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ABSTRACT

With children consuming between 19 and 50% o f  their total dietary calories at 

school and the rise in childhood obesity, there is an increased recognition that schools can 

have a significant impact on the nutritional quality o f food that children consume at 

school and reduce childhood obesity. In 2006, all school boards in Prince Edward Island 

(PEI) adopted school nutrition policies (SNP) for elementary schools. There has been 

limited evaluation o f  SNP in Canada, and none have evaluated the potential impact on the 

quality o f children’s lunches. This study 1) assessed changes in the nutritional quality o f  

children’s school lunches from early policy implementation (2007) to four years after 

policy implementation (2010) among Grade 5 and Grade 6 students and 2) assessed the 

relationship between the school nutrition policy adherence and length o f implementation 

on the dietary quality o f children’s lunchtime food intakes.

Lunchtime intakes o f PEI Grade 5/6 students were collected using a cross- 

sectional in-class survey in 2007 (n=1980) and in 2010 (n=1642). This data was used to 

assess changes in lunchtime nutrient intakes from 2007 to  2010. General linear modeling 

analysis was used to examine the association between the level o f  SNP policy adherence 

and length o f implementation on the dietary quality o f  lunchtime nutrient intakes, 

including school lunch participation, sex, grade, parental education/income, and school 

location as covariates.

The median nutrient density o f  fat, calcium, magnesium, zinc, niacin, thiamin, 

and vitamin A content o f the student lunchtime intakes increased in 2010 when compared
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to 2007. Conversely several median nutrient density intakes decreased in 2010, including 

vitamin C, potassium and folate. Length o f implementation and “moderate” to “good” 

(26-75%) adherence to the SNP was found to be positively associated with several 

nutrients (carbohydrates, potassium, sodium, magnesium, fiber, niacin, vitamin B6, 

riboflavin, calcium, vitamin D, vitamin B12, iron and folate). Students attending schools 

who followed the SNP more closely were less likely to purchase lunch at school, 

suggesting that it is important to consider student acceptability o f  foods offered.

This study provides evidence that school nutrition policies can have a modest but 

positive impact on the overall dietary quality o f  elementary school children. Further 

research is needed to examine the role o f the stringency o f  the school nutrition policies on 

student level outcome and the role o f parents in providing healthy lunches.
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C hap ter O ne: In troduction

The extent to which children’s dietary intakes contribute to childhood obesity is 

currently a major area o f  interest for researchers, health professionals and policy makers 

(National Center for Chronic Disease Prevention and Health Promotion, 2011). This 

interest has intensified with the alarming increase in childhood obesity rates over the past 

several decades. According to Statistics Canada, childhood overweight/obesity rates in 

1978/1979 were 15% for 2 to 17 year olds, which increased to 26% for the same group in 

2004 (Statistics Canada, 2008). This is a concern, since recent studies have shown that 

there is an association with being overweight or obese as children and an increased risk 

o f  hypertension, type 2 diabetes, cardiovascular disease, dyslipidemia and obesity as 

adults (Dehgan, Akhtar-Danesh, & Merchant, 2005; Institute o f Medicine, 2005; 

Veugelers & Fitzgerald, 2005; Fox & Trautman, 2009; Woodruff, Hanning, & 

McGoldrick, 2010).

Since children consume between 19 and 50% o f their total dietary calories at 

school (Gleason & Suitor, 2001), there is increased recognition that this environment can 

have a significant impact on the nutritional quality o f  food that children eat and on 

childhood obesity rates (Gleason & Suitor, 2001; Vereecken, Bobelign, & Maes, 2005; 

Cullen, Watson, & Zakeri, 2008; Foster, et al., 2008; World Health Organization, 2008; 

Cullen, Watson, & Fithian, 2009; Bevans, Sanchez, Teneralli, & Forrest, 2011; National 

Center for Chronic Disease Prevention and Health Promotion, 2011). In fact, many 

individuals are looking to  the school food environment to help improve the quality o f 

children’s diets, and school nutrition policies (SNP) have been shown to help improve the 

quality o f food available in the school food environment (Gleason & Suitor, 2001;
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Wojcicki & Heyman, 2006; Day, Strange, McKay, & Naylor, 2008; Cullen, W atson, & 

Zakeri, 2008; Briefel, Crepinsek, Cabili, W ilson, & Gleason, 2009; Crepinsek, Gordon, 

McKinney, Condon, & Wilson, 2009; Cullen, W atson, & Fithian, 2009; Story, 2009; 

Wordell, Daratha, Mandal, Bindler, & Nicholson Butkus, 2012). SNPs are designed to 

help promote a healthy school environment by restricting the availability o f  low-nutrient, 

energy-dense foods including French fries, sweetened beverages and high fat snacks 

(Mendoza, Watson, & Cullen, 2010).

There is mounting evidence o f a strong connection between the nature o f  foods 

available from school and student dietary quality (Briefel, Crepinsek, Cabili, W ilson, & 

Gleason, 2009; Cullen & Watson, 2009; Cullen, W atson, & Fithian, 2009; Caiger, 2010). 

Only one study o f grade five students in Nova Scotia, Canada has assessed the 

association between children’s food intake and school health policies and programs 

(Veugelers, Fitzgerald, & Johnston, 2005). Results indicated that 50% o f children did not 

meet the recommended servings o f Vegetables and Fruit, 42% did not meet the 

recommended servings o f Milk and Milk Products and 74% of children did not m eet the 

recommended servings o f Meat and Alternatives from Canada’s Food Guide (Veugelers, 

Fitzgerald, & Johnston, 2005). This study also found that when children purchased their 

food at school, the risk o f a poor quality diet increased as defined by the Diet Quality 

Index International (DQI-I). Even though this research did not assess, directly, the 

impact o f SNPs on the quality o f children’s diet or children’s lunchtime intakes, it 

provides insight into the role o f health promoting policies and programs in improving 

school children’s dietary intakes.
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Few studies have focused on the impact o f policies on foods and beverages 

consumed at lunch-time at school (Cullen, Watson, & Zakeri, 2008; Tucker, 2010;

Caiger, 2010), which is the meal most likely to be impacted by SNPs and constitutes a 

significant proportion o f children’s total dietary intake. One American study found that 

after implementation o f The Texas School Nutrition Policy, an unfunded mandate to 

promote a healthy school environment for Texas students, children’s consumption o f  

vegetables, milk, protein, fiber, Vitamin A and C, and calcium increased (Cullen,

Watson, & Zakeri, 2008). The same study also found that the consumption o f  sweetened 

beverages and chips decreased significantly with policy implementation along with the 

percentage o f energy from fat. The authors concluded that state school nutrition policies 

can improve the nutritional quality o f  lunch time foods consumed by students. The 

School Nutrition and Activity Project (SNAP) study is the only one in Canada to have 

assessed the impact o f  SNPs on the quality o f  students’ intakes (Caiger, 2010). A 

lunchtime survey o f all Grade 5 and 6 children in Prince Edward Island (PEI) in 2007 

found that the overall quality o f lunches provided from school and from home was poor. 

A significant proportion o f the foods consumed by the students in this study was provided 

from home, and were generally o f  poorer nutritional quality (lower in essential vitamins 

and minerals) than foods purchased at school. Foods purchased at school were higher in 

10 important micronutrients (calcium, magnesium, potassium, zinc, vitamin A, vitamin 

D, riboflavin, niacin, vitamin B6 and vitamin B12) compared to packed lunch foods from 

home (Caiger, 2010).

Without a nationwide school nutrition policy, many provinces and territories in 

Canada have begun implementing their own versions o f  SNPs. In 2006, all school boards
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in PEI adopted virtually identical district-level policies that addressed issues such as the 

quality o f  food available in the school environment, student access to food, food used in 

fundraising initiatives, food safety, and nutrition education (Western School Board o f  

P.E.I, 2010; Eastern School District, 2010). Although these were adopted at the district 

level, they will be referred to the ‘PEI School Nutrition Policy (SNP) in this thesis. This 

implementation o f SNPs in PEI schools provides the opportunity to  assess the 

effectiveness o f such policies on children’s dietary intakes over time, which is important 

since there is evidence that SNP implementation is a dynamic rather than linear process 

(Taylor, McKenna & Butler, 2010). The overall aim o f this research is to assess how the 

PEI SNP affects the dietary quality (adequacy/density) o f  food being consumed in the 

school environment over a three-year period o f policy implementation.

Research Objectives and Hypothesis:

Specific Objectives are:

1. To assess changes in dietary quality (adequacy/density) o f children’s 

lunchtime nutrient intakes from 2007 (early policy implementation) to 2010 

(four years after implementation).

2. To assess the relationship between the school nutrition policy adherence and 

length o f  implementation and dietary quality o f children’s lunchtime food 

intakes.
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Hypotheses:

1. Children in 2010 will have higher intakes o f  micronutrients and fiber and 

lower intakes o f sodium, fat and sugar when compared to children in 2007.

2. Children attending schools that are adhering more closely and have been 

implementing the policy for a longer time period will have higher intakes o f 

micronutrients and lower consumption o f sugar, fat and sodium than children 

attending schools that are following the policy less closely and implementing 

the policy for short period o f  time.

By answering these questions, this research will help contribute to  the knowledge base 

about how children’s lunchtime nutrient intakes are affected over time by the introduction 

o f  SNPs.
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2.0 Chapter Two: Literature Review

2.1 Childhood Obesity

The statistics concerning childhood obesity rates are staggering. In 2001-02 Canada 

ranked 5th our o f  34 countries for overweight and obesity rates in children (Janssen, et al., 2005). 

More recently, it was estimated that world-wide over 42 million children under the age o f  5 were 

overweight (Candeias, Armstrong, & Xuereb, 2010). According to Statistics Canada, 15% o f  2 

to 17 year old children were overweight or obese in 1978/1979; this increased to 26% for the 

same group in 2004 with obesity rates tripling (Statistics Canada, 2008). This is a concern since 

recent studies have shown that there is an association with being overweight or obese as children 

and an increased risk o f hypertension, type 2 diabetes, cardiovascular disease, abnormal glucose 

tolerance, dyslipidemia and obesity as adults (Dehgan, Akhtar-Danesh, & Merchant, 2005; 

Institute o f Medicine, 2005; Veugelers, Fitzgerald, & Johnston, 2005; Galloway, 2007; Fox & 

Trautman, 2009; Woodruff, Hanning, & McGoldrick, 2010). It is estimated that about 70% o f  

obese adolescents grow up to become obese adults (Nicklas, Baronowski, Cullen, & Berenson, 

2001; Dehgan, Akhtar-Danesh, & M erchant, 2005). Excess body weight has also been shown to 

have a negative impact on self-esteem in children, poor body image and psychological stress 

(Puhl & Heuer, 2009). Overweight or obese children/adolescents are often excluded from peer 

groups and face discrimination by adults (Puhl & Heuer, 2009)

The energy imbalance between calories consumed and calories expended is thought to be 

the fundamental cause o f overweight and obesity (World Health Organization, 2008). Poor 

nutrition due to overconsumption o f nutrient poor, energy dense foods, including soft drinks, 

potato chips and candy, and insufficient physical activity are thought to be major contributors to 

energy imbalance and childhood obesity (Veugelers, Fitzgerald, & Johnston, 2005; Veugelers &
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Fitzgerald, 2005; Candeias, Armstrong, & Xuereb, 2010; National Center for Chronic Disease 

Prevention and Health Promotion, 2011). Unfortunately, children’s exposure to high-fat, high- 

sugar, high-salt, energy-dense, micronutrient-poor foods has increased tremendously because o f 

the low cost and high availability o f  these products (Turner & Chaloupka, 2012).

2.2 Children’s Dietary Intake

Diets o f children and adolescents in Canada have changed dramatically over the last 

several decades. Many children have poor quality diets because they are eating too much fat, 

saturated fat, sodium and not enough fruits and vegetables or milk (Evers, Taylor, Manske, & 

Midgett, 2001; Hanning, Woodruff, Lambraki, & Jessup, 2007; Veugelers, Fitzgerald, & 

Johnston, 2005) leading to low intakes o f calcium and vitamin D. With childhood overweight 

and obesity rates skyrocketing across the country, changing children’s food intakes has become a 

major focus as a way to address this issue. Healthy eating patterns during childhood and 

adolescence have been shown to promote optimal childhood growth, health and intellectual 

development (World Health Organization, 2008). While the energy intake o f  children has, 

remained almost constant over time, children are consuming diets which have a smaller 

percentage o f energy from fat, and a larger amount o f energy from carbohydrates and protein 

(Nicklas, Baronowski, Cullen, & Berenson, 2001). A dramatic change in where the percentage 

o f calories is coming from has occurred: since 1973, the percentage o f total fat consumption 

from fats/oil, pork, eggs, milks and desserts has decreased, whereas the percentage o f  energy 

from total fat consumption from poulhy, cheese, and snacks has increased (Nicklas, Baronowski, 

Cullen, & Berenson, 2001). ‘Other’ foods have also changed considerably, including the largest 

increase in consumption o f soft drinks and carbonated ju ice drinks, and an associated decrease in 

milk consumption (Nicklas, Baronowski, Cullen, & Berenson, 2001). This change in eating
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patterns may help to partially explain the increase in childhood obesity and overweight. Such 

unhealthy eating practices can also contribute to chronic disease are established early in life, so it 

is important that researchers, health professionals and policy makers address the problem o f  

children’s diet quality (National Center for Chronic Disease Prevention and Health Promotion, 

2011).

Results o f  a comprehensive nutrition survey that was conducted in a large sample o f  

Grade 5 Nova Scotia children in 2003 (Veugelers, Fitzgerald, & Johnston, 2005) indicated that 

children have poor quality diets: a significant number o f  children did not meet Canada’s Food 

Guide recommendations for ‘M ilk Products’ (42%), ‘Vegetables and Fruit’ (50%), ‘Grain 

Products’ (54%), and ‘M eat and Alternatives’ (74%). The same study also showed that many 

children had low intakes o f dietary fiber and calcium along with high intakes o f  sodium and 

dietary fat. Similarly, a web based survey o f  Ontario grades 2 - 4  children found that 76% were 

not consuming the recommended servings for Vegetables and Fruit and 57 and 58% were not 

consuming sufficient servings o f  Milk Products and Grain Products, respectively (M offat & 

Galloway, 2008). The same study also found that, on average, children were consuming 6 

servings o f  ‘other foods’, which included fatty and sweetened foods and beverages. Children in 

PEI have been shown to have lower intakes o f  Vegetables and Fruit and higher intakes o f low 

nutrient density foods, including soft drinks and candy, compared to children in Ontario (Evers, 

Taylor, Manske, & Midgett, 2001). All three o f  these studies indicate that there are both 

inadequacies and excesses in Canadian children’s eating habits. There is consensus among 

researchers, health professionals and policy makers that schools can play an important role in 

enabling children to adopt healthy eating habits during childhood and adolescence while 

reducing overweight and obesity rates through school nutrition policies (Taylor, McKenna, &

\
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Butler, 2010). This is discussed in section 2.4 below. However, in order to assess the possible 

role o f school nutrition policies and children’s dietary intakes, it is important to consider the 

issue involved in conducting valid dietary assessments in children. An overview o f  these issues 

follow.

2.3 D ietary Assessments in C hildren

Dietary assessment in children is a challenging task since it is generally thought that 

children under the age o f  12 have more difficulty than older children and youth with estimating 

portion sizes. There is evidence that, after the age of about 7-8 years, children have been found 

to have a rapid increase in their ability to participate in unassisted food recalls as long as the food 

recalled has been eaten in the immediate past, and no longer than the previous 24 hours 

(Livingstone, Robson, & Wallace, 2007).

There are many methods that can be used for dietary assessment with no single method 

being universally accepted for all purposes (Simko, Cowell, & Gilbride, 1995). Three 

commonly used methods are 24-hour recalls, food frequency questionnaires (FFQ) and food 

records. M any factors affect the choice o f  method used including the proposed use o f  the data, 

the abilities and commitment o f the subjects, and the resources available for data collection and 

analysis (Simko, Cowell, & Gilbride, 1995).

A 24-hour recall can be obtained through an interview or self-administered questionnaire 

that asks the participant to recall all food eaten in the past 24 hours using standard household 

measurements or shapes and dimensions: this approach provides a  snapshot o f  a person’s eating 

habits (Simko, Cowell, & Gilbride, 1995; Rockett & Colditz, 1997). The strengths o f  the 24- 

hour recall include the short time needed (15-20 minutes) to complete, the ability to obtain
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detailed information on the specific foods consumed (e.g. brand, cooking method), as well as 

information such as time and place and food availability (Simko, Cowell, & Gilbride, 1995; 

Rockett & Colditz, 1997). Some challenges with this method include the need for trained 

individuals to administer the recall and the need for the respondent to remember specific details 

concerning foods consumed, and the amount o f  food consumed (Simko, Cowell, & Gilbride, 

1995; Rockett & Colditz, 1997). The FFQ helps to estimate children’s usual eating habits and 

intake over a period o f  time, which is usually longer than 24 hours. They can be self

administered and machine readable, which can reduce tim e and costs involved in administration 

o f the test (Rockett & Colditz, 1997).

Food records are detailed diaries o f  one to multiple days’ food intake and include both 

the type or amount o f  a food and beverage consumed (Rockett & Colditz, 1997); weighed food 

records are considered to be the gold standard. Food records need to be kept for several 

nonconsecutive days in order to provide an estimate o f the usual intake o f  the individual (Beaton, 

Burema, & Ritenbaugh, 1997). Staff, the subjects themselves or surrogates can keep them 

(Simko, Cowell, & Gilbride, 1995). However, it is seldom feasible to collect multiple days o f 

food intake data in school settings (Evers, Taylor, Manske, & Midgett, 2001).

A modification o f this method has been developed to assess food intake at a single meal. 

Cullen and colleagues (2006) used this “lunch food record” to assess changes in student lunch 

consumption in middle schools associated with the school food policy in Texas. This method 

involves students listing each food or beverage and the amount consumed on a separate line.

The source o f each food item is also recorded. Depending on when the food intake data is 

collected, children may record what they ate for lunch on the same day it was consumed, or 

recall what they ate on the previous day. Foster and colleagues (2008) found that there was no
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significant association between children’s ability to estimate food portion size with the tim ing o f 

interview; children were as accurate in their estimates o f  portion size 24 hours after consuming 

the food as when the food was in view.

Although assessing childrens’ diets can be challenging, both dietary recalls and food 

records can provide valid estimates o f food and nutrient intakes o f  children over eight years o f 

age, provided that standardized assessment methods and trained research assistants are used.

