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Abstract

Due to the increase in type 2 diabetes in the @nldladolescent
population, examining the lifestyle habits of yoh#s become important. The
purpose of this research was to examine the presamdietary and physical
activity risk factors for type 2 diabetes amongtyoun Alberta and to evaluate
their relationship with insulin sensitivity. Lifgde habits of Alberta youth with
type 2 diabetes (n = 28), and age, sex and BMI medtcontrols (n = 28) were
assessed by a chart review method. Those with isibad a higher intake of
several nutrients (i.e. protein intake) and wess léely to be physically active.
Dietary and physical activity risk factors for deabs of a large sample of Alberta
youth (n = 4981) were also assessed using the Wetewof Physical Activity
and Nutrition (Web-SPAN) and insulin sensitivity suaeasured in a sub-group
(n = 318) using a C-13 glucose breath test. Higlté&nic Index (Gl) and
Glycemic Load (GL) diets were common among Albadalescents and dietary
patterns associated with dietary Gl and GL weresssed. Dietary and physical
activity risk factors for type 2 diabetes, inclugliaverweight and obesity, high
Gl, high GL, low fibre, low magnesium, low vegetalaind fruit intake, high fat
intake and low physical activity levels, were conmyaeported among Alberta
teens; with some risk factors, such as low fibtaka and high Gl being reported
by over half of all participants. Youth reported/img an average of 3 diabetes
risk factors. Boys reported more risk factors tgats, older students reported
more risk factors than younger students and stgdeithh a higher BMI reported

more risk factors than students with a lower BMbe, sex, BMI and dietary Gl



were associated with Insulin Sensitivity Score aasured by a C-13 glucose
breath test. In summary, this research has shoatrthie dietary and physical
activity habits of Alberta adolescents are suboptifor type 2 diabetes
prevention and the relationship between diabesésfaictors and insulin

sensitivity in this group suggests that these biglas are related to early changes

in carbohydrate metabolism.
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Definitions

C-13 Glucose

Carbon 13 is a stable isotope of carbon contaifipgotons and 7 neutrons.
Carbon 13 glucose is a glucose molecule in whicthalcarbon atoms are carbon
13 atoms.

Child or Youth
In this thesis, a child or youth is defined as espe 18 years of age or younger.

Hazard Ratio
A hazard ratio is similar to a relative risk, bakes into account differing lengths
of follow-up. A method frequently used in survialalysis.

Impaired Fasting Glucose
In Canada, Impaired Fasting Glucose is definedfastang plasma glucose value
between 6.1 and 6.9 mmol/L.

Impaired Glucose Tolerance
In Canada, Impaired Glucose Tolerance is definesd @y OGTT 2-hour plasma
glucose level between 7.8 mmol/L and 11.0 mmol/L

Insulin Resistance
A decrease in insulin sensitivity that is assodiatéh disease risk.

Insulin Sensitivity
Insulin sensitivity is a measure how efficientlgthody uses insulin to control
blood glucose levels.

Odds Ratio

An odds ratio compares the odds of being exposeditk factor among those
who have a disease, to the odds of being exposedgthose who do not have
the disease. A method commonly used in case dattrdies.

Physical Activity
Physical activity includes any movement of largelstal muscles that results in
energy expenditure.

Physical Fitness

Physical fitness refers to the body’s ability todtion, to be healthy and to
prevent disease. Components of physical fithedadeacardiovascular fitness,
flexibility, muscle strength, muscular endurancd body composition.

Pre-Diabetes
Pre-Diabetes may refer to Impaired Fasting Glucimspaired Glucose Tolerance
or both.



Relative Risk
The relative risk is the probability that a grodgpeople with an exposure to a
risk factor will develop a disease compared to ¢hoko were not exposed.

Type 2 Diabetes

High blood glucose levels caused by a combinatfansulin resistance and beta-
cell dysfunction. In Canada, diabetes is defiredhadasting plasma glucose level
> 7.0 mmol/L or, following a 75g oral glucose toleca test, a 2 hour plasma
glucose levek 11.1 mmol/L



Chapter 1: Introduction

1.1. Rationale

Type 2 diabetes is a disease characterized by#idlity of the body to
adequately synthesize and/or utilize insulin. Thability results in increased
blood glucose levels, which, if untreated, may eac@mplications such as vision
loss, numbness of the extremities, kidney failuré a greatly increased risk for
cardiovascular disease (Canadian Diabetes Assaci@linical Practice
Guidelines Expert Committee 2008). In Canadaptiegalence of type 2 diabetes
has been increasing steadily over the last fewdbscaFor example, between
1994 and 2001 there was a 1% increase in the gropaf Canadians with
diabetes (Statistics Canada 2006). The estimatgtdot diabetes care in Canada
is currently over $13 billion per year; and thessts are expected to rise to over
$19 billion by the year 2020 due to the increagirgyalence of diabetes in this
country (Canadian Diabetes Association 2008).

