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ABSTRACT

This study examines the association between non-core food intake and academic 
performance among children.

Grade five students in Nova Scotia were surveyed as part of the Children’s 
Lifestyle and School-Performance Study (CLASS II).  Regression methods were 
used to examine the association between non-core food intake and academic 
performance while adjusting for confounding variables.

Students who had higher intakes of non-core food were more likely to perform 
poorly in reading, writing, and mathematics.  However, this association was negated 
when core food consumption was adjusted for.  Core food consumption had a 
positive association with academic performance that remained significant after 
mutually adjusting for all variables.  

Even though there was a negative association between non-core food and 
academic performance, the influence did not remain significant after core food 
consumption was accounted for. Therefore, these results highlight the importance 
for children’s diets to be high in core food in order to support learning.
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CHAPTER 1 INTRODUCTION

According to Health Canada, a healthy diet consists of eating a variety of foods to 

feel good and maintain health (Health Canada, 2015).  It ensures optimal nutrition is 

known to have a variety of benefits on over-all health and well-being (Sofi, Cesari, 

Abbate, Gensini, & Casini, 2008).  There is evidence that a healthy diet is also linked to 

improved cognitive and academic performance in children (Feinstein et al., 2008).  The 

majority of studies that address the role of nutrition focuses on the importance of 

breakfast and the effects of insufficient food intake on cognitive functioning (Kleinman et 

al., 2002; Hall et al., 2001).  There is limited research on the association between poor 

nutrition and academic performance; however the few studies that do exist have noted a 

negative influence between unhealthy food consumption and school achievement (Tobin, 

2013; Feinstein et al., 2008; Fu, Cheng, Tu, & Pan, 2007).  Unhealthy food choices 

include eating foods that are energy-dense and nutrient-poor (Health Canada, 2012).

Consumption of these food choices can increase risks to nutritional health. 

It is important to understand the relationship between health behaviors, such as 

diet and physical activity, and school performance. This will allow policy makers to be 

better informed, which can lead to more effective health strategies.  Health promotion 

programs and policies that are delivered through the schools can help children develop

and practice healthy behaviors from an early age.  The influence that dietary behaviors 

may have on student performance should be more extensively studied.  This will allow 

educators, parents, and other stakeholders to become informed about children’s health 

behaviors they can help modify. This information can then be used to tailor school food 
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policies and implement nutrition programs that help students achieve optimal success.  

By using data from the 2011 Children’s Lifestyle and School-Performance Study 

(CLASS II), this study aims to further investigate the association between diet and 

academic performance in a population survey of grade five students in the Canadian 

province of Nova Scotia.

1.1 CURRENT DIETARY HABITS 

Over the past few decades, the food environment of North Americans has shifted 

from the consumption of fresh, home-cooked meals to oversized portions of convenience 

foods, such as burgers and French fries that are typically high in sugar, fat and salt 

(Schluter, 1999).  The changes in the food landscape include an increasing number of 

commercially prepared meals and convenience foods (Schluter, 1999), increasing portion 

sizes (Piernas & Popkin, 2011), and an increase of added sugars and fats (Drewnowski, 

2003; Piernas & Popkin, 2011).  This modern food environment has had an impact on the 

way children eat.  Trends in food consumption of North American children have been 

examined using cross-sectional surveys since the 1970s (Jahns, Siega-Riz, & Popkin, 

2001).  These surveys have indicated a shift from consuming meals at home to 

consuming meals at restaurants or fast food establishments (Nielsen, Siega-Riz, & 

Popkin, 2002).  This shift has led to an increase in the consumption of sugar-sweetened 

beverages, pizza, candies, and savory snacks (Nielsen et al., 2002; Piernas & Popkin, 

2011).  

Dietary quality reflects nutrient adequacy, which refers to a diet that meets the 

requirements for energy and essential nutrients.  A high-quality diet emphasizes fruits, 
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vegetables, and whole grains, and limits the amount of sodium, refined sugars, saturated 

fat, and cholesterol (Dietary Guidelines, 2010).  Whereas a low-quality diet is 

characterized by an intake of high fat, excess sugar, low fibre, low vitamins, and too few 

whole grains, fruits or vegetables (Johnson, van Jaarsveld & Wardle, 2011).  The risk of 

many chronic diseases, including heart disease, stroke, diabetes and some cancers can be 

reduced by consuming high-quality diets (Dietary Guidelines, 2010).  High-quality foods

also play an important role in the growth and development of children and adolescents.  

They can help prevent health problems such as obesity, iron deficiency and osteoporosis 

(Dietary Guidelines, 2010).  

Canada’s Food Guide to Healthy Eating is a tool that helps guide food selection 

and promotes the nutritional health of Canadians.  It takes into account nutrient standards 

and the prevention of chronic diseases.  The Food Guide separates foods into four groups:  

grain products, vegetables and fruit, milk and alternatives, and meat and alternatives.  An 

“other foods” category includes foods that are: mostly fats, oils or sugar, high-fat and/or 

high-salt snack foods, beverages, and herbs, spices and condiments (Canada’s Food 

Guide, 2007).  For children ages nine to 13, the recommended daily servings are six for 

vegetables and fruit, six for grain products, three to four for milk and alternatives, and 

two to three for meat and alternatives.  However, Canadian children are currently not 

meeting all of the Canadian food guidelines.  According to the 2004 Canadian 

Community Health Survey (CCHS), Canadian children and adolescents are consuming an 

average of 4.5 servings of vegetables and fruit a day (Garriguet, 2006).  In the Atlantic 

Provinces, 79 percent of children and adolescents are consuming fewer than five daily 

servings of vegetables and fruit compared to 64 percent of children and adolescents for 
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Canada overall (Garriguet, 2006).  A majority of Canadians ages 10 to 16 are not meeting 

the recommended minimum of three daily servings of milk and alternatives. From the

2004 CCHS, 61 percent of boys and 83 percent of girls were consuming less than three 

servings of milk and alternatives a day (Garriguet, 2006).  In 2006, a study of the 

physical activity (PA) levels and dietary intakes of children and youth in Nova Scotia was 

conducted.  The study yielded similar figures to the 2004 CCHS, with approximately 80 

percent of grade seven students not meeting the recommended servings of vegetables and 

fruit, and just over 50 percent not meeting the recommended servings of milk and 

alternatives (St John et al., 2008). 

The number one energy source for children is grain products, providing 31 

percent of the daily calories (Garriguet, 2006).  The Food Guide recommends a moderate 

consumption of “other foods”, meaning not eating these foods to extremes; however 

“other foods” rank second in supplying energy to children, providing, on average, 22 

percent of the daily calories.  The most commonly consumed “other” food was sugar-

sweetened beverages (Garriguet, 2006).  In 2003, all grade five students in Nova Scotia 

were invited to participate in the Children’s Lifestyle and School-performance Study and 

to have their dietary intakes assessed.   From the results, nearly half of the children did 

not meet the minimum recommendations of Canada’s Food Guide for vegetables and 

fruit.  More than half did not meet the recommendations for grain products (54 percent) 

or meat and alternatives (74 percent) and 42 percent did not meet the recommendations 

for milk products (Veugelers, Fitzgerald, & Johnston 2005).  The Canadian records from 

the 2001/02 World Health Organization Health Behavior in School-Aged Children Survey

observed a low reported intake of healthy foods among the youth aged 11 to 16 years 



5  

(Janssen, Katzmarzyk, Boyce, King, & Pickett, 2004).  In terms of “other food”

consumption, about a quarter of the adolescents reported drinking soft drinks and eating 

sweets, such as candy and chocolate, more than once per day (Janssen et al., 2004).

Consistent research and policy development regarding food consumption is 

limited due to a lack of clear terminology to classify foods and dietary patterns.  Dietary 

quality is characterized in many different ways; for example, an unhealthy diet could be 

characterized by high fat, excess sugar, and low vitamins.  However, this approach 

reflects nutrient intakes which are difficult to translate into practical dietary advice.  An 

alternative approach is to use foods to represent dietary quality, instead of nutrients 

(McCarthy, Robson, & Livingstone, 2006).  With this perspective, defining foods as 

healthy and unhealthy, or good and bad is problematic.  Food itself is neutral, all foods 

can be a part of a healthy, well-balanced diet if the focus is on variety and moderation.  

Labeling foods as good or bad implies a black and white way of thinking, and can lead to 

guilt associated with ‘bad’ foods.  An alternative approach is to categorize foods as core 

or non-core to a healthy diet.  Core foods are foods that are essential in providing the 

nutrients the body needs (Johnson et al., 2011).  Foods included in the four food groups 

of Canada’s Food Guide are considered core foods.  Non-core foods are not essential for 

providing nutrients the body needs, and are superfluous to a healthy diet.  They are more 

energy dense and lower in nutrients than core foods and are typically eaten for pleasure 

rather than health (Johnson et al., 2011).  A diet based on core foods should adequately 

meet essential nutrient requirements.  Even though some non-core foods can provide 

useful nutrients, for example potassium in French fries, any nutrition from non-core foods 

is considered extra in the diet.  Overall, non-core foods contribute few micronutrients to 
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the diet and are high in fat and/or sugar and therefore energy.  A dietary pattern of non-

core food consumption may contribute to excessive energy intakes, replace core foods in 

the diet, and may lead to decreased intakes of micronutrients essential for optimal health 

(Webb et al., 2006).  Classifying food intakes as core and non-core provides a relatively

simple index of diet quality and will therefore be used in this research project. 

1.2 NUTRITION AND COGNITIVE ABILITIES AND PERFORMANCE 

Nutrition plays a crucial role in the development and maintenance of brain 

function.  The brain’s neurochemistry may be affected by diet in several important ways.  

First, the availability of precursors required for the synthesis of neurotransmitters is 

affected by the ingestion of food.  Second, vitamins and minerals obtained through food 

sources are essential co-factors for the enzymes that synthesize neurotransmitters; and

third, dietary fats have an effect on neural function by altering the composition of the 

nerve cell membrane and the myelin sheath (Greenwood & Craig, 1987). 

Neurotransmitters are responsible for relaying chemical messages throughout the 

brain and body; these chemical messages pass between nerve cells, called “neurons” 

(Greenwood & Craig, 1987). Amino acids and choline from dietary sources are 

important in the maintenance of the brain’s neurons, which are responsible for releasing 

chemicals such as serotonin, acetylcholine, and norepinephrine (Colby-Morley, 1981).  

These neurotransmitters have important roles in cognition.  Serotonin is involved with 

memory and learning, whereas acetylcholine and norepinephrine both play roles in 

attention (Colby-Morley, 1981). 
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Cognitive abilities are brain-based skills that are required to carry out tasks.  

Examples of cognitive abilities include memory, concentration and attention (Finn et al., 

2014). The main components of food – protein, carbohydrates, and fat – are essential in 

maintaining cognitive abilities (Erickson, 2006).  Protein is used to create 

neurotransmitters, and a lack of protein in the diet can lead to poor student performance 

(Erickson, 2006).  Carbohydrates supply the body with glucose, which along with 

oxygen, is the fuel for brain cells.  Certain fats, such as Omega-3 and Omega-6, are also 

essential for the proper functioning of the brain.  Omega fatty acids are important for the 

production and maintenance of brain cells, but must be supplied through the diet 

(Erickson, 2006).  A deficiency of Omega-3 fatty acids has been associated with an 

increased risk of mental disorders, including attention-deficit disorder and dyslexia, 

which both have an effect on learning (Freeman et al., 2006).  A six month trial by 

Richardson and Montgomery (2005) found that reading, spelling and behavior improved 

in children with developmental coordination disorder after receiving fatty acid 

supplementation. 

