 98.48 grams (g) and mean energy intake from added sugar
was 17.29%. In 2015 mean added sugar intake was 80.48g and mean daily energy intake from
added sugar was 16.66%. Table 2 indicates the frequency distribution of energy intake from
added sugar and it shows that distribution across the categories of energy intake has remained
stable from 2004 to 2015. Five percent or less energy intake from added sugar is the optimal
level of added sugar intake recommended by health agencies yet only around 13 to 15% of
children and adolescents fall into this category both in 2004 and 2015, while the majority of
children and adolescents attain 10% to 25% of their daily energy intake from added sugar.
Overall, in 2004, 32.83% of Canadian children and adolescents were meeting added sugar intake
guidelines, and this number rose only very slightly to 35.66% in 2015.
Table 2: Daily Energy Intake from Added Sugar of CCHS-Nutrition 2004 and 2015 Study
Samples
Variable
Energy Intake from Added
Sugar (%)
≤ 5%
5.1% to 10%
10.1% to 25%
≥ 25.1%
Missing

4.1.3

Frequency

1324
1965
4555
2176
8

2004
Percentage (%)

13.22
19.61
45.46
21.71

Frequency

2015
Percentage (%)

664
889
1960
842

15.25
20.40
45.00
19.34

Sugar Intake and Other Dietary Behaviours in 2015

In order to investigate how energy intake from added sugar is related to other dietary behaviours,
the 2015 sample was sorted into quartiles depending on their percentage of energy intake from
added sugar, and dietary behaviours were compared across categories. The results are presented
in Figures 2 and 3.
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Fruit and vegetable intake did not vary greatly by added sugar intake category, but the number of
servings of both fruits and vegetables was higher than average in the '10% to 25%,' and 'More
than 25%' categories of added sugar intake. When examining caloric intake, children in the
'More than 25%' category consumed less than the average amount of calories, possibly indicating
that added sugar was being consumed at the expense of calories from other more nutritious
sources.
8
7

Servings

6
5
4
3

Fruit Intake

2

Vegetable Intake

1
0
5% or less

5% to
10%

10% to
More Average
25% than 25%

Energy Intake from Added Sugar (%)

Figure 2: Fruit and Vegetable Intake by Energy Intake from Added Sugar

Calories
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Figure 3: Caloric Intake by Energy Intake from Added Sugar

4.2 Changes in Dietary Behaviours from 2004 to 2015
Table 3 indicates the frequency distribution of fruit and vegetable intake in 2004 and 2015. In
both years, the majority of children and adolescents consumed 0 to 2 fruit servings per day, and 0
to 4 vegetable servings per day. Student's T-tests were used to statistically assess change in fruit
and vegetable intake, as well as added sugar, caloric, and daily energy intake from added sugar
from 2004 to 2015. The results of these tests are presented in Table 4. In 2015, children and
adolescents were consuming 0.93 more servings of fruit (p <0.0001), 0.7 more servings of
vegetables (p < 0.0001), 17.99g less of added sugar (p < 0.0001), 292.6 kcal less of calories (p <
0.0001), and 0.63% less energy from added sugar (p <0.05), than in 2004.
Altogether these results indicate that the diets of Canadian children and adolescents are generally
improving since fruit and vegetable intake is higher, while added sugar, caloric intake, and
energy intake from added sugar is lower. However, the finding that, on average 16% of daily
energy intake is from added sugar indicates that added sugar is still a substantial proportion of
their overall diet and more needs to be done to lower this value to less than 10% of daily energy
intake.
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Table 3: Fruit and Vegetable Intake of CCHS-Nutrition 2004 and 2015 Study Samples
Variable
Fruit Intake (Number of
Servings)
0 to 2
3 to 5
6 to 8
9 to 11
12+
Missing
Vegetable Intake (Number
of Servings)
0 to 4
5 to 9
10 to 14
15 to 19
20+
Missing

Frequency

2004
Percentage (%)

Frequency

2015
Percentage (%)

5968
2866
775
294
123
2

59.53
28.59
7.73
2.94
1.23

2156
1310
492
224
177

49.46
30.04
11.30
5.13
4.07

5101
3134
1174
442
175
2

50.88
31.25
11.71
4.41
1.73

1846
1569
646
223
74

42.34
36.00
14.82
5.13
1.70

Table 4: Dietary Habits of CCHS-Nutrition 2004 and 2015 Study Samples
Dietary Measure
Added Sugar
(grams)
Fruit Intake
(servings)
Vegetable Intake
(servings)
Caloric Intake
(kcal)
Energy from
Added Sugar (%)

2004 (mean (SE))
98.48 (0.87)

2015 (mean (SE))
80.48 (1.07)

t-value
13.06

P > |t|
<0.0001

2.66 (0.03)

3.59 (0.06)

-15.14

<0.0001

5.65 (0.05)

6.35 (0.08)

-7.93

<0.0001

2253.87 (9.68)

1961.27 (12.69)

18.34

<0.0001

17.29 (0.13)

16.66 (0.21)

2.56

<0.05

n=4,359

4.3 Correlates of Added Sugar Intake: Bivariate Associations
The following section describes the bivariate associations between added sugar intake and its
correlates using CCHS-Nutrition 2015 data. Added sugar is defined as any sugar added during
the processing or cooking of a food or drink product (Wang et al., 2013). In this study, total
added sugar intake was determined by summing the values of sugar attributed to each food item
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reported in the 24-hour food recall that was assumed to contain added sugar according to the
BNS Food Code. The BNS food codes included in the added sugar measure are detailed in
Appendix B. Mean added sugar intake was determined to be equal to 80.48g in 2015. Bivariate
associations were tested through regression analysis, and mean added sugar intake values for
each category of a correlate are presented below.

4.3.1

Sex and Added Sugar Intake

Figure 4 shows that in 2015 there is a statistically significant difference between males and
females in their added sugar intake, with males consuming more added sugar than females. Mean
intake for males is 84.45g (95% CI: 80.38, 88.52) while for females it is 76.32g (95% CI: 72.51,
80.12).
100

Added Sugar (grams)

90
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40
30
20
10
0
Females

Males
Sex

Figure 4: Sex and Added Sugar Intake, Children aged 6 to 17, CCHS-Nutrition 2015

4.3.2

Age and Added Sugar Intake

Overall age was found to be a significant correlate of added sugar intake. Figure 5 demonstrates
that the relationship between added sugar intake and age is not straightforward; there is a
statistically significant positive linear relationship between age and added sugar intake, as well as
a statistically significant negative quadratic relationship, such that the relationship is parabolic in
nature.
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Figure 5: Age and Added Sugar Intake, in CCHS-Nutrition 2015

4.3.3

Race and Added Sugar Intake

Children and adolescents who identified themselves as having White race consumed
significantly more added sugar than children and adolescents who identified with any other
ethnic or racial group. Mean intake for White subjects was 87.36g (95% CI: 83.78, 90.93), while
non-White subjects consumed an average of 62.53g (95% CI: 57.81, 67.25) according to their
24-hour dietary recall.

Added Sugar (grams)
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Figure 6: Race and Added Sugar Intake, Children aged 6 to 17, CCHS-Nutrition 2015

4.3.4

Immigration Status and Added Sugar Intake

Respondents that identified as having immigrated to Canada in the last 5 years consumed
significantly less added sugar than those that migrated to Canada more than 5 years ago, or are
Canadian born citizens. Mean intake for non-recent immigrants and Canadian born citizen was
81.30g (95% CI: 78.32, 84.28) while recent immigrants consumed an average of 65.23g (95%
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CI: 52.61, 77.86) of added sugar.
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Figure 7: Immigration Status and Added Sugar Intake, Children aged 6 to 17, CCHS-Nutrition
2015
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4.3.5

Sedentary Behaviour and Added Sugar Intake

A positive linear relationship was found between hours per day spent in sedentary behaviours
such as watching TV or spending time on a computer, and added sugar intake, with added sugar
intake increasing by 7g with every time-bracket for sedentary behaviour.
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Figure 8: Sedentary Behaviours and Added Sugar Intake, Children aged 6 to 17, CCHSNutrition 2015

4.3.6

Physical Activity and Added Sugar Intake

The relationship between hours per day spent participating in physical activity and added sugar
intake was tested and although it is a positive linear relationship in nature, it was not statistically
significant.
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Figure 9: Physical Activity and Added Sugar Intake, Children aged 6 to 17, CCHS-Nutrition 2015

4.3.7

Household Income and Added Sugar Intake

Income was a significant correlate of added sugar intake, added sugar intake increases by 2.6g
with each income decile, such that individuals in Decile 1 consumed 63.64g (95% CI:
58.45,68.84) of added sugar, and individuals in Decile 10 consumed 93.84g (95% CI: 78.79,
108.89).
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Figure 10: Household Income and Added Sugar Intake, Children aged 6 to 17, CCHS-Nutrition
2015