The increase in diabetes prevalence seen in Camadaexclusive to the
adult population. Although until the 1970’s typeéliabetes was considered to be
exclusively an adult disease, cases of childhoa@type 2 diabetes have now
been reported and the prevalence of the diseasegaohddren has been
increasing. Recent studies in the U.S. have etohthe prevalence rate of type
2 diabetes to be 0.42 cases per 1000 childrereigeheral population (Liese et
al. 2006) and the prevalence rate may be as hi§lBa%6 in high risk populations

such as the Pima Indians (Dabelea et al. 1998&hoAgh the prevalence of type 2



diabetes in Canadian children is not well docunraerate of 3.6% has been
seen in 10-19 year old Ojibwa-Cree girls in nonthielanitoba (Dean et al. 1998)
and a medical clinic in Manitoba has seen a 15ifaddease in the number of
children treated for type 2 diabetes between 19872005 (Toth 2005). Earlier
onset of type 2 diabetes is of particular concerralise of the potential for earlier
development of macrovascular and microvascular ¢icatpns of diabetes.
Some patients diagnosed with type 2 diabetes inybath display serious
complications such as nephropathy during youngtadat (Krakoff et al. 2003).

Type 2 diabetes results from an interaction betwgsretic susceptibility
and lifestyle factors and it is therefore a pohtipreventable disease.
Prevention programs targeting type 2 diabetes uttyare not widely available,
likely due to the relative rarity of early onséiowever, lifestyle programs
targeting diabetes prevention in adults, such adihabetes Prevention Program
and the Finnish Diabetes Prevention program haweodstrated a substantial
decrease in the prevalence of diabetes among isigimdividuals (Lindstrom et
al. 2006; Ratner 2006). It is suggested that sinpfograms for youth would help
to prevent the early form of the disease.

Lifestyle-related factors of importance for diatsepeevention and
diabetes risk in adults include body weight, digffactors and physical activity.
Overweight and obesity, conditions caused by aralarice between energy
intake (diet) and energy output (physical actiyigfe positively associated with
diabetes risk in a dose-response manner (Field 20@1). Data from the Nurse’s

Health Study showed that women with a Body Massxn@MI) above 35 kg/fh



had a relative risk of diabetes of 38.8 compareddmen with a BMI under
23kg/nf (Hu et al. 2001). Similar results have been regbirienen (Chan et al.
1994) and, in addition, nearly all children witlpéy2 diabetes are obese (Hale
and Rupert, G. 2006; McGrath et al. 1999; Pereddtao et al. 2005; Zdravkovic
et al. 2004).

Dietary factors and physical activity have beervainto have an effect on
diabetes risk, independent of their influence odybeeight (Hu et al. 2001).
Intake of dietary components such as fibre (pddrtyfrom grain products)
polyunsaturated fats and low glycemic index (GHdse have been linked to a
lower risk of diabetes; whereas intakes of satdrédg trans fats, fructose,
glucose and high Gl foods have been related teasad risk (Colditz et al. 1992;
Montonen et al. 2003; Salmeron et al. 2001). Playsictivity also has an
important role in diabetes prevention. People gfend more than 7 hours per
week being active have a relative risk of 0.71d@abetes compared to those who
are active for less than half an hour per weekiretts finding is independent of
other diabetes risk factors (Hu et al. 2001).

Although the link between unhealthy lifestyles, sibeand type 2
diabetes is well known, lifestyles of Canadian yodo not reflect this
knowledge. In fact, obesity among Canadian childned adolescents has
increased significantly in the past few decadestwBen 1979 and 2004, the
prevalence of overweight doubled among Canadiateadents aged 12-17
increasing from 14 to 29% and rates of obesityadpfrom 3 to 9% (Shields

2006). This increase in overweight and obesitycaugs that type 2 diabetes may



be a greater problem in the future and it may dgval an earlier age in future
generations. It is therefore important to helpngCanadians make dietary and
physical activity choices that are conducive tddias prevention.

Adolescents provide a unique opportunity for diabgirevention as they
are at a stage of increasing independence andatieestarting to make their own
lifestyle choices. Encouraging healthy choicethist stage may lead to a
continuation of healthy choices into adulthood vhacay reduce their future risk
of developing diabetes. In addition, addressisk factors during adolescence
may help youth at risk for developing early ongeet2 diabetes, prevent or delay
the onset of the disease. For these reasonsip@tant to examine dietary and
physical activity related diabetes risk factorsha adolescent population and to
implement diabetes prevention strategies inclutiiegoromotion of healthy

lifestyle habits early in life.



1.2. Purpose

The purpose of the current research was to exatnefrequency and

distribution (by age, sex, and BMI) of dietary gpid/sical activity risk factors for

type 2 diabetes among youth in Alberta and to eataltheir association with

insulin sensitivity in this population.