2.4 School N utrition  Policies

About one in four (26%) Canadian children ages 2-17 years are now considered to be 

overweight or obese (Statistics Canada, 2008). W ith so many children being overweight or 

obese, achieving healthy eating behaviours has become a primary issue for school aged children 

(Briggs, Fleischhacker, & Mueller, 2010). Children can consume between 19 and 50% o f  their 

total daily calories at school (Gleason & Suitor, 2001), which provides schools with an 

opportunity to influence significantly the quality o f  food that children eat (Gleason & Suitor, 

2001; Cullen, Watson, & Zakeri, 2008; Cullen, Watson, & Fithian, 2009; Story, 2009; Frieden, 

Dietz, & Collins, 2010; Bevans, Sanchez, Teneralli, & Forrest, 2011). School nutrition policies 

(SNP) have, therefore, been identified as a key strategy to promote a healthy school food 

environment by restricting availability o f  low-nutrient, energy-dense foods including French 

fries, sweetened beverages and high fat snacks (Mendoza, Watson, & Cullen, 2010) and 

increasing the availability o f  healthy foods including fruits and vegetables and whole grains 

(McKenna, 2010). SNPs have been shown to help improve the quality o f food available in the 

school food environment (Briefel, Crepinsek, Cabili, Wilson, & Gleason, 2009; Cullen, Watson,
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& Fithian, 2009; Mendoza, Watson, & Cullen, 2010). This in turn can have a beneficial effect 

on the quality o f children’s food and nutrient intakes (Gleason & Suitor, 2001; W ojcicki & 

Heyman, 2006; Cullen, Watson, & Zakeri, 2008; Crepinsek, Gordon, M cKinney, Condon, & 

Wilson, 2009; Story, 2009).

Researchers from southeast Texas collected three years o f  lunch food records from 

middle school students and found that after implementation of the nutrition policy, the students’ 

consumption o f  vegetables, milk, protein, fiber, Vitamin A, C, calcium and sodium increased and 

the consumption o f  sugar sweetened beverages, snacks and chips decreased along with the 

percentage o f energy from fat (Cullen, Watson, & Zakeri, 2008). The same study also reported 

that middle school students with access to snack bars and a la carte food consumed more 

sweetened beverages and French fries and fewer fruits and vegetables compared with elementary 

school students without snack bars.

With the lack o f a national SNP in Canada, the majority o f  Canadian provinces 

have adopted nutrition policies over the past decade. Although such policies are now 

common across the country, to date, few evaluations o f  nutrition policies in Canada have 

been conducted (Veugelers & Fitzgerald, 2005; Mullaly, et al., 2010). There is evidence 

that SNP implementation is a dynamic rather than linear process in that schools may 

make initial policy based food changes but may revert back to previous practices due to 

student feedback, cost or lack o f availability o f  allowed foods by the policy (Taylor, et 

al., 2011; Taylor, McKenna, & Butler, Monitoring and evaluating school nutrition and 

physical activity policies, 2010). Since we know little about changes in SNP 

implementation over time, it is important to assess this as well as any possible impacts on 

children’s food intakes (Taylor, et al., 2011).
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In 2006, elementary and consolidated schools across PEI adopted SNPs that 

addressed such issues as the quality o f food available in the school environment, student 

access to food, food used in school fundraising initiatives, food safety and nutrition 

education (Mullaly, et al., 2010; Western School Board o f  P.E.1,2010; Taylor, et al., 

2012). All schools on PEI offer a school lunch program to some degree; however, the 

frequency with which these programs are offered varied (Caiger, 2010), depending on 

resources and facilities. Caiger and colleagues found that approximately one quarter o f  

the schools served a school lunch daily and one third o f  the schools served lunches three 

or four times a week. This policy, which was in place in all elementary and consolidated 

schools in 2007, specified the frequency that food types were allowed using descriptions 

(e.g. low fat) rather than specific criteria. “M ost often” foods (allowed daily) included 

nutrient-dense food identified in Canada’s Food Guide, which were also low in fat and 

sugar. “Sometimes” foods (allowed 2-3 times per week) contained essential nutrients but 

were higher in fat and sugar. Foods in the “least often” category (allowed 1-2 times per 

month) were low in nutrients and high in sugar, fat and/or sodium. An individual food 

was considered “allowed” if  it was included in the “most often” category, or if  it was 

included in the “sometimes” or “ least often” categories and the sum of the frequency o f 

all foods offered in these categories did not exceed the maximum frequency permitted on 

a weekly or monthly basis. School adherence to the SNP was assessed by comparing the 

specific foods offered in the school lunch program to those allowed by the SNP 

regulations, which included food lists specifying food types and frequency o f  

consumption (Taylor, et al., 2011).
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In 2008, one o f the two English school boards adopted a more stringent SNP with 

nutrient criteria for allowed foods (Appendix E), which included specific nutrient criteria 

for foods. For example, a food in the “m ost often” category had to have a maximum 5g 

o f  total fat per serving for foods in the groups Vegetables and Fruit, Grain Products and 

Milk and Alternatives, a maximum of lOg o f  total fat for combination foods and meat and 

alternatives (exception: peanut/nut butter, unsalted/unsweetened nuts and seeds (not 

roasted in oil). It is thus important in any SNP evaluation to monitor and consider any 

changes in SNPs over time.

2.5 Source o f  Food (H om e vs. School)

There have been a few studies that assess the nutritional quality o f  lunch from 

different sources (home vs. school); results are conflicting with some studies finding that 

lunches from home are healthier and others reporting that school lunches were healthier 

(Rainville, 2001; Rees, Richards, & Gregory, 2008; Hastert & Babey, 2009; Johnson, 

Bednar, Kwon, & Gustof, 2009; Caiger, 2010; Evans, Cleghom, Greenwood, & Cade, 

2010; Hur, Burgess-Champoux, & Reicks, 2011). A lm ost all o f  these studies were 

conducted in the United States where the National School Lunch Program is in place. In 

contrast, as previously mentioned, there is no national school lunch program in Canada 

and many schools in PEI only provide school lunches on a  limited schedule ( 2 - 3  times 

per week) with an average o f  two thirds o f  foods in the lunch being provided from home 

(Caiger, 2010; Tucker, 2010). Tucker and colleagues found that the lunch 

food/beverages purchased at the school were o f higher nutritional quality than the foods 

that were brought from home (Tucker, 2010). It is, therefore, important to consider the
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source o f food in any study evaluating the association between school nutrition policies 

and children’s dietary intakes where children consume foods from more than one source.

3.0 C h ap te r T hree: Changes in L unchtim e N u trien t In takes o f  E lem entary  School 

C hildren from  2007 to 2010

3.1 In troduction

Childhood obesity rates have increased steadily over the past several years. In 

fact, overweight and obesity rates in Canadian children have increased significantly from 

15% for 2 to 17 year olds in 1978/1979 to 26% for the same group in 2004 (Statistics 

Canada, 2008). Poor nutrition due to over consumption o f  low-nutrient, energy dense 

foods such as regular soft-drinks, potato chips and candy, as well as insufficient physical 

activity, are thought to be major contributors to energy imbalance and childhood obesity 

(Veugelers & Fitzgerald, 2005; Candeias, Armstrong, & Xuereb, 2010). Children spend a 

considerable amount o f time in the school environment providing an opportunity for 

schools to play a role in improving the quality o f  children’s diets. Since children 

consume between 19 and 50% of their daily calories in the school food environment, 

school nutrition policies (SNP) are viewed as a practical means o f  promoting healthy 

behaviours (Gleason & Suitor, 2001; World Health Organization, 2008; Cullen, Watson, 

& Zakeri, 2008; Story, 2009). Therefore, recent efforts to reduce childhood obesity rates 

have focused on the school food environment to improve the quality o f children’s diets 

(Gleason & Suitor, 2001; World Health Organization, 2008; Statistics Canada, 2008; 

Cullen, Watson, & Zakeri, 2008; Story, 2009; Cullen & Watson, 2009). SN P’s provide
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schools with a framework for regulating both the quantity and quality o f food available in 

schools (McKenna, 2003; Wojcicki & Heyman, 2006). It is particularly important to 

assess children’s lunchtime dietary intakes because they are m ost likely to be impacted 

by SNPs, and constitute a significant proportion o f  a children’s total dietary intake.

In Prince Edward Island, Canada, a province-wide SNP was implemented in

2006. The PEI SNP addresses such issues such as the quality o f  food available in the 

school environment, student access to  food, food used in school fundraising initiatives, 

food safety and nutrition education (Taylor, et al., 2012). This provided the opportunity 

to observe whether children’s lunchtime nutrient intakes would improve following the 

implementation o f the SNP. It was important to also assess the level of school adherence 

to the SNP in order to assess whether policies were meeting their objectives (Institute o f 

Medicine (IOM), 2006; W orld Health Organization, 2008). The purpose o f  this study 

was to examine changes in the nutritional quality o f  children’s lunches over three years o f 

SNP implementation.

3.2 M ethods

3.2.1 Design

This study is part o f the School Nutrition & Activity Project (SNAP) that is a five-year 

undertaking (2007 to 2012) to evaluate the effect o f  SNPs on the eating habits and weight 

status o f elementary school children in PEI. Data were analyzed from 2007 reflecting 

early policy implementation, and compared with data in 2010, which is four years after 

initial SNP implementation allowing us to assess changes in food consumption associated 

with the SNP. An in-class cross-sectional survey was used to assess children’s lunch
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time food consumption among grade five and six students in PEL Data were collected in 

the spring o f  2007 and 2010. Using a previously validated lunch-time food record (LFR) 

(Baxter, Baranowski, Leonard, Davis, Riley, & Baranowski, 1994; Domel, Baranowski, 

Leonard, Davis, Riley, & Baranowski, 1994), students were asked to recall foods and 

beverages consumed during one school lunch with the assistance o f  trained research 

assistants. Ethical approval for this study was obtained from the University o f  Prince 

Edward Island Ethics Board (REB) and signed parental consent was obtained prior to 

children’s participation.

3.2.2 Sam ple

There were a total o f  55 elementary (grade 1-6) and consolidated (grade 1-8) 

schools in 2007; 45 schools fell into this category in 2010, all o f  which implemented the 

school nutrition policy in 2006. Schools that had no grade five or six students were 

eliminated from the sample, as were French language schools since there were small in 

number and were at a different stage o f  implementation, leaving a  total o f  44 schools in

2007. Due to school closures in 2009, fewer (37) elementary and consolidated schools 

participated in 2010.

In 2007, 2,036 out o f 3,320 grade 5 and 6 students had permission to participate in 

this study representing a 61% response rate after accounting for absent or sick children on 

the day o f the survey. Fifty-six questionnaires were eliminated due to missing or 

incomplete parental consent forms leaving a total o f 1,980 LFRs (60%) (Table 3.1).
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In 2010, 1,645 out o f  2,834 grade 5 and 6 students had permission to participate in 

this study representing a 61% response rate. However, after accounting for absent or sick 

children on the day o f  the survey, the participation rate was 58%. Due to careful 

checking o f each child’s food record by trained research assistants while in the classroom 

and the use o f standard assumptions in both 2007 and 2010, as addressed in section 

3.2.4.1, no questionnaires were eliminated in 2007 or 2010 due to unreliable data. The 

proportions can be seen in Table 3.1 for both 2007 and 2010.

Table 3.1 Summary of students making up the study sample evaluating school 
___________ lunch-time intakes in PEI schools in 2007 and 2010______ _____

2007 2010

n % n %
Grade Grade 5 974 51.5 830 50.6

Grade 6 1006 48.5 805 49.4
Gender Male 979 49.4 762 46.7

Female 997 50.6 870 53.3
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3.2.3 Assessment o f L unch T im e Food In takes

LFRs (Appendix A) were administered in the classroom setting by trained research 

assistants who provided the students with instructions and a sample o f a completed LFR, 

along with assistance in recalling and spelling o f  food and beverage items. Students were 

asked to recall all foods and beverages consumed during the school lunch time period for 

one day. If  the data collection was during the afternoon, the present day’s lunch was 

reported; if  the data collection occurred in the morning, children were asked to recall the 

previous day’s lunch. Data collection did not occur on M onday mornings since this 

would result in children reporting a non-school lunch from  the previous day (Sunday).

Each food item was recorded on a single line and indicated where the food or 

beverage was obtained (school lunch, milk program, vending machine, home or ‘other’ 

source), a description o f the food or beverage consumed (brand, flavour, condiments), 

and the amount o f the food or beverage consumed. After collection, each LFR was 

reviewed by a research assistant to identify any missing or unclear information (Baxter, 

Baranowski, Leonard, Davis, Riley, & Baranowski, 1994).

3.2.4 D ata  Coding/A nalysis.

3.2.4.1 Lunch Tim e Food In take

All foods and beverages reported by children were coded using the 2007 version 

o f  the Canadian Nutrient File (Health Canada, 2007). Information about serving sizes o f 

foods and beverages that were offered at schools was obtained from the school and/or 

from the fast food outlets/vendor if  applicable. I f  insufficient information was found on a 

LFR, standard coding rules were applied using food and/or or serving sizes which are
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commonly consumed by Canadian children in this age group (Evers, Taylor, Manske, & 

Midgett, 2001). For example, unspecified bread was coded as ‘enriched white’ and 

unspecified milk was coded as ‘2% white’. The LFRs were cross-referenced to improve 

reliability by two different research assistants. All foods and beverages were then entered 

into CANDAT nutrient analysis program (C AND AT: Research Oriented Nutrient 

Calculation System, Version 7.0, Godin, G (2008)) and then cross-checked with those 

originally recorded on the LFR. Intakes o f calories, weight, micronutrients (iron, calcium, 

magnesium, potassium, zinc, vitamin A, vitamin C, vitamin D, vitamin E, thiamin, 

riboflavin, niacin, vitamin B6, vitamin B n , and folate), fiber, sugar, macronutrients 

(protein, fat, and carbohydrates) and the proportion o f calories from fat, protein, 

carbohydrates and sugar were generated. Nutrient data were examined for extreme 

values, duplicate entries, and missing values using SAS (Version 9,2, SAS Institute Inc. 

Cary, North Carolina) and were cleaned accordingly.

Descriptive statistics, including means, medians and percentiles for calories and 

all nutrients assessed, were generated for each child according to sex, grade and year 

(2007, 2010). Non-parametric statistics were used since the distribution o f  intakes for all 

nutrients assessed differed substantially from a normal distribution and could not be 

normalized by log or square root transformations. The W ilcoxon Rank Sum Test was 

used to assess differences in mean nutrient intakes according to grade, sex and year. Chi- 

square analysis tests o f association were used to assess the association between the 

prevalence o f inadequate nutrient intake and year. A p-value less than 0.05 was used to 

define statistical significance.
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Dietary Reference Intakes (DRI) were used to assess dietary adequacy for the 

total sample and according to sex, grade and year groupings. The DRIs are designed to 

meet the needs o f  individuals that are considered healthy or free o f  any diseases that may 

require different nutrient requirements than those o f the healthy population (Institute o f  

Medicine (IOM), 2006; M urphy & Poos, 2002). This set o f  nutrient reference standards 

was created by the Institute o f  Medicine to provide a tool for dietary assessment and 

planning in groups. Included in the DRIs are: Estimated Average Requirement (EAR), 

Recommended Daily Allowance (RDA), the Adequate Intake (Al), the Tolerable Upper 

Intake Lever (UL), the Estimated Energy Requirement (EER), and the Acceptable 

Macronutrient Distribution Range (AMDR). EA R’s, the average daily nutrient intake 

that is estimated to meet the requirements o f  half the healthy individuals in a particular 

life stage and group, is important in assessing the prevalence o f  nutrient inadequacy in 

groups. Adequate Intakes (Al) are used when RDAs cannot be determined and are used 

as an intake goal for individuals and groups (Institute o f  Medicine (IOM), 2006; 

American Dietetic Association, 2011).

Micronutrients and protein were compared with one-third (>33.3%) o f the EAR; 

one third o f daily food intake is the minimum standard set for lunches in the United 

States (Institute o f Medicine (IOM), 2006). This approach was chosen since there is no 

national standard in Canada for school lunches. Potassium, sodium and fiber do not have 

established EARs; therefore, AIs were used. AIs were also used to assess adequacy o f  

vitamin D and calcium intakes for the 2007 data. Since new EAR values became 

available for these nutrients in 2010, these were also used to assess adequacy for both the 

2007 and 2010 data. Acceptable Micronutrient Distribution Ranges (AMDRs) were used
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to assess the intakes o f macronutrients (carbohydrates, fat and protein) and are expressed 

as a percentage o f  total calories (American Dietetic Association, 2011).

3.3 Results

3.3.1 N utrien t Analysis

3.3.1.1 M edian M acro and M icronu trien t In takes

Nutrient analysis indicated that median intakes o f  total weight o f food, calories, 

protein, fat, carbohydrates, fiber, calcium, magnesium, zinc, vitamin A, thiamin, 

riboflavin, vitamin B6, niacin and sodium increased significantly (Wilcoxon Rank Sum 

Test p<0.05) in 2010 when compared to 2007 data (Table 3.2). O f  these nutrients, 

median fiber and calcium fell well below one-third o f  the DRI recommendations even 

with the increase between 2007 and 2010 comparatively. Protein, iron, magnesium, zinc, 

thiamin, riboflavin, niacin, vitamin B6, vitamin B 12, folate and sodium either met or 

exceeded one-third o f the DRI recommendation. The median intake of calories fell 

within the recommended range o f  460-730 calories set by the Institute o f Medicine 

(Institute o f Medicine (IOM), 2006) for children’s lunches in both 2007 and 2010.