4.3.8

Household Education and Added Sugar Intake

Children and adolescents from households where the highest level of education was trade
certification, High School diploma, or less consumed 84.84g (95% CI: 79.49, 90.19) of added
sugar. Those from households with College or University education below the Bachelors level
consumed 82.68g (95% CI: 78.17, 87.19), and those from households where the highest level of
education was a University education at the Bachelors level or higher consumed 76.38g (95% CI
71.78, 80.99). While it may seem like added sugar intake decreases with increasing household
education, this relationship was not statistically significant.
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Figure 11: Household Education and Added Sugar Intake, Children aged 6 to 17, CCHSNutrition 2015

4.3.9

Food Security and Added Sugar Intake

Children and adolescents from food secure households consumed 80.49g (95% CI: 77.51, 83.47).
Moderately food insecure individuals consumed 83.36g (95% CI: 70.32, 96.39), and severely
food insecure consumed 105.65g (95% CI: 37.35, 173.95). Yet the relationship between food
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security status and added sugar intake did not reach statistical significance.
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Figure 12: Food Security and Added Sugar Intake, Children aged 6 to 17, CCHS-Nutrition 2015
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4.3.10

Region of Residence and Added Sugar Intake

In bivariate analysis, added sugar intake in the Maritime provinces (90.98g, 95% CI: 86.85,
95.11), Quebec (88.62g, 95% CI: 82.51, 94.74), the Prairie provinces (80.36g, 95% CI: 75.79,
84.98), and British Columbia (86.81g, 95% CI: 80.65, 92.97) was compared to added sugar
intake of children and adolescents in Ontario (72.42g, 95% CI: 66.63, 78.20). It was found that
children and adolescents in the Maritime provinces, Quebec, and British Columbia all consume
significantly more added sugar than their counterparts in Ontario, but the difference in intake
between Ontario residents and those in the Prairies was not statistically significant.

Added Sugar (grams)

120
100
80
60
40
20
0
Maritime

Quebec

Ontario

Prairie

BC

Province

Figure 13: Region of Residence and Added Sugar Intake, Children aged 6 to 17, CCHS-Nutrition
2015

4.4 Associations Between Added Sugar Intake and Other
Behavioural Characteristics
Multivariable linear regressions were run to address the third objective of this study, which was
to assess the relationship between sedentary behaviour, physical activity, and added sugar intake.
The first regression model assessed the unadjusted relationship between sedentary behaviour,
physical activity, and added sugar intake. The second regression model also aims to assess the
relationship between added sugar intake and sedentary and physical activity, but additionally
adjusts for demographic and socio-economic factors including sex, age, race, immigration status,
household income, household education, food security, and region of residence. For the purpose
of this analysis, added sugar was recoded into 10g intervals, the last interval representing 350g or
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more added sugar includes all outliers. This recoding was done to create an approximately
normal distribution for the added sugar variable.
Table 5 presents the results of the first, unadjusted regression model, and indicates that the base
level of added sugar intake, when time spent in sedentary behaviours and physical activity is 0, is
63.03g (95% CI: 56.38, 69.68). With every hour spent participating in sedentary behaviours such
as watching TV, using a computer, etc. added sugar intake increases by 7.18g (95% CI: 3.56,
10.80). The association between added sugar intake and physical activity is not statistically
significant, (2.43g, 95% CI: -0.89, 5.76).
Table 6 presents the results of the second, adjusted regression model. In the second model, the
base level of added sugar intake is 17.00g, and after the addition of demographic and socioeconomic control factors, the relationship between physical activity and added sugar intake
remains statistically insignificant (0.20g, 95% CI: -3.13, 3.53). Meanwhile, even after controlling
for additional factors, sedentary activity is a significant positive correlate of added sugar intake.
With every hour spent participating in sedentary behaviours added sugar intake increases by
5.35g (95% CI: 1.79, 9.11). Controlling for sex, age, race, immigration status, household income,
household education, food security, and region of residence only decreased the effect of
sedentary behaviour on added sugar intake by 2g (predicted intake decreased from 7.18g to
5.35g).
The adjusted model indicates that aside from sedentary behaviour, sex, age, race, household
income, and region of residence are all statistically significant correlates of added sugar intake.
On average, male children and adolescents consume 7.40g (95% CI: 1.39, 13.41) more added
sugar than female children and adolescents when all other correlates are adjusted for. Age had a
positive linear relationship with added sugar intake (5.61g increase with every year, 95% CI:
2.42, 8.81) as well as a small but statistically significant negative quadratic relationship (-0.39g
decrease with every year, 95% CI: -0.68, -0.10). White race is the correlate with the greatest
effect size on added sugar intake; with children and adolescents of White race consuming 19.42g
(95% CI: 11.74, 27.09) more added sugar than non-white children and adolescents. Household
income and household education are often used interchangeably to study the impact of socioeconomic position on added sugar intake (Han & Powell, 2013; Zarnowiecki et al, 2014), but in
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this study household income was a significant correlate while household education was not.
Household income had a significant positive association with added sugar intake, with added
sugar intake increasing with every decile (2.15g, 95% CI: 0.08,3.50), while household education
was not associated with added sugar intake. Lastly, when comparing added sugar intake by
province of residence, the Maritime provinces (11.57g, 95% CI: 2.66g, 20.49g), Quebec (14.49g,
95% CI: 5.20, 23.78), and British Columbia (10.13g, 95% CI: 0.48, 19.79) all have significantly
higher intake rates compared to Ontario. While children and adolescents in the Prairie provinces
also consume more added sugar than their counterparts in Ontario (4.67g, 95% CI: -3.72, 13.06)
this difference was not statistically significant.
The difference between the added sugar intake of recent immigrants and of non-recent
immigrants/Canadian born citizens was not statistically significant (-1.41g, 95% CI: -18.57g,
15.75g). Food security was also not a significant correlate of added sugar intake in the
multivariable model.
Table 5: Unadjusted Model of the Relationship Between Sedentary Activity, Physical Activity,
and Added Sugar Intake of Canadian Children and Adolescents in 2015
Variable
Intercept
Sedentary
(hours/day)
Physical
(hours/day)

β
S.E.
t-value
P > |t|
95% CI
6.3031
0.3393
18.58
<0.0001
5.638, 6.968
0.7182
0.1845
3.89
<0.0001
0.357, 1.080
0.2432

0.1695

1.44

0.1519

-0.089, 0.575

n=3,972
R-square = 0.01368

Table 6: Adjusted Model of the Relationship Between Sedentary Activity, Physical Activity,
and Added Sugar Intake of Canadian Children and Adolescents in 2015
Variable
Category
Intercept
Sedentary (hours/day)
Physical (hours/day)
Sex
Female*
Male
Age (linear)
Age (quadratic)
Race

β

S.E.
t-value
P > |t|
95% CI
1.7001 0.6333
2.68
0.0075
0.458, 2.941
0.5349 0.1818
2.94
0.0034
0.179, 0.891
0.0200 0.1697
0.12
0.9059
-0.313, 0.352

0.7400
0.5613
-0.0387

0.3064
0.1629
0.0147

2.42
3.45
-2.62

0.0161
0.0006
0.009

0.139, 1.341
0.242, 0.881
-0.068,-0.010
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White
Not White*

1.9418

0.3914

5.96

<0.0001

1.174, 2.709

-0.1408

0.8757

-0.16

0.2148

0.0690

3.11

0.002

0.079, 0.350

0.7935

0.4129

1.92

0.0552

-0.016. 1.603

0.4330

0.3651

1.19

0.2361

-0.282, 1.149

0.6099

0.7108

0.86

0.3912 -0.783, 2.003

Immigration
Status
Recent Immigrant
Not a Recent
Immigrant*
Household Income (decile)
Household
Education
Trade, High School, or
less
College/University
below Bachelors level
University at Bachelors
level or higher*

0.8723 -1.857,-1.575

Food Security
Food Secure*
Moderately Food
Insecure
Severely Food Insecure

2.8318 4.3685

0.65

0.5171

-5.730,11.394

Province
Ontario*
Maritime
Quebec
Prairie
BC

*Reference category
n=3,972
R-square = 0.07005

1.1574
1.4487
0.4672
1.0131

0.4548
0.4739
0.4279
0.4925

2.54
3.06
1.09
2.06

0.0112
0.0024
0.2754
0.0402

0.265,2.049
0.519, 2.378
-0.372,1.306
0.0477, 1.979
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Chapter 5

5

Discussion

In this chapter the key findings of this study are provided in Section 5.1, the implications for
health policy are discussed in Section 5.2, and study limitations are addressed in Section 5.3. A
conclusion for the results is provided in Section 5.4.