1.3. Research Questions

1.

How do the medical and lifestyle profiles of youttih type 2 diabetes

differ from the profiles of those who are overweigjh

What are the Glycemic Index (Gl) and the Glycenvad (GL) of the

diets of youth in Alberta?

What dietary patterns are associated with lessuialde values for Gl and

GL?

How frequently are diet and physical activity rethtiabetes risk factors

reported among Alberta youth?

Does the proportion of Alberta youth with diet grtd/sical activity

related diabetes risk factors differ with age, sexd BMI?

Are dietary and physical activity risk factors ftiabetes associated with

insulin sensitivity as measured by a Carbon 13 3Cglucose breath test?



1.4. Hypotheses

Hypothesis 1:Youth with type 2 diabetes will differ from thosdo are
overweight in that they will have:
a. a greater frequency of medical history related féskors for
diabetes including:
I. stronger family history of type 2 diabet@hapter 3)
ii. greater frequency of diabetes during gestat@mapter 3)
iii. greater frequency of high (>40009g) and low $0Pq)
birth weights(Chapter 3)
b. have greater frequency of features of the metalsghicirome
including:
I. dyslipidemia, specifically high triglyceridesafow High
Density Lipoprotein Cholesterol (HDL-C) concentosis
(Chapter 3)
ii. higher blood pressur@hapter 3)
c. different dietary and physical activity related beiours,
specifically:
i. higher dietary fat intake&Chapter 3)
ii. lower dietary fibre intake§Chapter 3)

iii. higher rates of inactivityChapter 3)



Hypothesis 2:The Gl and GL of the diets of Alberta adolescamésassociated
with their macronutrient distribution, food groupaices and meal patterns with
the following variables being related to:

a. Higher Gls

i. Macronutrient Distribution

[ —

. High carbohydrate intakd€hapter 4)
2. Low fibre intakeqChapter 4)
3. Low fat intakeqChapter 4)
4. Low protein intakegChapter 4)
ii. Food group choices
1. High consumption from the “other” categories (parkarly the
mostly sugar, high salt and fat, high calorie bagerand high
sugar and fat categorig€hapter 4)
2. High consumption from the grain product food gr¢Gpapter
4)
iii. Meal patterns
1. High frequency of eating away from horféhapter 4)
2. Low frequency of family meal@Chapter 4)
3. Low meal frequencyChapter 4)
b. Higher GLs
I.  Macronutrient distribution
1. High carbohydrate intakd€hapter 4)

2. Low fibre intakeqChapter 4)



3. Low fat intakeqChapter 4)
4. Low protein intakegChapter 4)
ii. Food group choices
1. High consumption from the “other” categories (parkarly the
mostly sugar, high salt and fat, high calorie bagerand high
sugar and fat categorig€hapter 4)
2. High consumption from the grain product food gr¢Gpapter
4)
iii. Meal patterns
1. High frequency of eating away from horf@&hapter 4)
2. Low frequency of family meal@Chapter 4)

3. Low meal frequencyChapter 4)

Hypothesis 3:There will be a greater proportion of participantth diet and
physical activity related diabetes risk factorsée below) observed among youth
who:
a. are females compared to ma(€&hapter 5)
b. are older (15-16 year olds) compared to youngerld 8ear olds)
adolescentéChapter 5)
c. have BMI percentiles in the overweight (¥88ercentile) and
obese (>98 percentile) categories compared to those who ame n

overweight(Chapter 5)



Hypothesis 4:The insulin sensitivity of Alberta adolescentspasasured by a C-
13 glucose breath test, is associated with:
a. continuous diétand physical activifyrelated diabetes risk factor
variablesg(Chapter 6).
b. dichotomous diet and physical activity related diai3 risk factor
variablesg(Chapter 6).

c. acomposite diet and physical activity diabetels sisore(Chapter 6).

! Diet related risk factors for diabetes includegthiGl, high GL, low fibre, low magnesium, low
vegetable and fruit intake and high fat intake.
2 Physical activity related diabetes risk factordude: low physical activity score.

9



1.5. Objectives
Objective 1: To compare diet and physical activity related diab risk
factors among youth with type 2 diabetes (n = 28) @age, sex and BMI

matched control youth (n = 28) as recorded in tivedical charts.

Objective 2: To compare family history of diabetes, co-morlédit blood
lipids and blood pressure of youth with type 2 éials (n = 28) and age, sex

and BMI matched control youth (n = 28) as recontettheir medical charts.

Objective 3: To determine the Gl and GL of the diets of a lssgeple of

youth in Alberta (n = 4981) as measured by a wetetd@4 hour recall.

Objective 4: To determine what macronutrient distributions fowtl group
and meal patterns are associated with the Gl andf@te diets of a large

sample of youth in Alberta (n = 4981).