The majority o f  students consumed protein within the recommended AM DR 

(expressed as a percentage o f total energy intakes); protein intake increased from 2007 to 

2010. The majority (63.9% in 2007, 57.3% in 2010) o f  students were also consuming 

high amounts o f  carbohydrates in their lunches. In both tim e periods, students consumed 

lunches that were low in fat, however, there was an observable increase in the proportion 

o f students consuming the recommended AMDR for fat (Table 3.3; Wilcoxon Rank Sum 

Test p<0.05).
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Table 3.2 Lunch-time nutrient intakes (median and inter-quartile ranges) by year of food 
consumed for grade 5 and 6 children in PEI schools, spring 2007 (n= 1980)/2010 (n=1642). 
Differences were assessed using a Wilcoxon Rank Sum Test_____________________________

Total 2007_____________ Total 2010______  p value
Nutrients 1/3 EAR/AI 

orlAMDR! 25th Median 75th 25th Median 75th

Mass (g) - 361.0 468.0 605.0 392 506 673 <0.0001
Calories - 379.0 514.0 689.0 430 550 714 <0.0001
Kilojoules - 1489.0 2076.0 2808.0 1618 2219 2890 0.0003
Protein (g) 11.3 (EAR) 11.1 18.25 24.83 12.82 19.48 25.88 <0.0001
Fat (g) - 10.97 17.23 24.67 12.65 18.83 26.40 <0.0001
Carbohydrates
(g)

-
51.95 71.48 96.88 55.49 76.46 100.91 0.0001

Sugar (g) _ 19.91 31.39 48.7 20.85 33.27 50.61 0.387
Fiber (g) 8.7$,

10.3cJ(AD 2.3 3.6 5.5 2.5 4.1 6.1 <0.0001

Iron (mg) 2.0 (Al) 2.1 3.17 4.45 2.21 3.35 4.53 0.0990
Calcium (mg) 366.7(EAR)

140.0 306.0 439.0 147 325 461 0.0036
Magnesium
(mg)

66.7(EAR)
40.0 59.0 84.0 45 67 95 <0.0001

Potassium
(mg)

1500(AI)
436.0 640.0 882.0 454 676 913 0.581

Zinc (mg) 2.3(EAR) 1.32 1.99 2.92 1.58 2.36 3.35 <0.0001
Vitamin A 
(RAE)3

140$,
148.3^
(EAR) 15.0 124.0 168.0 27 142 190 <0.0001

Vitamin
D(ug)

3.3(EAR)
0.00 0.633 2.769 0.05 0.53 2.77 0.4953

Vitamin C 
(mg)

13 (EAR)
3.2 10.3 81.9 2.9 9.9 51.3 0.1215

Vitamin E 
(mg)

3 (EAR)
0.0 1.0 1.0 0 1 1 0.0002

Thiamin (mg) 0.2(EAR) 0.242 0.366 0.527 0.30 0.42 0.61 <0.0001
Riboflavin
(mg)

0.3(EAR)
0.298 0.541 0.772 0.34 0.60 0.80 0.0001

Niacin (mg) 3 (EAR) 4.478 6.568 9.834 2.40 7.87 10.97 <0.0001
Vit B6 (mg) 0.3(EAR) 0.153 0.235 0.358 0.18 0.26 0.39 <0.0001
Vit B ]2 (pg) 0.5(EAR) 0.22 0.90 1.43 0.27 0.91 1.47 0.242
Folate (pg) 83.3 (EAR) 48.0 91.0 139.0 42 92 147 0.5739
Sodium (mg) 500(AI) 602.0 939.0 1348 659 1004 1335 0.0176
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Table 3.3 P ropo rtion  o f  total studen t lunch-tim e in takes w ith in , above and  below 
the AM DRs1 fo r grades five and  six students in P E I, 2007 (n=1980 ) and  2010 (n=

1642)

N utrients AMDR W ithin
AM DR

Above
AMDR

Below
AMDR

2010
(%)

2007
(%)

2010
(%)

2007
(%)

2010
(%)

2007
(%)

Protein2 10-30% 1177
(71.68)

1353
(68.33)

231
(14.07)

272
(13.74)

234
(14.25)

355
(17.93)

F at2 25-35% 316
(19.24)

331
(16.72)

151
(9.20)

151
(7.63)

1175
(71.56)

1498
(75.66)

C arbohydrates2 45-65% 364
(22.17)

486
(24.55)

1049
(63.89)

1135
(57.32)

229
(13.95)

359
(18.13)

Sugar3 <30% 1084
(66.3)

1239
(62.58)

551
(33.7)

741
(37.42)

- -

1 AM DR = A cceptable M acronu trien t D istribu tion  Ranges
2 M acronutrien ts com pared to AM DRs
3 C urren tly  th ere  is no D R I set fo r sugar, ra th e r  a  m axim al in take level o f 30 
percent o r less o f total calories from  added  sugars is suggested for adu lts  and 
children (“above A M D R” is based on in takes o f  to ta l sugars).
4 Shaded a rea  represents m acronu trien t intakes th a t m eet c u rre n t D RI 
recom m endations.
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3.3.2 Adequacy of Micronutrient and Protein Intakes

Table 3.4 shows the changes in the proportion o f  students consuming adequate 

micronutrient intakes in 2010 compared to 2007. Relative to students in 2007, more 

students in 2010 consumed lunches containing an adequate amount o f magnesium, zinc, 

vitamin A, vitamin B6, thiamin, riboflavin and niacin.

Since potassium, sodium, fiber, calcium and vitamin D have Al values rather than 

EAR values (Institute o f Medicine (IOM), 2006; Ross, et al., 2011), the proportion o f 

students who consumed adequate intakes o f these nutrients cannot be assessed in the 

same manner. Using the EAR for calcium and vitamin D from 2010, 37% o f children in 

2007 were consuming an adequate amount o f calcium at lunch, which increased to 42% 

in 2010 and only 7.5% o f  children were consuming an adequate amount o f  vitamin D in 

2007, which decreased to 6% in 2010. The majority o f  students (>70%) were consuming 

an adequate amount o f protein, iron, thiamin, riboflavin, and niacin in 2010.
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Table 3.4 P ropo rtion  o f P E I S tudents C onsum ing A dequate2 M icronu trien t In takes 
a t  Lunch  By Y ear, 2007(n =  1980), 2010 (n= 1642)

N utrien t

T otal

2007

(% ) Total

2010

(% ) P  V alue

Calcium  (mg) 7283 (36.79) 687 (41.84) 0.0019

Iron  (mg) 1510 (76.26) 1284 (78.20) 0.1675

M agnesium  (mg) 840 (42.42) 834 (50.79) <0.0001

Zinc (mg) 819 (41.36) 868 (52.86) <0.0001

V itam in A 
(RAE)1

816 (41.21) 760 (46.29) 0.0022

V itam in D (pg) 1493 (7.53) 91 (5.54) 0.0167

V itam in C (mg) 899 (45.40) 718 (43.73) 0.3122

Thiam in (mg) 1526 (77.07) 1362 (82.95) <0.0001

Riboflavin (mg) 1569 (79.24) 1380 (84.04) 0.0002

Niacin (mg) 1710 (86.36) 1472 (89.65) 0.0026

V itam in B6 (mg) 829 (41.55) 771 (46.67) <0.0001

V itam in B12 (pg) 1314 (65.86) 1065 (67.23) 0.3134

Folate (pg) 1076 (53.93) 831 (52.46) 0.4493

1 RAE = Retinol A ctivity E quivalen t

2 A dequacy is defined as one-th ird  o f  the  D ietary  R eference In tak e  (DRI) fo r each 
nu trien t, EA R (Estim ated A verage R equirem ents), see A ppendix C.

3 Calcium  and vitam in D both  received new D R Is in 2010, adequacy could no t be 
completed in 2007 due to both  nu trien ts  not having a  D R I, so the  2010 s tan d ard s  
w ere used to com pare adequacy in these nu trien ts.
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3.3.3 Median Nutrient Density Intakes

The nutrient density o f  children’s lunch time intakes, which are defined as the 

nutrient content (grams) divided by the total energy content (kilocalories) multiplied by 

1000 (American Dietetic Association, 2011), are shown in Table 3.5. The nutrient 

densities for fat, calcium, magnesium, zinc, vitamin A, thiamin, and niacin all increased 

significantly from 2007 to 2010. In contrast, there was a significant decrease in the 

nutrient densities o f  sugar, potassium, vitamin C, and folate from 2007 to 2010 

(Wilcoxon Rank Sum Test p<0.05) (Table 3.5).
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Table 3.5 Lunch-time nutrient density1 intakes (median and inter-quartile ranges) 
by year of food consumed for grade 5 and 6 children in PEI schools, spring 
2007(n=1980) / 2010 (n=1642).
Nutrients 2007 Density 2010 Density P-Value

25th Median 75th 25th Median 75th
Protein (g) 24.89 33.38 41.96 25.87 34.93 42.32 0.0839
Fat (g) 25.76 34.20 40.80 27.23 35.18 42.41 0.0066
Carbohydrates 120.0 139.54 161.23 117.90 138.83 160.59 0.1082
(g)
Sugar (g) 42.60 65.34 86.81 41.83 62.43 84.35 0.033
Fiber (g) 5.08 6.90 9.64 5.20 7.11 10.03 0.0977
Iron (mg) 4.75 6.31 7.73 4.61 6.15 7.57 0.5674
Calcium (mg) 295.93 513.59 798.51 298.13 538.90 794.84 0.0102
Magnesium 88.24 118.26 147.17 92.11 120.0 155.34 0.0072
(mg)
Potassium 902.13 1254.30 1617.02 862.82 1192.74 1551.58 0.0036
(mg)
Zinc (mg) 2.82 3.89 5.07 3.15 4.22 5.42 <0.0001
Vitamin A 30.17 197.72 337.63 49.76 206.99 338.68 0.0365
(RAE)3
Vitamin 0.00 1.05 4.93 0.08 0.92 4.67 0.6685
D(pg) 
Vitamin C 6.22 19.44 114.74 5.66 17.28 85.31 0.0060
(mg)
Thiamin (mg) 0.54 0.70 0.89 0.97 1.36 1.64 0.0002
Riboflavin 0.66 0.97 1.37 0.69 0.98 1.38 0.1338
(mg)
Niacin (mg) 9.79 12.93 16.07 10.75 14.14 17.54 <0.0001
Vit B6 (mg) 0.33 0.46 0.65 0.34 0.46 0.66 0.4958
Vit B n  (pg) 0.50 1.55 2.63 0.56 1.54 2.63 0.5987
Folate (pg) 100.09 172.34 250.71 82.04 162.21 247.51 0.0223
Sodium (mg) 1241.90 1687.96 2406.70 1259.47 1702.83 2314.87 0.7656
1 Nutrient density is defined as the nutrient content 
(expressed as calories) multiplied by 1000 
1 Differences were assessed using a Wilcoxon Rank 
3 RAE (retinol Activity Equivalents)____________

(in grams) divided by the total energy content 

Sum Test
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3.4 Discussion

This is the first study in Canada to evaluate the dietary quality o f lunch-time foods 

consumed by elementary students that focused on the change in nutrients over time. 

Results suggest that there have been some improvements in diet quality over this three- 

year period. Our findings are promising. When comparing early policy implementation 

(2007) with four years after policy implementation (2010), significant increases in the 

median intakes o f  several macro and micronutrients including, protein, fat, carbohydrates, 

fiber, calcium, magnesium, potassium, zinc, vitamin A, thiamin, riboflavin, and niacin 

were found. Compared to students in 2007, students in 2010 consumed meals that met 

the standards for protein, magnesium, zinc, thiamin, niacin, vitamin B]2 and folate. Also, 

the amounts o f  vitamin C and folate remained fairly constant with about 40 -  50% o f  

students consuming adequate intakes for both 2007 and 2010. Our findings are consistent 

with other studies that have demonstrated an improvement in children’s diet quality in 

association with the implementation o f  SNPs (Gleason & Suitor, 2001; W ojcicki & 

Heyman, 2006; Cullen, Watson, & Zakeri, 2008; Briefel, Crepinsek, Cabili, W ilson, & 

Gleason, 2009; Crepinsek, Gordon, McKinney, Condon, & Wilson, 2009; Cullen,

Watson, & Fithian, 2009; Story, 2009; Mendoza, Watson, & Cullen, 2010). Cullen and 

coworkers (2009) evaluated the effect o f a statewide SNP in Texas on student’s dietary 

behaviours’ using a lunch food record collected over three years; results demonstrated a 

positive effect, with the policy significantly increasing student consumption o f  kilojoules, 

protein, fiber, calcium and vitamins A  and C. Similarly, both Crepsinek and colleagues 

(2009) and Briefel and coworkers (2009) assessed dietary intakes o f  children 

participating in the Third School Nutrition Dietary Assessment Study. Crepsinek and
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colleagues (2009) reported that school meals (lunch/breakfast) m et the standards for 

protein, vitamins and minerals. Briefel and coworkers (2009) concurred, concluding that 

the implementation o f  school meal programs is an effective way to improve children’s 

dietary intakes.

Although the data shows that there were some improvements in dietary quality 

between 2007 and 2010, there is still room for further improvement. The median intakes 

o f  several nutrients in 2010, including fiber and calcium, were found to have increased 

over three years but remained below 1/3 o f  the RDA, which warrants concern. In regards 

to the AM DR’s, the majority o f students were consuming a diet that was within the 

recommended ranges for protein, above the range for carbohydrates and below that for 

fat. These findings are not surprising, since other studies found similar results and likely 

reflect the fact that many students in 2010 reported consuming foods that were high in 

refined carbohydrates, and low in fat, including granola bars, cookies, crackers, gummy 

candies, and soft fruit /cereal bars in their lunches. Informal observations o f  the lunch 

food records found that many students also brought pre-packaged food items from home 

that contained crackers, processed meat and cheese and a high sugar snack (e.g. 

Lunchmates©) these are also high in refined carbohydrates and low in fat, which m ay 

partially explain the macronutrient content o f the lunches. Although the median intake o f 

calories fell within the recommended range o f  460-730 calories set by the Institute o f  

Medicine (Institute o f Medicine (IOM), 2006) for children’s lunches, results from this 

study show that the dietary quality o f  the children’s lunch foods is poor even though the 

energy content is adequate.
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Low intakes o f some nutrients, including fiber, are a concern for children. The 

median intake for fiber, in this study was only 4.1 grams which is especially low when 

considering that one third o f  the daily A l for girls is 8.7g and for boys is 10.3g. Although 

fiber intakes increased from the 2007 to 2010, the low fiber intakes in both tim e periods 

are none the less disconcerting since adequate intakes o f  dietary fiber are associated with 

lower risk o f  several health conditions including coronary heart disease, stroke, 

hypertension, diabetes, obesity and several gastrointestinal diseases (Anderson, 2009; 

Ruottinen, 2010; Burrows, 2007). Similarly, low fiber intakes by children were found in 

a number o f  American studies (Galloway, 2007; Cullen, Watson, & Zakeri, 2008; 

Crepinsek, Gordon, McKinney, Condon, & Wilson, 2009; Vadiveloo, Zhu, & 

Quatromoni, 2009).

Another concern regarding the quality o f  children’s lunchtime intakes was the 

high levels o f sodium. The median intake o f  sodium in 2010 totaled 1004 mg, a slight 

increase from the 2007 level o f 939 mg. This was not a surprising finding considering 

the high frequency o f  reported consumption o f processed meats and packaged foods. 

Other studies o f  school children’s food intakes have yielded similar findings with high 

sodium intakes being found in a Texas study evaluating SNP’s on children’s lunchtime 

intakes (Cullen, Watson, & Zakeri, 2008; Cullen, Watson, & Fithian, 2009). Cullen and 

coworkers (2008) found that, one year after implementation o f the Texas Public School 

Nutrition Policy, the sodium level increased significantly from a mean level o f  1169 mg 

to 1237 mg. However, this was no longer observed after adjusting for the increases in the 

total amount o f food consumed by children over time. Our findings were very similar, 

with an observed increase in mean sodium levels from 1027 mg to 1061 mg. Several
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studies have concluded that an increase in salt intake increases blood pressure in children,

which is linked to strokes, heart attacks and heart failure (He F . , 2008; He, Marrero, &

MacGregor, 2008; Grimes, 2011; Elliott, 2010). The majority o f  dietary sodium is from
*

salt that is added to processed foods, including foods that are marketed towards children 

(Elliott, 2010; Grimes, 2011). Students were found to be consuming several products in 

both 2007 and 2010 that were very high in sodium including prepackaged processed 

meat, cheese and cracker snacks. Future analysis o f  the food groups will help determine 

which food groups were contributing to the sodium content o f children’s lunches. 

Regardless given the children’s’ very high sodium intakes in this study, it is important to 

design programs aimed at reducing children’s ’ consumption o f sodium.

Since potassium, sodium, fiber, calcium and vitamin D have A l values rather than 

EAR values, the proportion o f  students who consumed adequate intakes o f  these nutrients 

could not be assessed in 2007; rather, median intakes are compared to the A l value.

Since EAR values for vitamin D and calcium were established by 2010, the adequacy o f 

lunch-time intakes for these nutrients could be assessed. By using the 2010 EAR values 

to assess the adequacy in 2007, calcium levels were found to have increased from 37% in 

2007 to 42% in 2010; as well, the levels o f vitamin D decreased from 7.5% in 2007 to 

5.5% in 2010. The median levels for calcium increased from 306 mg in 2007 to 325 mg 

in 2010. Although different standards were used, in both time periods, the low intake o f 

calcium was a concern since inadequate calcium intake may compromise bone 

mineralization, skeletal development during childhood and growth (Vatanparast, 2006; 

Hanley, Cranney, Jones, Whiting, & Leslie, 2010; Bueno, Czepielewski, & Raimundo, 

2010; Zemel, Carey, Paulhamus, Stallings, & Ittenbach, 2010). A ll elementary schools in
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PEI participate in the School Milk Program which traditionally subsidizes the price o f  

milk (PEI School Milk Foundation, 2010). However, only one third o f children actually 

purchase subsidized milk. It is important to increase participation rates to  help increase 

the amount o f  calcium and vitamin D consumed because even with this participation, 

children’s lunchtime calcium and vitamin D intakes fall well below 1/3 o f  the daily- 

recommended values. The median level o f  vitamin D fell from 0.63 pg to 0.53 pg in 

2010. Only 6% o f  students were found to be consuming a diet w ith an adequate amount 

o f  vitamin D in 2010, which is a major concern. The development o f bone mass during 

childhood through young adulthood is an important determinant o f  bone health later in 

life and vitamin D has been shown to be an essential part in the prevention o f  

osteoporosis (Hanley, Cranney, Jones, Whiting, & Leslie, 2010). Too little vitamin D 

can cause calcium and phosphorous levels in the blood to decrease and is a risk factor for 

rickets in children (Health Canada, 2004).

The diet quality o f  children’s lunches in PEI elementary and consolidated schools 

remains poor despite the improvements observed since 2007. These findings are parallel 

with other studies that have assessed children’s dietary intakes (Hanning, W oodruff, 

Lambraki, & Jessup, 2007; Galloway, 2007; Rees, Richards, & Gregory, 2008). Similar 

to our findings, a study conducted by Nicklas and colleagues (2001) found that children 

are eating a  smaller percentage o f  energy from fat, and a larger amount o f  energy from 

carbohydrates and protein.

Given the nature o f applied nutrition research in school settings, it was not 

possible to use a randomized controlled experimental design. Scientists and granting 

agencies are recognizing that population based health interventions cannot use
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randomized controlled experiments as used in drug trials (Nutbeam & Bauman, 2006; 

Ramanathan, Allison, Faulkner, & Dwyer, 2008). Schools could not be randomized to 

treatment, nor could control schools be identified since all elementary schools in PEI had 

fully implemented the SNP in September o f  2006. Another limitation o f this study was 

the use o f self reported data by the students. A strength o f the study is the population 

based sample: all English schools participated with response rates o f  60% in 2007 and 

58% in 2010). Given that parental consent was required for students to participate, these 

are considered acceptable. PEI was an ideal setting for this study with the introduction o f  

the province-wide SNP in 2006 and the small population o f  PEI, along with the high rates 

o f adult and childhood overweight and obesity. Finally, using median densities allowed 

us to control for differences in total energy content o f  the lunches according to gender 

and length o f  implementation (2007 vs. 2010).