5.1 Key Findings
5.1.1

Comparison of Dietary Behaviours Between 2004 and 2015

When comparing dietary habits of children and adolescents between 2004 and 2015, it was found
that added sugar intake decreased significantly from 98.48g to 80.48g per day. Fruit intake was
significantly higher in 2015 compared to 2004; in 2004 the mean intake was 2.66 servings, while
in 2015 it was 3.59 servings per day. Vegetable intake also rose significantly from 5.65 servings
to 6.35 servings in a day. Caloric intake was significantly lower in 2015 compared to 2004. In
2004 the average caloric intake, as calculated using the 24-hour dietary recall, was 2253.87 kcal,
and in 2015 the average intake was 1961.27 kcal. Energy intake from added sugar was also
significantly lower in 2015, dropping from 17.29% to 16.66%.
Overall, these dietary indicators suggest that the diet of Canadian children and adolescents is
improving since fruit and vegetable intake is higher, and added sugar, caloric intake, and energy
intake from added sugar is lower in 2015 compared to 2004. Despite these improvements in diet,
added sugar still accounts for 16% of daily energy intake, and this is a much higher percentage of
daily energy intake than is ideal for preventing the development of chronic disease (Brouns,
2015).
It is difficult to compare the results from this study concerning energy intake from added sugar
of Canadian children and adolescents to other studies since past research has either examined
total sugar intake from all sources (Langlois & Garriguet, 2011), or has used different methods to
calculate energy intake from added sugar (Brisbois et al., 2014). Brisbois et al. (2014) used
CCHS-Nutrition 2004 data to estimate that Canadian children and adolescents attain 10% and
14% of their daily energy intake from added sugar, respectively. However, they only included
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added sugar intake from the top 10 sources of sugars in the diet of Canadians (Langlois &
Garriguet, 2011) rather than examine all possible sources of added sugar using the data available
in the 24-hour food recall. The authors argue that sources of added sugar not included in their
measure (such as ice cream, or baked goods) contain a mix of intrinsic and added sugars, making
it impossible to distinguish exactly how much energy was being derived specifically from added
sugars (Brisbois et al., 2014). In this study, food and drink items that were thought to contain any
amount of added sugar were included in the measure of added sugar, even if intrinsic sugar was
also likely present. As such, the estimate presented by Brisbois et al. (2014) may underestimate
the true amount of energy intake from added sugar, while this study may overestimate that
amount, such that the true amount of energy intake from added sugar may be somewhere
between these two estimates.

5.1.2

Correlates of Added Sugar Intake

In this study the relationship between added sugar intake and two health related behaviours,
sedentary behaviour and physical activity, was assessed using two statistical models. The first
model assessed unadjusted associations between time spent engaging in sedentary behaviour,
physical activity, and added sugar intake. The second model included these two factors but
additionally controlled for sex, age, race, immigration status, household income, household
education, food security, and region of residence. The findings of this study are congruent with
previous research that has consistently found a strong correlation between time spent engaging in
sedentary behaviours and added sugar intake (Borghese et al., 2014; Bornhorst et al., 2015;
Byrd-Williams, Hoelscher, Springer, & Ranjit, 2010; Kenney & Gortmaker, 2017; Lipsky &
Iannotti, 2012; Moreira et al., 2010; Park et al., 2012a; Park et al., 2012b; Pearson et al., 2011;
Rey-Lopez et al., 2011; Sampasa-Kanyinga, Chaput, & Hamilton, 2015; Santaliestra-Pasias et
al., 2012).
The studies mentioned above examined populations of children and adolescents in Europe, the
United States, and in Canada; yet this particular study is the largest study of the correlation
between sedentary behaviour and added sugar intake in a Canadian population of children and
adolescents thus far. Additionally, this study examines total added sugar intake, rather than
relying on a dietary marker for added sugar intake such as sugar sweetened beverages.
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As discussed in previous literature, it is believed that sedentary behaviours are correlated with
unhealthy eating patterns such as high added sugar intake due to passive snacking while
engaging in sedentary behaviours such as TV viewing, and also because of exposure to
advertisements to unhealthy foods (Bornhorst et al., 2015; Lipsky & Iannotti, 2012; SantaliestraPasias et al., 2015).
Previous literature suggests that high added sugar intake is also related to low physical activity
(Park et al., 2012), yet this relationship was not found in the present study. Thus, while physical
activity is a health behaviour that should be encouraged in general, it is not necessarily a
protective factor against high added sugar intake. Children and adolescents that participate in
more physical activity may still be consuming as much added sugar as their more sedentary
counterparts.
This study also found a disparity in added sugar intake between males and females (with males
consuming more added sugar than females), adjusting for other demographic and socioeconomic factors. There is no consensus in previous literature about which sex consumes more
added sugar or why (Al-Haifi et al., 2016; Clarke et al., 2014; Ferreira, Claro, & Souza Lopes,
2015; Mark, Lambert, & O’Loughlin, 2012; Park et al., 2012a; Park et al., 2012b; SantaliestraPasias et al., 2012; Vagstrand et al., 2009), but given the small effect size and wide confidence
interval (7.84g, 95% CI: 1.62, 14.05) this disparity could be a result of males having higher
energy requirements than females.
Since there is a statistically significant positive linear, and negative quadratic correlation
between age and added sugar intake, the relationship is parabolic in nature with added sugar
intake peaking between the ages of 11 to 15. This finding is also in line with previous literature
that has indicated that young adolescents tend to have the highest rates of added sugar intake due
to an accelerated growth rate at this age that leads to higher energy requirements, which in turn
are quickly and easily met by energy dense foods such as products with added sugar (Ferreira et
al., 2015; Han & Powell, 2013; Langlois & Garriguet, 2011).
In this study, race was a strong correlate of added sugar intake, with White children and
adolescents found to consume an average of 19.42g more added sugar than their counterparts
who did not self-identify as having White race. This finding varies from previous literature that
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suggests that minorities tend to consume more sugar than their ethnic majority counterparts
(Larson et al., 2015; Park et al., 2012; Richmond et al., 2013; van de Gaar et al., 2017). The
previous studies that found this relationship were based on European or American populations,
while the present study is the first to note an ethnic disparity in added sugar intake in a Canadian
study population.
Despite the fact that recent immigrants had significantly lower added sugar intake than nonrecent immigrants/Canadian born in bivariate analysis, it was not a significant relationship in the
multivariable model. This indicates that the disparity observed in the bivariate model is actually
due to the presence of another factor or factors that were accounted for in the multivariable
model. For example, children and adolescents that are recent immigrants to Canada may
consume less added sugar than their counterparts because their families have a lower household
income, or because they have different attitudes towards participating in sedentary behaviours.
Previous literature has consistently reported that household income is inversely related to added
sugar intake (Craig et al., 2010; Han & Powell, 2013; Jensen et al., 2012; Mark, Lambert, &
O’Loughlin, 2012; Zarnowiecki, Dollman, & Parletta, 2014), yet this observation was not
replicated in the present study. In this study, every decile increase in household income is
associated with a 2.15g increase in added sugar intake. While the effect size is small, the fact that
it is statistically significant and in the opposite direction than the previously found relationship is
interesting. Some literature indicates that the availability of pocket money to children and
adolescents gives them greater autonomy to make their own dietary choices (Jensen et al., 2012).
Unfortunately, in this case it is not possible to determine if the availability of pocket money is a
mediator or the true cause of the positive relationship between household income and added
sugar intake.
In this study, highest level of education in the household did not have a significant effect on
added sugar intake. This finding is contradictory to previous findings that indicated that parental
education has a positive effect on the diet of children and adolescents through a multitude of
pathways including parents with higher education having greater nutritional knowledge, less
budgetary constraints, peer group influence to eat healthy, and positive food modeling
(Fernandez-Alvira et al., 2013). It is possible that the effect of parental education on added sugar
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intake was not seen in this study since the parent or guardian with the highest level of education
in the household may not be the same parent or guardian that is making dietary choices for the
children and adolescents in the household.
Compared to Ontario, children in the Maritime provinces, Quebec, and British Columbia all
consumed significantly more added sugar. The determinants of added sugar intake in children
and adolescents in Canada have not been studied greatly, and differences by region in particular
have not been addressed. Thus, this finding cannot currently be compared to any other body of
literature. While it can be speculated that these regional differences are driven by socioeconomic status or ethnic background of the population, these differences were significant even
in the multivariable model when adjustments were made for household income, household
education, race, and immigration status. When mean added sugar intake by region was compared
to the overweight and obesity rate by region for this sample, a correlation was only found for the
Maritime provinces. Children and adolescents in the Maritime provinces have the highest added
sugar intake, and the highest prevalence of overweight or obesity; with 39.55% of the children
and adolescents in the Maritime provinces beings either overweight or obese. Yet, this
correlation does not necessarily extend to the other provinces. Ontario has the second highest
prevalence of overweight or obesity but the lowest added sugar intake; while British Columbia
has the third highest added sugar intake but lowest levels of overweight and obesity out of all the
other provinces.