It is suggested that zinc and iron play an important role in memory and cognition 

(Wood, 2001).  Zinc contributes to the brain’s structure and function and is found in the 

gray matter of the hippocampus, which is a region associated with memory and spatial 

navigation (Black, 1998; 2003).  Through animal and human studies, there has been 

evidence to suggest that zinc deficiency may lead to delays in cognitive development 

(Black, 1998; 2003).  Research by Wood (2001) tested zinc’s effect on verbal memory 

and found that the subject’s ability to remember everyday words slowed significantly 

after consuming a low-zinc diet for three weeks (Wood, 2001).  Trials of zinc 
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supplementation in Chinese and American children suggest that zinc may impact specific 

cognitive processes, such as attention and reasoning, rather than general performance 

tasks (Penland et al., 1997; Sanstaed et al., 1998).  Like zinc, iron is found in brain tissue, 

and areas that are important for cognition – such as the hippocampus – are sensitive to 

iron deficiency (Beard, 2001).  Iron is a co-factor for several enzymes involved in 

neurotransmitter synthesis. Those enzymes help synthesize the neurotransmitters 

serotonin, dopamine and norepinephrine, which play a role in attention and cognition 

(Youdim & Yehuda, 2000).  An association between hemoglobin levels and cognitive 

development or school achievement has been identified by several studies (de Andraca et 

al., 1990; Hurtado et al., 1999; Lozoff et al., 1991 & 2000).   In addition, a study by 

Halterman, Kaczorowski, Aligne, Auinger, and Szilagyi (2002) noted that iron-deficient 

children and adolescents scored lower on standardized tests compared to children with 

normal iron status.  These findings demonstrate the influence of nutrition on brain and 

cognitive development in children.  

Cognitive performance encompasses basic cognitive abilities such as attention, 

concentration, and memory, as well as information processing (Trudeau & Shepard, 

2008).  It is a mental function that is measured using age appropriate intelligence tests, 

such as the Wechsler Intelligence Scale for Children that assess IQ (Trudeau & Shepard,

2008).  Specific nutrients such as iron, iodine, and folate are important for the proper 

development of the brain (Bryan et al., 2004), and are obtained through a well-balanced 

diet.  A series of experiments in the 1980s demonstrated the importance of vitamin and 

mineral status among children and its effect on cognitive ability.  Benton and Roberts 

(1988) examined whether a deficiency of dietary vitamins and minerals were preventing 
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optimal psychological functioning in children.  Sixty Welsh children received either a 

multi-vitamin/mineral supplement or a placebo for eight months.  At the end of the trial, 

the supplement group showed a significant increase in non-verbal intelligence, while the 

placebo group did not (Benton & Roberts, 1988).  Non-verbal intelligence is represented 

by the ability to solve problems using hands-on reasoning (Cianciolo & Sternberg, 2004).

It is not limited by language abilities, and non-verbal tasks include understanding 

mathematical concepts.  Verbal intelligence is represented by the ability to solve 

problems using language-based reasoning (Cianciolo & Sternberg, 2004).  Verbal tasks 

include understanding and comprehending reading and language arts. 

Crombie et al. (1990) tried to replicate the Benton and Roberts design and they 

detected a small, but non-significant difference in non-verbal intelligence between the 

control and supplementation groups. A similar study was carried out in the United States 

with 26 delinquent juveniles, aged 13 to 16.  The subjects were randomly assigned to 

receive either a multi-vitamin/mineral supplement or a placebo for 13 weeks.  There was 

no significant change in verbal scores, however non-verbal intelligence in the supplement

group increased by an average of six IQ points (Schoenthaler, Amos, Doraz, Kelly, & 

Wakefield, 1991). On the basis of these previous findings, Benton and Cook (1991) 

sought to further validate the relationship between vitamins/minerals and intelligence.  

They studied 47 British six-year-olds from two schools, who received either a multi-

vitamin/mineral supplement or a placebo for six or eight weeks (Benton & Cook, 1991).  

The children’s intelligence and reaction time were assessed before and after the trial.  The 

overall intelligence score of those taking the supplements increased by 7.6 points, 

whereas taking the placebo was associated with a decrease of 1.7 points (Benton & Cook, 
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1991). Greater changes were experienced in non-verbal intelligence than verbal 

intelligence.  The non-verbal scores of the children taking supplements increased by 10.8 

points, compared to an increase of 1.3 among the children taking the placebos (Benton & 

Cook, 1991).  When Benton and Cook tested the concentration ability of the children, 

those who received the supplements demonstrated an increased ability to concentrate 

when faced with a difficult task.  Of the two schools involved in the study, one was from 

an economically deprived area while the other was from a more affluent area.  The 

students from the lower socioeconomic area had a greater response to the 

supplementation compared to the students from the higher socioeconomic area (Benton & 

Cook, 1991).  Similar findings have led to the conclusion that it is possible to improve IQ 

scores with micronutrient supplementation, but only in children with inadequate diets 

(Benton 1991; Nelson, 1992; Eysenck, 1997).  This enhancement of non-verbal 

intelligence reflects brain functions that are influenced by certain nutrients in the diet 

(Schoenthaler, Bier, Young, Nichols, & Jansenns, 2000).  It appears that rather than 

inducing cognitive enhancement, supplementation of certain nutrients can help reverse 

the adverse effects of poor nutritional status (Schoenthaler et al., 2000). 

Nearly all of the positive effects demonstrated between nutrition and cognitive 

functioning had an influence on non-verbal intelligence rather than verbal intelligence.  

Since non-verbal intelligence can be represented by analytical problems, it would appear 

that proper nutrition would have a more beneficial influence on non-verbal school 

subjects such as mathematics, instead of verbal subjects involving reading and writing.  

However, there have been no studies conducted that have examined this association. 
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1.3 DIETARY PATTERNS AND ACADEMIC PERFORMANCE

Cognitive abilities are associated with academic performance and have been used 

to predict achievement in children and adolescents (St. Clair-Thompson & Gathercole, 

2006).  Since specific nutrients have an effect on cognitive abilities, it can be theorized 

that dietary patterns would influence cognitive performance.  Northstone et al. (2012) 

hypothesized that a more healthy diet would be associated with increased IQ scores 

among children during early to mid-childhood. Dietary patterns were assessed at 3, 4, 7 

and 8.5 years of age, while IQ was assessed only at 8.5 years.  The ‘processed’ dietary 

pattern, which was characterized by high fat and sugar content, was negatively associated 

with IQ, whereas the ‘health conscious’ dietary pattern characterized by fruit, vegetables, 

and fish, was positively associated with IQ (Northstone, Joinson, Emmett, Ness & Paus,

2012).  This evidence suggests that diet quality during early childhood may be associated 

with intelligence later in life.  Small increases in IQ may be associated with a healthy 

diet, consisting of high intakes of nutrient rich foods, while small reductions in IQ may 

be associated with a poor diet, consisting of high fat, sugar, and processed foods 

(Northstone et al., 2012).  

If good nutrition is needed for optimal cognitive performance it would then 

appear that a healthy diet would also help contribute to good academic performance 

among students, whereas a poor diet would hinder such achievement.  Academic 

performance is generally assessed by academic achievement, which is measured by 

formal assessments such as standardized test scores or school grades (Trudeau & 

Shepard, 2008).  In 2003, the Children’s Lifestyle and School-Performance Study 

(CLASS) was conducted in Nova Scotia and over 5200 grade five students were surveyed 
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(Florence, Asbridge, & Veugelers, 2008).  It was one of the first studies to assess overall 

diet quality in relation to academic performance.  It demonstrated that students with 

decreased diet quality were significantly more likely to perform poorly on literary 

assessments (Florence et al., 2008).  Additionally, students with an increased intake of 

fruit and vegetables and lower intake of dietary fat were less likely to fail the assessment 

(Florence et al., 2008).   

Shi et al. (2013) has more recently examined the association between dietary 

behaviors and academic outcomes among children in the United States.  They noted that 

students who were classified as “healthier eaters” had a lower prevalence and probability 

of having academic problems, such as poor grades (Shi, Tubb, Fingers, Chen, & Caffrey,

2013).  A similar study from Taiwan demonstrated the negative effects of unhealthy 

eating on school performance.  Elementary school children with a greater number of 

unhealthy eating patterns, which included high intake of low-quality foods and low intake 

of nutrient-dense foods, were more at risk for poor overall school performance (Fu et al., 

2007).  

Schools that have launched healthy meal initiatives have noted many benefits 

among children, which includes improvement in academic performance.  A two-year 

obesity prevention intervention was implemented among four elementary schools in the 

United States with two control schools.  School-provided breakfasts, lunches, and snacks 

were modified in the intervention schools in order to provide healthier options.  Menus 

included more high-fiber items, fewer high-glycemic items, and lower amounts of total, 

saturated, and trans fats (Hollar et al., 2010).  Over the two-year period, math and reading 

scores were compared between the intervention and control schools.  Overall, children 
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attending the intervention schools had significantly higher math scores than children in 

the control schools.  Reading scores were also higher among intervention children, but 

the difference was not significant (Hollar et al., 2010).  

Another health initiative, which was highly publicized in the UK, was Jamie 

Oliver’s “Feed Me Better” campaign.  The British chef implemented a new menu for the 

schools in order to offer healthier meals to the children.  Traditionally, school meals were 

based on low-budget processed foods, such as burgers and chips, sausage rolls, and fish 

fingers. These processed foods are high in fat, and do not provide essential nutrients.  

The aim of the campaign was to substitute all junk or processed food with healthy 

alternatives. In order to assess changes in academic performance, test score results were 

compared before and after the implementation of the campaign. Educational outcomes 

improved significantly in English and science with a similar, but not statistically

significant improvement in mathematics (Belot & James, 2011).  These results indicate 

that changing dietary habits in children can have positive short-term effects on 

educational achievements (Belot & James, 2011).

Feinstein et al. (2008) also assessed the importance of diet; however he examined 

the relationship during different stages of childhood.  The impact of dietary intake on 

school achievement was assessed at ages 3, 4 and 7. It was noted that higher ‘junk food’ 

dietary pattern scores, characterized by foods high in fat and/or sugar, were associated 

with lower test results at all three ages.  In contrast, a positive association was observed 

between the ‘health conscious’ dietary pattern and school attainment at all three stages of 

early childhood (Feinstein et al., 2008).  A similar trend was found between diet quality 

and learning difficulties in Norwegian adolescents.  Students who consumed fruits 
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regularly had lower odds of mathematical difficulties, while a high intake of foods 

representing a poor diet was associated with increased odds of mathematical difficulties 

(Overby, Ludemann, & Hoigaard, 2013).  Another study involving Norwegian school 

children yielded corresponding results.  Sigfusdottier, Kristjansson, and Allegrante 

(2007) utilized data from the 2000 Icelandic study and found that the consumption of 

fruits and vegetables was positively correlated with academic performance, whereas the 

consumption of ‘bad’ foods, such as sweets, crisps, fried foods, and pizza, was negatively 

correlated with academic performance (Sigfusdottier, Kristjansson, & Allegrante, 2007).  