Studies such as this one are a vital part o f  assessing the nature o f the impact o f  

SNPs on student’s food intakes, and provide important data to inform current and future 

preventative efforts in school settings.

3.5 Conclusions

The results from our study suggest that the PEI SNP is having a modest yet 

positive impact with some improvements in children’s lunchtime nutrient intakes four 

years after SNP implementation. Given that a high proportion o f  children’s school 

lunches are low in essential nutrients and fiber and are high in sodium and sugar, it is 

critical that schools improve the quality o f  lunches served and strive to follow the 

nutrition policy. Our findings are promising: when comparing early policy
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implementation in 2007 and three years later in 2010, we found significant increases in 

the median intakes o f several macro and micronutrients including protein, fat, 

carbohydrates, fiber, calcium, magnesium, potassium, zinc, vitamin A, thiamin, 

riboflavin and niacin. Although it has been established that schools can have a  positive 

effect on the dietary quality o f  students in the United States and beyond (Gleason & 

Suitor, 2001; World Health Organization, 2008; Cullen, Watson, & Zakeri, 2008; Cullen, 

Watson, & Fithian, 2009), it is important to continue research in Canada to help identify 

the ongoing impact o f school nutrition policies on Canadian children’s dietary intakes. It 

is important to also examine other factors associated with children’s lunchtime nutrient 

intakes in 2010, such as parental education, parental income, student sex, student grade, 

location o f the school (urban vs. rural) and the percent o f  allowed foods served at the 

schools, which will be discussed in Chapter 5.
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4.0 C h ap te r F o u r: D eterm inants o f N utritional Q uality  o f S tuden t’s Lunches: The 
Im pact o f a Provincial School N utrition  Policy

4.1 In troduction:

With one in four (26%) Canadian children age 2-17 years now considered 

overweight or obese (Statistics Canada, 2008), there has been increasing interest in the 

potential role o f  schools in reducing these rates (Veugelers & Schwartz, Comprehensive 

school health in Canada, 2010; McKenna, 2010; Candeias, Armstrong, & Xuereb, 2010). 

In fact, there is expert consensus that schools play a critical role in efforts to improve the 

quality o f children’s diets since children consume up to one third o f  their daily food 

intake at school (Wojcicki & Heyman, 2006; Story, 2009; Cullen & Watson, 2009) and 

they are a natural learning environment (Veugelers & Schwartz, 2010). School nutrition 

policies (SNP) are a key strategy in promoting a healthy school food environment by 

restricting availability o f  low-nutrient, energy-dense food including French fries, 

sweetened beverages and high fat snacks (Mendoza, W atson, & Cullen, 2010) and 

increasing the availability o f  healthy foods including fruit and vegetables and whole 

grains.

There has only been one study in Canada which has assessed the impact o f SNPs 

on the quality o f student’s lunches (Caiger, 2010) and none have considered adherence to 

the policy which is an important factor to examine in order to determine whether the 

policies are meeting their objectives. All Prince Edward Island elementary schools (1-6) 

and consolidated schools (1-8) implemented virtually identical SNPs in 2006, referred to 

as the PEI SNP in this thesis. This provided the opportunity to observe whether
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introducing the PEI SNP had a positive impact on the nutritional quality o f  children’s 

lunchtime nutrient intakes while considering the extent to which schools are 

implementing the policies. Since there is evidence that policy implementation is a 

dynamic rather than linear process, it is important to assess changes in children’s food 

intakes and policy implementation overtim e (Taylor, McKenna, & Butler, 2010; Turner 

& Chaloupka, 2012).

A major aim o f  this research was to understand how the introduction o f  the PEI 

SNP for elementary schools influences student’s lunchtime nutrition consumption. 

Specifically, the relationship between the length o f  implementation (years) and school 

nutrition policy adherence and nutritional quality o f  children’s lunchtime intakes 

(density, adequacy) in 2010 was assessed. Given that schools that follow the SNPs are 

maybe more likely to offer fruit and vegetables and whole grains and less likely to offer 

low nutrient energy dense foods, it was hypothesized that children attending schools that 

are adhering to the policy more closely and have been implementing the policy for a 

longer period will have higher intakes o f micronutrients and lower consumption o f  low- 

nutrient, energy-dense foods, sugar, fat and sodium than children attending schools that 

are following the policy less closely and implementing the policy for a shorter period o f 

time.

4.2 Design and  M ethods

4.2.1 M ethods
Sample

A total o f 37 schools with grade five or six students were included in the research 

in 2010. In 2010, a total o f  1,645 out o f  2,834 grade 5 and 6 students had permission to

49



participate in this study representing a 61% response rate. However, after accounting for 

absent or sick children on the day o f the survey, the participation rate was 58%. Due to 

careful checking o f  each child’s food record while in the classroom and standard 

assumptions used, no questionnaires were eliminated in 2010 due to unreliable data (See 

Chapter 3).

Data Collection

An in-class cross sectional survey was used to assess children’s lunchtime food 

consumption among grade five and six students in PEI. Data was collected in the spring 

o f 2007 and 2010. Students were asked to recall foods and beverages consumed during 

school lunch for one day, using a previously validated lunchtime food record (LFR) 

method (Baxter, Baranowski, Leonard, Davis, Riley, & Baranowski, 1994). Lunch Food 

Records (Appendix A) were administered in the classroom setting by trained research 

assistants who provided the students with instructions and a sample o f a completed LFR, 

along with assistance in recalling and spelling o f  food and beverage items. Students were 

asked to recall all foods and beverages consumed during the school lunch period for one 

day. I f  the data collection was during the afternoon, the present day’s lunch was 

reported; if  the data collection occurred in the morning, the children were asked to recall 

the previous day’s lunch. Data collection did not occur on M onday mornings since this 

would result in children reporting a non-school lunch from the previous day (Sunday).

Each food item was recorded on a single line indicating where the food or 

beverage was obtained (school lunch, milk program, vending machine, home or ‘other’ 

source), descriptions o f the food or beverage consumed (brand, flavour, condiments) and
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the amount o f  the food or beverage consumed (Baxter, Baranowski, Leonard, Davis, 

Riley, & Baranowski, 1994). After collection, each LFR was reviewed by research 

assistants to identify any missing or unclear information.

4.2.1.1 School Adherence to Nutrition Policy

4.2.1.1.1 In strum en t

The instrument to assess the school level adherence to SNPs (Appendix B) was 

developed based on a review o f the literature with questions adapted from instruments in 

similar surveys in M anitoba (Government o f  M anitoba, 2006), Newfoundland and 

Labrador (Coalition for School Nutrition, 2001), New Brunswick (New Brunswick 

Department o f Education, 1991), and N ova Scotia (Nova Scotia Health Promotion,

2004). Developed in consultation with PEI Healthy Eating Alliance policy working 

group, the survey included both subjective (principal’s perceived adherence to the main 

policy elements) and objective (adherence to the regulations concerning the school food 

environment) components. The subjective questions were not used in this study. The 

objective assessment consisted o f questions assessing specific foods and beverages 

offered as part o f the school lunch programs, as well as in canteens, and vending 

machines. This study examined only foods available at lunch. Principals were requested 

to provide a description o f the food (e.g. pepperoni pizza) as well as the food supplier 

(e.g. Greco®). The open-ended nature o f  the question was chosen to capture the diversity 

o f specific food types being offered as part o f  a school lunch programs across the 

province. Once the survey was developed, it was tested and reviewed for content validity 

and comprehension.
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4.2.1.1.2 O bjective Assessm ent o f A dherence

All schools on PEI offered a school lunch program to some degree; however, the 

frequency with which these programs were offered varied. Approximately one quarter o f 

the schools were serving a school lunch daily and one third o f the schools were serving 

lunches three or four times a week depending on resources and facilities. SNP adherence 

was assessed by comparing the specific foods offered in the school lunch program to 

those allowed by the SNP regulations, which included food lists specifying food types 

and frequency o f consumption. This policy, in place in both school districts during the 

2007 data collection, specified the frequency that food types were allowed using 

descriptions (e.g. low fat) rather than specific criteria. “M ost often” foods (allowed 

daily) included nutrient-dense food identified in Canada’s Food Guide, which were also 

low in fat and sugar. “Sometimes” foods (allowed 2-3 times per week) contained 

essential nutrients but were higher in fat and sugar. Foods in the “least often” category 

(allowed 1-2 times per month) were low in nutrients and high in sugar, fat and/or sodium. 

An individual food was considered “allowed” if  it was included in the “most often” 

category, or if  it was included in the “sometimes” or “least often” categories and the sum 

o f the frequency o f  all foods offered in these categories did not exceed the maximum 

frequency permitted on a weekly or monthly basis. This SNP remained unchanged in the 

Eastern School District so it was used to assess adherence in both 2007 and 2010. In 

contrast, in 2008, the Western School Board adopted a more stringent SNP with nutrient 

criteria for allowed foods (Appendix E), which included specific nutrient criteria for 

foods. For example, a food in the “most often” category had to have a maximum 5g o f 

total fat per serving for foods in the groups Vegetables and Fruit, Grain Products and
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Milk and Alternatives, a maximum o f lOg o f total fat for ‘Combination Foods’ and M eat 

and Alternatives (exception: peanut/nut butter, unsalted/unsweetened nuts and seeds (not 

roasted in oil)). Therefore, these criteria were used to assess adherence in the W estern 

School board in 2010, which required obtaining detailed nutrient composition data from 

vendors. Both SNPs pertained to foods and beverages sold at school but did not apply to 

foods brought by children from home or from other sources. All data were entered into 

SAS version 9.2 and were checked for accuracy against original questionnaires.

4.2.1.2 Lunch Time Food Intake

All foods and beverages reported by children were coded using the 2007 version 

o f the Canadian Nutrient File (Health Canada, 2007). Information about serving sizes o f 

foods and beverages that were offered at schools was obtained from the school and/or 

from the fast food outlets/vendor if applicable. I f  insufficient information about food and 

beverages was found on a LFR, standard coding rules were applied using food and/or or 

serving sizes, which are commonly consumed by Canadian children in this age group 

(Evers, Taylor, Manske, & Midgett, 2001). For example, unspecified bread was coded as 

‘enriched white’ and unspecified milk was coded as ‘2% white’. The LFRs were cross- 

referenced to improve reliability by two different research assistants. All foods and 

beverages were then entered into CANDAT nutrient analysis program (Godin, G, 2008) 

and then cross-checked with those originally recorded on the LFR. Using CANDAT 

software, intakes o f calories, weight, micronutrients (iron, calcium, magnesium, 

potassium, zinc, vitamin A, vitamin C, vitamin D, vitamin E, thiamin, riboflavin, niacin, 

vitamin B6, vitamin B n , and folate), fiber, sugar, macronutrients (protein, fat, and 

carbohydrates) and the proportion o f calories from fat, protein, carbohydrates and sugar
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were generated. Nutrient densities (American Dietetic Association, 2011), which are 

defined as the nutrient content (grams) divided by the total energy content (kilocalories) 

multiplied by 1000, were used in the analysis. Nutrient data were examined for extreme 

values, duplicate entries and missing values using SAS (SAS Institute) and were cleaned 

accordingly.

4.2.1.3 Effect of Source (Home vs. School)

The source o f  each food was recorded by children on the LFRs and coded as 

being from one o f  the following: 1) school lunch program, 2) m ilk program, 3) vending 

machine, 4) home and 5) other. However, due to a low number o f  foods in the vending 

machine and ‘other’ categories, the categories w ere combined into two sources: school 

and home. ‘School’ foods included foods from the school lunch program, the milk 

program and vending; ‘hom e’ foods included foods from ‘home’ and ‘other’. Since 

approximately one third o f foods come from school on the day o f  the survey it was 

important to consider student level o f participation in the school lunch program (Tucker, 

2010). Therefore, the percentage o f foods bought at school was calculated for each child 

and used in the regression analysis (grams o f  food obtained from school dividing by the 

total grams o f food eaten by each student and multiplied by 100).

4.2.1.4 Assessment o f C ovariates

The covariates parental income and parental education were assessed using a self

administered parent questionnaires administered as part o f  the larger SNAP study 

(APPENDIX D). School postal codes were obtained from the school districts; these were 

classified as rural and urban according the census categories.
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4.2.2 Statistical M ethods

4.2.2.1 D ata  Analysis

Adherence was evaluated by assessing the percentage o f  allowed foods according 

to the food policy list. For this study, all foods and beverages sold at schools were 

classified as “allowed” or “not allowed”, considering both food type (e.g. regular 

pepperoni on pizza) and the frequency o f  being offered (e.g. once per week) which are 

specified by the policy food lists. Individual foods and beverages for sale were 

considered “allowed” if  the sum o f the frequency o f  all foods sold at lunch did not exceed 

the maximum frequency allowed by the policy per week or per month. For example, if  

both hot dogs and cake were each permitted once per month and the school offered both 

in a one month period, one o f these foods would be classified as ‘not allowed’ by the 

policy. The proportion o f  “allowed” foods was then calculated for the lunch program by 

dividing the total number o f  “ allowed” foods by the total number o f  food items available 

at the school (Taylor, et al., 2011). A percentage o f  allowed foods (adherence) covariate 

was categorized into quartiles according to the level o f adherence o f  each school in 2010. 

For descriptive purposes, the category 0-25% was defined as ‘low ’ adherence, 26-50% o f 

allowed foods at lunch was defined as ‘moderate’ adherence, the category 51-75% 

allowed foods at lunch was defined as ‘good’ adherence and 76-100% was defined as 

‘high’ adherence. The distribution o f schools falling into these four categories used for 

adherence can be viewed in Fig. 4.1.
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Figure 4.1 Number o f schools selling foods allowed by the SNP at lunch in 2010

0-25% (Low) 26-50% (Moderate) 51-75% (Good) 76-100% (High)
Adherence Category

56



General Linear Modeling (GLM) analysis was used to assess the 2010 lunchtime 

nutrient intakes with SNP policy adherence categories from 2010, length o f 

implementation (year o f survey 2007 vs. 2010), participation in the school lunch (% food 

consumed from school), school postal code (urban vs. rural), school district, parental 

education level, parental income, children’s sex and grade being used as covariates. The 

interaction o f SNP adherence and the amount o f  school lunch participation was included 

in the models due to the fact that impact o f  adherence on children’s nutrient intakes was 

expected to be different according to varying level o f school lunch participation. 

Similarly, the interaction o f postal code with parental income and parental education was 

used in the model due to the expected relationship between these variables: the impact o f 

education on children’s nutrient intakes could be different according to income level 

(Ricciuto & Tarasuk, 2007; Cullen, Watson, & Fithian, 2009). This analysis was selected 

because General Linear Modeling is appropriate for models with several dependent 

variables as well as several independent variables, which can be classification variables 

(SAS Institute Inc., 2009). A ‘purposeful selection’ procedure was used, which required 

model building by hand and retained only covariates that had a p-value o f less than 0.20. 

This procedure was run in a two-step process: 1) all possible covariates were included in 

the model and 2) all covariates that had a p-value o f greater than 0.20 were removed from 

the model due to the low probability that they were predictive o f  the dependent variables. 

Post hoc comparisons were used to compare the differences among the four different 

adherence categories.
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4.3 Results

Presented below are models predicting the nutrient density (nutrients per 1 OOOkcal) for 13 

nutrients are included below. The covariates year and percentage o f ‘allowed’ foods at 

lunch in 2010 or adherence to the SNP were significantly associated with the 13 nutrient 

intakes. These covariates were selected since they were consistent with the original 

hypothesis.

4.3.1 Regression M odels C ontaining Y ear (2007 vs. 2010) and Policy A dherence in 

2010 as D eterm inants o f the Density of N u trien ts  (Tables 4.1 -  4.13)

The covariates year and policy adherence were found to be significant 

determinants for the intake o f 13 nutrients (expressed as nutrient density or nutrient/1000 

kcal): carbohydrate, potassium, sodium, magnesium, fiber, niacin, vitamin B6 riboflavin, 

calcium, vitamin D, vitamin Bi2 ,iron, and folate (Tables 4.1-4.13). Table 4.14 includes 

LS Mean values for the 13 nutrients in 2007 and 2010; these are included to  aid in the 

interpretation o f the data. A summary o f  the results o f  the GLM analysis o f  all 13 

nutrients is included in Table 4.15.

A dherence C ategory 1 (0-25% Allowed Foods served a t lunch in  2010)

C arbohydrate

The best model predicting the carbohydrate density o f  children’s lunches in 2010 

included year, adherence to the SNP in 2010, school district, source o f the lunch (school 

vs. home), postal code and student grade (R-Square =  0.09, p= <0.0001). The year o f 

data collection was a significant predictor o f  the density o f  carbohydrate, with students
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consuming higher levels in 2010, when compared to 2007. Post hoc comparisons 

indicated that carbohydrate intakes were higher among students attending schools that 

had the lowest adherence in 2010 (0-25% allowed foods) but there were no significant 

differences among the categories. Students that consumed a higher proportion o f  foods 

from school were found to have lower nutrient densities o f  carbohydrates in their lunches. 

Students attending rural schools in the W estern school district and in grade six were 

found to be consuming higher densities o f  carbohydrate.