5.2 Implications of Study Findings
One of the major findings of this study is that 64% of Canadian children and adolescents are not
meeting added sugar intake guidelines because they are getting more than 10% of their daily
energy intake from added sugar. This is very alarming considering the link between high added
sugar intake and the development of obesity, type 2 diabetes and other chronic diseases, and
dental caries. This study also adds to the body of literature that points to a strong link between
the unhealthy behaviours of high levels of sedentary activity and high added sugar intake. As
such, the findings of this study lend support to Bill S-228: The Child Health Protection Act,
which aims to restrict the marketing of unhealthy foods to children. The Bill was introduced to
the Canadian Senate in 2016, and Health Canada is currently developing regulations for its
implementation.

73

Further public health initiatives should focus on discouraging added sugar intake from processed
foods such as candy, cakes, desserts, and sugar sweetened beverages; such as through a sugar
tax. Many countries have implemented an excise tax on SSB in order to discourage their intake,
and to offset the economic burden of increasing rates of obesity and other chronic illnesses
linked to high added sugar intake (Colchero et al., 2016). Mexico, a country with some of the
highest rates of obesity, diabetes, and ischemic heart disease in the world, saw a 6% decrease in
the purchases of SSB one year after implementation of an excise tax on SSB (Colchero et al.,
2016).
Other education and intervention initiatives may be most effective when geared towards young
adolescents between the ages of 11 to 15 since they were shown to have the highest added sugar
intake out of the whole study population that ranged in age from 6 years to 17 years. Particular
focus could also be given to the other high intake groups identified in this study.
It is encouraging that for Canadian children and adolescents, socio-economic factors such as
household education and food security did not have a significant impact on added sugar intake,
while household income only had a small effect. This implies that in Canada, a poor diet may not
strictly be a result of embedded health inequities, but rather have more to do with personal
choices (such as time spent engaging in sedentary behaviour), that can be improved with the
right public health intervention and education.
Future studies should aim to study the determinants of added sugar intake longitudinally in order
to accurately establish causality between the factors discussed above. Much of the literature base
on added sugar intake in children and adolescents is based on studies that examined study
populations in the United States and Europe, and some of the unique findings of this study go
against the relationships reported in the literature. This highlights the need for more studies that
use Canadian data to understand how behavioural and socio-economic factors uniquely affect
added sugar intake of Canadian children and adolescents. For example, unlike previous research
that indicates that racial minorities consume more added sugar than the racial majority group, in
this study using Canadian data it was found that racial minorities consumed less added sugar
than their White counterparts. Household income was also a positive correlate of added sugar
intake in this study, unlike in past literature that has found a negative correlation between these
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two factors (Craig et al., 2010; Han & Powell, 2013; Jensen et al., 2012; Mark, Lambert, &
O’Loughlin, 2012; Zarnowiecki, Dollman, & Parletta, 2014). Lastly, it is important for the
regional variations in added sugar intake to be explored further since this study indicates that
children and adolescents in Ontario consume significantly less added sugar than their
counterparts in the Maritime provinces, Quebec, and British Columbia. It is not currently clear as
to why this discrepancy is occurring since geographical variations in added sugar intake at the
regional level have not previously been explored.

5.3 Study Limitations
This study gives an in depth analysis of the correlates of added sugar intake of children and
adolescents in Canada by using 24-hour dietary recall data to gain a more comprehensive look at
added sugar intake. It also explores the role of factors that have not been studied in a Canadian
population before, such as immigration status, race, and region of residence. Despite these
advantages, there are certain study limitations that must be acknowledged.
Firstly, the study data is cross-sectional in nature which makes it difficult to establish the
direction of effect. For example, it cannot be concluded that sedentary behaviour is causing high
intake of added sugar, rather than higher added sugar intake leading to more sedentary
behaviour. As well as being a cross-sectional survey, the CCHS has other features that lead to
additional limitations in this study. The CCHS attains its samples from private households in the
provinces; as a result, children and adolescents living in the territories, on Aboriginal reserves
and settlements, those living in certain remote areas, those that are institutionalized, and those
that are homeless were excluded from the survey, and likewise from the study. What is
concerning about this exclusion is that these populations, particularly the First Nations
populations, may experience food security differently, and have a different nutrition status than
those that were included in the survey. Another study limitation that results from the study
design of the data source is that only selected correlates of added sugar intake could be studied.
Correlates discussed in the literature review, such as sleep quality, home and school
environment, neighbourhood factors etc. could not be studied because they were not measured in
CCHS. Thus, this study was limited to the analysis of correlates that have frequently been
studied before.
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The 24-hour dietary recall that is a part of CCHS-Nutrition 2004 and 2015 is an invaluable
source of information about the diet of Canadians but dietary recalls are known to be susceptible
to response bias, recall bias, and social desirability bias (Castell, Serra-Majem, & Ribas-Barba,
2015; Hebert et al., 1995; Ventura et al., & Birch, 2006). Respondents may have difficulty in
accurately reporting all the foods they consumed in the previous 24 hours, and they may choose
to alter their responses if they are embarrassed of their dietary behaviours, or in order to provide
answers they believe are socially acceptable. In a study of the SSB intake of Canadian children
and adolescents using CCHS-Nutrition 2004 data, Mark et al noted that dietary under-reporting
is common in youth that are concerned with body image such as girls from high income families
(2012). Ventura et al (2006) examined reporting bias in 11 year old girls and also noted that
under-reporters on dietary recalls had a higher weight status and significantly higher levels of
weight concern and dietary restraint when compared to those that plausibly or over-reported their
dietary intake. It is possible that similar issues affected accurate reporting by subjects included in
CCHS-Nutrition 2015.
An additional limitation of this study concerns the outcome measure that was created to assess
added sugar intake. While the CCHS-Nutrition 2015 provides a total sugar intake measure using
the information provided in the 24-hour dietary recalls, this measure was not used because it
includes healthy as well as unhealthy sources of sugar. Instead, the added sugar variable was
created for the purposes of this study by summing the amount of sugar consumed from foods that
likely have had sugar added to them. The products included in the measure are detailed in
Appendix B. Since this measure is dependent on respondents accurately reporting what foods
they consumed and their quantity, on manufacturers of processed foods accurately reporting the
nutrient values of their products, as well as on the assumption that the majority of the sugar in
these foods was added sugar and not intrinsic sugar, this measure provides an approximation of
added sugar intake at best, rather than an exact measure.

5.4 Conclusions
The aim of this study was to assess how many Canadian children and adolescents are meeting
added sugar intake guidelines, how dietary behaviours have changed in the past decade, and also
to assess the relationship between the added sugar intake and other behavioural characteristics
that include time spent in sedentary behaviour and time spent in physical activity. It was found
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that 64% of the study population is attaining more than 10% of their daily energy intake from
added sugar. Children and adolescents who attain between 10% to 25% of energy intake from
added sugar consumed the most calories when compared to those that consumed less than 10%
or more than 25%, but other dietary habits such as fruit and vegetable intake did not vary greatly
by percentage of energy from added sugar.
Between 2004 and 2015, children and adolescents in Canada increased their intake of fruit and
vegetable servings, and decreased their intake of added sugar and calories, yet added sugar still
contributes 16.66% of their daily energy intake.
When examining the relationship between added sugar intake and the other behavioural
characteristics, it was found that there is a significant positive correlation between sedentary
behaviour and added sugar intake. Male sex, age, White race, household income, and province of
residence were also found to significantly influence added sugar intake.
Endeavours to discourage added sugar intake should encourage children and adolescents to
spend less time participating in sedentary activity. Parents of all income backgrounds should also
be educated on the importance of limiting the added sugar intake, and time in sedentary activity,
of their children and adolescents.
Further research should focus on gaining a deeper understanding of how the demographic and
socio-economic factors unique to Canada help influence dietary behaviours, and longitudinal
assessments would also be beneficial since the majority of available research is cross-sectional.
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Appendices
Appendix A: Summary of Previous Studies on the Determinants of Added Sugar Intake in Children and Adolescents
Reference

Population

Method

Type
Ahmadi N. et al
2015

Location
Children grade 5
to 8 (n=950)

Measure
Survey
SSB

Cross-sectional

Canada

Al-Haifi A. et al
2016

Adolescents ages
14 to 19 (n=906)

Self-report
questionnaire

Cross-sectional

Kuwait

SSB, high
sugar foods

An R. et al
2012

Children ages 5
to11 (n=8226)

Cross-sectional

United States

California
Health
Interview
Survey (parent
reported)

Objective

Results

To examine associations between
students' SES and school day dietary
intake, and the role of parents and
peers in shaping these associations.