A negative association between fast-food consumption and math and reading scores has 

also been observed.  Tobin (2013) examined data collected by the Early Childhood 

Longitudinal Study- Kindergarten Cohort, and found that students with a higher-than-

average consumption of fast foods had lower test scores in math and reading.  The 

findings of the current studies contribute to the presumption that consuming core foods, 

which are required for optimal health, will help students to achieve their full academic 

potential.  Whereas the consumption of non-core foods, that are energy-dense and 

nutrient poor, may hinder academic achievement among students.

1.4 MEASURES OF DIETARY ASSESSMENT

Collecting accurate and reliable dietary data from children is difficult.  Young 

children have lower literacy levels and difficulties in estimating portion size.  The age at 

which a child can reliably report their dietary intake varies across research.  Previous 

research suggests that by the age of eight to ten years children are often as reliable as 

their parents in reporting dietary intake, while other research suggests that children are 
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not able to accurately self-report until the age of 12 (Livingstone, Robson, & Wallace,

2004).   However, the age at which a child can report varies by dietary assessment 

method (Livingstone et al., 2004).  There are several methods that can be used, such as 

the 24-hour dietary recall, food diary, and food frequency questionnaire (FFQ).  A 24-

hour dietary recall is a retrospective method where the participant is interviewed about 

their food and beverage consumption during the previous day (Blanton, Moshfegh, Baer 

& Kretsch, 2006).  Drawbacks of using this method are that it is not representative of 

habitual intake, and is expensive and time consuming to carry out.  A food diary is a 

prospective method where the participant records details of foods and beverages 

consumed at the time of consumption (Krall & Dwyer, 1987).  This method is also time 

consuming as it requires the participant to record their dietary intake for several days.   A 

third assessment method is the FFQ, which assesses habitual diet by asking about the 

frequency of food items consumed over a reference period (Liu et al., 2013).  Over-

estimation is common, particularly for foods perceived as ‘healthy’ or foods that are 

eaten less often.  However the FFQs have a lower respondent burden than the other 

assessment methods and are easier to administer.   For studies involving a large number 

of participants, the FFQ provides a cost-effective method to estimate the usual dietary 

intake over a long time span.  Despite concerns regarding measurement error, the FFQ 

remains the most commonly used dietary measurement method for dietary studies 

(Thomson et al., 2003).  The Harvard Youth Adolescent Food Frequency Questionnaire 

(YAQ) is a FFQ specifically developed for children and adolescents.  The format and 

questions are designed to be simple for children to understand.  The YAQ has been 
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validated in the literature and serves as a self-administered tool that provides nutritional 

information about children (Rockett et al., 1997). 

1.5 PHYSICAL ACTIVITY AND ACADEMIC PERFORMANCE 

In the literature, there is a growing body of evidence that suggests a connection 

between physical activity and positive academic outcomes.  It is hypothesized that 

physical activity increases cognitive function and improves academic skills, such as

reading and writing abilities (Donnelly & Lambourne, 2011).  Several mechanisms have 

been suggested for why physical activity is beneficial for cognition (Singh,

Uitdewilligen, Twish, van Mechelen, & Chinapaw, 2012).  The effect of physical activity 

could; (1) increase the flow of blood and oxygen to the brain (Jorgensen, Nowak, & Ide,

2000), (2) increase endorphins, which can improve mood (Yeung, 1996), and (3) increase 

synaptic plasticity/changes in brain function (Schinder & Poo, 2000).  These mechanisms 

may have an influence on cognitive measures such as memory and concentration, which 

are the foundation for academic abilities (Sibley & Etnier, 2003).  

The majority of cross-sectional studies indicate a positive association between 

physical activity and academic performance (Trudeau & Shepard, 2008).  Nelson and 

Gordon-Larsen (2006) observed that adolescents who were active in school were more 

likely to have higher grades in English and mathematics.  Whereas a study by Field,

Diego and Sanders (2001) found that more active students had higher GPAs. Time spent 

in physical education was demonstrated to have a positive influence on academic 

performance.  Tremarche, Robinson and Graham (2007) noted students who received 

more hours of physical education scored higher on Standardized English tests.
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In terms of intervention studies, there are few that have examined the relationship

between physical activity and academic performance. However a study by Donnelly et 

al. (2009) demonstrated that an intervention to promote daily physical activity improved 

academic achievement scores over three years.  Whereas an intervention that increased 

physical education classes from 2 days per week to daily found that the increased 

physical education was positively associated with reading, writing and mathematics test 

scores (Ericsson, 2008). 

Nutrition and physical activity are important factors in overall health, and 

evidence suggests that both may play a role in student success.  Health behaviors are 

interconnected, and an effect on one usually has an effect on the other, therefore it is 

difficult to study the influence of diet among children without considering the influence 

of physical activity.  For this research, physical activity has been treated as a confounder 

in order to determine if an independent relationship exists between diet and academic 

performance.

1.6 OTHER INFLUENCES ON ACADEMIC PERFORMANCE 

Many factors besides nutrition and physical activity appear to have an influence 

on academic performance. Those factors include weight status, food security/sufficiency, 

and socioeconomic status.  A national childhood study was conducted in the United 

States which examined the effect of obesity on academic achievement.  The results found 

that children who were overweight had significantly lower reading and mathematics 

scores compared to children who were not overweight (Datar & Sturm, 2006).  A recent 

study by Goldberg et al. (2013) examined the association between IQ and obesity in 
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adolescents.  Regardless of sex, subjects experiencing obesity were found to have the 

lowest IQ scores; whereas those in the normal body mass index (BMI) group had the 

highest IQ scores (Goldberg et al., 2013).  A similar association was found between 

weight status and academic performance, where BMI was negatively associated with 

reading and mathematics performance among third and fifth grade students (Castelli,

Hillman, Buch, & Erwin, 2007).  

Food insecurity and insufficiency may also have an impact on cognitive 

functioning among children.  Food insecurity is a broad term that refers to limited 

availability of, or inability to acquire nutritionally adequate foods due to lack of financial 

resources (Bickel, Nord, Price, Hamilton, & Cook, 2000).  Whereas food insufficiency is 

a more specific term that refers to an inadequate amount of food intake (Sahyoun & 

Basiotis, 2000).  Studies have shown that children from families that experience food 

insecurities and/or food insufficiencies have lower reading and mathematics scores, and 

are more likely to have repeated a grade (Jyoti, Frongillo, & Jones, 2005; Alaimo, Olson,

& Frongillo, 2001).  Nearly all studies that examine factors influencing academic 

achievement have consistently noted that socioeconomic status is a strong correlator that 

often contributes more than all other variables.  Student performance is influenced by a 

multidimensional set of variables.  Each of these variables mentioned are intertwined, and 

a change in one will undoubtedly affect another.  The purpose of this study is to examine 

the influence of core and non-core dietary patterns on academic performance while 

controlling for other health behaviors, such as physical activity, and determinants, such as 

socioeconomic status.
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1.7 RESEARCH QUESTIONS

The research questions that will direct the proposed study are:

1. Will grade five students in Nova Scotia, who consume high intakes of non-core 

food, be more likely to have academic difficulties than students who consume low 

intakes of non-core foods? 

2. Do dietary patterns of grade five students have a greater influence on non-verbal 

school subjects (mathematics) than verbal school subjects (reading and writing)?  

1.8 HYPOTHESES

The two hypotheses of this study are:

H1:  Students who consume high intakes of non-core foods will have an increased 

probability of poor academic performance. 

H2:  Dietary patterns of core and non-core foods will have a greater influence on non-

verbal scores (mathematics) than verbal scores (reading and writing).  

1.9 CONTRIBUTIONS

The CLASS II project was conducted to assess heath behaviors, school 

performance and socioeconomic determinants among grade five students in Nova Scotia.  

Of the many health outcomes that were assessed in CLASS II, nutrition was chosen to be 

the main focus of this thesis project.  Therefore, this study examined a small piece of the 

CLASS II project in order to gain a more comprehensive understanding of dietary 

influences.

This research builds on earlier work by Florence et al. (2008) who reported on 

various dietary indices from the 2003 CLASS project including the Diet Quality Index-
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International (DQI-I).  This thesis project expands on this previous research by 

examining dietary intake classified as core and non-core food. 
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CHAPTER 2 METHODS & PROCEDURES

2.1 RESEARCH DESIGN & METHODOLOGY 

This study aims to explore the association between dietary intake and academic 

performance.  For the purpose of this study, an analysis of the data from the 2011 

Children’s Lifestyle and School-Performance Study (CLASS II) was conducted.  The 

CLASS II was a province-wide, cross-sectional study that aimed to assess the importance 

of health behaviors for school performance, while accounting for socioeconomic 

determinants among grade five students in Nova Scotia.

The research design of this study was descriptive, non-experimental research that 

used quantitative data to examine correlations within a range of health outcomes.  In 

2011, over 5,500 students, aged 10-11 years, from 269 schools participated in this study.

A second data set was used from the Nova Scotia Department of Education that linked 

the health outcomes from CLASS II to the corresponding school performance of the 

participating students.  The school performance data was collected in 2012, when the 

students were in grade six, therefore it offers a prospective analysis on academic 

performance.

2.2 INTAKE DATA

Trained research assistants visited the schools and administered surveys to the 

students and completed anthropometric measurements.  Standing height was measured to 

the nearest 0.1 cm after students had removed their shoes, and body weight was measured 

to the nearest 0.1 kg on calibrated digital scales.  The student survey gathered information 
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on physical activity, screen time, mental health and body image, however physical 

activity was the only variable from the student survey assessed in this analysis.  The 

home survey was completed by the parents and gathered information on socio-

demographic factors such as parental education, household income, and urban/rural 

residency.   Dietary intake and mealtime behaviors were measured with the YAQ which 

was slightly modified for Canadian dietary settings.  The YAQ is a validated tool that 

provides a measure of nutritional information for children and adolescents aged 9 to 18 

years (Rockett et al., 1997). 

2.3 OUTCOME VARIABLES

The primary outcome variable was academic performance which was measured 

using the Nova Scotia Assessment for Reading, Writing, and Mathematics.  It is a 

standardized assessment that is administered to grade six students in Nova Scotia by the 

Department of Education and Early Childhood Development.  Teacher assigned grades 

can be biased and can vary across schools (Sallis et al., 1999); therefore, the use of a 

standardized assessment is important for this study to limit any discrepancies in relation 

to academic outcomes.  The reading, writing, and mathematics assessment was 

administered in the fall of 2011, and included tasks that reflected the end of grade five

curriculum expectations.  For the reading and writing assessment, students read a variety 

of texts and answered questions about what they read.  For the mathematics assessment, a 

variety of multiple choice and problem solving questions were given to reflect 

understanding of mathematical domains.  The assessments were collected and sent to the 

Department of Education and Early Childhood Development to be centrally scored.  
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Academic performance was assessed according to students’ performance in relation to 

pre-determined expectations on the standardized assessments (described as ‘does not 

meet expectations’ and ‘meets expectations’).  A continuous score for reading and 

mathematics performance was also collected and that data was presented as a z-score, 

ranging from -3 to +3.  

The primary independent variable was the consumption of core and non-core 

foods, which was determined using the food frequency questionnaire (Appendix A).