Adherence Category 2 (26-50% Allowed Foods served at lunch in 2010)

Potassium

The best model predicting the potassium density o f  children’s lunches in 2010 included 

year, adherence to the SNP in 2010, school district, source of the lunch (school vs. 

home), and postal code (R-Square = 0.12, p= <0.0001). The year o f  data collection was a 

significant predictor o f the density o f  potassium, with students consuming higher levels 

in 2010, when compared to 2007. Post hoc comparisons indicated that potassium intakes 

were significantly higher among students attending schools that had moderate adherence 

(26-50% o f  allowed foods) in 2010 compared to lower (0-25% ‘allowed’ foods) and 

higher (51-75% ‘allowed’ foods) categories. There was a significant interaction between 

the source o f  the lunch and school policy adherence in that students attending schools 

with moderate adherence (26-50% ‘allowed’ foods) consumed a higher proportion o f 

foods from school. Students that consumed a higher proportion o f  foods from school 

were found to have higher densities o f  potassium as well as students attending rural 

schools in the Eastern school district were found to be consuming higher densities of 

potassium.
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Table 4.1 Concepts Associated w ith the D ensity o f C a rb o h y d ra te : Sum m ary  o f 
M ultivaria te  Analysis

R -Square P ro b  > F
M odel 0.088 <0.0001
Concept F-Value P ro b  >  F
Year1 5.73 0.0168
Adherence2 2.70 0.0445
School District3 6.53 0.0107
School Lunch Participation4 51.72 <0.0001
Postal Code5 20.11 <0.0001
Student Grade6 51.26 <0.0001
A dherence in 2010 0-25%  26-50% 51-75%  76-100%
LS M eans C arbohydrate  
Density

143.9 140.2 135.1 141.0

'Year included 2007 and 2010;2 Adherence included percentage of allowed foods at lunch in 2010; ’ School District 
included Eastern and Western School Board;4 Percentage of foods purchased at school;s Postal Code included rural and 
urban
6 Grade included grade five and six

Table 4.2 Concepts Associated w ith the Density o f Potassium : Sum m ary o f  M ultivaria te  
Analysis

R -Square P ro b  > F
M odel 0.12 <0.0001
Concept F-Value P ro b  >  F
Year 15.63 <0.0001
Adherence2 5.99 0.0005
School District3 13.56 0.0002
School Lunch Participation4 132.90 <0.0001
Postal Code5 5.46 0.0196
School Lunch 12.69 <0.0001
Participation* Adherence
A dherence in 2010 0-25% 26-50% 51-75% 76-100%
LS M eans Potassium 1164.63 1443.7b 1148.7a 1220.6ab
Density

,b No significant changes between groups with the same letter
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Sodium

The best model predicting the sodium density o f children’s lunches in 2010 included 

year, adherence to the SNP in 2010, and the source o f the lunch (school vs. home) (R- 

Square = 0.06, p= <0.0001). The year o f  data collection was a significant predictor o f  the 

density o f  sodium, with students consuming higher levels in 2010, when compared to 

2007. Post hoc comparisons indicated that sodium intakes were significantly higher 

among students attending schools that had moderate (26%-50% o f ‘allowed’ foods) in 

2010 compared to all other adherence categories. There was a significant interaction 

between the source o f  the lunch and school policy adherence in that students attending 

schools with moderate adherence (26-50% ‘allowed’ foods) consumed a higher 

proportion o f  foods from school. Students that consumed a higher proportion o f  foods 

from school were found to have lower densities o f  sodium.

Magnesium

The best model predicting the magnesium density o f  children’s lunches in 2010 included 

year, adherence to the SNP in 2010, school district, source o f the lunch (school vs. 

home), postal code, student sex and grade (R-Square = 0.09, p= <0.0001). The year o f 

data collection was a  significant predictor o f  the density o f  magnesium, with students 

consuming higher levels in 2010, when compared to 2007. Post hoc comparisons 

indicated that magnesium intakes were significantly higher among students attending 

schools that had moderate (26-50% o f  allowed foods) in 2010. There was a significant 

interaction between the source o f  the lunch and school policy adherence in that students 

attending schools with moderate adherence (26-50% ‘allowed’ foods) consumed a higher 

proportion o f foods from school compared to lower (0-25% ‘allowed foods) and higher
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(51-75% ‘allowed’ foods) categories. There was a significant interaction between the 

source o f  the lunch and school policy adherence in that students attending schools with 

moderate adherence (26-50% ‘allowed’ foods) consumed a higher proportion o f  foods 

from school. Students that consumed a higher proportion o f  foods from school were 

found to have higher densities o f  magnesium. Students attending rural schools in the 

Eastern school district and that were male and in grade five were found to be consuming 

higher densities o f magnesium.

%
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Table 4.3 Concepts Associated with the Density of Sodium: Summary of Multivariate 
Analysis

R-Square Prob > F
Model 0.057 <0.0001
Concept F-Value Prob > F
Year1 36.44 <0.0001
Adherence2 6.51 0.0002
School Lunch Participation4 26.43 <0.0001
School Lunch 
Participation*Adherence

2.93 0.0327

Adherence in 2010 0-25% 26-50% 51-75% 76-100%
LS Means Sodium Density 1652.5a 2008.4b 1748.3a 1693.13

Table 4.4 Concepts Associated with the Density of Magnesium: Summary of Multivariate 
Analysis

R-Square Prob > F
Model 0.093 <0.0001
Concept F-Value Prob > F
Adherence2 9.88 <0.0001
School District3 47.05 <0.0001
School Lunch Participation4 23.73 <0.0001
Postal Code5 6.28 0.0123
Student Sex 4.75 0.0294
Student Grade6 6.49 0.0110
School Lunch 13.14 <0.0001
Participation* Adherence
Adherence in 2010 0-25% 26-50% 51-75% 76-100%
LS Means Magnesium 123.03 148.3b 113.9ac 122.4abd
Density
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Fiber

The best model predicting the fiber density o f  children’s lunches in 2010 included year, 

adherence to the SNP in 2010, school district, source o f the lunch (school vs. home), 

postal code and student sex and grade (R-Square = 0.09, p= <0.0001). The year o f data 

collection was a significant predictor o f  the density o f fiber, with students consuming 

higher levels in 2010, when compared to 2007. Post hoc comparisons indicated that fiber 

intakes were significantly higher among students attending schools that had moderate 

adherence (26-50% o f allowed foods) in 2010 compared to children at schools with good 

adherence (51-75% ‘allowed’ foods) at lunch. There was a significant interaction 

between the source o f  the lunch and school policy adherence in that students attending 

schools with moderate adherence (26-50% ‘allowed’ foods) consumed a higher 

proportion o f  foods from school. Students that consumed a higher proportion o f  foods 

from school were found to have lower densities o f fiber. Students attending rural schools 

in the Eastern school district and that were female and in grade six were found to be 

consuming higher densities o f  fiber.
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Table 4.5 Concepts Associated with the Density of Fiber: Summary of Multivariate
Analysis_______________________________________________________

R -Square_____________________P ro b  >  F
M odel 0.088 <0.0001
Concept F-V alue P ro b  > F
Year1 25.32 <0.0001
Adherence2 7.03 0.0001
School District3 29.96 <0.0001
School Lunch Participation4 44.00 <0.0001
Postal Code5 4.71 0.0301
Student Sex 6.33 0.0120
Student Grade6 4.26 0.0392
School Lunch 4.62 0.0032
Participation*Adherence
A dherence in 2010 0-25%  26-50% 51-75%  76-100%
LS M eans F iber D ensity 8.47a 8.83a 6.68b 7.83a
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Niacin

The best model predicting the niacin density o f  children’s lunches in 2010 included year, 

adherence to the SNP in 2010, school district, postal code, student sex and grade (R- 

Square = 0.07, p= <0.0001). The year o f  data collection was a significant predictor o f  the 

density o f niacin, with students consuming higher levels in 2010, when compared to 

2007. Post hoc comparisons indicated that niacin intakes were significantly higher 

among students attending schools with moderate adherence (26-50% of allowed foods) in 

2010 compared to children attending schools with good adherence (51-75% ‘allowed’ 

foods at lunch). There was a significant interaction between the source o f the lunch and 

school policy adherence in that students attending schools w ith moderate adherence (26- 

50% ‘allowed’ foods) consumed a higher proportion o f foods from school. Students 

attending urban schools in the Eastern school district and that were female and in grade 

five were found to be consuming higher densities o f  niacin.
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Table 4.6 Concepts Associated with the Density of Niacin: Summary of Multivariate 
Analysis

R-Square Prob > F
Model 0.067 <0.0001
Concept F-Value Prob > F
Year1 6.65 0.01
Adherence2 5.57 0.0008
School District3 13.77 0.0002
Postal Code5 26.08 <0.0001
Student Sex 6.43 0.0113
Student Grade6 22.13 <0.0001
Parental education*Postal 4.10 00431
Code
School Lunch 4.90 0.0021
Participation* Adherence
Adherence in 2010 0-25% 26-50% 51-75% 76-100%
LS Means Niacin Density 13.36a 15.863 15.01bc 13.76ac
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Vitamin I?6

The best model predicting the vitamin B<j density o f  children’s lunches in 2010 included 

year, adherence to the SNP in 2010, school district, and parental education (R-Square = 

0.07, p= <0.0001). The year o f data collection was a significant predictor o f  the density 

o f  vitamin B6, with students consuming higher levels in 2010, when compared to 2007. 

Post hoc comparisons indicated that vitamin B6 intakes were significantly higher among 

students attending schools that had moderate adherence (26-50% ‘allowed’ foods) in 

2010 compared to children at schools with good adherence (51-76% ‘allowed’ foods). 

There was a significant interaction between the source o f  the lunch and school policy 

adherence in that students attending schools with moderate adherence consumed a higher 

proportion o f  foods from school. Parental education was found to be a positive predictor 

o f  the density o f  vitamin B6.

68



Table 4.7 Concepts Associated with the Density of Vitamin Be: 
Analysis

Summary of Multivariate

R-Square Prob > F
Model 0.071 <0.0001
Concept F-Value Prob > F
Year1 61.66 <0.0001
Adherence2 3.52 0.0145
School District3 8.31 0.0040
Parental Education 4.88 0.0273
School Lunch 7.23 <0.0001
Participation* Adherence
Adherence in 2010 0-25% 26-50% 51-75% 76-100%
LS Means Vitamin Be 0.48a 0.59a 0.5 lb 0.52ab
Density
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Riboflavin

The best model predicting the riboflavin density o f children’s lunches in 2010 included 

year, adherence to the SNP in 2010, school district, source o f the lunch (school vs. 

home), postal code, parental education, student sex and grade (R-Square = 0.29, p= 

<0.0001). The year o f  data collection was a significant predictor o f  the density o f 

riboflavin, with students consuming lower levels in 2010, when compared to 2007. Post 

hoc comparisons indicated that riboflavin intakes were significantly higher among 

students attending schools that had'moderate adherence (26-50% ‘allowed’ foods) in 

2010 compared to children attending schools that had the lowest level o f adherence (0- 

25% ‘allowed’ foods) at lunch. There was a significant interaction between the source o f 

the lunch and school policy adherence in that students attending schools with 26-50% 

‘allowed’ foods consumed a higher proportion o f foods from school. Students that 

consumed a higher proportion o f foods from school were found to have higher densities 

o f riboflavin. Parental education was found to be a positive predictor o f the density o f 

riboflavin and students attending rural schools in the Eastern school district and that were 

male and in grade five were found to be consuming higher densities o f riboflavin.
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Table 4.8 Concepts Associated with the Density of Riboflavin: Summary of Multivariate
Analysis______________________________________________________________________

R -S quare_____________________P ro b  > F
M odel 0.29 <0.0001
Concept F-Value P ro b  >  F
Year1 35.09 <0.0001
Adherence2 4.98 0.0019
School District3 19.79 <0.0001
School Lunch Participation4 451.81 <0.0001
Postal Code5 4.94 0.0264
Student Sex 10.82 0.0010
Student Grade6 17.96 <0.0001
School Lunch 27.34 <0.0001
Participation*Adherence
A dherence in 2010 0-25%  26-50% 51-75%  76-100%
LS M eans Riboflavin 0.97a 1.20b 1.04b 1.08b
Density
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Calcium

The best model predicting the calcium density o f  children’s lunches in 2010 included 

year, adherence to the SNP in 2010, school district, source o f the lunch (school vs. 

home), postal code and student grade (R-Square = 0.28, p=  <0.0001). The year o f data 

collection was a significant predictor o f  the density o f calcium, with students consuming 

lower levels in 2010, when compared to  2007. Post hoc comparisons indicated that 

calcium intakes were higher among students attending schools that had moderate 

adherence to the policy (26-50% o f  allowed foods) in 2010 compared to other adherence 

categories. However, only the mean calcium intakes in the highest category (76-100%

‘allowed’ foods) were significantly different. There was a significant interaction between

I
the source o f  the lunch and school policy adherence in that students attending schools 

with moderate adherence consumed a higher proportion o f  foods from school. Students 

that consumed a higher proportion o f  foods from school were found to have higher 

densities o f calcium. Students attending schools in the Eastern School District and that 

were in grade five were found to be consuming higher densities o f  calcium.
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Table 4.9 Concepts Associated w ith  the D ensity o f Calcium : Sum m ary  o f  M ultivaria te  
Analysis

R -Square P ro b  >  F
M odel 0.28 <0.0001
Concept F-Value P ro b  >  F
Y ear1 68.88 <0.0001
Adherence2 3.30 0.0197
School District3 17.83 <0.0001
School Lunch Participation4 395.67 <0.0001
Parental Education 7.58 0.0060
Student Grade6 17.73 <0.0001
School Lunch 25.47 <0.0001
Participation* Adherence
A dherence in 2010 0-25%  26-50% 51-75%  76-100%
LS M eans Calcium  Density 539.48a 651.85a 562.01s 599.76b
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Vitamin D

The best model predicting the vitamin D density o f  children’s lunches in 2010 included 

year, adherence to the SNP in 2010, school district, source o f the lunch (school vs. 

home), parental education, and postal code (R-Square =  0.33, p= <0.0001). The year o f 

data collection was a significant predictor o f the density o f  vitamin D, with students 

consuming lower levels in 2010, when compared to 2007. Post hoc comparisons 

indicated that vitamin D intakes were significantly higher among students attending 

schools that had moderate adherence (26-50% ‘allowed’ foods) in 2010 compared to 

students at schools with the lowest adherence (0-25% ‘allowed’ foods) to the policy. 

There was a significant interaction between the source o f  the lunch and school policy 

adherence in that students attending schools with moderate adherence consumed a higher 

proportion o f  foods from school. Students that consumed a higher proportion o f  foods 

from school were found to have higher densities o f vitamin D. Parental education was 

found to be a positive predictor and students attending rural schools in the Eastern school 

district were found to be consuming higher densities o f vitamin D.
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Table 4.10 Concepts Associated with the Density of Vitamin D: Summary of Multivariate
Analysis______________________________________________________________ _

R -S quare P ro b  > F
M odel 0.33 <0.0001
Concept F-V alue P ro b  >  F
Year1 24.06 <0.0001
Adherence2 7.51 <0.0001
School District3 37.33 <0.0001
School Lunch Participation4 584.02 <0.0001
Postal Code5 15.30 <0.0001
Parental Education 10.86 0.0010
School Lunch 22.72 <0.0001
Participation* Adherence
A dherence in 2010 0-25%  26-50% 51-75%  76-100%
LS M eans V itam in D 2.07a 3.62b 2.33b 2.73b
Density i
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Vitamin Bn

The best model predicting the vitamin B n  density o f  children’s lunches in 2010 included 

year, adherence to the SNP in 2010, school district, source o f the lunch (school vs. 

home), parental education and income (R-Square = 0.16, p= <0.0001). The year o f  data 

collection was a significant predictor o f  the density o f vitamin B n , with students 

consuming lower levels in 2010, when compared to 2007. Post hoc comparisons 

indicated that vitamin B 12 intakes were higher among students attending schools that had 

moderate adherence to the policy in 2010 although differences were not statistically 

significant. Rather, students attending schools with good or high adherence had higher 

intakes than students attending schools with the lowest level o f  adherence (0-25% 

‘allowed’ foods). There was a significant interaction between the source o f the lunch and 

school policy adherence in that students attending schools with moderate adherence 

consumed a higher proportion o f  foods from school. Students that consumed a higher 

proportion o f  foods from school were found to have higher densities of vitamin B i2. 

Parental education and income were found to be positive predictors and students 

attending schools in the Eastern school district were found to be consuming higher 

densities o f vitamin B i2.
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Table 4.11 Concepts Associated with the Density of Vitamin BJ2: Summary of Multivariate
Analysis___________________________________________________________________ _____

R -S quare P ro b  > F
M odel 0.16 <0.0001
Concept F-V alue P ro b  > F
Year' 4.77 0.0291
Adherence2 4.57 0.0034
School District3 18.90 <0.0001
School Lunch Participation4 192.53 <0.0001
Parental Education 14.03 0.0002
Parental Income 6.72 0.0096
Student Grade6 5.37 0.0012
Parental Education*Postal 10.54 0.0012
Code
School Lunch 11.61 <0.0001
Participation* Adherence
A dherence in 2010 0-25%  26-50% 51-75%  76-100%
LS M eans V itam in B 12 1.64a 2.12ab 1.84° 1.866
Density
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Adherence Category 2 (51-75% Allowed Foods served at lunch in 2010)

Iron

The best model predicting the iron density o f children’s lunches in 2010 included year, 

adherence to the SNP in 2010, school district, source o f the lunch (school vs. home), 

postal code, parental education and grade (R-Square = 0.10, p= <0.0001). The year o f  

data collection was a significant predictor o f  the density o f  iron, w ith students consuming 

higher levels in 2010, when compared to 2007. Post hoc comparisons indicated that iron 

intakes were significantly higher among students attending schools that had good (51- 

76% ‘allowed’ foods) adherence in 2010 compared to students at other schools. There 

was a significant interaction between the source o f  the lunch and school policy adherence 

in that students attending schools with moderate adherence (26-50% ‘allowed’ foods) 

consumed a higher proportion o f  foods from school. Students that consumed a higher 

proportion o f  foods from school were found to have lower densities o f iron. Parental 

education was found to be positive predictor and students attending schools in the Eastern 

school district and that were in grade five were found to be consuming higher densities o f 

iron.
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Table 4.12 Concepts Associated with the Density of Iron: Summary of Multivariate
Analysis_________________________________________________________________

R-Square___________________Prob > F
Model 0.10 <0.0001
Concept F-V alue P ro b  > F
Year1 49.11 <0.0001
Adherence2 12.02 <0.0001
School District3 4.00 0.0458
School Lunch Participation4 37.24 <0.0001
Parental Education 3.89 0.0489
Student Grade6 4.39 <0.0001
School Lunch 15.42 <0.0001
Participation*Adherence
A dherence in 2010 0-25%  26-50% 51-75%  76-100%
LS M eans Iron  D ensity 5.63a 5.88a 6.42b 5.56a
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Folate

The best model predicting the folate density o f  children’s lunches in 2010 included year, 

adherence to the SNP in 2010, source o f  the lunch (school vs. home), postal code, 

parental income and student sex (R-Square = 0.13, p= <0.0001). The year o f  data 

collection was a significant predictor o f  the density o f folate, with students consuming 

higher levels in 2010, when compared to 2007. Post hoc comparisons indicated that 

folate intakes were significantly higher among students attending schools had good (51- 

76% ‘allowed’ foods) adherence in 2010 compared to students at schools with lower 

adherence. There was a significant interaction between the source o f  the lunch and 

school policy adherence in that students attending schools with moderate adherence 

consumed a higher proportion o f foods from school. Students that consumed a higher 

proportion o f  foods from school were found to have lower densities of folate in their 

lunches. Parental income was found to be a positive predictor and students attending 

rural schools and that were female and in grade five were found to be consuming higher 

densities o f  folate.
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Table 4.13 Concepts Associated with the Density of Folate: Summary of Multivariate
Analysis_______________________________________________________________