Objective 5: To determine the proportion of participants rejpgrtietary and
physical activity related diabetes risk factorsilarge sample of Alberta

youth (n = 4981) as measured by a web-based survey.

Objective 6: To examine the relationship between the presehdeband
physical activity related diabetes risk factors agd, sex and BMI in a large

sample of Alberta youth (n = 4981).

10



Objective 7: To determine what dietary and physical activitgidtes risk
factors are associated with insulin sensitivig/n@easured by the C-13

glucose breath test, in a sample of healthy Albadt@lescents (n = 318).

11



1.6. Thesis Organization

Table 0.1.1 Thesis Organization

Chapter 1 Introduction

Chapter 2 Literature Review of Type 2 Diabetes Risk Factard Risk
Assessment in Youth

Chapter 3 Metabolic and Behavioural Differences of Youth waihd
without Type 2 Diabetes

Chapter 4 Dietary Patterns Associated with Glycemic Index and
Glycemic Load Among Alberta Adolescents

Chapter 5 Frequency and Distribution of Dietary and Phys#etlivity
Risk Factors for Type 2 Diabetes in a Large Sarople
Alberta Youth

Chapter 6 Dietary and Physical Activity Diabetes Risk Factarsl
Insulin Sensitivity Among Alberta Adolescents

Chapter 7 Conclusions and Discussion
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Chapter 2: Literature Review of Type 2 Diabetes Risk Factorsrad
Risk Assessment in Youth
2.1. Introduction
Type 2 diabetes is a disease caused by interadigtngen genetic
susceptibility and lifestyle habits. The prevaket this disease has risen in
recent years, parallel to the increasing prevalefodesity in our society and, in
addition, diabetes is now being diagnosed at moacimger ages. These trends
have raised concern among researchers, healthsprafi@ls and policy makers,
and decreasing the risk of diabetes among youngl@énconsidered to be of
great importance. Before diabetes risk can be fieolidiabetes and diabetes risk
factors in youth must be understood. Thereforeptirpose of this literature
review is to: (1) define diabetes and pre-diabstates, such as insulin resistance,
impaired fasting glucose (IFG) and impaired gluciméerance (IGT) and to
examine the health consequences of these condi{@nsxamine risk factors for
type 2 diabetes, focusing particularly on lifestygéated risk factors; (3) examine
previously used methods of measuring diabetes risk.
2.2. Type 2 Diabetes in Children
2.2.1. Definition and Prevalence
Type 2 diabetes is a chronic disease caused bsnhination of insulin

resistance and failure of the beta cells of thecpeas to compensate for increased
insulin requirements, which results in hyperglycaitRizvi 2004). In Canada, a
diagnosis of diabetes is made if a patient hastintaplasma glucose level7.0

mmol/L or, following a 75g oral glucose toleranestt has a 2 hour plasma
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glucose lever 11.1 mmol/L (Canadian Diabetes Association ClihRwactice
Guidelines Expert Committee 2008).

Until the 1970s, Type 2 Diabetes was thought texasusively an adult
disease. However, in 1979, Savage and collea@ssfe et al. 1979) described
the first cases of early onset type 2 diabete®ung Pima Indians aged 15 to 24
in Arizona. The disease was also observed amongdian aboriginal children
as early as 1984 by Dean et al., (Dean et al. 1@82)described a group of
Ojibwa-Cree children in Manitoba and Northern Omt@resenting with type 2
diabetes. Since these first reports, type 2 desbiet children has been reported in
clinics around the world and the prevalence ofyeankset type 2 diabetes has
been increasing.

Recent studies in the U.S. have estimated the l@m@s@of type 2 diabetes
to be 0.42 cases per 1000 children in youth aged 19 years (Liese et al. 2006)
and as high as 5.31% in high risk populations sigcthe Pima Indians (Dabelea
et al. 1998). Although the presence of type 2eli@bin Canadian children is not
well documented, a prevalence of 3.6% has beenteghm 10 to 19 year old
Ojibwa-Cree girls living in northern Manitoba (Deahal. 1998). Rates of type 2
diabetes among Canadian children have been inoggagith one clinic in
Manitoba observing a 15 fold increase in the nunabehildren treated for type 2
diabetes between 1987 and 2005 (Toth 2005) andia il Toronto observing a

five fold increase between 1994 and 2002 (Zdraukevial. 2004).
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2.2.2. Health Consequences of Type 2 Diabetes

Type 2 diabetes in adults results in significantlodity and mortality as
well as increased health care costs. Type 2 diahmtuses macrovascular
complications such as atherosclerosis, hyperlipideand increased risk of
cardiovascular events; as well as microvasculamptieations such as renal
disease, retinopathy and neuropathy. Type 2 ddabstassociated with a 2 to 3-
fold increase in cardiovascular disease risk (Khand McGee 1979) and it is the
leading cause of blindness, kidney failure and aatmns in Canada (Canadian
Diabetes Association Clinical Practice Guidelingp&t Committee 2008).
Type 2 diabetes also shortens life expectancy toyl® years among adults
(Canadian Diabetes Association 2008). The anrastlaf diabetes to the
Canadian health care system is expected to bebilbo® by the year 2010 and is
projected to rise to $19.2 billion by 2020 (CanadiHabetes Association 2008).