Core foods and beverages were defined as those in the following five food groups: (1) 

bread, cereals, rice, pasta and noodles; (2) vegetables; (3) fruit; (4) yogurt, cheese, milk 

and (5) meat, fish, poultry, eggs, nuts and legumes.  All other foods and beverages were 

classified as non-core and examples can be seen in Table 1.  Response options for the 

YAQ were listed as ‘never’, ‘once per month’, ‘once per week’, ‘2 or more per week, ‘5 

or more per week’, ‘1 time per day’, ‘2 or more per day’ etc.  The collected data were 

recoded to reflect frequencies per day, as indicated by each response option.  For 

example, ‘every day’ was recoded as 1 (time/day), ‘once a week’ was recoded as 1/7 

(times/day), and ‘once a month’ was recoded as 1/30 (times/day), etc.  A summary of all 

of the YAQ response options and corresponding frequencies per day can be found in 

Appendix B.  The total daily consumption frequency (times/day) of core and non-core 

foods were calculated by summing the daily intakes of each category.  This method of 

scoring, which has been used in previous studies (McGowan, Croker, Wardle, & Cooke, 

2012), was then constructed into three categories to represent low, medium and high 

consumption. The categories were determined by dividing the total daily consumption 

scores into tertiles, so that non-core food could be compared simply by low or high 
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intakes on an individual level.  In order to avoid any misclassification of dietary intake all 

servings from the YAQ were standardized to a 2000 kcalorie diet before creating the 

tertiles.  

Table 1 Criteria used to classify foods as core and non-core.

Category Foods 

Core     Breads (all types), rice, pasta
Breakfast cereals 
Fruits and vegetables (all)
Dairy (all)
Meat and meat alternatives (not crumbed or battered)

Non-core Crumbed or battered meat and meat alternatives
Fried food; pizza, hot dogs, hamburgers
Cakes, muffins, cookies, pies, pastries

    Snack foods
Frozen/fried potato products
Ice cream and ice confection
Chocolate and confectionary
Fast food restaurants/meals
Fruit drink

    Sugar sweetened drinks
High fat/sugar/salt spreads

2.4 COVARIATES

Weight status of the students was defined by BMI using the anthropometric 

measurements collected at the schools. Age and sex specific cutoff points for overweight 

and obesity were established by the World Health Organization’s International Obesity 

Task Force, and were 20 kg/m2 and 24 kg/m2, respectively (Cole, Bellizza, Flegal, & 
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Dietz, 2000).  A physical activity score was defined using the physical activity 

questionnaire for children (PAQ-C).  The PAQ-C was calculated by combining physical 

activity questions from both the student and parent survey.  Questions from the survey 

asked students about their physical activity habits from the past seven days.  A copy of 

the survey can be seen in Appendix C.  The PAQ-C is represented as a continuous 

variable, and there are no published data to support a cut off value where children are 

considered “active” or “not active”.  For this analysis, the physical activity scores were 

divided into tertiles so that children in the lowest tertile could be compared with children

in the highest tertile, representing low, medium and high activity.

Other covariates include student gender, urban or rural residency, parental 

education, and household income levels, which were be obtained through the home 

surveys delivered to the parents.  Food security was not included as an independent 

variable.  Household income levels and parental education have been shown to be 

considered proxy indicators and were used in this study (Kirk et al., 2013; Jones, Ngure, 

Pelto & Young, 2013).

2.5 METHOD OF DATA ANALYSIS

All Nova Scotian public schools with grade five students were invited to 

participate in the survey.  Out of the 286 eligible schools, 269 (94.1%) agreed to 

participate. Informed consent was obtained from 5913 parents, resulting in an average 

response rate of 67.7% per school.  Students who reported an energy intake of less than 

500 kcal/day and more than 5000 kcal/day were judged as unreliable and excluded from 

the analysis, as is common practice in nutritional epidemiology (Willet, 2013). Students 
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were also excluded if they were without academic test results.  After the exclusions, 4825 

observations remained. All statistical analyses were weighted to account for non-

response bias.  

The statistical analyses of the data were performed using SPSS version 21, and 

STATA version 13.  SPSS was used to analyze descriptive statistics which were 

calculated for the total sample by sex, residency, household education, household 

income, weight status, and physical activity.  Food consumption patterns were assessed in 

SPSS by performing a cross-tabulation to compare the individual intake of the core and 

non-core food tertiles.  

In accordance to the conditions granted by the ethics for this study, the analysis 

involving the academic performance data was conducted at the IWK Health Center, and 

was performed with STATA.  The analyses for the dichotomous outcomes of academic 

performance were performed using Poisson regression with robust standard errors.  

Logistic regressions are commonly used with binary outcomes, however the Poisson 

method was chosen for this analysis in order to avoid overestimation of the relative risk.  

When the prevalence of an outcome is high (for example, prevalence rates above 10%), 

the estimated odds ratio (OR) from a logistic regression is quite different than the 

estimated prevalence ratio (PR) from a Poisson regression.  With a high prevalence rate, 

the OR can overestimate the relative risk, therefore researchers recommend using a 

method that estimates the PR instead of the OR (Barros & Hirakata, 2003; Deddens & 

Petersen, 2008).  The academic outcome of ‘not meeting expectations’ was used to 

represent academic difficulty.  The prevalence of individuals ‘not meeting expectations’ 

for reading, writing and mathematics were (12%, 11%, and 29%, respectively), therefore 
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the PR’s were calculated using Poisson regression. The outcome for the Poisson model is 

failing the academic assessment, which has practical value for schools, and will be used 

in answering the research questions of this study.  Understanding what factors influence 

academic failure is valuable information, and can be used to help increase student

success.    

Continuous reading and mathematical z-scores were available from the data 

provided by the Department of Education.  They were used in multiple linear regressions

as an additional analysis to compare the influence of non-core food on academic 

performance.  Normality was tested for the reading and mathematical z-scores and was 

found to be acceptable for both linear regression models. Unadjusted Poisson and linear 

regression models were run to examine the associations between core and non-core food 

intake and academic performance.  The models were then adjusted for sex, parental 

education, parental income, weight status, and physical activity. 

CLASS II collected data on students from different schools, over different areas 

of the province. The data therefore has a cluster structure, which needs to be taken into 

account.  Observations within schools would be expected to be more similar than 

observations between schools. This leads to intra-cluster correlations, meaning 

observations in the same school are more likely correlated to each other.  If intra-cluster 

correlations are not accounted for, wrong conclusions about statistical testing could be 

reported.  In order to account for the clustering of schools, the regression models in this 

analysis were run with robust standard error. For all analyses, the threshold of statistical 

significance was set at p

between variables.  
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2.6 ETHICAL ISSUES

The CLASS II study is University of Alberta research; therefore ethical approval 

for this study was first obtained from the Health Research Ethics Board of the University 

of Alberta.  Ethics approval was also obtained from the Health Research Ethics Board at 

Dalhousie University.  Permission for data collection was granted from participating 

school boards and informed consent was obtained from the parents for the participating 

students.

For the data analysis, a memorandum of understanding was signed to gain access 

to the data from CLASS II. An amendment was approved by the Health Sciences 

Research Ethics Board for the academic data linkage and analyses involving the 

academic performance data were conducted on the premises of the IWK Health Center, 

where these data were held at the time of the analyses. 
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CHAPTER 3 RESULTS

3.1 DESCRIPTIVE STATISTICS 

A description of the CLASS II sample that was weighted for non-response bias is 

provided in Table 2.  The proportion of boys and girls in Nova Scotia was similar, at 52% 

and 48%, respectively.  More students resided in an urban community than a rural 

community, with the proportions being 65% and 35%, respectively.  For parental 

education attainment, 19% of the children had parents with secondary education or less, 

42% had a college education, and 39% had a university education.  Twenty percent of 

parents reported an annual household income of less than $40,000, while 21% reported

an income of over $100,000 per year.  Twenty percent preferred not to answer this 

question, while the remaining parents had an annual income between $40,000 and 

$100,000.  Four percent of the student population was considered to be underweight, and 

the majority (61%) was considered to be normal weight.  Twenty-three percent of the 

children were considered to be overweight, and 12% of the student population was 

considered obese.
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Table 2      Descriptive characteristics of participants in the CLASS II.

Independent Variable No. of Students %

Sex
Female 2305 48
Male 2520 52

Residence
Urban 3129 65
Rural 1696 35

Parental Education
Secondary or less 846 18
Community College 1932 40
University 1775 37

Annual Household Income ($)
<40,000 965 20
40,001-60,000 627 13
60,001-100,000 1255 26
>100,000 1013 21
Preferred not to answer 965 20

Weight Status
Underweight 182 4
Normal Weight 2799 61
Overweight 1037 23
Obese 533 12

Physical Activity
First tertile (lowest) 1604 33
Second tertile 1610 33
Third tertile (highest) 1611 33

A cross-tabulation demonstrated that nearly two thirds (61%) of the children in 

the highest category of non-core food consumption were consuming low intakes of core 

food in their diet (Table 3).  While two thirds (66%) of the children who were consuming 

low intakes of non-core food, were consuming high intakes of core food in their diet 

(Table 3). 
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Table 3      Cross-tabulation of consumption of core foods by the consumption of non-core 
foods.

Non-core Food Intake

Core Food Intake Low Medium High
Low 6% 32% 61%

Medium 28% 43% 29%

High 66% 24% 10%

3.2 POISSON REGRESSION

The results of the Poisson regression show that as core food consumption 

increased, the prevalence of reading, writing, and mathematical difficulties decreased (p

= <0.001). This information is depicted in Tables 4 and 5.  The results for the adjusted 

model (Table 5), suggest that increasing core food consumption was significantly 

associated with a decreased prevalence of reading difficulties (PR: 0.43 (0.33-0.55), p =

<0.001), writing difficulties (PR: 0.63 (0.51-0.78), p = <0.001), and mathematical 

difficulties (PR: 0.75 (0.65-0.85), p = <0.001).  

Table 4     Results of univariate Poisson regression for the association between core food 
intake and academic difficulties.

Core food intake
Reading Difficulties*

PR         95% CI          P
Writing Difficulties*

PR         95% CI          P
Mathematical Difficulties*
PR         95% CI          P

First tertile (lowest) 1.00 1.00 1.00 

Second tertile 0.56  (0.47–0.68)  <0.001 0.56  (0.44–0.70)  <0.001 0.77 (0.68–0.86)  <0.001

Third tertile (highest) 0.37  (0.29–0.46)  <0.001 0.57 (0.46–0.70)  <0.001 0.65  (0.57–0.74) <0.001

*Difficulties defined as not meeting expectations. 
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Table 5     Results of Poisson regression for the association between core food intake and 
academic difficulties while adjusting for confounding variables.