R -Square P ro b  > F
M odel 0.13 <0.0001
C oncept________________________________F-Value______________________P ro b  >  F
Y ear1 55.00 <0.0001
Adherence2 4.65 0.0031
School Lunch Participation4 87.41 <0.0001
Postal Code5 8.50 0.0036
Parental Income 6.99 0.0083
Parental Education*Postal 6.47 0.0110
Code
School Lunch 14.77 <0.0001
Participation* Adherence
A dherence in 2010 0-25% 26-50% 51-75%  76-100%
LS M eans Folate D ensity 159.3 l a 151.03® 186.01b 171.75ab
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Table 4.14 LS Means Procedure of Density Variables: Summary of Multivariate Analysis

2007

LS M ean

2010

P rotein 36.73 35.06

F a t 34.85 34.44

C arbohydrate 135.61 140.55

V itam in D 3.01 2.51

V itam in A 216.78 294.66

Zinc 4.90 4.36

Sodium 1496.90 1867.68

Potassium 1126.84 1260.92

M agnesium 122.83 125.62

Iron 5.17 6.17

Calcium 680.94 552.74

F iber 6.82 8.10

Sugar 61.27 64.66

Niacin 14.12 14.63

V itam in C 29.51 60.82

Thiam in 0.79 0.77

Riboflavin 1.66 1.03

V itam in B6 0.40 0.55

Folate 1.93 1.82

V itam in B n 131.81 182.40
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Table 4.15 Summary of Multivariate Analysis: Overview of Determinants
Year Adherence District School Lunch Education Income Postal Sex Grade
_______________________________________ Participation________________________Code__________________

Carbohydrate 2010 0-25% ‘allowed’ foods Western Home NS NS Rural NS Grade 6

Vitamin D 2007 26-50% ‘allowed’ foods Eastern School + NS Rural NS NS

Potassium 2010 26-50% ‘allowed’ foods Eastern School NS NS Rural NS NS

Sodium 2010 26-50% ‘allowed’ foods NS Home NS NS NS NS NS

Magnesium 2010 26-50% ‘allowed’ foods Eastern School NS NS NS Male Grade 5

Iron 2010 51-75% ‘allowed’ foods Eastern Home + NS NS NS Grade 5

Calcium 2007 26-50% ‘allowed’ foods Eastern School + NS NS NS Grade 5

Fiber 2010 26-50% ‘allowed’ foods Eastern Home NS NS Rural Female Grade 5

Niacin 2010 26-50% ‘allowed’ foods Eastern NS NS NS Urban Female Grade 5

Riboflavin 2007 26-50% ‘allowed’ foods Eastern School + NS Rural Male Grade 5

Vitamin B6 2010 26-50% ‘allowed’ foods Western NS + NS NS NS NS

Vitamin Bl2 2007 26-50% ‘allowed’ foods Eastern School + + NS NS Grade 5

Folate 2010 51-75% ‘allowed’ foods NS Home NS + Rural Female Grade 5



4.3.2 Regression M odels C ontaining Policy A dherence in  2010 as a D eterm inan t of 

the Density o f N utrien ts (Tables 4.16 -  4.19)

Presented below are models predicting the nutrient density (nutrients per 

1 OOOkcal) for 4 nutrients are included below. The covariates year was significantly 

associated with the 4 nutrient intakes (Tables 4.16-4.19).

The covariate percent ‘allowed’ foods at lunch in 2010 or adherence to the SNP 

was found to be a significant predictor for four nutrients: Protein, fat, sugar and thiamin.

P ro tein

The best model predicting the protein density o f children’s lunches in 2010 included 

adherence to the SNP in 2010, school district, school lunch participation, postal code, 

parental education and student grade (R-Square =  0.10, p= <0.0001). Post hoc 

comparisons indicated that protein intakes were significantly lower among students 

attending schools with low adherence (0-25% ‘allowed’ foods) in 2010 compared to 

students at other schools. There was a significant interaction between the school lunch 

participation and school policy adherence in that students attending schools with 

moderate adherence consumed a higher proportion o f foods from school. Students that 

consumed a higher proportion o f  foods from school were found to have higher densities 

o f protein. Parental education was found to be a positive predictor and students attending 

rural schools in the Eastern school district and that were in grade five were found to be 

consuming higher densities o f  protein.



Table 4.16 Concepts Associated with the Density of Protein: Summary of Multivariate
Analysis_________________________

R -S quare P ro b  > F
M odel 0.10 <0.0001
Concept F-V alue P ro b  > F
Adherence2 11.20 <0.0001
School District3 24.56 <0.0001
School Lunch Participation4 23.65 <0.0001
Parental Education 28.78 <0.0001
Postal Code5 11.58 0.0007
Student Grade6 27.70 <0.0001
Parental Education*Postal 7.67 0.0057
Code
School Lunch 4.05 0.0070
Participation*Adherence
A dherence in 2010 0-25%  26-50% 51-75%  76-100%
LS M eans P ro te in  Density 32.26a 38.416 36.136 34.85b
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Fat

The best model predicting the fat density o f  children’s lunches in 2010 included 

adherence to the SNP in 2010, school district, school lunch participation, postal code, 

parental income and student grade (R-Square = 0.09, p= <0. 0001). Post hoc 

comparisons indicated that fat intakes were higher among students attending schools that 

had good adherence (51-75% o f allowed foods) in 2010 although there were no 

differences with the other categories. There was a significant interaction between the 

school lunch participation, and school policy adherence in that students attending schools 

with moderate adherence consumed a higher proportion o f  foods from school. Students 

that consumed a higher proportion o f  foods from school were found to have higher 

densities o f fat. Parental income was found to be a negative predictor and students 

attending urban schools in the Western school board and that were in grade five were 

found to be consuming higher densities o f  fat.
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T able  4.17 C oncepts Associated w ith  the  D ensity o f F a t: Sum m ary o f M u ltiv aria te  Analysis
R -Square P ro b  >  F

M odel 0.09 <0.0001
Concept F-Value P ro b  > F
Adherence 4.02 0.0074
School District3 23.89 <0.0001
School Lunch Participation4 31.57 <0.0001
Postal Code5 13.48 0.0002
Parental income 4.15 0.0418
Student Grade6 33.69 <0.0001
Parental Education*Postal 7.77 0.0054
Code
School Lunch ; 5.05 0.0017
Participation* Adherence
A dherence in 2010 0-25% 26-50% 51-75% 76-100%
LS M eans F a t Density 34.46 32.93 35.82 34.09
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Sugar

The best model predicting the sugar density o f children’s lunches in 2010 included 

adherence to the SNP in 2010, postal code and student grade (R-Square =  0.05, p= 

<0.0001). Post hoc comparisons indicated that sugar intakes were significantly higher 

among students attending schools that had low adherence (0-25% o f  allowed foods) in 

2010 compared to children in schools with higher levels o f  adherence (51-100% ‘allowed 

foods). There was a significant interaction between the school lunch participation, and 

school policy adherence in that students attending schools with moderate adherence 

consumed a higher proportion o f foods from school. Students attending rural schools and 

that were in grade five were found to be consuming higher densities of sugar.

i
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Table 4.18 Concepts Associated with the Density of Sugar: Summary of Multivariate
Analysis___________________________________________________________________

R -Square P ro b  > F
M odel 0.048 <0.0001
Concept F-Value P ro b  > F
Adherence2 8.17 <0.0001
Postal Code5 5.58 0.0182
Student Grade6 25.50 <0.0001
School Lunch 4.62 0.0032
Participation*Adherence
A dherence in 2010 0-25% 26-50% 51-75% 76-100%
LS M eans S ugar Density 69.61a 64.29ac 59.82b 64.65bc
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Thiamin

The best model predicting the thiamin density o f  children’s lunches in 2010 included 

adherence to the SNP in 2010, school district, school lunch participation, postal code, 

student sex and grade (R-Square = 0.06, p= <0.0001). Post hoc comparisons indicated 

that thiamin intakes were highest among students attending schools that had moderate 

adherence (26-50% o f ‘allowed’ foods) in 2010 but were not significantly different from 

other adherence categories. Only intakes o f  students at schools with good adherence (51- 

75% ‘allowed’ foods) were significantly higher than schools with low adherence (0-25% 

‘allowed’ foods). Students that consumed a higher proportion o f  foods from school were 

found to have lower densities o f thiamin. Students attending urban schools in the Eastern 

school district and that were male and in grade five were found to be consuming higher 

densities o f  protein.
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Table 4.19 C oncepts Associated w ith the D ensity o f  T hiam in: Sum m ary o f  M ultivaria te  
Analysis

R -S quare P ro b  > F
M odel 0.055 <0.0001
Concept F-V alue P ro b  > F
Adherence 4.43 0.0041
School District3 15.39 <0.0001
School Lunch Participation4 3.97 0.0464
Postal Code5 5.73 0.0168
Student Sex 9.11 0.0026
Student Grade6 20.80 <0.0001
School Lunch 7.68 <0.0001
Participation* Adherence
A dherence in 2010 0-25% 26-50% 51-75% 76-100%
LS M eans T hiam in  Density 0.74a 0.84ab 0.80b 0.73a
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4.4 Discussion

This is the first study in Canada to examine associations between children’s lunchtime 

nutrient intakes in 2010 with year and the school’s adherence to the SNP in a large 

population based sample o f  grade five and six students. In support o f the hypothesis, the 

multivariate analysis showed that children attending schools that reported moderate (26- 

50% ‘allowed’ foods in 2010) to good adherence (51-75% of allowed foods at lunch in 

2010) had higher density intakes o f  many nutrients including protein, fat, vitamin D, 

potassium, sodium, magnesium, iron, calcium, fiber, niacin, thiamin, riboflavin, vitamin 

B6, vitamin B 12 and folate. Further, also supporting the hypothesis, the schools with the 

lowest level o f  adherence (0-25% allowed foods at lunch in 2010) were found to have the 

highest amounts o f  sugar. These findings could indicate that students at schools that had 

moderate to good adherence (25-75% o f allowed foods at lunch) in 2010 were consuming 

more fruits and vegetables, whole grains, meat and daily products and less sugary fruit 

juices and drinks (Health Canada, 2011). Future food group analysis will be conducted to 

confirm these findings.

A growing number o f  studies have shown a positive association between 

implementation o f  SNP’s and the nutritional quality o f children’s dietary intakes 

(Gleason & Suitor, 2001; Wojcicki & Heyman, 2006; Crepinsek, Gordon, McKinney, 

Condon, & Wilson, 2009; Story, 2009; Briefel, Crepinsek, Cabili, Wilson, & Gleason, 

2009; McKenna, 2010; Mendoza, W atson, & Cullen, 2010; Taylor, McKenna, & Butler, 

2010). However, all o f  these studies were conducted in the United States, where SNPs 

may have a greater impact since lunches are provided on a daily basis in school cafeterias 

and it is a nationally funded program. A  study conducted by Cullen and colleagues in



Texas (2008) collected lunch food records from middle school students over a three-year 

period and found that with the implementation o f  an SNP, student lunch consumption o f 

protein, fiber, vitamins A and C, and sodium increased, with a decrease in consumption 

o f  sweetened beverages and snack chips (Cullen, Watson, & Zakeri, 2008). The decrease 

in consumption o f sweetened beverages found by Cullen and colleagues supports the 

findings from this study that the schools with moderate to  good adherence (25-75% 

allowed foods at lunch in 2010) were consuming less sugary fruit juice/drinks.

However, all o f  these studies were conducted in the United States, where SNPs may have 

a greater impact than in PEI since American policies govern the quality o f  lunches 

provided on a daily basis in school cafeterias across the country through the National 

School Lunch Program (US Departmtent o f  Agriculture, 2011).

It is difficult to compare findings from the current research with studies from the 

United States. There is no national school lunch program in Canada, and while all 

elementary schools in PEI provide a school lunch, the nature o f the foods offered and the 

frequency that the program often varies. In this study, approximately 67% o f  the foods in 

the lunches were provided from home on the day o f  the survey for both time periods 

(Caiger, 2010; Tucker, 2010). The source o f the lunch foods and beverages (home vs 

school) was found to be a significant predictor o f  the lunches with student’s that were 

consuming a higher percentage o f  foods from school having higher intakes o f  several 

nutrients including; protein, fat, vitamin D, vitamin A, zinc, potassium, magnesium, 

calcium, riboflavin and vitamin Bn- These findings may reflect higher consumption o f 

foods such as vegetable or ham submarine sandwiches, baked potatoes, white and 

chocolate milk, and cheese pizza by students who consumed a higher proportion o f foods
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from school. However, the intakes o f  iron and folate were found to  be lower among 

students who consumed a higher proportion o f  foods from school. At the school level, 

students attending schools that had good adherence (served 51-75% of allowed foods) 

had the highest consumption o f iron and folate. This could suggest that the school foods 

tended to be lower in iron and folate when the school was not following the policy. 

Schools that had closer adherence to the policy may have offered foods such baked 

potatoes, vegetable and m eat submarine sandwiches and pizza which are higher in iron 

and folate.

The higher intakes o f  calcium, vitamin D, vitamin B 12 and riboflavin, from those 

selecting more foods and beverages from the school likely reflects higher consumption o f 

fluid milk from school sources. The regression models that included school lunch 

participation, adherence and year predicting the nutrients calcium (R-Square = 0.28), 

vitamin D (R-Square = 0.33), vitamin B 12 (R-Square = 0.16) and riboflavin (R-Square = 

0.29) had the highest R-Square values, which could indicate that the nutrients associated 

with milk purchased at school are closely associated with school policy adherence and 

food purchased at school. All elementary schools in PEI participate in the PEI School 

Milk Program, which traditionally subsidizes the price o f  white 2%  milk (PEI School 

Milk Foundation, 2010). However, only one third o f children actually purchase 

subsidized milk (PEI School Milk Foundation, 2010). Given the benefits in terms o f 

higher calcium and vitamin D content o f children’s lunches observed in this study it is 

important to increase child participation rates in this program.

In addition to the types o f foods and beverages offered, the schools varied in the 

frequency with which school lunch programs were offered depending on resources,
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volunteers and facilities available (Taylor, et al., 2011). Approximately one quarter o f 

the schools were serving a school lunch daily: one third o f the schools were serving 

lunches three or four times a  week. The fact that children attending schools with the 

highest level o f adherence (76-100% allowed foods) at lunch did not consume lunches 

with higher nutrient intakes could be a reflection o f the measure o f  adherence which 

assessed only if the food was ‘allowed’ or ‘not allowed’ by the policy and did not reflect 

whether that allowed food was actually served on the day o f  the survey. The assessment 

of the latter was not practical given the nature o f the in school survey design. Further 

schools varied as to which ‘allowed’ or ‘not allowed’ foods were actually available for 

sale on the day o f  the survey, which could have affected the nutrient intakes. There m ay 

have been a greater impact o f  the policy on the nutritional quality o f  children’s lunches if 

there was a higher proportion of lunch foods in children’s lunches sourced from school or 

if the school lunch program is offered more regularly. Nevertheless, we did find a 

positive association between school adherence to the policy and the dietary quality o f  

children’s lunches.

For several o f the nutrients (potassium, sodium, magnesium, fiber, niacin, vitamin 

B6, riboflavin, calcium, vitamin D, vitamin B12, protein, sugar and thiamin) there was a 

positive significant interaction between the school lunch participation, and school policy 

adherence in that students attending schools with moderate adherence consumed a higher 

proportion o f foods from school.

The length o f implementation o f  the policy (one year implementation for schools 

assessed in 2007 versus four years o f  implementation for schools assessed in 2010) was 

found to be a significant predictor o f  the nutrient densities o f  students lunches in 2010
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with students consuming a higher intake o f  several nutrients including carbohydrate, 

vitamin A, sodium, potassium, magnesium, iron, fiber, sugar, niacin, vitamin C, vitamin 

B6 and vitamin B 1 2 . Some o f  these results reflected similar results found by Cullen and 

Colleagues in Texas (2008) who found that children had an increase in vitamin A and C, 

and sodium (Cullen, Watson, & Zakeri, 2008).

In addition to  adherence to the policy and the effect o f length o f implementation 

(2007 vs 2010), other factors were found to significantly predict the nutrient intakes o f 

children at lunchtime including school location (postal code and district), parental 

education, parental income, student grade and sex. Postal code was used to  classify 

schools as rural or urban and was found to be significantly associated with the nutrient 

density o f school lunches: students attending schools that were in a rural setting were 

found to be consuming higher levels o f  protein, carbohydrates, vitamin D, potassium, 

magnesium, fiber, sugar, vitamin C, riboflavin and folate and lower amounts o f  fat, zinc, 

niacin and thiamin compared to students in urban schools. Rural schools were more 

likely to source their lunches from local restaurants rather than fast food chains and these 

were more often homemade meals. A study in England conducted by Skidmore and 

colleagues found that children aged 9-10 years old that lived further away from a 

supermarket increased portions o f  fruit and vegetables. As well, children who lived 

closer to convenience stores consumed more potato chips, chocolate and white bread 

(Skidmore, et al., 2009). School district was also found to be a significant predictor o f 

intakes o f several nutrients with students that were attending schools in the Eastern 

School Board consuming higher lunch time intakes o f protein, vitamin D, zinc, 

potassium, magnesium, iron, calcium, fiber, niacin, vitamin C, thiamin, riboflavin and
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vitamin B 12 compared to students in the Western School District The Eastern School 

Board was implementing a  less stringent policy than the Western School District in 2007 

and 2010. The W estern School Boards SNP included specific nutrient criteria for foods 

and this was not found to be associated with a positive effect on nutrient intakes since the 

Eastern School Board exhibited higher nutrient intakes in 2010.

Our study findings suggest that as parental education levels increased, children’s 

lunchtime intakes o f  protein, vitamin D, iron, calcium, riboflavin, vitamin B6 and vitamin 

B i2 also increased. Several studies have demonstrated a  connection between the level o f  a 

parent’s education and the quality o f  a children’s nutrient intake. Several studies have 

found a positive link between a higher education level in the parents and higher quality 

nutrient intakes, including children consuming more fruits and vegetables and less 

processed foods (Sausenthaler, et al., 2007; Nilsen, Krokstad, Holmen, & W estin, 2009; 

Jones, Steer, Rogers, & Emmett, 2010; Yu, Protudjer, Anderson, & Fieldhouse, 2010). 

Sausenthaler and colleagues found that low parental education levels were associated 

with low children’s intakes o f  fresh fruit, cooked vegetables, and olive oil and a high 

intakes o f  canned vegetables, fruit, margarine, mayonnaise and processed salad dressings. 

As well, lower parental education levels have been linked to higher rates o f  children 

obesity (Lamerz, et al., 2005; Stea, Wandel, Mansoor, Uglem, & Frolich, 2008). It is 

therefore important to assess parental education in any study examining the factors 

influencing children’s dietary intakes because o f  the link between parental education and 

socio-economic status (SES) (Evers, Taylor, Manske, & Midgett, 2001).