Students whose parents completed college
or university, and food secure students
were significantly less likely to consume
SSB daily.

The aim of this study was to
investigate whether body mass index
(BMI), eating habits and sedentary
behaviours were associated with sleep
duration among Kuwaiti adolescents.

The consumption of fast foods (both
genders), sugar-sweetened drinks and
sweets (boys only) potatoes (girls only)
were negatively associated with sleep
duration (p<0.05).

To examine the relationship between
school and residential neighbourhood
food environment and diet among
youth in California.

No robust relationship between food
environment and consumption.

The aim of this paper was to
determine which of self-reported
television viewing time or objectively
measured sedentary time is a better
correlate of the frequency of
consumption of healthy and unhealthy
foods.

Television viewing was positively
associated with the frequency of
consumption of sweets, soft drinks, diet
soft drinks, pastries, potato chips, French
fries, fruit juices, ice cream, fried foods,
and fast food. Total sedentary time was
negatively associated with the frequency of

SSB, high
sugar foods
Borghese M.M.
et al 2013

Children ages 9 to
11 (n=523)

Cross-sectional

Canada

Food
Frequency
Questionnaire
(self reported)
SSB, high
sugar foods
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Bornhorst C. et
al 2015

Children ages 6 to
9 (n=10 453)

Cross-sectional

Bulgaria, Czech
Republic,
Lithuania,
Portugal, Sweden

Food
Frequency
Questionnaire
(self reported
), Parents
completed
questionnaire
SSB, high
sugar foods

To simultaneously investigate the
associations between sleep duration,
screen time, and food consumption.

consumption of sports drinks, independent
of covariates, including television viewing.
In combined sedentary time and television
viewing analyses, children watching >2 h of
television per day consumed several
unhealthy food items more frequently than
did children watching ≤2 h of television,
regardless of sedentary time. In conclusion,
this paper provides evidence to suggest
that television viewing time is more
strongly associated with unhealthy dietary
patterns than is total sedentary time.
One additional hour of screen time was
associated with increased consumption
frequencies of SSB, candy bars or
chocolates, and baked sweets.
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Briefel R.R. et
al 2009
Cross-sectional

Children and
Adolescents
grades 1 to 12
(n=2314)

24-hour food
recall
SSB

United States

Brug J. et al
2012

Children ages 10
to 12 (n=7307)

24-hour food
recall

Cross-sectional

Belguim, Greece,
Hungary,
Netherlands,
Norway, Slovenia,
Spain

SSB

Byrd-Williams
C.E. et al 2010

Adolescents in
grade 8 (n=1721)

Questionnaire
(self reported)

Cross-sectional

United States

SSB

Calloway E. et
al 2016

Adolescents ages
12 to 17 (n=1487)

Cross-sectional

United States

FLASHE survey
(self reported
by parents and
children)
SSB

To estimate the effects of school food
environments and practices on
children’s consumption of sugarsweetened beverages, low-nutrient
energy-dense foods, and fruits/
vegetables at school.

Attending a school without stores or snack
bars was estimated to reduce sugarsweetened beverage consumption by 22
kcal per school day in middle school
children (P<0.01) and by 28 kcal in high
school children (P<0.01). The lack of a
pouring rights contract in a school reduced
sugar-sweetened beverage consumption
by 16 kcal (P<0.05), and no à la carte
offerings in a school reduced consumption
by 52 kcal (P<0.001) in middle school
children.

The aim of this study was to explore
differences in weight status and
energy balance behaviours according
to ethnic background among
adolescents across Europe.

Non-native adolescents had less favourable
behavioural patterns (sugary drinks,
breakfast skipping, sport, TV and computer
time, hours of sleep) with the exception of
active transport to school. After
adjustment for parental education, most
differences remained significant according
to country of origin of the parents, but not
according to language spoken at home.
Students who consumed more SSB
reported watching significantly more hours
of TV, and participated in more sports
teams.

To identify how physical activity and
sedentary behaviours are associated
with SSB consumption.

To assess the relationship between
risk of household food insecurity and
intake frequency for parents and their
adolescent children.

Adolescents at risk of household food
insecurity consumed more SSB more
frequently than adolescents not at risk.
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Clarke A. et al,
2014

Adolescents ages
11 to 19 (n=581)

Cross-sectional

United States

SemiQuantitative
food
frequency
questionnaire

This study investigated the
relationship between sleeping
patterns (sleep duration and bedtime)
and food group choices in
adolescents.

Added sugar

Craig L.C.A et
al 2010
Cross-sectional

Children ages 5 to
11 and
Adolescents ages
12 to 17 (n=1233)
Scotland (UK)

Deierlein A. et
al 2014

Female Children
ages 6 to 8
(n=1010)

Desserts
24-hour
dietary recall

To identify dietary patterns in schoolaged children and investigate
associations with SES, obesity, and
physical activity.

United States

SSB, high
sugar foods

To describe availability and frequency
of use of local snack-food outlets and
determine whether reported use of
these outlets was associated with
dietary intakes.

Adolescents
grades 9 to 12
(n=11458)

Questionnaire
(self reported,
National Youth

To examine behavioural and
environmental factors that may be
related to dietary behaviours among

Cross-sectional

Demissi Z. et al
2015

Food
Frequency
Questionnaire
(Survey of
Sugar Intake
Among
Children)

Females who sleep 8-9 hrs per night
consumed less added sugar (p=0.01) when
compared to those who sleep >9 hours or
<8 hours. Bedtime was not significantly
associated with food intake among
females. Male subjects who went to bed
before 9 pm had a greater intake of fruits
(p=0.0012) and a lower intake of starchy
vegetables, snacks and added fat (p<0.01).
Unhealthy dietary patterns high in desserts
were associated with lower SES and lower
education of food provider. Inactivity was
positively associated with a diet high in
desserts in girls 5-11.

Girls with access to only one type of outlet
reported consuming food/beverage items
less frequently than girls with access to
two or three types of outlets ( 1 to 3
times/week consumed 0.27 (95 % CI 0.13,
0.40) servings of SSB more daily than girls
who reported no use. Girls who reported
using outlets >3 times/week consumed
449.61 (95 % CI 134.93, 764.29) kJ, 0.43 (95
% CI 0.29, 0.58) servings of SSB and 0.38
(95 % CI 0.12, 0.65) servings of snack
foods/sweets more daily than those who
reported no use.
High fast food intake was associated with
higher odds of SSB intake.
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Cross-sectional
United States

Physical
Activity and
Nutrition
Study)

Fernandez M.
et al 2008

Adolescents aged
11 (n=10215)

SSB
Questionnaire
(self reported)

Cross-sectional

United States

SSB

FernandezAlvira J.M. et al
2013

Children ages 2 to
9 (n=14 426)

Food
Frequency
Questionnaire

Cross-sectional

Ferreira N.L. et
al 2015

Italy, Estonia,
Cyprus, Belgium,
Sweden, Hungary,
Germany, Spain
Adolescents ages
13 to 15 (n=108
726)

Cross-sectional

To quantify the association among
soft drink availability, school-based
purchases, and overall consumption
for elementary school children in the
United States.

To assess the relationship between
parental education and the
consumption of obesity-related foods
in European children.

26% of children who have access to soft
drinks at school consume them. Those who
consume more soft drinks at school, such
as low-income and black non-Hispanic
children, are more likely to consume more
soft drinks overall. Controlling for
covariates, limiting availability of soft
drinks at school is associated with a 4%
decrease (odds ratio 1.38) in the rate of
any consumption overall.
Children of low and medium parental
education level had higher odds of more
frequently eating high sugar foods.

SSB, high
sugar foods
Questionnaire
(self reported)
SSB, sweets

Brazil
Fink S.A. et al
2014

US high school students.

Children and
Adolescents ages
0 to 17(n=1 992)

Questionnaire
(parent
reported)

United States

SSB

Cross-sectional

To analyze the consumption of highHigher consumption of sweets and/or SSB
sugar foods by Brazilian schoolchildren was associated with being female, higher
and to identify associated factors.
maternal education, not living with mother
and father, not eating meals with parents,
eating while watching TV, and longer TV
time.
To examine the relationship between
Participating in > 5 family meals/week was
diet quality and frequency of family
associated with less sugar sweetened
meals throughout childhood and
beverage intake among younger (OR 2.04;
adolescence.
CI 1.06–3.93) and older children (OR 2.12;
95% CI 1.27–3.55).
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Fismen A.S. et
al 2012

Adolescents
grades 6,8 and 10
(n=6 447)

Cross-sectional
Gebremariam
M.K. et al 2017
Cross-sectional

Han E. 2013
Cross-sectional

Norway
Children ages 10
to 12 (n=7 886)
Belguim, Greece,
Hungary,
Netherlands,
Norway, Slovenia,
Spain, Switzerland

Children ages 2 to
11 (n=8627),
Adolescents ages
12 to 19 (n=8922)

Questionnaire
(self reported)
SSB, high
sugar foods
Questionnaire
(self reported,
ENERGY
Survey)

To evaluate if material capital and
cultural capital individually and
independently contribute to the
prediction of eating habits.
To explore if children who spend more
time on screen-based sedentary
activities drink more SSB.