As type 2 diabetes among youth is an emerging skséhe consequences
have not yet been fully assessed; however, retedies are showing that due to
the longer duration of disease, early onset digb®igy result in greater morbidity
than the adult form of the disease.
2.2.2.1. Cardiovascular Health

Although minimal data are available regarding thevplence of
cardiovascular events among those with early agpet2 diabetes, the
prevalence rates of hypertension and hyperlipidemportant risk factors for
cardiovascular disease, have been documentedpréhalence of hypertension

among youth with type 2 diabetes is similar to tifatbese children, with values
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ranging from 10 to 59 % in different populationsofH et al. 2004; McMahon et
al. 2004; Ohki et al. 2004; Perez-Perdomo et &52Wpchurch et al. 2003;
Zdravkovic et al. 2004). The SEARCH for Diabeté&sdy found that
hyperlipidema was very common among youth (agetb I® years) with type 2
diabetes, with the most common lipid abnormalityngenigh triglycerides at
63%, followed by high LDL-C (Low Density LipoproteiCholesterol) levels at
57%, low HDL-C (High Density Lipoprotein Cholest8rtevels at 44% and high
total cholesterol was present in 33 % of youth §kear et al. 2006).
2.2.2.2. Nephropathy and Retinopathy

Studies have found nephropathy to be highly prexaeong youth with
type 2 diabetes with one study reporting that yauth type 2 diabetes had a
significantly higher prevalence of nephropathy tifzose with type 1 diabetes
(Eppens et al. 2006). Similarly, a study that cared the timeline of renal
disease development between those diagnosed \p2tgiabetes in their youth
and those diagnosed as adults found that thosaabad early in life developed
nephropathy at the same rate as those who wereatiag when they were older
(Krakoff et al. 2003). In contrast to nephropattiygse diagnosed with type 2
diabetes in their youth are slower to develop ogtathy compared to those who
are diagnosed as adults (Krakoff et al. 2003). tiavith type 2 diabetes also
have a lower prevalence of retinopathy compardtdse with type 1 diabetes

(Eppens et al. 2006).
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2.2.2.3. Neuropathy

The prevalence of neuropathy in type 2 diabetg®uth appears to vary
in different populations, but reported prevalerates range from 12 to 21%
(Chuback et al. 2007; Eppens et al. 2006). Orsystuat compared young
patients with type 1 and type 2 diabetes foundtth@aprevalence of neuropathy
was similar between the groups (Eppens et al. 2006)
2.2.2.4. Mortality

Although few long term prospective studies assgssiartality in those
diagnosed with early onset type 2 diabetes have deere, one Swedish study
that tracked mortality among people diagnosed didibetes between the ages of
15 and 35 found a three fold increase in mortalitying an average of 8.5 years
follow-up among those with type 2 diabetes compaoaahat would be expected
in the healthy population. The greatest numbeteaiths in this group were due
to cardiovascular disease (Waernbaum et al. 2006).
2.3. Insulin Resistance, Impaired Fasting Glucose and Ipaired Glucose

Tolerance in Children

2.3.1. Definitions and Prevalence

Type 2 diabetes is a disease that develops overamd the onset of
disease is generally preceded by milder forms wé@ge metabolism dysfunction,
including insulin resistance, impaired fasting glse (IFG) and impaired glucose
tolerance (IGT). Insulin resistance is frequetitly first abnormality of glucose
metabolism observed in the continuum from normatgée metabolism to

diabetes (Lillioja et al. 1993). Insulin resistans characterized by decreased
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responsiveness of cells to the action of insulihe beta-cells of the pancreas
then release more insulin to compensate for deegesensitivity, resulting in
normal blood glucose levels but elevated insuhele.

The gold standard method of measuring insulin tasce is the
hyperinsulinemic euglycemic clamp. For this testgess insulin is infused into
the blood stream and glucose is infused into tbedto maintain a constant,
slightly elevated glucose level. The body’s abitid absorb glucose from the
blood stream is then measured over time (DeFrohab #979). This method is
expensive, complex and invasive; therefore, othethods have been devised.
For example, the minimal-model analysis frequesélgnpled intravenous glucose
tolerance test (FSIVGTT) is frequently used asghdl less invasive, highly
accurate measure of insulin resistance. In tisis & intravenous (IV) bolus of
glucose is given, followed by an IV bolus of insuliBlood is collected at
multiple time points so that blood glucose and limsconcentrations can be
tracked over a time period of 3 to 4 hours (Finegebal. 1990).