The level o f  parental education has been linked to SES and several studies 

suggest that children from families with higher SES consume more nutritious foods
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including fruits and vegetables, low fat dairy products, lean meats and whole grains 

(Veugelers, Fitzgerald, & Johnston, 2005; Ricciuto & Tarasuk, 2007; Darmon.& 

Drewnowski, 2008; St John, Durant, Campagna, Rehman, & Thompson, 2008; Cullen, 

Watson, & Fithian, 2009; Yu, Protudjer, Anderson, & Fieldhouse, 2010). Socio

economic status and overweight have also been found to  be inversely related among 

Canadian children (Willms, Tremblay, & Katzmarzyk, 2003; Kuhle, 2011). A  study 

conducted in Nova Scotia by Veugelers and colleagues found that children in high- 

income neighbourhoods were half as likely to be obese as their peers living in low- 

income neighbourhoods (OR 0.50,95%  C l 0.36-0.70) (Veugelers, Fitzgerald, & 

Johnston, 2005).

4.5 Conclusions

This study was the first in Canada that demonstrates a positive relationship 

between the quality o f student’s dietary lunchtime intakes and level school o f  adherence 

to the policy. Our study found that children attending schools that were following the 

SNP more closely (26-75% ‘allowed foods’) were consuming higher intakes o f protein, 

fat, vitamin D, potassium, sodium, magnesium, iron, calcium, fiber, niacin, thiamin, 

riboflavin, vitamin £*6 and vitamin B n  and lower intakes o f  sugar and carbohydrates 

compared to those attending schools that served only 0-25% o f allowed foods by the 

policy. This suggests that children who were attending schools which followed the SNP 

more closely may be consuming less sugary juices and fruit drinks and more bread, milk, 

vegetables and meat products at lunch. Given the nature o f foods served for lunches in 

schools, this could include pizza, submarine sandwiches, baked potatoes and 

white/chocolate milk.
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Factors also found to have a positive impact on the dietary lunchtime quality o f 

children at lunchtime included parental education, income, and school location (rural, 

school district), which were positively associated with the quality o f lunchtime intakes 

for several nutrients.
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5.0 C h ap te r Five: Discussion and Conclusions

5.1 Discussion

A major objective o f this study was to assess the changes in lunchtime nutrient 

intakes o f elementary school children from 2007 to 2010 with the introduction o f a 

province-wide school nutrition policy in Prince Edward Island, as well as, the 

determinants o f  the diet quality o f children’s lunches consumed school in 2010. The 

findings from the analysis showed mixed results particularly with respect to the fact that 

not all o f  the nutrients improved in 2010 and several nutrients remained at low levels in 

children’s lunches. There was a modest improvement four years after SNP 

implementation, but the overall diet quality still remained poor with students in 2010. 

Elementary school children in 2010 were consuming higher intakes o f several nutrients 

including protein, fat, carbohydrates, fiber, calcium, magnesium, potassium, zinc, vitamin 

A, thiamin, riboflavin, niacin and sodium. Conversely, low intakes o f calcium, 

magnesium, zinc, vitamin D, vitamin A, vitamin C, vitamin B6 and folate were seen with 

approximately less than 50% of the children in 2010 consuming adequate intakes. 

Decreases in sugar, potassium, vitamin C and folate intakes were also seen from 2007 to 

2010 which could indicate that children are consuming less fruits and vegetables in their 

lunches over this time period. The lower consumption o f  fruit and vegetables is likely a 

result o f  either children bringing fewer o f these from home and/or the school lunch 

programs not providing as much fruit and vegetables in 2010 compared to 2007. Hasert 

and colleagues (2009) in California found that children that were consuming lunch at 

school consumed 0.95 more servings o f  fruits and vegetables than those who never
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bought their lunch at school.

With regards to the proportions o f energy from macronutrients, the majority o f 

students in 2010 were consuming diets that were within the recommended ranges for 

protein, above the range for carbohydrates and below that for fat (Institute o f  Medicine 

(IOM), 2006; American Dietetic Association, 2011). Canada’s Food Guide recommends 

eating a balanced diet o f  Vegetables and Fruit, Grain Products, M ilk and Alternatives, 

Meat and Alternative and oils and fats (Health Canada, 2011). These findings likely 

reflect the fact that many students in 2010 were consuming foods that were high in 

refined carbohydrates, and low in fat, including granola bars, cookies, crackers, gummy 

candies and soft fruit/cereal bars in their lunches. Results are also consistent with other 

studies o f  nutrient intakes o f school-aged children (Gleason & Suitor, 2001; Rees, 

Richards, & Gregory, 2008). Hanning and colleagues (2007) in Ontario completed a 

study on grade six, seven and eight children, which included a 24-hour diet recall and 

food frequency questionnaires. They found that participants were consuming diets that 

were below recommendations for all food groups except Meat and Alternatives (Hanning, 

Woodruff, Lambraki, & Jessup, 2007). Although a formal evaluation o f foods consumed 

at lunch in 2007 and 2010 has not yet been completed, an informal review o f  the food 

items brought from home indicated that packaged lunch kits containing crackers, 

processed meat and cheese and a high sugar treat (e.g. LunchmatesO) were commonly 

included. These packaged foods are high in refined carbohydrates and low in fat, which 

may partially explain the macronutrient content o f the lunches.

In 2010, a low number o f children consumed adequate intakes o f both calcium

and vitamin D, with only 42% o f children consuming adequate intakes o f calcium and
0
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only 6% o f  children consuming adequate intakes o f  vitamin D. Since the 1980’s, all 

elementary schools in PEI have participated in a school milk program that subsidizes the 

price o f  2% white milk through the PEI School M ilk Program (PEI School M ilk 

Foundation, 2010). The purpose o f  the program is to ensure that all children from 

kindergarten to grade 12 are provided with white milk at the lowest price possible (PEI 

School M ilk Foundation, 2010). However, only one third o f children actually purchase 

the subsidized white milk (PEI School M ilk Foundation, 2010). It is important to 

increase the participation o f the milk program to help increase the amount o f  calcium and 

vitamin D consumed by elementary school children. These low rates o f calcium and 

vitamin D are a major concern since inadequate calcium intake in childhood may 

compromise bone mineralization, skeletal development (Vatanparast, 2006; Bueno, 

Czepielewski, & Raimundo, 2010; Zemel, Carey, Paulhamus, Stallings, & Ittenbach, 

2010). Further, low intakes o f  vitamin D are a risk factor for rickets in children (Health 

Canada, 2004; Hanley, Cranney, Jones, Whiting, & Leslie, 2010) and have been shown to 

be an essential part o f  preventing osteoporosis later in life. Although there was a modest 

increase in calcium and magnesium from 2007 to 2010, there were no such increases in 

the amount o f  vitamin D consumed. This could indicate that while the consumption o f 

milk products, such as yogurt and cheese has increased in 2010, the consumption o f  fluid 

milk has not. Results o f the GLM modeling indicated that children who consumed a 

higher intake o f foods from the school food program were consuming higher intakes o f 

calcium, vitamin D, vitamin B 12 and riboflavin and could indicate a  higher consumption 

o f fluid milk which is provided from the school food programs. Given the potential 

benefits in terms o f the calcium and vitamin D content o f  children’s lunches it is
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important to increase the child participation rates in the PEI School Milk Program. Some 

anecdotal concerns, which could be addressed, include temperature o f the milk, 

packaging (preference for plastic bottles) and subsidization o f the price o f  chocolate milk.

The multivariate analysis showed that children attending schools that reported moderate 

to good adherence (25-75% o f  allowed foods at lunch in 2010) had higher density intakes 

o f many nutrients including: protein, fat, vitamin D, potassium, sodium, magnesium, iron, 

calcium, fiber, niacin, thiamin, riboflavin, vitaminB6, vitamin B 12 and folate as well 

schools with the lowest level o f adherence were found to have the highest amount o f  

carbohydrates and sugar. This could suggest that schools that reported moderate to good 

adherence (25-75% o f allowed foods at lunch in 2010) were serving more cheese pizza, 

submarine sandwiches, baked potatoes and white/chocolate milk and less sugary fruit 

juices/drinks. The fact that schools that were adhering to the policy the closest (76-100% 

o f allowed foods served at lunch) were not found to have the highest nutrient density o f 

any nutrients in 2010 could suggest that impact o f  more stringent policies on children’s 

nutrient intakes should be the subject o f further study.

School nutrition policy adherence was assessed by comparing the specific foods 

offered in the school lunch program to those allowed by the SNP regulations, which 

included food lists specifying food types and frequency o f  consumption. Since the 

measure o f adherence compared both the frequency o f consumption and the specific food 

types, schools that were following the policy the most closely (76-100% o f  allowed foods 

served at lunch) could still be serving ‘allowed foods’ which were less healthy (e.g. 

higher in sugar, fat or sodium) on the day o f the survey, provided that they m et the 

frequency criteria (e.g. 1-2 times per month). The dichotomous classification o f  foods
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being ‘allowed’ or ‘not allowed’ in this study was a useful indicator to compare schools 

and consider the role o f  policy adherence in children’s dietary intakes. However, there 

are challenges when comparing school adherence over time since it does not consider the 

nature o f specific food changes during policy implementation. For example, changing 

from a ‘not allowed’ pepperoni pizza to an ‘allowed’ cheese pizza will result in the same 

adherence rating as changing from a ‘not allowed’ pepperoni pizza to an ‘allowed’ 

vegetable wrap even though these changes will impact student nutrient intakes 

differently. Further development o f policy adherence measures is an important topic for 

future research. Overall SNP adherence decreased over time from 74% in 2007 to 54% 

in 2010 ‘allowed’ foods (Hernandez, Taylor, Gray, & Tucker, 2010). Suggests that 

schools continue to struggle when implementing the SNP and closer monitoring and 

support are necessary.

Elementary school children in 2010 that consumed a higher proportion o f  food 

from school were found to be consuming higher nutrient densities o f protein, fat, vitamin 

D, vitamin A, zinc, potassium, magnesium, calcium, riboflavin and vitamin B i2 than 

children that consumed more food from home. This could indicate that students that 

consumed a higher amount o f  food from school were consuming higher intakes o f 

vegetable and ham submarine sandwiches, baked potatoes, white/chocolate milk and 

cheese pizza. Although children’s dietary quality increased by consuming these foods 

and the foods were ‘allowed’ by the policy, it is not recommended that that children 

consume such heavily processed foods that are sourced from fast food vendors. Rather, 

providing whole unprocessed foods in school lunches would improve childrens’ intakes 

o f vitamins, minerals and fibre while decreasing sodium and sugar consumption. There
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are barriers to providing children with meals that are prepared from whole unprocessed 

foods including the higher cost and the lost revenue due to student’s demands for 

processed foods (Taylor, et al., 2011). Foods that were served in the school food 

environment were higher in several nutrients (protein, fat, vitamin D, vitamin A, zinc, 

potassium, magnesium, calcium, riboflavin and vitamin B n) but were lower in vitamin C, 

potassium, magnesium and folate; this likely reflects the lack o f  fruits and vegetables 

being offered as part o f school lunches. For many schools in this study, the only fruit or 

and vegetable served as part o f the school food program were baked potatoes and they 

may not have been served on the day o f  the survey o f this study. Students that were 

consuming a higher amount o f foods and beverages from home were found to be 

consuming a higher density o f sodium. This is o f  concern since the median density o f  

lunchtime sodium intakes o f elementary school children in 2010 was found to be 1004 

mg. Several studies have found that an increase in sodium intake was associated with 

increased blood pressure in children, which is in turn linked to strokes, heart attacks and 

heart failure (He F . , 2008; He, Marrero, & MacGregor, 2008; Grimes, 2011; Elliott, 

2010). The majority o f dietary sodium in children is from salt that is added to processed 

foods, including foods that are marketed towards children (Elliott, 2010; Grimes, 2011). 

Informal observations o f the LFRs showed that children were found to be consuming 

several high sodium foods (prepackaged processed meat, cheese and cracker snacks and 

potato chips) that were provided from home in both 2007 and 2010.

Given the nature o f  applied nutrition research in school settings, it was not 

possible to use a randomized controlled experimental design. Scientists and granting 

agencies are recognizing that population based health interventions cannot use
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randomized controlled experiments as used in drug trials (Nutbeam & Bauman, 2006; 

Ramanathan, Allison, Faulkner, & Dwyer, 2008). Schools could not be randomized to 

treatment, nor could control schools be identified since all elementary schools in PEI had 

already fully implemented the SNP in September o f 2006.

Another limitation o f  this study was the use o f self reported data by the students 

and principals. Further the adherence measure focused on lunchtime foods only, it is 

important to focus other aspects o f  the policy in future research. However, research 

assistants received extensive training and provided students with instructions and 

assistance when recalling foods and spelling food items during the data collection to 

minimize error (Caiger, 2010). A  strength o f  the study is the population based sample: 

all English schools participated with acceptable response rates (60% in 2007 and 58% in 

2010), given that parental consent was required for students to participate and children’s 

heights and weights were measured as part o f  the study. PEI was an ideal setting for this 

study with the introduction o f  the province-wide SNP in 2006, and the small stable 

population o f PEI, along with the high rates o f  adult and childhood overweight and 

obesity.

5.2 Conclusions

The first objective o f this thesis was to assess changes in dietary quality o f 

children’s lunchtime nutrient intakes from 2007 (early policy implementation) to four 

years after implementation. In support o f  the hypothesis that children in 2010 will have 

higher intakes o f micronutrients and fiber results indicated that the dietary quality o f
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elementary school children improved over this period with increases in several nutrients 

including protein, fat, carbohydrates, fiber, calcium, magnesium, zinc, thiamin, niacin, 

vitamin B 12 and folate. However, the overall dietary quality still remains quite poor 

despite these improvements. This study found that children in 2010 were consuming low 

intakes o f several nutrients including fat, fiber, potassium, calcium, magnesium, zinc, 

vitamin A, vitamin D, thiamin, riboflavin, niacin and vitamin B6. These results could 

suggest that elementary school children in PEI are consuming more submarine 

sandwiches, cheese pizza, and baked potatoes. Based on these results it seems that the 

school nutrition policies are having a m odest yet positive effect on children’s dietary 

intakes at lunch.

The second objective o f this study was to assess the relationship between SNP 

and the length o f  implementation o f  the dietary quality o f elementary school children’s 

lunchtime food intakes. This was the first study in Canada that showed a positive 

relationship between the quality o f  student’s dietary lunchtime intakes and the level o f 

school nutrition policy adherence as well as year. The length o f implementation (2007 

vs. 2010) o f  the SNPs was also shown to positively associated with lunch time levels o f 

several nutrients including carbohydrates, sugar, fiber, sodium, potassium, magnesium, 

iron, niacin, vitamin C, vitamin A, vitamin B6 and vitamin B 12. There was some support 

for the second hypothesis in that schools that were following the policy more closely (25- 

75% allowed foods at lunch) were found to be consuming higher intakes o f  protein, fat, 

vitamin D, potassium, sodium, magnesium, iron, calcium, fiber, niacin, thiamin, 

riboflavin, vitamin B6, vitamin B 12 as well as lower intakes o f  sugar and carbohydrates 

than schools that were not following the policy as closely (0-25% allowed foods at
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lunch). This could reflect higher intakes o f bread, milk, meat products and vegetables 

and lower intakes o f  sugaiy fruit juice/drinks.

This study found that there is a positive association between implementation o f  a 

SNP and the dietary quality o f  elementary school children’s lunches in schools that had 

moderate to good adherence levels in 2010. This was in spite o f  the fact that there was a 

significant drop in overall school level adherence from 2007 to 2010 and that 

approximately only one third o f the foods consumed were sourced from the school food 

environment on the day o f the survey. These findings thus suggest that, when followed, 

SNPs have great potential to have a positive impact on the overall dietary quality o f 

elementary school children. As noted by M cKenna and Colleagues (McKenna, 2010; 

Taylor, McKenna, & Butler, 2010), further research is needed to examine the role o f  the 

stringency o f  the school nutrition policies on student level outcomes, since the most 

positive results in the present study were seen in the schools that were following the 

policy with moderate rates o f  adherence. In order to see if  the positive trends in 

children’s lunch time nutrient intakes over time continue, it is important that schools 

remain committed to implement the current policies and that policies are monitored by 

the district/province. However, given that positive changes were seen in schools which 

had moderate rather than high levels o f  adherence, it may be that full implementation o f 

these stringent nutrient criteria is unnecessary. W hile this would be encouraging news 

for schools and school districts that sometimes struggle to implement policies, further 

study is necessary (Taylor, et al., 2011).

A second area o f research concerns the parental role o f providing and encouraging 

healthy lunches. With approximately two-thirds o f  the food and beverages coming from
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home and given the poor nutritional quality o f the children’s lunches, it is critical that we 

understand how parents can be engaged and supported to provide nutritious lunches for 

their children (MacLellan, Holland, Taylor, McKenna, & Hernandez, 2010).

Lastly, another area o f  research concern the student’s role in choosing which 

foods are served as part o f  the school lunch programs. Considering that many o f  the 

nutrients were higher among students who attended schools with moderate levels o f 

adherence (26-50% ‘allowed’ foods) and the students were more likely to consume a 

higher percentage o f  foods from these schools, student acceptability of the foods is an 

important part to consider (Taylor, et al., 2011). Perhaps a student survey could be 

completed about which healthier food items would children be m ore likely to consume as 

part o f  the school food lunch programs.

This study has investigated the role o f  SNP on the nutritional quality o f  children’s 

lunches. There is a need to examine how these policies influence children’s overall 

dietary intake (e.g. daily/weekly consumption).

Overall, the results o f  this study have contributed to the growing knowledge base 

regarding the effect o f SNPs on the eating habits over time o f elementary school 

children’s in PEI as well as how the introduction o f  the SNPs in PEI can influence 

student’s lunchtime nutrient consumption.
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APPENDIX A

b Lunch Food Record

We are interested in what you had for lunch YESTERDAY. Please 
'. write each food or drink you had on the lines below.

#  (i 

Food/Drink Item (1 per box) How
Much?

j • - w r r u - .
Where diffyou get the food? 0

School Milk Vending „  _ . 
t i. n . .  Home Other Lunch Program Machine

S o .n A u K cK .,
\

□ '□ □ s □

*10= S S G m l-

| A \ \ V \  / o b o c o i a \

3  loM. Qc

□ B □ □ □

f i t s  c r a c k e r
W i f L  C k e e s * . .

4
,=13*13 =

□ '
1 = 3 3 .

□
3 q

□ . m □

^  P < X C l ^ c ^ f ~  

v)\\\ iovrf  c n Jr h r
4IOM- 1 - 3 E

i □ .