Outcome
Reading Difficulties*

PR       95% CI         P
Writing Difficulties*

PR        95% CI           P
Mathematical Difficulties*
PR       95% CI         P

Core Food Intake
First tertile (lowest) 1.00 1.00 1.00
Second tertile 0.63   (0.52–0.76)   <0.001 0.60   (0.48–0.76)  <0.001 0.84   (0.74–0.94)   0.003
Third tertile (highest) 0.43   (0.33–0.55)   <0.001 0.63   (0.51–0.78)  <0.001 0.75   (0.65–0.85) <0.001

Sex
Male 1.00 1.00 1.00
Female 0.66   (0.56–0.79)  <0.001 0.53   (0.44–0.63) <0.001 1.06   (0.96–1.17) 0.277

Parental Education
Secondary or less 1.00 1.00 1.00
College 0.83 (0.67–1.02)   0.072 0.86   (0.67–1.11)  0.245 0.83   (0.73–0.94) 0.002
University 0.56 (0.43–0.73) <0.001 0.73   (0.55–0.97)  0.030 0.54  (0.46–0.63) <0.001

Parental Income
<40,000 1.00 1.00 1.00
40,001 – 60,000 0.86   (0.67–1.09) 0.209 0.72  (0.54–0.96)  0.023 0.78   (0.67–0.90)  0.001
60,001 – 100,000 0.77   (0.59–1.00) 0.048 0.70   (0.52–0.94)  0.019 0.76   (0.66–0.87) <0.001
>100,001 0.46   (0.33–0.65)  <0.001 0.49   (0.33–0.71) <0.001 0.57   (0.47–0.69) <0.001

Weight Status
Normal 1.00 1.00 1.00
Underweight 1.02  (0.68–1.53)   0.925 0.95   (0.60–1.50)  0.812 0.97   (0.74–1.27) 0.842
Overweight 1.00 (0.84–1.20)   0.958 1.18   (0.96–1.44)  0.116 0.98   (0.88–1.10) 0.786
Obese 1.04 (0.81–1.34)   0.760 1.13   (0.86–1.47) 0.379 1.11   (0.97–1.28)  0.135

Physical Activity
First tertile (lowest) 1.00 1.00 1.00
Second tertile 0.86   (0.69–1.07)   0.169 0.78   (0.64–0.95) 0.014 0.96   (0.86–1.07)  0.466
Third tertile (highest) 1.39   (1.13–1.71)   0.002 1.08   (0.90–1.30)  0.418 1.09  (0.97–1.23) 0.154

*Difficulties defined as not meeting expectations. 

In regards to non-core food consumption, the Poisson regression shows that as 

non-core food consumption increased, the prevalence of reading, writing, and 

mathematical difficulties also increased. This is depicted in Tables 6 and 7. The results 

for the adjusted model (Table 7), show that an increase in non-core food consumption 

was associated with an increased prevalence of reading difficulties (PR: 1.53 (1.24-1.89), 

p = <0.001), writing difficulties (PR: 1.53 (1.21-1.92), p = <0.001), and mathematical 

difficulties (PR: 1.14 (1.00-1.30), p = 0.055).  However, only reading and writing 

difficulties demonstrated a significant association.  There was a significant association 
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found with mathematical difficulties, but only in the second tertile (PR: 1.17 (1.02-1.33), 

p = 0.026).  

Table 6     Results of univariate Poisson regression for the association between non-core 
food intake and academic difficulties.

Non-core food intake
Reading Difficulties*

PR         95% CI          P
Writing Difficulties*

PR         95% CI          P
Mathematical Difficulties*
PR         95% CI          P

First tertile (lowest) 1.00 1.00 1.00

Second tertile 1.63 (1.31–2.04) <0.001 1.37   (1.08–1.34)   0.009 1.31 (1.14–1.50) <0.001

Third tertile (highest) 1.78   (1.45–2.18) <0.001 1.60   (1.28–2.02) <0.001 1.35 (1.19–1.55) <0.001

*Difficulties defined as not meeting expectations. 
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Table 7     Results of Poisson regression for the association between non-core food intake  
and academic difficulties while adjusting for confounding variables.

Outcome
Reading Difficulties*

PR       95% CI          P
Writing Difficulties*

PR        95% CI          P
Mathematical Difficulties*
PR        95% CI          P

Non-core Food Intake
First tertile (lowest) 1.00 1.00 1.00
Second tertile 1.54   (1.24–1.92) <0.001 1.34  (1.05–1.70)  0.016 1.17   (1.02–1.33)   0.026
Third tertile (highest) 1.53 (1.24–1.89) <0.001 1.53  (1.21–1.92) <0.001 1.14   (1.00–1.30)   0.055

Sex
Male 1.00 1.00 1.00
Female 0.63   (053–0.74) <0.001 0.52 (0.43–0.62) <0.001 1.04   (0.94–1.15)   0.502

Parental Education
Secondary or less 1.00 1.00 1.00
College 0.80   (0.66–0.99)   0.036 0.85   (0.66–1.09) 0.207 0.82   (0.73–0.93)   0.001
University 0.53  (0.41–0.68) <0.001 0.71   (0.54–0.94) 0.018 0.52   (0.45–0.61) <0.001

Parental Income
<40,000 1.00 1.00 1.00

40,001 – 60,000 0.87   (0.68–1.12)   0.280 0.72   (0.54–0.96) 0.026 0.79   (0.68–0.91)   0.001
60,001 – 100,000 0.76   (0.58–0.99)   0.044 0.70   (0.52–0.95) 0.020 0.75   (0.66–0.87)  <0.001
>100,001 0.45 (0.32–0.62) <0.001 0.48   (0.33–0.70) 0.000 0.56   (0.46–0.69) <0.001

Weight Status
Normal 1.00 1.00 1.00
Underweight 1.06  (0.70–1.59)   0.782 0.97   (0.62–1.51) 0.886 0.98   (0.75–1.28)   0.892
Overweight 0.99  (0.83–1.18)   0.908 1.17   (0.95–1.43) 0.133 0.98   (0.88–1.09)   0.691
Obese 1.00  (0.78–1.29)   0.972 1.10   (0.85–1.44) 0.462 1.10   (0.95–1.27)   0.193

Physical Activity
First tertile (lowest) 1.00 1.00 1.00
Second tertile 0.83  (0.67–1.04)   0.108 0.77   (0.63–0.94) 0.010 0.95   (0.84–1.06)   0.336
Third tertile (highest) 1.29   (1.05–1.57)   0.014 1.05   (0.87–1.27) 0.578 1.06   (0.94–1.19)   0.358

*Difficulties defined as not meeting expectations. 

The results of the Poisson regression that was adjusted for both core and non-core 

food intake (Table 8) demonstrate that core food intake is associated with a decreased 

prevalence of academic difficulties.   However, the association between non-core food 

intake and academic difficulties is diminished and is no longer significant.
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Table 8     Results of Poisson regression for the association between core and non-
core food intake and academic difficulties while adjusting for confounding 
variables.

Outcome
Reading Difficulties*

PR        95% CI           P
Writing Difficulties*

PR        95% CI           P
Mathematical Difficulties*

PR       95% CI         P

Core Food Intake
First tertile (lowest) 1.00 1.00 1.00
Second tertile 0.61   (0.49–0.74)  <0.001 0.63   (0.49–0.82) 0.001 0.82   (0.72–0.93) 0.002
Third tertile (highest) 0.42   (0.32–0.56)  <0.001 0.71   (0.54–0.93) 0.013 0.73   (0.63–0.86) <0.001

Non-core Food Intake
First tertile (lowest) 1.00 1.00 1.00
Second tertile 1.14   (0.91–1.43) 0.257 1.22   (0.94–1.60) 0.139 1.05   (0.91–1.23) 0.468
Third tertile (highest) 0.94   (0.75–1.19) 0.622 1.24   (0.92–1.67) 0.158 0.96   (0.82–1.13) 0.633

Sex
Male 1.00 1.00 1.00
Female 0.66 (0.56–0.79) <0.001 0.53   (0.44–0.64) <0.001 1.06 (0.96–1.17)  0.269

Parental Education
Secondary or less 1.00 1.00 1.00
College 0.83   (0.67–1.02) 0.072 0.86   (0.67–1.11)  0.245 0.83   (0.73–0.94)  0.003
University 0.56   (0.43–0.73) <0.001 0.74   (0.55–0.98) 0.034 0.54   (0.46–0.63) <0.001

Parental Income
<40,000 1.00 1.00 1.00
40,001 – 60,000 0.86   (0.67–1.09) 0.209 0.72   (0.54–0.96)  0.025 0.78   (0.67–0.90) 0.001
60,001 – 100,000 0.77 (0.59–1.00) 0.047 0.70   (0.52–0.95)  0.023 0.76   (0.66–0.87) <0.001
>100,001 0.46   (0.34– 0.64) <0.001 0.49   (0.34–0.72) <0.001 0.57   (0.47–0.69) <0.001

Weight Status
Normal 1.00 1.00 1.00
Underweight 1.03   (0.69–1.55) 0.876 0.95   (0.60–1.50) 0.834 0.98   (0.75–1.28)   0.861
Overweight 1.00 (0.84–1.20)   0.990 1.17   (0.96–1.44)  0.118 0.98   (0.88–1.10)   0.767
Obese 1.04   (0.81–1.35) 0.726 1.12   (0.86–1.46)  0.394 1.12   (0.97–1.29)   0.120

Physical Activity
First tertile (lowest) 1.00 1.00 1.00
Second tertile 0.86   (0.69–1.07)   0.165 0.78 (0.64–0.95)  0.014 0.96  (0.86–1.07)  0.459
Third tertile (highest) 1.39   (1.13–1.70) 0.002 1.09   (0.90–1.31)  0.376 1.09  (0.97–1.23)  0.165

*Difficulties defined as not meeting expectations.

The first research question for this study was “will grade five students in Nova 

Scotia who consume high intakes of non-core food be more likely to have academic 

difficulties than students who consume low intakes of non-core foods?” To answer this, 

the null hypothesis predicted that students who consumed high intakes of non-core foods 

would not have an increased probability of poor academic performance. When using the 
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results from the Poisson regression adjusted for non-core foods, but not core foods (Table 

7), the null hypothesis can be rejected for all three measures of academic performance.  

From that model, children who consumed high intakes of non-core foods were more 

likely to have reading, writing and mathematical difficulties than those who consumed 

low intakes of non-core foods.  However, the null hypothesis cannot be rejected when 

using the results from the mutually adjusted Poisson model that includes both core and 

non-core food (Table 8).  The combined Poisson model demonstrates that the relationship 

between non-core food intake and academic performance is no longer significant (p >

0.05) when core food intake is accounted for (Table 8).  Therefore, the answer to the 

main research question of this study is no, students who consume higher intakes of non-

core food are not more likely to have academic difficulties than students consuming low 

intakes of non-core food.

By contrast, core food consumption had a positive association with all three 

measures of academic performance.  Children who consumed the highest intakes of core 

food performed better in reading, writing, and mathematics than those who consumed the 

lowest amounts of core food.  The association between core food intake and academic 

performance remained significant (p < 0.05) in the combined Poisson model with non-

core food (Table 8).  This indicates that the positive influence of core food consumption 

is independent of any influence non-core food consumption may have on academic 

performance.    

The results of the Poisson regressions indicated no association between weight 

status and academic performance (Table 6, Table 7).  There was no trend between 

increasing weight status, and all p-values were greater than 0.05, indicating little or no
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relationship.  The only significant association found between physical activity and 

academic performance was with the third tertile and reading difficulties (PR: 1.29 (1.05-

1.57), p = 0.014) and the second tertile and writing difficulties (PR: 0.77 (0.63-0.94), p =

0.010).  The association demonstrated that children who participated in the highest levels 

of physical activity were more likely to have reading difficulties, while children in the 

medium tertile of physical activity were less likely to have writing difficulties.  

Both parental education and parental income were predictors of academic 

achievement among the students.  Children who had parents with higher levels of 

education were less likely to perform poorly in reading, writing and mathematics.

Compared with parents who had an education level of secondary or less, children with 

parents who had a college education were 15-20% less likely to have reading, writing and 

mathematical difficulties, and children with parents who had a university education were 

30% less likely to have writing difficulties (PR: 0.71 (0.54-0.94), p = 0.018), and nearly 

50% less likely to perform poorly in reading (PR: 0.53 (0.41-0.68) p = <0.001) and 

mathematics (PR: 0.52 (0.45-0.61) p = <0.001) (Table 7).