Methods of measuring insulin resistance most contynased in
epidemiological settings include measures derivesh ffasting glucose and
insulin values through calculations such as the HQMomeostatic Model
Assessment) index and QUICKI (Quantitative Insdansitivity Check Index).
Although these measures are not as accurate ap attimods or the FSIVGTT,
they do correlate with more accurate measures i@chach more feasible
measures to use in large populations due to takitively low cost and less

invasive nature (Conwell et al. 2004).
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Recently, a completely non-invasive method of meagunsulin
resistance has been proposed. The Carbon 13 (Gitik®)se breath test has been
used for many years to assess carbohydrate oxid@fioseley et al. 2005). For
this method, a stable isotope labelled glucosegested and the speed with which
the labelled glucose is oxidized can be assessaaelguring the appearance of
the C-13 exhaled in the form of carbon dioxidehiea breath. Researchers have
hypothesized that the speed of oxidation will liueed among subjects with
insulin resistance or diabetes. One study thaahasssed this method as a
measure of insulin resistance has found that bteathresults correlated strongly
with insulin resistance as measured by clamp method the strength of the
relationship was similar to that seen with methauish as HOMA and QUICKI
(Lewanczuk et al. 2004).

In youth, there is no widely accepted method ofrded insulin
resistance, which makes the prevalence difficuttefine. Suggested cut-offs
using HOMA as a measure of insulin resistance k2 standard deviations
above the mean value for normal weight adolesdéets et al. 2006a), the upper
guartile of values for all adolescents (Hirschileale2005), a HOMA value above
3.16 (Keskin et al. 2005) or a HOMA value above93@ahrenberg et al. 2005).
One study that examined insulin resistance in thgoNal Health and Nutrition
Examination Survey (NHANES) study population usti@MA values found that
the prevalence of insulin resistance was betwesmd317% in normal weight
youth, 15 to 42% for overweight youth and 52 to 7&%ong obese youth,

depending on the cut-off value used (Lee et al6ap0
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Impaired Fasting Glucose and IGT are conditionsattarized by insulin
resistance combined with some impairment in bdtdwection that is less severe
than what is observed in diabetes. In Canada,jsfi&fined as having a fasting
plasma glucose value from 6.1 to 6.9 mmol/L. Taenition of IGT is having a
75g Oral Glucose Tolerance Test (OGTT) 2-hour plagiacose level between
7.8 mmol/L and 11.0 mmol/L (Canadian Diabetes Aggmmn Clinical Practice
Guidelines Expert Committee 2008). Using data ftbtedNHANES collected
between 1988 and 1994, researchers estimatechthptevalence of IFG (defined
as being > 6.1 mmol/L) was 1.76% among 12 to 19 glehAmericans between
(Fagot-Campagna et al. 2001). Similarly, an edwch@revalence of 1.5% in this
age group was calculated using data collected leet899-2002 (Duncan 2006).

As the diagnosis of IGT requires an OGTT, populatiased studies that
can determine the prevalence of IGT among youtliaaee However, one
population-based Polish study found that the pened of IGT among children
aged 7 to 19 years was 0.3%. The prevalence ofal3dng obese children and
adolescents is more frequently studied. In obesdreh rates of IGT ranging
from 1.44% to 36% have been reported, depending®study population
(Atabek et al. 2007; Bhargava et al. 2004, Inwttal. 2006; Quintos et al. 2006;
Sinha et al. 2002; Wabitsch et al. 2004; Wiegaral.€2004).

2.3.2. Health Consequences
Although Insulin Resistance, IFG and IGT are lesgese than type 2

diabetes, these conditions have serious consegiefite probability that a

22



person will develop type 2 diabetes or cardiovaamtdisease increases
significantly in pre-diabetic states.
2.3.2.1. Risk of Type 2 Diabetes

Insulin resistance has been shown to be relate@tteased risk of
developing type 2 diabetes among both adults aotksckents. An analysis of the
Women'’s Health Initiative Observational Study fouhdt the relative risk (RR)
of diabetes over 6 years was 2.03 for every stahdviation (SD) increase in
insulin resistance as measured by HOMA-IR (HOMAulmsResistance), after
correcting for other risk factors (Song et al. 200&n analysis of the
Framingham Offspring Study found that there wasduats ratio (OR) of 2.05 for
diabetes for those over the"7percentile of HOMA-IR scores (Wilson et al.
2007). A recent study that tracked the 10-ye&rafdeveloping IFG and
diabetes in black and white girls aged 9 to 10 yeabaseline found that those
with insulin resistance had an OR of 1.25 for dep#lg either type 2 diabetes or
IFG compared to those without insulin resistancerfion et al. 2008).