0

□ □ e  - □

a

□  - □ □  . □ □

□ □  . . □  ' □ □

□ □ . □ □ □

□ □ □ □

I J 3  #  G > 7 / l

119



APPENDIX B
School Nutrition and Activity P ro ject Policy Checklist

Please (ell u s  about the extant to which you have implemented the (dewing aspects of the Nutrition Policy 
at your school, Chech the box which best represents your opinion.

At my school-.
l . We allow a  minimun of 20 minutes to eat lu nch Yes - N o -
2. We stcch an  emergency food cupboard with healthy choices for 
students in need

Yes - N o -

3. We participate In (he PEI School Milk Program Yes - N o -
4. We of (era breakfast or snack program available to all children Yes - NO-
5. We price foods in a way to encourage healthy food consumption Disagree A gree- Strongly agree-
6. Staff and volunteers are familiarwith safe food handling practices Disagree A gree- Strongly agree-
7. The food and  beverages sold in venting machines, which are 
accessible to students, are selected from the ‘Heal thy Vending 
Machine and Canteen Foods’ list

Never -  
N A -

Som etim es- Most of the  time - Always -

8. We promote only healthy food choices and advertising at schod Never * Som etim es- Most of the  time - Always -
9. We participate in Healthy Eatkig Alliance, or other nutrition 
activities whenoffered

Never - Som etim es- Most of the  time - Always-

10, We involve students in planning schod food choices Never - Som etim es- Most of the  time > Always -
11. Foods sold or provided a t school are Selected from ‘Foods to 
Serve Most Often’ or "Foods lo Serve Sometimes’ lists

Never- Som etim es- Most of the  time - Always -

12. School fundraising activities emphasize non-food or healthy 
food products

Never- Som etim es- Most of the  time - Always-

13. Ourstaff participate in professional development which 
addresses nutriticnand food issues when available

Never - Som etim es- Most of the  time - Always-

14, Teachers and  schod staff act a s  positive role models with 
regards to healthy eating

Never- Som etim es- Most of the  tim e- Always -

1 S. We only offer non-food items as rewards (or good behaviour, 
achievement or participation in fundraising activities.

Never- Som etim es- M o5tofthetime • Always-
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16. A)Ooesyourschoolcunenllyof(eraLUNCH PROGRAMonanydaydurmgtheweek? ~YES -N O : Go to Question #17

B) If your school doesofferalU N CH  PROGRAM, p lease fill in the following information regarding the  foods offered;

Food Offered How Often? 

#  Days/Week

W hat Brand?
(i.e. .brand nam e, restaurant provider, 
producer)

W hat Type?
( e.g., flavour, variety, loppings)

Example: pizza z Pizza Delight peppereiii -

hot doge l Maple Leaf original,dll b e e f

Pizza
Hoi Dogs

Chicken Nuggets

Chicken Burgers
Sandwiches

Subs

Wraps
Baked Potatoes

Soup

Chili

Spaghetti
O ther
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17. D o es  y o u r sch o o l h a v e a  VENDING MACHINE(s)? Yes
i f  YES, please check ( ; )  alt items currently offered:

•  No "G o  to Question 18.

F ood Offered F ood Offered

baked potato chips milk(white)

bottled water milk (chocolate)

c h e e s e s  crackers muflins

chips/tortilla chips'cheesies (reg) raisins

chocolate bars/candyfgum pretzels

cookies/cakes/pies/pastries rice cakes (e.g. Mini Crisps)

fruit (fresh or canned) sandwichesfsubsAtfaps

fruit juices <100% juice) soft drinks/popfsports drinks (e,g, Gaforatfe)

fruit drinks/fruit crystals trail mixfcereal snack  mix

granola/cereal bars yogurt/frozen yogurt

ice cream  products/milkshakeslpcpsides
O ther fsoedfvt

Other (specify) O lherfsoedfv)

18. Other than meal programs, canteens, ven ting  m achines and the cafeteria, does your school sell any oSier items for fundraising? 

- Y e s  - N o  s  G o to Question 19.

If anstvered YES please checkitems sold:

-  Chocolate bars/candy -C ook ies/cakes - C h e e s e
-  Fresh Fruit/juice -  M agazines -  Bulbs
-T -Shirts, Hats, etc. -  Cards/W rapping Paper
-  Olher(Specify:)______________________________
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APPENDIX C

DRI Standards for Comparison of Children’s Lunch Intakes (IOM, 2006)
Nutrient l/3rd EAR1 (9-13y) l/3rd AIZ (9-I3y) AMDR3 (9-13y)
Carbohydrates (g) 33.3 45-65%
Protein (g) 9.3,9 10-30%
Fat (g) 25-35%
Fibre (g) 8.7, 10.3
Iron (mg) 1.9, 2.0
Zinc (mg) 2.3
Potassium (mg) 500
Sodium (mg) 1500
Folate (pg) 83.3
Calcium (mg) 433.3
Magnesium (mg) 66.7
Thiamin (mg) 0.2
Riboflavin (mg) 0.3
Niacin (mg) 3
Vitamin A (RAE)4 140, 148.3
(Pg)
Vitamin B6 (mg) 0.3
Vitamin B 12 (pg) 0.5
Vitamin C (mg) 13
Vitamin D (pg) 5.1 (2007), 10.0 

(2010)
Vitamin E (mg) 3
Sugar5 <30% Calories
1 EAR = Estimated Average Requirement; 2 Al = Adequate Intake;3 AMDR = Acceptable 
Macronutrient Range;4 RAE = Retinol Activity Equivalents

>■ 5 Currently there is no DRI set for sugar, rather a maximal intake level o f  30% or less o f added
sugars is suggested for adults and children
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APPENDIX D

Form B

Home Survey

School Nutrition and Activity P roject

We invite you to complete this survey. Your participation is voluntary. However, it 
is strongly encouraged because it may benefit the future health and education of 
children in Prince Edward Istond, This survey is to be completed by 
parent/guardianCs), When you have completed the survey please return it, along 
with the signed consent form, in the envelope that has been provided.

The quest ions on the survey ask about you and your child who is currently in grade 
five or six. Please take your time and choose the answer that best describes you 
and your fifth/sixth grade child. There are no right or wrong answers. The survey 
takes approximately 5-10 minutes to complete. Your responses will be kept 
PRIVATE. Your answers will only be seen by researchers a t the University of 
Prince Edward Island, The survey is anonymous so please do NOT put your name on 
ony of the pages.

Section 1. My Child's Eating Habits

1. How often does your Grade 5/6 child have something for breakfast?

o Every doty
o Some days
o Rarely
o Weekends only
0 Never

2. What type of milk does your Grade 5/6  child usually drink?

O Whole milk
O 2%
O 1%
O Skim milk
O Don't drink milk

I.D .#
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These next questions are about your child's activities and health.

3. Think about the tost year. Please indicate how often your Grade 5 /6  child usually 
does the following activities, outside of school hours.

Less than 1 *  3 4 **
* * " "  once a week tfm es“ tim“ °week week

a. Play sports or do physical 
activity WITHOUT a coach or
instructor (such as riding a O O O O
bike, skateboarding, roller* 
blading, etc.)?

b. Play sports WITH a coach 
or instructor, other than in
gym class (soccer. Swimming O O O O
lessons, hockey, gymnastics,
etc.)?

c. Use a computer or play o O O O
video games?

d. Watch TV? O O O O

4. On average, about how many hours per day does your Grade 5 /6  child spend on the 
following activities, outside of school hours?

less than 1-Z hours 3 -4  hours 5-6 hours 7 or more 
1 hour a a day a  day a day hours a

day day

a  Using a computer
or playing video O O O O O
games

b. Watching TV



5. Has your Grade 5/6 child ever had wheezing or whistling in th e  chest a t any t in e  in 
the past?

O yes O No

I f  you have answered NO, please go to  question 8 ,

6. Has your Grade 5 /6  child had wheezing or whistling in th e  chest in the  past 12 
months?

O yes O No

I f  you Have answered NO. please go to  question 8 .

7. How many attacks of wheezing has your child had in th e  past 12 months?

None 1 to 3 4 to  12 More than 12
O O O O

8 . Has your child ever had asthma?

O yes O No

These final questions are  about you.

9. What is the highest level of education th a t you have received?

O No Schooling 
O Beraentary 
O Secondary
O Community College/Technical College 
O University 
O Graduate University
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What is your current household Income from all sources?

O Less than $20,000 
O $20,001 to $40,000 
O $40,001 to $60,000 
O $60,001 to  $80,000 
O More than $80,000 
O Don’t  know 
O No Response

Thank you for taking part in this survey



APPENDIX E

These foods should be the main focus in a  healthy diet, with special emphasis on Vegetables and Fruit and Grain Products. Foods on this fist tend to be 
rich in essential nutrients (vitamins, minerals, protein, carbohydrates, etc.), and are oansraOy low in fat, sugar and socfium (salt). These foods are 
primarily found in the four food groups of Earing Well with Canada's Food Guide. Choose foods that are whole, minimally or un-piocessed, locafly- 
sourced, seasonally available and prepared in a  healthy way to servefseU in schools most often.

Vegetables and Fruit Grain Products Milk and 
Alternatives

Meat and 
Alternatives

Combination Foods*

-Fresh vegetables and 
fruit

Frozen vegetables (no 
added fat)
-Low sodium canned 
vegetables
Tomato sauce (low in 
sodium)
Vegetable soups 
(homemade, frozen or 
canned, low fad/low sodium)

Vegetable stir-fried
Baked, boiled or 

mashed potatoes (with 
Tittle or no fat)
Green salads (without 
high fat dressing)
-Canned fruit (packed in 
100% juice or water)
100% dried huh (e.g. 

raisins, cranberries)
100% fruitfveggiB 

leathers or bars (no 
sugar added)
Applesauce or
fruit blended applesauce
products (no sugar added)
Frozen fruit (no sugar 

added)
Frozen fruit b u s  

(100% real fruit juice)
Fruit smoothies (made 

with real fruit or 100%

-100% whole gnrin or whole 
wheat beads, buns, rolls, 
bagels, English muffins, 
pita bread, wraps, tortlas, 
bannock, naan, rati, 
waffles, pancakes or peza 
dough
■Whole grain, whole wheat 
crackers, breadsticks or 
flatbreads (low fat)
Whole grain, unsweetened 
or low-sugar, ready-to-eat 
cold cereals
-Hot cereals (e.g. oatmeal) 
-ffice cakes, plain popcorn 

-Com bread
Whole wheat noodles or

-Brown or wild rice

-Bariey, bulger, quinoa, or 
other whole grains
-Low fat, high fibre muffins 
made with vegetables or 
fruit
•Cookies (made with 
oatmeal or dried fruit and 
whole wheat flour)

-White or chocolate milk, 
2% milk fat (MF.) or less
-Flavoured milks (2% M.F. 
or less, 28 g sugar/ 250 
mL)
-Soya beverages (original 
and flavoured, 2% M.F. or 
less)
-Fresh or frozen yogurt 
(2% M.F. or less)
-Yogurt tubes (2% M.F. or 
less)
-Cheese (21% M F. or loss; 
e.g. part skim mazzarafia. 
cheddar)
-Cheese strings (21% M.F. 
or less)

-Cottage cheese (2% M.F. 
or less;

-Milk-based soups and 
chowders (2% M.F. or less; 
homemade, or canned low 
fal/taw in socfium)

-Smoothies made with milk 
products (2% M.F. or less)

-Chicken or turkey 
(unbattered)
-Fish or seafood (fresh or 
frozen, unbattered)
-Lean or extra lean beef or 
pork
-Low sodium bon dafi 
meats (ham, chicken, 
turkey, roast beef)

-Meatballs or meaiioai 
made with lean or extra 
lean meat
-Canned fish (packed in 
water)
-Eggs or egg substitutes 
-Tofu

-Legumes (e.g. boons, 
peas and lentils)

-Bean based dips (e.g. 
hummus)
-Peanut butter
-Soy nut or almond bitter
-Nuts and seeds (unsaQed)

-Stir fries
(chicken/beeffregetabb)
-Fajitas, quesadiOas, soft 
tacos (made with whole 
wheat wrap)
-Wraps/pitas (made with 
whole wheat shell)

-Submarine/sandwiches 
with lean deli meals made 
with whole grain breads
-Grilled cheese sandwich 
(made with whole wheat 
bread, lover fat cheese)
-Meatballs and brown 
rice/whole wheat noodles
-Spaghetti or macaroni and 
cheese (mad© with whole 
wheat noodles)
•Shepherds pie

-Cabbage rolls
-Salads (vegetable, pasta, 
etc.)
-Soup, stew or c h i
•Noodle or rice soup 
(homemade or canned low 
fat/low sodium)
-Cfreese/veggtefchicken 
pizza made on whole wheat 
crust
-Panzarotti with vegetables 
and lower fat cheese 
-Scuvlaki 

Faiafel (not fried)

Use These Nutrition Criteria:

Total Fat Maximum 10 g per serving

Saturated F a t Maximian 6 g per serving

Trans Fat Free: Maximum <L5 g  per serving

Fibre: Less than 2 g per serving for grain products. This criteria applies to only grain products, with the exception of less 
than 1.5 g for bread products.

Sugar: Maximum 20 g per serving

Sodium: Maximum 480 mg per serving -Vogel abbs and Fruit, Grain Products, Milk and Alternatives & Meal and Alternatives 
Maximum 1000 mg per serving - Combination Foods
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Appendix C - Foods to Serve Sometimes: “ < -  -

y. 4 *-- Serve No More Than 2 Food Items From Each Column Per Week {> -
-■ -■ ■'  -  - * •  •  --  —  —  --- - ' •  -  - 1 - r - -  ‘ - • - ~ ■* -  ■ ~ • •

The foods featured on this Bst are also healthy choices, but they may be higher in calories, fat, sugar, sodium (saft) or mote processed than the foods 
found on the *Foods to Serve Most Often’ list

Vegetables and 
Fruit

Grain Products Milk and 
Alternatives

Meat and 
Alternatives

Combination Foods

-Regular canned 
wgetables, drained

-Vegetables with sauces 
(e.g. cheese sauce)

•Vegetable soup (canned, 
frozen, regular)

-Canned fruit (In liaht

-White, 60% who/e wheat, 
enriched breads, buns, rolls, 
bagels, English muffins, pita 
bread, wraps, toitiflas, 
bannock, naan, waffles, 
pancakes or pizza dough

-Bread stuffing

-Loaf breads or sweet 
hroerin ta.n. hanana

-Whole milk 

-ice milk

-Hot chocolate made with 
rmlk (2% MF. or less)

-Milk based puddings

-Yogurt and yogurt drinks
frnnro then M F.l

-Baked chickervtaggie 
burgers or nuggets: battered 
and not fried

-Baked fish; battered and 
not fried

-Fish canned in o3 

-Baked ham

-Lasagna

-Macaroni and cheese 
(made with white noodles)

-Pastas made with cream 
sauces

-Grilled cheese (made with 
white bread)

foods in this category 
shouid be made with 
1Serve Most Often’ 
Ingredients

Use these Nutrient Criteria:

Total F a t Maximum 5 g per serv ing- Vegetables and Fruit, Grain Predicts & Mill and Alternatives
Maximum 10 a  Dor serving -  Combination Foods & Meat and Alternatives, with the exception of the fofiowinn:
- If permitted, schools can serve peanut nut butters, and urtsaitetfunsweotened nuts and seeds (not roasted in ofi).

S a taa ted  F a t Maximum 3 g per serving

Trans Fat Free: Maximum 0.5 g per serving

Fibre: Minimum 2 a  oer servina - This sooties onlv to arain ora ducts, and with excestion of the follawina:
-Brown or wild rice is exempt from fibre criteria. A minimum of t £  g fibre per serving is permitted for whole graintohob 
wheat broads.

Sugar Maximum 10 a  oer servina - with the exceotion of the follawina:
-Fresh vegetables and fruit, canned vegetables and fruit (packed in water/100% juice}, frozen vegetables and fruit 100% 
dmd fruit, 100% vegetable and fruit juices may contain natural sugar exceeding 10 g per serving.
-Lower fat (2% M.F. or less) flavoured milks may contain a  maximum of 28 g sugar per 250 mJ serving.
-Lower fat (2% M.F. or less) yogurts may contain a  maximum of 15 g sugar per 100 g serving.

Sodium: Maximum 200 mg per serving - Vegetables and Fruit, Groin Products, MiSt and Alternatives & Meat and Alternatives 
Maximum 480 mg per serving * Combination Foods
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The foods on this l*si twid to be quite high in fat sugar, sodium (safi), calones or otfor tmia mtesionai value. The foods on the UsTsHoutd be avoided most 
of the time, but can fit, ones in a while, n  a  healthy diet

Vegetables and 
Fruit

Grain Products Milk and 
Alternatives

Meat and 
Alternatives

Combination
Foods

O ther

-Fried vegetables

-Deep hied french hies

-Fruit drinks and juices 
with less than 1(X>% 
real fruit juke

-Canned fruit in heavy 
syiup

-Fruit pies

-Fruit leather (made 
with less than 100% 
real fruit)

-High fat muffins 
(cake-Gkfl, 
commercially 
prepared)

-Sweetened breakfast 
cereals

-Crackers (not tow 
fat)

Granola bars 
(dipped, not low fat)

-Cookies (commotua) 
or higher fat, regular 
redpe)

-Noodles (canned or 
instant “fried type")

-Toaster pastries, pop 
tarts

-Cream soups, regular

-MBkshates

-Ice cream, regular

-Frozen novelty tee 
cream (e.g.
Drumsticks}
-Cheese M 2% MF.)

-Regular fat 
processed meats 
(e.g. pepperoni, 
salami, bacon, 
bologna, etc)

-Sausages, regular

-Battered/ breaded, 
and hied meat, fish 
or chicken (e.g. deep 
hied chicken 
nuggets/ burgers)

-Regular ground beef 
-Sesame snaps

-Pizza with processed 
meats (e.g. pepperoni, 
salami, bacon)

-Hot dogs, regular with 
bun

-Bacon, Lettuce and 
Tomato (BLT) 
sandwiches

-Noodle soup (canned 
or instant “fried type")

-Donahs

-Chidten wings

-Egg rolls, fried

-Poutine
-Fries with the works

-Potato or nacho chips

-Sun Chips

-Chocolate bars

-Pastries, pies and 
cakes

-Doughnuts

-Squares (e.g 
brownies)

•Candy

-Soft drinks 
(carbonated soda)

-Iced tea

-Lemonade

-Sweetened fruit drinks

-Sports drinks

-Slushies, regular

-Popskrias and fraezies

-Frozen fruit bars (less 
than 100% real fruit 
juice)

-Hot chocolate made 
with water