Parental income levels followed a similar trend, with the prevalence of academic 

difficulties decreasing with increasing parental income.  Children with parents in the two 

highest income brackets ($60,001-$100,000 and >$100,000), were less likely to have 

reading and writing difficulties than children from the lowest parental income level of 

less than $40,000.  Children from the highest income bracket were over 50% less likely 

to perform poorly in reading (PR: 0.45 (0.32-0.62) p = 0.000) and writing (PR: 0.48 

(0.33-0.70) p = 0.000) compared to children from the lowest income bracket (Table 7).  

For mathematics, all three income brackets showed an improvement in performance 
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compared with the lowest parental income. Once again, as income increased, the 

prevalence of mathematical difficulties decreased, with children in the highest income 

category being the least likely to have difficulties (PR: 0.56 (0.46-0.69) p = 0.000) (Table 

7). 

Finally, there were sex differences, with girls being less likely than boys to 

perform poorly in reading (PR: 0.63 (0.53-0.74), p = 0.000), and writing (PR: 0.52 (0.43-

0.62), p = 0.000).  For performance in mathematics, boys fared slightly better than girls 

(PR: 1.04 (0.94-1.15) p = 0.502), however the association was not significant (Table 7). 

The second research question aimed to determine if dietary patterns of grade five 

students have a greater influence on non-verbal school subjects (mathematics) than verbal 

school subjects (reading and writing)? The null hypothesis predicted that dietary patterns 

of core and non-core foods would have a lesser influence on mathematics scores than 

reading and writing scores.  Given the results of the Poisson regression, this hypothesis 

cannot be rejected.  Even though the prevalence ratios are different for each subject, the 

95% confidence intervals overlap (Table 6 – 8).  Therefore there is no significant 

difference between dietary influences on verbal and non-verbal school subjects.  

3.3 LINEAR REGRESSION

Multiple linear regressions were conducted using a z-score for reading and 

mathematics.  The results found that an increase in core food intake was positively 

associated with reading scores ( = 0.48 (0.39-0.56) p = 0.000), and mathematics scores 

( = 0.26 (0.17-0.34) p = 0.000) (Table 9).  
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Table 9     Results of linear regression for the association between core food intake 
and academic difficulties while adjusting for confounding variables.

Outcome
Reading z-score

Coef.           95% CI               P
Mathematics z-score

Coef.             95% CI                P

Core Food Intake
First tertile (lowest) 0.00 0.00
Second tertile 0.28       (0.20–0.36)       <0.001 0.14       (0.07–0.22)       <0.001
Third tertile (highest) 0.48       (0.39–0.56)       <0.001 0.26       (0.17–0.34)       <0.001

Sex
Male 0.00 0.00
Female 0.25       (0.19–0.31)       <0.001 -0.05       (-0.11–0.01)       0.094

Parental Education
Secondary or less 0.00 0.00
College 0.17       (0.06–0.28)       0.002 0.16       (0.08–0.25)       <0.001
University 0.44       (0.33–0.55)       <0.001 0.44       (0.35–0.54)       <0.001

Parental income
<40,000 0.00 0.00
40,001 – 60,000 0.23       (0.11–0.34)      <0.001 0.25       (0.14–0.35)       <0.001
60,001 – 100,000 0.24       (0.12–0.36)      <0.001 0.25       (0.15–0.35)       <0.001
>100,000 0.44       (0.32–0.56)       <0.001 0.42       (0.31–0.53)      <0.001

Weight Status
Normal 0.00 0.00
Underweight 0.00       (-0.17–0.17)     0.966 -0.07       (-0.22–0.08)       0.347
Overweight -0.02       (-0.10–0.05)     0.537 -0.06       (-0.12–0.01)       0.106
Obese -0.08       (-0.19–0.03)     0.159 -0.09       (-0.19–0.01)       0.075

Physical Activity
First tertile (lowest) 0.00 0.00
Second tertile -0.02      (-0.10–0.07)      0.680    0.04       (-0.03–0.10)       0.290
Third tertile (highest) -0.25      (-0.34– -0.17) <0.001 -0.07       (-0.14–0.00)       0.051

 

An increase in non-core food intake was negatively associated with reading scores 

( = -0.21 (-0.29-0.14) p = <0.001), and mathematics scores ( = -0.08 (-0.16- -0.01) p =

0.023) (Table 10).  
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Table 10     Results of Linear Regression for the association between non-core food intake 
and academic difficulties while adjusting for confounding variables.

Outcome
Reading z-score

Coef.            95% CI               P
Mathematics z-score

Coef.            95% CI               P

Non-core Food Intake
First tertile (lowest) 0.00 0.00
Second tertile -0.20       (-0.28–0.12)     <0.001 -0.10       (-0.18–0.02)       0.013
Third tertile (highest) -0.21       (-0.29–0.14)     <0.001 -0.08       (-0.16– -0.01)     0.023

Sex
Male 0.00 0.00
Female 0.28       (0.22–0.35)      <0.001 -0.03       (-0.09–0.03)       0.303

Parental Education
Secondary or less 0.00 0.00
College 0.19      (0.09–0.30)       <0.001 0.17       (0.09–0.26)      <0.001
University 0.48       (0.37–0.59)      <0.001 0.47       (0.37–0.56)      <0.001

Parental income
<40,000 0.00 0.00
40,001 – 60,000 0.21        (0.10–0.33)      <0.001 0.24       (0.13–0.35)      <0.001
60,001 – 100,000 0.25        (0.12–0.37)      <0.001 0.25       (0.15–0.35)      <0.001
>100,000 0.46        (0.34–0.59)      <0.001 0.43       (0.32–0.54)      <0.001

Weight Status
Normal 0.00 0.00
Underweight -0.01       (-0.19–0.16)      0.868 -0.08       (-0.23–0.07)      0.300
Overweight -0.02       (-0.09–0.06)      0.687 -0.05       (-0.12–0.02)      0.155
Obese -0.06       (-0.17–0.05)      0.300 -0.08       (-0.18–0.02)      0.120

Physical Activity
First tertile (lowest) 0.00 0.00
Second tertile 0.06       (-0.07–0.09)   0.857    0.05       (0.02–0.12)     0.133
Third tertile (highest) -0.10       (-0.29– -0.12)    <0.001 -0.04       (-0.11–0.03)      0.289

When core and non-core food are mutually adjusted in one regression model, core 

food intake remains significantly associated with reading ( = 0.49 (0.39-0.56) p =

<0.001), and mathematics performance ( = 0.29 (0.20-0.39) p = <0.001) (Table 11).  

However, non-core food intake no longer remains significantly associated with reading 

and mathematical performance when core food intake is adjusted for (p > 0.05).  
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Table 11     Results of linear regression for the association between both core and non-
core food intake and academic difficulties while adjusting for confounding
variables.

Outcome
Reading z-score

Coef.           95% CI               P
Mathematics z-score

Coef.             95% CI                P

Core Food Intake
First tertile (lowest) 0.00 0.00
Second tertile 0.30       (0.20–0.36)       <0.001 0.17       (0.09–0.24)       <0.001
Third tertile (highest) 0.49       (0.39–0.56)       <0.001 0.29       (0.20–0.39)       <0.001

Non-core Food Intake
First tertile (lowest) 0.00 0.00
Second tertile -0.05      (-0.13–0.03)       0.249 -0.01      (-0.09–0.07)      0.852
Third tertile (highest) 0.05       (0.17–0.31)       0.274 0.07       (-0.01–0.15)     0.071

Sex
Male 0.00 0.00
Female 0.25       (0.19–0.31)       <0.001 -0.05      (-0.11–0.01)      0.085

Parental Education
Secondary or less 0.00 0.00
College 0.17       (0.06–0.28)      0.002 0.16       (0.07–0.25)       <0.001
University 0.44       (0.33–0.55)       <0.001 0.44       (0.35–0.54)       <0.001

Parental income
<40,000 0.00 0.00
40,001 – 60,000 0.23       (0.12–0.34)      <0.001 0.25        (0.15–0.36)       <0.001
60,001 – 100,000 0.24       (0.12–0.36)      <0.001 0.25        (0.15–0.35)      <0.001
>100,000 0.44       (0.32–0.56)      <0.001 0.42        (0.31–0.53)      <0.001

Weight Status
Normal 0.00 0.00
Underweight 0.00       (-0.17–0.17)      0.995 -0.07       (-0.22–0.08)     0.344
Overweight -0.02       (-0.10–0.05)    0.543 -0.05       (-0.12–0.01)    0.102
Obese -0.08       (-0.19–0.03)   0.141 -0.09       (-0.19–0.00)     0.058

Physical Activity
First tertile (lowest) 0.00 0.00
Second tertile -0.02      (-0.10–0.06)     0.678    0.04      (-0.03–0.10)     0.289    
Third tertile (highest) -0.26      (-0.34– -0.17)    <0.001 -0.07      (-0.14– -0.00)   <0.001

The results of the linear regression coincide with the results from the Poisson 

regression.  When non-core food intake is the main independent variable, there is a 

significant negative association with reading and mathematics scores, meaning children 

who consume higher amounts of non-core food are receiving lower scores on reading and 

mathematical tests.  However when core food intake is adjusted for, the negative 

association of non-core food is diminished and is no longer significant.  Therefore, as 
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with the mutually adjusted Poisson regression, the null hypothesis of the research 

question cannot be rejected.  The results of the mutually adjusted linear regression show 

that students consuming higher intakes of non-core food are not more likely to have 

lower reading and mathematics scores than students consuming low intakes of non-core 

food.  Once again, it is interesting to note that core food intake remains to have an 

independent association on reading and mathematics scores.  The core food results from 

the mutually adjusted linear regression model were relatively unchanged from the 

previous model that only included core food as a dietary factor.  This validates that core 

food intake has an influence on reading and mathematics scores, that is independent of 

non-core food intake. 

For the co-variates, as with the Poisson regression, girls performed better than 

boys in reading ( = 0.25 (0.19-0.31) p = <0.001), but not in mathematics ( = -0.05 (-

0.11-0.01) p = 0.085), however the association for mathematics was not significant 

(Table 11).  In the combined regression model, higher levels of parental education and 

parental income were associated with higher reading and mathematics scores (p < 0.005) 

(Table 11).  Once again, there was no association between weight status and reading and 

mathematics performance (p > 0.05) (Table 11).  For physical activity, there was a 

negative association with reading ( = -0.26 (-0.34- -0.17) p = <0.001), and mathematical 

scores ( = -0.07 (-0.14-0.00) p = <0.001) for those in the highest physical activity tertile 

(Table 11).   
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CHAPTER 4 DISCUSSION

4.1 INTRODUCTION

The purpose of this study was to examine the association between non-core food 

intake and academic performance.  Through the statistical technique of Poisson and

multiple linear regression analysis, an influence between non-core food intake and 

academic achievement was noted.  Academic performance is influenced by many 

different factors and in this study it was found that dietary intake, sex, and socioeconomic 

status had an influence on school performance among the participating students.

4.2 NON-CORE FOOD

Previous research has demonstrated an association between diet and academic 

performance (Florence et al., 2008; Overby et al., 2013); however few studies have 

looked at the link between consumption of low-quality, or non-core, foods and school 

achievement.   Of those studies (Florence et al., 2008; Overby et al., 2013), the findings 

suggest a negative relationship between poor nutrition and school performance.  The 

results in the current study suggest a similar trend.  An association was found between 

high consumption of non-core food and poor reading, writing, and mathematical 

performance.  Students who consumed the greatest amount of non-core foods were more 

likely to perform poorly on academic achievement tests than students who consumed low 

or medium amounts of non-core food.  This suggests that high intakes of non-core food 

can have unfavorable effects on learning outcomes in children.  It is important to note,

the association between non-core food and academic performance was diminished after 
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adjusting for core food intake, and is therefore not independent of core foods. A possible 

explanation for this finding is that the outcome of core versus non-core food is not 

sensitive enough to distinguish between high versus low quality diets. Florence et al. 