SSB

24-hour
dietary recall

To assess consumption patterns and
individual level characteristics of SSB
intake.

SSB

United States

Hearst M.O. et
al 2011

Adolescents ages
11 to 17(n=634)

Questionnaire
(self reported)

Cross-sectional

United States

SSB

To assess the relationship between
adolescent perception of time to walk
to neighbourhood food retail outlets
and purchasing of sugar-sweetened
beverages (SSB), fast and convenience
food items, and to test for differences
by urban v. suburban environment.

Cultural capital was significantly associated
to consumption of fruit (OR 1.85),
vegetables (OR 2.38) sweets (OR .45),
sugary soft drinks (OR .26), breakfast (OR
2.13) and dinner (OR 1.54).
In 6/8 countries there was a significantly
positive association between TV viewing
and SSB independent of individual and
home environmental factors. Parental
education moderated the effect of TV in
other 2 countries. No significant
association between computer use and SSB
in 6/8 countries.

Low-income children had a higher odds of
heavy total SSB consumption (OR 1.93) and
higher energy intake from total SSBs and
fruit drinks (by 23 and 27 kcal/day) than
high-income children. Adolescents with
low- vs. high-educated parents had higher
odds of heavy total SSB consumption (OR
1.28) and higher energy intake from total
SSBs and soda (by 27 and 21 kcal/day).
Greater perceived time to food outlets was
associated with less frequent purchasing of
SSB, convenience store foods and fast-food
items. Multivariate models showed that a
perceived shorter walking time (i.e. 1-5 v.
3+ min) was significantly associated with
more SSB purchasing. SSB purchases were
also significantly associated with the
number of food outlets within a 10 min
walk (B= 0.05, P= 0.02)
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Hebden L. et al
2013

Children and
Adolescents ages
4 to 16 (n=8 058)

Cross-sectional

Questionnaire
(self reported)
SSB

To examine associations between SSB
availability at school and in the home,
and consumption among Australian
school students.

Australia

Hilsen M. et al
2011

Adolescents
grades 9 and 10
(n=2 870)

Cross-sectional

Questionnaire
(self reported)

To explore mediators of gender and
educational differences in sugar
sweetened soft drinks consumption.

SSB
Norway

Jensen J.D. et
al 2012

Children ages 10
to 12 (n=7234)

Cross-sectional

Belgium, Greece,
Hungary,
Netherlands,
Norway, Slovenia,
Spain

Questionnaire
(self and
parent
reported)

SSB

To explore the association of microlevel economic factors and incentives
with sports activities and intake of soft
drinks and fruit juice in 10-12 year old
school children across Europe, and to
explore price sensitivity in children’s
soft drink consumption and correlates
of this price sensitivity

Students in years K–10 (ages 4–16 years)
who usually purchased sugar-sweetened
soft drinks or sports drinks from their
school canteen were almost three times as
likely to be high consumers (aOR 2.90; 95%
CI 2.26, 3.73). Students in years 6–10 (ages
9–16 years) were almost five times as likely
to be high consumers if soft drinks were
usually available in their home (aOR 4.63;
95% CI 3.48, 6.17), and almost ten times as
likely to be high consumers if soft drinks
were usually consumed with meals at
home (aOR 9.83; 95% CI 6.06, 15.96)
Girls (β = -1.06) and pupils planning higher
education (β = -0.69) reported lower
frequency of SSB. The strongest mediators
were accessibility and modelling for future
educational plans differences (explaining
alone respectively 69 % and 44 %) and
attitudes and preferences for gender
differences (explaining alone respectively
57 % and 51 %).
Economic factors were found to be
associated with children’s sugary drink
consumption, explaining 27% and 12% of
the variation in the children’s soft drink
and juice consumption, respectively.
Children’s pocket money was a strong
correlate (β =21.034) of soft drink
consumption. The majority of the
responding children reported to expect
that significantly higher prices of soft
drinks would lead them to buy less soft
drinks with their own pocket money, but a
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Johnson D.B. et Adolescents
al 2009
grades 6 to 8 (n=9
151)
Cross-sectional
United States

Questionnaire
(self reported)

Jones A.C. et al
2015

Adolescents
grades 9 to 12
(n=23 680)

COMPASS
questionnaire
(self reported)

Canada

SSB

Adolescents ages
15 to 17 (n=24
800)

Youth Risk
Behavior
Survey (self
reported)

1 year of
longitudinal
study
Kenney E.L. et
al 2017
Cross-sectional

SSB

To determine the associations
between 1) exposure to sugarsweetened beverages (SSB) in middle
schools and student consumption of
SSB during the school day; and 2)
school district policies about SSB and
exposure to SSB in schools.
To examine lunch sources during the
school week among students and the
associations with FV and SSB
consumption

majority of parents did not expect higher
soft drink prices to reduce their children’s
soft drink consumption.
SSB exposure was a significant predictor of
SSB consumption (β = .157, p < .001).
District SSB policy was a significant
predictor of SSB exposure (β = -9.50, p <
.0002).

Greater frequency of a fast food or
restaurant lunch was associated with more
frequent SSB consumption

To quantify the relationships between
TV and other screen devices and
obesity risk factors.

Watching ≥ 5 hours of TV, or other screen
devices per day was associated with daily
SSB.

To evaluate whether sleep duration
and sleep problems are independently
associated with dietary risk factors.

Independent of confounders, sleep
duration are negatively associated with
added sugar (β=-1.5) and SSB (β=-1.07).
Variability is sleep duration was also
associated with SSB.
Serving more healthy foods at meals was
positively associated with fruit/vegetable
consumption (p<0.001) and inversely
associated with sugar-sweetened beverage
consumption (p<0.001). Parental
encouragement for healthy eating was

United States
Kjeldsen J.S. et
al 2014

Children ages 8 to
11 (n=676)

Cross-sectional

Denmark

Larson N. et al
2015

Adolescents
grades 9 to 12
(n=2 374)

Cross-sectional
United States

SSB
Food diary
(web based)
SSB, added
sugar
Food
Frequency
Questionnaire
(completed by
students and
parents)

To examine differences in the
family/home food environments of
adolescents and associations with
measures of their dietary intake and
weight status.
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SSB

Laska N.L. et al
2010

Adolescents ages
10 to 17 (n=334)

Cross-sectional

United States

Lebel A. et al
2016

Children ages 5 to
12 (n=8 612)

Cross-sectional

Canada

Lee S.I. et al
2014

SSB
Children in grade 3 Questionnaire
(n=3 435)
(self reported)

Cross-sectional

South Korea

Levy D.T. et al
2011

"Youth"

Literature
Review
Lippevelde
W.V. et al 2013
Cross-sectional

24 hour
dietary recall
(Identifying
Determinants
of Eating and
Activity Study)
SSB
Questionnaire
(parent
reported)

SSB, high
sugar foods
SSB

English language
countries
Children ages 11
to 12 (n=7 915)
Belgium, Greece,
Hungary,

Questionnaire
(self and
parent
reported)

To examine neighbourhood food
environment, adolescent nutrition,
and weight status.

To explore the associations between
the characteristics of a school's
vicinity and the risk of SSB
consumption in elementary students.

associated with lower intake of SSB only
among youth representing the White,
African American, Asian, and mixed/other
ethnic/racial groups and was unrelated to
intake among East African, Hispanic, and
Native American youth
Adjusting for gender, age, and SES, SSB
intake was associated with residential
proximity to restaurants, convenience
stores, grocery stores and other retail
facilities with 800 and/or 1600 m. School
food environment had few associations
with adolescent outcomes.

This study aims to examine if the
eating habits and eating behaviors of
children are different according to the
frequency of family dinners.

Students going to a school with the lowest
urban density environment had a
significantly lower risk of SSB consumption
as compared to other school
environments.
Unhealthy eating behaviors (e.g., eating
fatty foods, salty foods, sweets, etc.) were
not significantly different by the frequency
of family dinners.

This paper reviews the literature on
school nutrition policies and price
interventions directed at youth SSB
consumption.