Adult studies show that even greater increasegivetes risk are seen
among those diagnosed with IFG or IGT. The ORsléeloping type 2 diabetes
for those with IGT range from around 3 to 10 (AbGhani et al. 2006; Bonora
et al. 2004; de Vegt et al. 2001; Wilson et al. 20énd for those with IFG, ORs
range from 5 to 11 (Bonora et al. 2004; de Vegtl.e2001; Wilson et al. 2007).
Those with both IFG and IGT have an even greas&raf developing type 2

diabetes, with ORs of 20 to 40 (Bonora et al. 2@@4Yegt et al. 2001).

23



2.3.2.2. Risk of Cardiovascular Disease

Increased risk of cardiovascular disease has &en been in pre-diabetic
states among adults. Studies that have examindobeascular risk in those with
insulin resistance have found hazard ratios (HRsying from 1.14 to 1.67 when
using HOMA-IR or fasting insulin (Jeppesen et &02; Lawlor et al. 2007,
Saely et al. 2005). An increased risk of hypeitanbas also been seen with
insulin resistance, with one study finding an 11#réased risk of hypertension
with every unit decrease in insulin sensitivityexdas measured by a FSIVGTT
(Goff, Jr. et al. 2003). Impaired glucose tolemaad IFG are also related to
increases in cardiovascular risk. A meta-analyssinvestigated risk of
cardiovascular incidents at differing blood gluctseesls found that the RR of
cardiovascular events with a fasting blood gludesel at the threshold for IFG
was 1.33 compared to a value in the normal randegleRR was 1.58 for a 2-

hour glucose level at the threshold of IGT (Coubiret al. 1999).
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2.4. Risk Factors for Type 2 Diabetes in Children

One’s risk of developing type 2 diabetes dependsiany factors, including
obesity, dietary factors, physical activity, familistory of the disease or genetic
predisposition, puberty and prenatal growth enviments. In the following
section, risk factors for type 2 diabetes amonglyaull be discussed. The
relationship between each risk factor and diabsté®e described and
mechanisms for these effects will be examined. &we from literature on youth
with type 2 diabetes will be used whenever posstil¢ as type 2 diabetes in
youth is a new, relatively rare disease, evidenom fadult literature will be used
as well as literature focusing on youth and instésistance, IGT and IFG.

Specifically, it appears that the following facanay increase the risk of
developing type 2 diabetes in youth: increased leeight, high dietary GI/ GL,
low fibre/cereal fibre intakes, low magnesium irgaklow vegetable and fruit
intakes, high dietary fat intake, and low physetivity/fithess levels. Other
factors of importance include a family history ddloetes, puberty and the
prenatal environment.
2.4.1. Obesity
2.4.1.1. Relationship with Diabetes in Adults
Obesity is considered by many to be the most inapbrisk factor for

diabetes among adults. Large prospective studies tonsistently found obesity
to be related to substantial increases in diabetles The RR for type 2 diabetes
for those who are obese compared to those withraalaveight, ranges from 3.5

to 20 (Hart et al. 2007; Hosseinpanah et al. 26fdiret al. 2001; Hui and Nelson
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2006; Krishnan et al. 2007; Meisinger et al. 20Rétja et al. 2005; Rana et al.
2007) depending on the population, length of foHapvand if the values are
adjusted to account for other risk factors. Initaold, the relationship between
weight status and diabetes risk appears to berlinemture with increases in
Body Mass Index (BMI) even within the normal rarmgeng associated with
increases in diabetes risk (Hu et al. 2001; Rarmé @007) and with very obese
subjects being at the highest risk. One study teddhat women with a BMI
over 35kg/m had a RR of developing diabetes of 38.8 compar¢dase with a
BMI of less than 23kg/M(Hu et al. 2001). Overweight and obesity are
considered to be responsible for a large numbeagés of type 2 diabetes with
one study estimating that 65% of the cases of tkalia a cohort in Tehran could
be attributed to excess body weight (Hosseinpahah 2007). Studies in adults
have also shown that weight loss is protectiverejaliabetes. The Diabetes
Prevention Program found that the HR for diabetas W42 for every 5 kg of
weight loss (Hamman et al. 2006).

Although studies have shown that BMI is stronglgdictive of diabetes
risk, many studies have shown that waist circunmieggWC) is as strong a
predictor of diabetes risk as BMI, and in some saaestronger predictor (Chan et
al. 1994; Meisinger et al. 2006; Rana et al. 2001 Diabetes Prevention
Program Research Group 2006; Tulloch-Reid et &132Wang et al. 2005).
Both BMI and WC may be important independent predecof diabetes and

using both variables may yield more informatiomthiging either in isolation
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(Meisinger et al. 2006). It is hypothesized tteg strong relationship between
WC and diabetes risk is due to its correlation witlteral adipose tissue.
2.4.1.2. Relationship with Diabetes in Youth