(2008) used the same instruments and analytic approach with the 2003 CLASS data, with 

the distinction of using DQI-I as the dietary outcome rather than core and non-core food.  

The DQI-I summarized scores that measured dietary variety, adequacy, moderation and 

overall balance.  Since the analysis from Florence et al. (2008) showed a significant 

association with poor dietary quality and this analysis did not, it possible to conclude that 

the DQI-I is a more comprehensive measure for detecting differences in dietary quality

than the classification of core and non-core food. 

Several theories as to why diets high in non-core foods lead to decreased school 

performance point to the adverse effects of increased fats, sugar, and food additives.  

There is evidence that consumption of certain fats can affect cognition.  Zhang, Hebert 

and Muldoon, (2005) used data from the Third National Health and Nutrition Survey and 

found that increased cholesterol consumption had a negative association with cognitive 

performance among children ages 6-16.  Several studies have suggested that foods high 

in sugar may contribute to hyperactivity and other behavioral problems (Feinstein et al.,

2008; Bellisle, 2004), while Bateman et al. (2004) found a similar association between 

artificial additives, such as food coloring, and hyperactivity in children.  Hyperactivity in 

the classroom may lead to decreases in attention and concentration which can have an 

impact on retention of information learned, and ultimately academic achievement.  

Saturated fats, sugar, and artificial additives are common components in non-core foods, 
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therefore their consumption may have an unfavorable effect on overall school 

performance.   

It has also been suggested that the dietary components of non-core foods may 

have an effect on brain development.  A study by Nyaradi et al. (2014) found that a 

higher intake of the ‘Western’ diet at age 14, characterized by high intakes of red and 

processed meats, as well as fried and refined foods, was associated with diminished 

cognitive performance at age 17.  These findings suggest that diet may play a crucial role 

in brain development and affect cognitive performance in later years.  Kanoski and 

Davidson (2011) linked refined sugars and saturated fats to the impaired functioning of 

the hippocampus, which is a brain structure involved in learning and memory.  Since the 

‘Western’ dietary pattern is strongly correlated with high intakes of total fat, saturated fat, 

and refined sugar (Nyaradi et al., 2014); it is possible that this diet may inhibit cognitive 

functioning.  Certain foods characterized by the ‘Western’ diet contain a high amount of 

saturated fat and Omega-6 fatty acids.  A balanced ratio (1:1) of Omega-3 to Omega-6

fatty acid is important for homeostasis and normal development.  Today, Western diets 

have a ratio of 1:20/25 (Simopoulos, 2011), therefore those consuming this diet are 

ingesting less Omega-3 and more Omega-6 fatty acids, and are estimated to be deficient 

in Omega-3 fatty acids (Simopoulus, 2011).

Studies have indicated that Omega-3 fatty acids are essential for the normal 

development of the brain, including memory formation (Niemoller, Stark, & Bazan, 

2009).  Omega-6 and Omega-3 fatty acids are not interconvertible; therefore Omega-3

must be supplied by direct dietary sources.  A recent study that examined the ratio 

between Omega-3 and Omega-6 fatty acids found that children with lower ratios between
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the fatty acids reported better cognitive functioning (Sheppard & Cheatham, 2013).  This 

research suggests that children should increase their consumption of foods that contain 

Omega-3 fatty acids, such as fish and seafood, so that the ratio between fatty acids is 

more balanced. 

The dietary trends from the current study demonstrate that the majority of 

children who are consuming high intakes of non-core food, are consuming low intakes of 

core food.  This is a cause for concern, because children who are consuming low levels of 

core food may not be meeting their nutrient requirements set by Canada’s Food Guide.

Core foods are nutrient-dense and provide the body with essential vitamins and minerals 

for proper development and functioning (Erickson, 2006). It has been hypothesized that 

nutrient deficiencies can lead to developmental delays and impairment, which in turn can 

lead to poorer learning outcomes (Yehuda, Rabinovitz, & Mostofsky, 2006).  Research 

interventions have been successful in addressing the negative influences of nutrient 

deficiencies by supplying children with multivitamin and mineral supplements 

(Schoenthaler et al., 1991).  However, improvements in intelligence was only seen in 

children who had preexisting vitamin and mineral deficiencies (Benton & Butts, 1990, 

Schoenthaler et al., 1991).  This suggests that adequate micronutrient consumption is 

important for achieving optimal cognitive development.  This could explain why the 

influence of non-core food intake on academic performance is no longer independent 

when core food consumption is considered.  
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4.3 CORE FOOD

 While the main focus of the study was to examine the association between non-

core food intake and academic performance, the analysis yielded a more prominent 

association with core food consumption.  A significant negative association was found 

between core food consumption and the prevalence of all measures of academic 

difficulties.  Therefore, children who consumed greater amounts of core food were 

significantly less likely to have reading, writing, and mathematical difficulties.  It is also 

interesting to note that the prevalence of academic difficulties decreased with each 

increasing core food tertile.  A similar association was found with reading and 

mathematics scores; children consuming greater intakes of core food had higher scores 

than children consuming low intakes of core food.  This suggests that the consumption of 

core foods has a positive influence on academic performance, and that this influence is 

enhanced with greater intakes.  Most remarkably, is the positive influence of core food 

intake on academic performance is independent of the dietary intake of non-core food.  

This gives rise to the notion that core food has a greater influence on academic 

achievement than non-core food.  These results coincide with other research studies that 

collectively point to a positive relationship between healthy eating and school 

performance of children (Taras & Potts-Datema, 2005).  Previous studies have noted that 

high intakes of fruits and vegetables were correlated with higher test scores and higher 

levels of school performance (MacLellan, Taylor, & Wood, 2008; Abudayya, Shit, Abed, 

& Holmboe-Ottesen, 2011).  

As previously mentioned, core foods provide the body with essential nutrients, 

including vitamins and minerals that are important for cognitive function.  Children who 
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consume higher intakes of core foods are therefore more likely to be meeting their 

nutrient requirements.  A study by Nyaradi et al. (2014) found an association between 

higher intakes of fruit and leafy green vegetables and better cognitive performance. This 

may be due to the increased micronutrient content from those foods, which have a 

positive influence on cognitive development.

The association between core food intake and academic performance could be 

confounded by socioeconomic status, as well as other factors such as gender, weight 

status and physical activity.  However, the association was still significant after adjusting 

for all variables, therefore these findings demonstrate the importance of including core 

foods in the diet of children.  

4.4 VERBAL AND NON-VERBAL SUBJECTS

It has been suggested that diet may have a stronger impact on non-verbal 

intelligence than verbal intelligence, due to the fact that non-verbal tests are reflective of

innate intellectual ability (Kaufman, 1994).  Nutrients provided from the diet are 

important for proper brain development and function, as previously mentioned.  Non-

verbal school subjects, such as mathematics, could be affected by the adequacy of the 

diet, and it was predicted that the non-verbal school subject of mathematics would be 

greater influenced by dietary intake.  However, the findings of this study indicated no 

significant difference between the influence of dietary patterns on verbal and non-verbal 

school subjects.  
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4.5 PHYSICAL ACTIVITY

In this study, there was no consistent trend found between physical activity and 

academic difficulties.  Children in the median tertile for physical activity had a lower 

prevalence of writing difficulties compared to those in the lowest and highest range of 

physical activity.  Whereas a negative association was observed between the highest 

tertile of physical activity and reading performance, meaning children partaking in the 

most physical activity were more likely to have reading difficulties.   A negative 

association was also seen between the highest tertile of physical activity and reading and 

mathematics scores.  These results were unexpected, as the literature suggests physical 

activity enhances academic performance in children. These results could be due to the 

limitation of the measurement, which did not assess the intensity levels of physical 

activity. A questionnaire that inquires about not only the frequency of physical activity, 

but the duration and intensity as well would be an improvement for future projects. 

The scores from the PAQ-C were determined by self-reported questions and is 

subject to response bias.  Therefore the PAQ-C may not accurately represent the physical 

activity habits of the children.  The PAQ-C scores also cannot be defined by levels of 

intensity, so differences in activity levels and fitness of the children cannot be 

determined.  Therefore, from this research, it cannot be deduced that certain activity 

levels affect academic performance.  A measure that accurately calculates the level of 

intensity would be needed to properly assess the role of physical activity and to determine

appropriate policy regulations targeted at helping children reach their optimal activity 

levels.
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Recent research suggests that different intensity levels of physical activity have 

different influences on cognitive and academic performance (Coe, Pivarnik, Womack, 

Reeves, & Erwin, 2006; Morales et al., 2011).  Vigorous physical activity has been 

shown to increase brain-derived neurotropic factor (BDNF), which supports the survival 

of many types of neurons (Yamada, Mizuno, & Nabeshima, 2002).  It is suggested that 

BDNF is linked to learning and memory (Yamada et al., 2002), and that a deprivation of 

BDNF may lead to learning impairment (Yamada et al., 2002).  From the studies that 

compared intensity levels, vigorous activity was shown as having the greatest positive 

association with academic performance (Coe et al., 2006; Kwak et al., 2009).  An 

intervention study by Coe et al. (2006) reported that the vigorous physical activity was 

the only intensity level associated with higher grades.  Therefore, it is hypothesized that 

there is a physical activity “threshold” level of intensity that is necessary to produce

beneficial cognitive effects and that vigorous activity meets that threshold (Coe at al., 

2006).  It is possible that the absence of a relationship between physical activity and 

academic performance in this study was due to the fact that no distinction between 

intensity levels could be made.  Future research examining the different intensity levels is 

needed in order to clarify the mechanisms between physical activity and academic 

performance, and to determine if there is an optimal level of physical activity to help 

improve school performance.  

4.6 WEIGHT STATUS

The findings of this study did not yield any significant associations between 

weight status and academic performance; however negative trends were demonstrated 
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between the weight classes.  Children who were underweight, overweight or obese had a 

slightly higher prevalence of reading, writing, and mathematical difficulties, while the 

linear regression, which used the continuous test scores, demonstrated a negative 

association between increased weight status and reading and mathematical test scores.  

Many studies have commented on the influence of weight status on cognitive 

performance.  A review by Taras and Potts-Detema (2005) showed that generally, 

overweight and obese children do not perform as well academically as their healthy 

counterparts.  However, since the association was not significant in any of the adjusted 

regression models a relationship between weight status and academic performance cannot 

be confirmed in this study. 

4.7 SEX

In terms of gender differences, this analysis found that boys were more likely to 

perform poorly in reading and writing, while girls were more likely to perform poorly in 

mathematics.  This supports previous research by Florence et al. (2008), which found that 

boys were twice as likely to fail their literacy assessments as girls (Florence et al., 2008).  

Research by Considine and Zappala (2002) and Abudayya et al. (2011) observed a 

similar relationship with males being more likely to perform poorly in terms of literacy 

than females.  

4.8 PARENTAL EDUCATION AND INCOME

Parental education and income are determinates of socioeconomic status; this has 

been consistently shown to play a role in student academic achievement (Patterson,
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Kupersmidt, & Vaden, 1990; Considine & Zappala, 2002, Abudayya et al., 2011).  