School nutrition and price policies reduce
SSB consumption and that reduced SSB
consumption is associated with a reduction
in energy intake that can influence BMI.

To investigate associations of familyrelated factors with children’s fruit
drink/ juice and soft drink
consumption

Three of the 11 family- related factors
(modeling, availability, and family
consumption) were positively associated
with children’s fruit drink/juice and soft
drink intake. Additionally, three family-
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Lipsky L.M. et
al 2012

Netherlands,
Norway, Slovenia,
Spain, Switzerland
Adolescents ages
5 to 19 (n=12 642)

Cross-sectional

United States

SSB

Questionnaire
(self reported,
Health
Behaviour in
School-aged
Children
Study)

To examine associations of TV viewing
with eating behaviours in a
representative sample of US
adolescents.

United States

SSB and candy
24-hour
dietary recall
(NHANES
survey)

Lopez N.V. et
al 2011

Children ages 5 to
8 (n=541)

SSB
Questionnaire
(self reported)

Cross-sectional

United States

SSB

Mark S. et al
2012

Adolescents ages
9 to 18 (n=8 938)

Cross-sectional

Canada

24-hour food
recall
(Canadian
Community
Health Survey)

To examine the relationship between
children’s sugary beverage
consumption and a parenting model
that includes household food rules,
parent modeling of food rules, parentmediated behaviors, and parent
support.
To examine the influence of income
and the conjoint influence of income
and food insecurity on several dietary
indicators in a representative sample
of Canadian youth.

SSB
Questionnaire
(self reported)

To examine associations between the
school food environment, students’

Liu J. et al 2012

Adolescents ages
12 to 19 (n=2 286)

Cross-sectional

Masse L.C. et al Adolescents
2014
grades 7 to 12

related factors (permissiveness,
monitoring, and self-efficacy) were solely
associated with soft drink intake.
TV viewing was positively related to intake
of candy after adjustment for SES,
computer use, and physical activity. TV
snacking was positively associated with
intake of candy and SSB. The relationship
of TV viewing was moderately attenuated
by TV snacking.

To examine how the acculturation
process as measured by generation
status and language use is associated
with the diet of Mexican American
adolescents.

Both second and third generation
adolescents consumed more SSB than first
generation.

Parent support and parent-mediated
behaviors, including total screen time and
eating at fast-food restaurants at least
weekly, were associated with greater
consumption of sugary beverages in
children.

School availability of SSBs was positively
associated with moderate (OR) = 1.15, 95%

Low-income food insecure girls had a
higher intake of SSB
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(n=11 385)
Cross-sectional

SSB

dietary intake, and obesity in British
Columbia (BC), Canada

Canada

McKnight-Eily
L. et al 2011

Adolescents ages
13 to 18 (n=12
154)

Cross-sectional

Questionnaire
(self reported)
SSB

Melbye E. et al
2016

United States
Adolescents ages
13 to 15 (n=440)

Questionnaire
(self reported)

Cross-sectional

Norway

SSB

Moreira P. et al Children ages 5 to
2010
10 (n=1 976)

Food
Frequency
Questionnaire

Cross-sectional

Portugal

Park S. 2010

SSB
Adolescents ages
Questionnaire
12 to 14 (n=4 322) (self reported)

Cross-sectional
United States

SSB, high
sugar foods

To examine associations between
insufficient sleep (<8 h on average
school nights) and health risk
behaviours.
To explore the process in which
impulsivity might influence soft drink
consumption in adolescents,
addressing potential mediating effects
of perceived parental regulation
regarding unhealthy eating.

To describe the association between
food patterns and gender, parental
education, physical activity, sleeping
and obesity.
To examine the prevalence of
students buying snacks or beverages
from school vending machines instead
of buying school lunch and predictors
of this behavior.

CI = 1.02-1.30) and high (OR = 1.43, 95%
CI = 1.13-1.80) SSB intake as were less
healthful school nutrition guidelines for
moderate SSB consumers only (OR = 0.65,
95% CI = 0.48-0.88).
Insufficient sleep was associated with
higher odds of drinking SSB more than
once daily.

Results from our model analyses (both
maternal and paternal models) indicated
that all the six measured parental
regulatory behaviors jointly acted as
mediators on the association between
adolescent impulsivity and SSB
consumption. However, only perceived
maternal and paternal legitimacy of
regulation showed a unique contribution
to the mediated effect.
TV viewing was a significant positive
predictor of SSB consumption.

More students chose snacks or beverages
instead of lunch in schools where beverage
vending machines were also available. The
strongest risk factor for buying snacks or
beverages from vending machines instead
of buying school lunch was availability of
beverage vending machines in schools
(aOR 3.5; 95% CI, 2.2 to 5.7). Other
statistically significant risk factors were
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Park S. et al
2012

Adolescents
grades 9 to 12
(n=16 188)

Cross-sectional

Questionnaire
(self reported)
SSB

United States

Park S. et al
2012

Adolescents grade
9 to 12 (n=11 209)

Cross-sectional

United States

Questionnaire
(self reported,
National Youth
Physical
Activity and
Nutrition
Study)

Children aged 6
(n=1 350)

SSB
Questionnaire
(parent
reported)

Park S. et al
2015

To examine associations of
demographic characteristics, weight
status, availability of school vending
machines, and behavioural factors
with SSB intake.

smoking, non-Hispanic black race/ethnicity,
Hispanic ethnicity, and older age. Although
healthier choices were available, the most
common choices were the less healthy
foods.
Factors significantly associated with sugarsweetened soda intake at least one time
per day included male sex (adjusted odds
ratio [OR]1.47), Hispanic ethnicity (vs
whites; OR 0.81), earning mostly B, C, and
D/F grades (vs mostly As; OR1.26, 1.66, and
2.19, respectively), eating vegetables fewer
than three times per day (OR 0.72), trying
to lose weight (OR 0.72), sleeping 8 hours
(OR 1.18), watching television 2 hours/day
(OR 1.71), playing video or computer
games or using a computer for other than
school work 2 hours/day (OR 1.53), being
physically active at least 60 minutes/day on
5 days during the 7 days before the survey
(OR 1.19), and current cigarette use (OR
2.01).
Factors associated with greater odds for
high SSB intake were male gender, being
black, eating at a fast food restaurant in
the past week, and watching TV for more
than 2 hours a day.

To examine associations between
mothers' child-feeding practices and
children's SSB intake among 6-y-old

Adjusted ORs (aORs) of consuming SSBs ≥
times/d (vs. no SSB consumption) were
significantly lower in children whose

To examine the association of
demographic characteristics, weight
status, self reported academic grades,
and behavioral factors with sugarsweetened soda intake among a
nationally representative sample of US
high school students
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Cross-sectional

United States

children.
SSB

Pearson N. et
al 2011

Adolescents ages
12 to 15 (n=9 842)

Longitudinal

Australia

Food
Frequency
Questionnaire
(self reported)

The aim of this study was to examine
mediators of the longitudinal
associations between television
viewing (TV) and eating behaviours
among Australian adolescents.

SSB

Pettigrew S. et
al 2015

Children ages 8 to
14 (n=1 302)

Cross-sectional

Australia

Powell L.M. et
al 2013

Children ages 2 to
11(n=4 717),

Questionnaire
(parent
reported)
SSB

To investigate the relationship
between a broad range of predictor
variables and the frequency with
which Australian children consume
soft drinks.

24-hour food
recall

To examine the effect of fast-food and
full service restaurant consumption on

mothers reported setting limits on
sweets/junk foods (aOR: 0.29; 95% CI: 0.15,
0.58 for underweight/normal-weight
children; aOR: 0.16; 95% CI: 0.03, 0.79 for
overweight/obese children). SSB intake
was higher among underweight/normalweight children whose mothers reported
trying to keep the child from eating too
much of their favorite foods (aOR: 2.03;
95% CI: 1.25, 3.29). Mothers' tendency to
pressure their children to consume more
food or to ‘‘clean the plate’’ was not
associated with child's SSB intake.
Adolescents who watched more than two
hours of TV/day had higher intakes of
energy-dense snacks and beverages, and
lower intakes of fruit two years later.
Furthermore, the associations between TV
viewing and consumption of energy-dense
snacks, energy-dense drinks and fruit were
mediated by snacking while watching TV.
Perceived value of TV viewing mediated
the association between TV viewing and
consumption of energy-dense snacks,
beverages and fruit.
Soft drink consumption frequency was
primarily influenced by parents’ attitudes
to soft drinks, children’s pestering
behaviours, and perceived social norms
relating to children’s consumption of these
products.
Fast-food and full-service restaurant
consumption, respectively, was associated
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Cross-sectional

Rovner A.J. et
al 2010

Adolescents ages
12 to 19(n=4 600)

(NHANES
Survey)

United States

SSB and sugar

Adolescents
grades 6 to 10
(n=5 930)

Food
Frequency
Questionnaire
(self reported)

Cross-sectional

total energy intake, dietary indicators,
and beverage consumption.

To examine the association between
food sold in school vending machines
and the dietary behaviors of students.

United States
SSB, high
sugar foods

Ricmond T.K.
et al 2013

Adolescents ages
11 to 14 (n=18
281)

Cross-sectional

Questionnaire
(self reported)
SSB

To determine if racial/ethnic
differences in middle school student
self-reported sugar- sweetened
beverage (SSB) consumption is
explained by differential distributions
of food outlets surrounding their
schools.

24-hour food

To examine differences in dietary

United States

Rossen L.M. et

Children ages 2 to

with higher intake of regular soda (73.77 g
and 88.28 g for children and 163.67 g and
107.25 g for adolescents) and sugarsweetened beverages generally. Fast-food
consumption increased intake of sugar
(5.71-16.24 g) for both age groups.
Additional key findings were (1) adverse
effects on diet were larger for lowerincome children and adolescents and (2)
among adolescents, increased soda intake
was twice as large when fast food was
consumed away from home than at home.
In younger grades, availability of fruit
and/or vegetables and chocolate and/or
sweets was positively related to the
corresponding food intake, with vending
machine content and school poverty index
providing an explanation for 70.6% of
between-school variation in fruit and/or
vegetable consumption and 71.7% in
sweets consumption. Among the older
grades, there was no significant effect of
food available in vending machines on
reported consumption of those food
More SSB consumption was reported by
students of all racial/ethnic minority
groups compared to their White peers
except Asians. The density of fast food
restaurants and convenience stores was
not associated with individual SSB
consumption (β=0.001, p=0.875) nor did it
mediate the association of race/ethnicity
and SSB consumption.
Children experiencing very low food
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al 2016

15 (n=5 136)

Cross-sectional

United States

SampasaKanyinga H. et
al 2015

Adolescents
grades 7 to 12
mean 15 (n=9 858)

Cross-sectional

Canada

SantaliestraPası´as A.M. et
al 2012

Adolescents ages
12 to 17 (n=2 202)

recall
(NHANES
Survey)
Added Sugar
Questionnaire
(self reported,
Ontario
Student Drug
Use and
Health Survey)
SSB
24-hour food
recall

Europe
Cross-sectional

Shi L. 2010

SSB

Adolescents ages
12 to 17 (n=3 983)

Cross-sectional
United States

Questionnaire
(self reported,
California
Health
Interview

intake by food security status among a
nationally representative sample of
children and adolescents.

security consumed significantly more
added sugars compared to their propensity
matched food secure counterparts.

To investigate the associations
between time spent on social
networking sites and unhealthy eating
behaviours and body weight.

Use of SNS was significantly associated
with SSB in the past week in a dose
response manner once adjustments for
age, sex, ethnicity, SES, tobacco, alcohol,
and cannabis use were made.

To examine the association between
time spent on different sedentary
behaviors and consumption of certain
food and beverage groups in a sample
of European adolescents.

Boys reporting more than 4 h/d of
watching television, playing computer
games, and using the Internet for
recreation were more likely to consume
sweetened beverages (weekends) ([OR],
1.83 [95%CI, 1.21- 2.75]; 1.99 [1.31-3.01];
and 1.73 [1.03-2.91], respectively), than
those who spent less than 2 h/d. Girls
spending more time per day watching
television and playing computer or video
games (weekdays) and playing computer
games or surfing the Internet for
recreation (weekends) were more likely to
drink sweetened beverages (OR, 1.89 [95%
CI, 1.21-2.94]; 1.57 [1.00-2.46]; 2.14 [1.163.97]; and 2.30 [1.24-4.28], respectively)
Propensity score stratification shows that
adolescents who had access to SSB through
their school vending machines consumed
0.170 more drinks of SSB than those who
did not (P<.05)

To estimate the association between
the availability of SSB from school
vending machines and amount of SSB
consumption.
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Survey)

Vagstrand K. et
al 2009

Adolescents aged
16 (n=474)

SSB
Questionnaire
(self reported)

Cross-sectional

Sweden

SSB

van Ansem
W.J.C. et al
2014

Children aged 11
(n=1 317)

Questionnaire
(self and
parent
reported)

Netherlands
1 year of
longitudinal
study

SSB

van de Gaar
V.M. et al 2017

Children ages 6 to
13 (n=644)

Cross-sectional

Netherlands

Questionnaire
(parent
reported)
SSB

The aim of the study was to
investigate how soft drink and fruit
juice consumption in teenagers is
associated with lifestyle, other food
choices, eating behaviour and
maternal characteristics.
To examine the association between
maternal education and unhealthy
eating behaviour and explore
environmental factors that might
mediate this association in 11-year-old
children.

To evaluate associations between
family and home-related factors and
children’s SSB consumption. We
explored associations within ethnic
background of the child.

It was found that eating breakfast less than
five times per week was independently
associated with a high soft drink
consumption in both girls and boys. A low
intake of cooked meals and milk and a high
intake of salty snacks were associated with
soft drinks in boys only.
Children of mothers with a low educational
level were found to consume more SSB
than those of mothers with a high
educational level (β 0.63, P<0.01). The
association between maternal educational
level and children’s SSB consumption was
found to be mediated by parental intake of
snacks and SSB and home availability of
SSB. The home environment seems to be a
promising setting for interventions on
reducing socio-economic inequalities in
children’s SSB consumption
Child’s age, parents’ subjective norm,
parenting practices, and parental
modelling were positively associated with
the child’s SSB intake. The availability of
SSB at home and school and parental
attitude were negatively associated with
the child’s SSB intake. The associations
under study differed according to the
child’s ethnic background, with the
explained variance of the full models
ranging from 8.7% for children from
Moroccan or Turkish ethnic background to
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van der Horst
K. et al 2007

Adolescents ages
12 to 17 (n=383)

Questionnaire
(self reported)

Cross-sectional

Netherlands

SSB

Williams J. et al
2013

Children and
Adolescents ages
5 to 18

SSB

Systematic
Review
Zarnowiecki D.
et al 2014

International
Children ages 9 to
13 (n=625
families)

Cross-sectional
Australia

Semiquantitative
food
frequency
questionnaire
SSB

To investigate whether perceived
parenting practices and parenting
style dimensions (strictness and
involvement) are associated with
adolescents’ consumption of sugarsweetened beverages.

This systematic review investigates
associations between food outlets
near schools and children’s food
purchases, consumption and body
weight.
This study investigated associations
between diet and various SEP
indicators among children aged 9–
13 years.

44.4% for children with Dutch ethnic
background.
More restrictive parenting practices were
associated with lower consumption of
sugar-sweetened beverages (β -38.0 ml;
95% CI: -48.1, -28.0). This association was
highly mediated (~55%) by attitude, selfefficacy and modeling from parents.
Nevertheless, a significant direct effect
remained (β -17.1 ml; 95% CI: -27.2, -6.90)
This review found very little evidence for
an effect of the retail food environment
surrounding schools on food purchases and
consumption.
Lower SEP was associated with higher
intake of sweetened drinks, and more
unhealthy behaviours. Mother’s education
appeared most frequently as a predictor of
children’s dietary intake, and postcode was
the least frequent predictor of children’s
dietary intake.
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Appendix B: Bureau of Nutritional Sciences Food Codes Included in Added Sugar
Measure
Food Code
05
06
07
08
09
33C
41
43
44
46
49B
50
51
54
150
170
202
205
229
231

Description
Whole Grain and High Fibre Breakfast Cereals
Other Breakfast Cereals
Cookies, Biscuits and Granola Bars
Cakes, Pies, Danishes, and Other Pastries (Commercial)
Frozen Dairy Products
Peanut Butter and Other Nut Spreads
Sugars, Syrups, and Preserves
Confectionary
Chocolate Bars
Non-Alcoholic Beverages (soft drinks, fruit drinks, malted milk and chocolate
beverages, energy drinks, vitamin water, sport drinks)
Alcoholic Coolers
Miscellaneous (sauces, salad dressings)
Tea and Coffee
Supplemented Bars, Shakes, and Meal Replacements
Sweet Baked Goods
Breakfast Combinations (with Eggs, Cheese, Ham etc. (English Muffins, Biscuits,
Croissants, Pancakes, and French Toast))
Frozen Dairy Products (recipes)
Milk Desserts
Sweet Snacks, Sugar, Candies, etc. (recipes)
Beverages (recipes) (tea, coffee, milk based beverages (such as milkshakes, malted
drinks, hot chocolate, instant breakfasts), fruit drinks, alcoholic beverages, liquid
meal replacements, protein powder)
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