Children from families with a higher socioeconomic status are at a lower risk of 

nutritional deficiencies (Serra-Majem et al., 2002), and more likely to have healthier 

habits than their counterparts from lower socioeconomic groups (Mazur, Marquis, &

Jensen, 2003).  Those from disadvantaged socioeconomic backgrounds are more likely to 

perform poorly academically, resulting in lower levels of school attainment (Florence et 

al., 2008). 

The findings in this study are consistent with the literature; both parental 

education and parental income levels were strong predictors of academic performance.  A

negative association was found between parental education and income, and difficulties 

in reading, writing, and mathematics.  As socioeconomic status increased, the prevalence 

of academic difficulties decreased; with higher parental income being association with 

high tests scores in reading and mathematics. This association was significant across all 

adjusted models. Similar results have been found in other dietary studies, with Florence 

et al. (2008) noting a decreased odds of poor academic performance with increased 

parental income and educational attainment. 

4.9 STRENGTHS AND LIMITATIONS

The strengths of this study include the use of data from a large population survey 

with a high response rate, and the use of robust standard error to account for the 

clustering between schools.  This improves the strength and validity of the results.  The 

data for this study were collected at two time points: dietary patterns were assessed when 

the students were in grade five, and academic performance was measured when students 
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were in grade six.  This analysis could add a unique prospective association to a cross-

sectional study by demonstrating how dietary patterns can have an association on 

performance later in childhood.  This is also one of the few studies that have used the 

classification of core and non-core foods to describe dietary patterns.  This classification 

focuses on the whole diet rather than one or two food groups, such as fruits and 

vegetables.  Characterizing intakes this way is useful in policy and health promotion as it 

provides a simple index of diet quality. However, more sensitive measures of dietary 

quality should be used in research analysis in order to detect associations that may be 

missed by the simplification of core versus non-core food classification. 

There are, however, a few limitations and possible improvements for moving 

forward with future research.  First, cross-sectional data were used which does not 

provide a definitive causal relationship between the dietary patterns assessed and the 

academic outcomes.  However, data was taken from two time points in this study. This

offers a prospective association between dietary patterns and academic performance, 

which has rarely been researched by previous studies.  To further validate our findings, 

research with longitudinal cohorts would be needed to strengthen the association that 

dietary intake has on student performance. 

Second, the dietary data was collected by self-administered FFQ, which are

subject to recall error as it relies on the participant’s memory.   The questionnaire was the 

only dietary assessment method used for the participants, however, the YAQ has been 

previously validated in other research as a suitable dietary tool for this age group 

(Rockett et al., 1997).  
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Third, academic performance was measured by standardized test results, which 

can be both a strength and a limitation.  Standardized tests limit bias by either using

teacher grades or self-reported assessments.  It is important to note that they can be 

unreliable for those students who suffer from test anxiety.  Incorporating more than one 

measurement of academic performance would minimize this limitation.  

Finally, the measure of physical activity was self-reported and analyzed as a 

continuous score, and could not be quantified into levels of physical activity intensity.  

Assessing physical activity objectively is necessary in order to accurately determine the 

relationship between physical activity and student performance.  Therefore, future studies 

should use a quantitative measurement that is accurate and can be easily interpreted into 

intensity categories.  This kind of measure would provide valuable data on the effect size 

or physical activity in relation to academic scores, and could be translated into physical 

activity guidelines among schools. The most effective measure in this instance would be 

the use of accelerometers; however, their use on large scale studies is costly.   

4.10 CONCLUSIONS

From this research, non-core food consumption was shown to be negatively 

associated with reading, writing, and mathematical performance, but only when the 

consumption of core food was not accounted for.  In contrast, core food consumption was 

positively associated with all measures of academic performance; this association was 

independent of non-core food consumption.  These findings suggest that consumption of 

core food has a greater influence on academic performance than consumption of non-core 

food.  This is demonstrated by an independent association between core and non-core 
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foods, meaning that children who consume high amounts of non-core foods could still 

perform well if they also consume high amounts of core foods.  This outcome highlights 

the importance of micronutrients, which are supplied in the diet by core foods.  

Micronutrients play a role in cognitive abilities, and since cognitive abilities play a role 

academic performance, school nutrition programs should focus on the inclusion of core 

foods containing these micronutrients in order to positively influence their students’

performance.  A simple approach to ensure micronutrients are being included in school 

nutrition programs is to build a policy around core foods.  It is easier to translate and 

understand dietary advice by focusing on whole foods rather than single nutrients.  Core 

food consumption can be used as a proxy for dietary quality.  A diet low in core foods 

would indicate a poor dietary quality, and a diet high in core foods would indicate a high 

dietary quality, where nutrient intakes are likely to be met.  Focusing on the inclusion of 

core food in school settings can offer a simple guideline for healthy eating.  The 

classification of food as core and non-core is easy to understand and is a term that can be 

easily adopted from policy makers to students. 

School performance is confounded by many factors; however, the association 

between dietary patterns remained significant after many of these confounding variables 

were controlled for. It is important to encourage the intake of a varied diet that includes 

numerous core foods in order for children to meet Canada’s Food Guide’s recommended 

number of servings from each food group.  Children spend the majority of their time at 

school and they learn many valuable life skills in the classroom, therefore schools offer 

an ideal setting to promote health programs that educate students on the importance of 

healthy eating and provide opportunities to be physical active.  This is in line with the 
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recommendations from the 2014 Nova Scotia Education Review; it suggests schools 

should create opportunities for students to receive life-skills training, which include 

fitness and nutrition. However, the inclusion of fitness and nutrition in Nova Scotia’s

schools is only mentioned in a small part of the comprehensive education review

(Minister’s Panel on Education, 2014).

The findings of this study provides evidence of the importance of core foods, and

future investment in school nutrition programs should become a priority for school 

boards in order to aid in student success.  An implementation of a school nutrition policy

that focuses on the inclusion of core foods in schools and cafeterias should be considered.  

For example, if chicken or fish were offered in the cafeteria it should be served skinless,

or lightly battered, with vegetables as a side dish instead of French fries.  School

programs should focus on the availability of core foods as children cannot eat foods that 

are not available to them.  

Nutrition curriculum in schools should also be enhanced to provide students with 

basic food knowledge.  Learning about differences in food quality can lead to more 

informed decisions when children are faced with making their own food choices.  A 

simple way to accomplish this would be to incorporate traffic-light food labelling into the 

school setting.  Traffic-light labelling uses red, yellow, and green signals to demonstrate 

whether a food product is high, medium, or low in fat, saturated fats, sugar and salt 

(Miller et al., 2015).  These labels would help provide children with clear and simple 

guidelines to follow.  For instance, foods with ‘green’ labels would be preferred over 

those with ‘red’ labels, and should be chosen most often, whereas foods with ‘red’ labels 

should be chosen least often.  Traffic-light food labelling has already been successful in 
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Western Australia by reducing the purchase of ‘red’ items and increasing the purchase of 

‘green’ items from school canteens (Miller, Pollard, Meng, Neeson, & Devine, 2015).  

Easy to understand labeling systems should be considered for school food policies to 

create changes in food consumption and improve diets among children here in Nova 

Scotia.

Regardless of the lack of association found in this study between physical activity 

and academic performance, policies and initiatives that encourage students to be 

physically active should be a focus for school boards and governments. There is 

substantial evidence in the literature to suggest that physical activity can help improve 

academic performance, and there does not appear to be any adverse impacts from 

increasing time dedicated to physical education. Therefore schools should be focusing on 

ways to increase the amount of time students spend in physical education classes and 

increasing the amount of time students engage in moderate to vigorous physical activity 

during those sessions.  Physical activity can also be encouraged in the classroom 

environments by incorporating activity breaks between academic lessons.  An example of 

an in-class activity is the ‘Sparks Fly’ initiative that has supplied schools in the Halifax 

region with stationary bikes.  The bikes are placed in the classrooms and are available for 

students to use when they start to lose focus, or get antsy and have trouble sitting still.

These short bouts of activity can help students relieve stress and improve classroom 

behavior.  In addition, after school programs and organizations can incorporate physical 

activities into their events so that students have the opportunity to be active throughout 

the day. 
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Governments and municipalities need to be committed in promoting healthier 

schools and lifestyles for children.  This can be achieved by implementing more 

innovative strategies that focus on the health and well-being of students.  Future school 

nutrition programs should be tailored to focus on the positive health benefits of core 

foods and their inclusion in the diet.  Nutrition plays a valuable role in overall health and

it is essential for schools to continue to invest in health-conscious nutrition plans and 

provide curricula to educate students and parents on the importance of food choices.  An 

extensive amount of research supports the idea that healthy bodies lead to healthy minds.  

To reiterate, health promotion programs that encourage healthy eating and physical 

activity may help children achieve their academic potential and encourage health-

conscious behaviors to continue throughout their life.
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APPENDIX A Dietary Intake Analysis 

Table 12 Quantitative amounts for YAQ responses.

Response Frequency/day

Never/less than 1 per month 0.02

Once per month 0.03

1-3 times per month 0.07

2-3 times per month 0.08

1 time per week or less 0.14

1 time per week 0.14

Once per week or more 0.2

2 or more per week 0.3

1-4 per week 0.35

2-4 times per week 0.43

2-6 times per week 0.61

5 or more times per week 0.71

5-7 times per week 0.85

1 time per day 1

1-2 times per day 1.5

2 or more times per day 2

2-3 times per day 2.5

2-4 times per day 3

3 or more times per day 3

4+ times per day 4

5 or more per day 5
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Table 13 List of numbered YAQ questions divided by core and non-core food.

Core Food Variable List Non-core Food Variable List

Q. 23 Q. 16
Q. 24 Q. 17
Q. 25 Q. 18
Q. 27 Q. 19
Q. 28 Q. 26
Q. 29 Q. 32
Q. 30 Q. 33
Q. 43 Q. 36
Q. 44 Q. 37
Q. 45 Q. 38
Q. 47 Q. 41
Q. 48 Q. 42
Q. 50 Q. 46
Q. 51 Q. 49
Q. 52 Q. 62
Q. 53 Q. 63
Q. 54 Q. 64
Q. 55 Q. 67
Q. 56 Q. 68
Q. 57 Q. 69
Q. 58 Q. 70 
Q. 59 Q. 86
Q. 60 Q. 121
Q. 61 Q. 122 
Q. 65 Q. 123
Q. 66 Q. 124
Q. 73 Q. 125
Q. 74 Q. 126
Q. 75 Q. 127
Q. 76 Q. 128
Q. 77 Q. 129
Q. 79 Q. 130
Q. 80 Q. 131
Q. 81 Q. 132
Q. 82 Q. 133
Q. 83 Q. 134
Q. 84 Q. 135
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Core Food Variable List Non-core Food Variable List

Q. 85 Q. 136
Q. 86 Q. 137
Q. 87 Q. 138
Q. 88 Q. 139
Q. 89 Q. 140
Q.  90 Q. 141
Q. 91 Q. 142
Q. 92 Q. 143
Q. 93 Q. 144
Q. 94 Q. 145
Q. 95 Q. 146
Q. 96
Q. 97
Q. 99
Q. 100
Q. 101
Q. 102
Q. 103
Q. 104
Q. 105
Q. 106
Q. 107
Q. 108
Q. 109
Q. 110
Q. 111
Q. 112
Q. 113
Q. 114
Q. 115
Q. 116
Q. 117
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APPENDIX B Harvard Youth/Adolescent Questionnaire
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APPENDIX C Student Survey 
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