Although early onset type 2 diabetes is rare, tn@yshas investigated
longitudinal risk of type 2 diabetes in adolescerithis study found that 1 kgfm
increase in BMI was associated with an OR of 1dk410 year risk of type 2
diabetes or IFG among black and white girls agd® &t baseline (Morrison et
al. 2008). In spite of the limited longitudinali@gnce for obesity as a risk factor
for early onset diabetes, it is considered to leentlost important risk factor for
type 2 diabetes among youth. The increasing incid®f early onset type 2
diabetes, which has been observed in the last tewesdes, has coincided with an
increasing prevalence of childhood obesity. Tlas lead many to suspect a
strong link between the two, particularly in ligftthe importance obesity plays
in the risk of adult type 2 diabetes. In additiohesity is extremely common
among youth with type 2 diabetes, with differemick reporting the prevalence
of obesity to be between 72% and 100% in this paipar (Ehtisham et al. 2004,
Hale and Rupert 2006; Harwell et al. 2001; McGeetthl. 1999; Ohki et al. 2004,
Perez-Perdomo et al. 2005; Scott et al. 1997) mighn BMIs ranging from
24kg/nf to 38kg/nf (Ettinger et al. 2005; Glaser and Jones 1998:9Brin et al.
2003; Hotu et al. 2004, Likitmaskul et al. 2005ntfas-Hamiel et al. 1996;
Sanders et al. 2006; Scott et al. 1997; Upchureth. @003; Vikram et al. 2005;
Wei et al. 2003b; Zdravkovic et al. 2004). In dubl, one case-control study of

children and young adults with type 2 diabetesiatid found that, compared to
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age and sex matched controls, the OR of havinglaBMI was 7.6 for those
with diabetes and the OR for having a high waistushference was 12.4 (Vikram
et al. 2005).
2.4.1.3. Relationship with Insulin Resistance, IGT and IFG n Youth

Obesity has been shown to be strongly relatedsigimresistance.
Recent studies have shown obesity to be the stsbpgedictor of insulin
resistance among youth (Lee et al. 2006a; LobsteihJackson-Leach 2006). A
population-based study among American adolescegets A2 to 18 found that
52% of obese youth were insulin resistant and wesgtus accounted for 29% of
the variation in insulin resistance as measured®A-IR; more than any other
risk factor (Lee et al. 2006a).

Glucose Intolerance and IFG also have strong oslahiips with obesity.
One population-based study in Poland found thaselogildren had significantly
higher prevalence rates of IFG and IGT comparatbtaal weight children. The
prevalence rates of IFG and IGT among obese childexe 16.7% and 7.1%,
compared to 0.67% and 0.3%, respectively, in thelevhopulation (Mazur et al.
2007). In addition, a longitudinal cohort studyAdfican American and
Caucasian girls (aged 10 years at baseline) fcuatcbiaseline BMI predicted
both insulin resistance and IFG at 10 years foligev-Among African American
girls there was a 12% increase in the risk of IEGUmiIt increase in baseline
BMI. For Caucasian girls, the rate of weight gauer the 10 year follow-up
period was related to IFG risk, with a 7.6—foldremse in IFG risk being seen

with every unit per year increase in BMI (Kleinagt 2004).
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As observed among adults and children with diabeisseral fat content
appears to be important in the development of ingabkistance and pre-diabetic
states. One study that examined the relationsttipd®en fat distribution as
measured by magnetic resonance imaging (MRI) artdbuokc characteristics
among obese adolescents found that 2-hour glu@sessincreased across
increasing tertiles of visceral adipose tissueidd$asting insulin. There were no
differences in BMI among the tertiles (Taksali et2908).
2.4.1.4. Mechanisms

Several mechanisms related to body fat and adijgme metabolism
have been proposed to explain the link betweenityleasd type 2 diabetes.
Adiposity is hypothesized to affect both insulisistance and beta cell function
principally through its effects on circulating fristy acids and its production and
release of inflammatory peptides.

Adipose tissue is the body’s main storage depofafby acids. Adipose
tissue, particularly the more metabolically actwsceral adipose tissue, has been
shown to release fatty acids into the blood straamrate proportional to its
volume (Jensen et al. 1989). Larger adipose tidspesits, as seen in obesity,
therefore result in excessive levels of free fattids in circulation. These free
fatty acids are taken up by non-adipose tissuds asithe liver and skeletal
muscle. Build-up of triglycerides in these tissaagses a down-regulation of the
production of proteins required for insulin actioesulting in insulin resistance

(Goodpaster and Wolf 2004; Kabir et al. 2005).
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Free fatty acids not only contribute to insuliniseence, but have also
been implicated in the deterioration of beta aatidtion (Dubois et al. 2004).
When excess free fatty acids are in circulatioay taccumulate in the pancreatic
islet cells, which has been shown to reduce glustismulated insulin release in
cell culture studies, in animal models (Sako andl 3390; Zhou et al. 1996) and
in humans (Paolisso et al. 1995). The free fatigt Build-up in beta cells also
can lead to toxic metabolites of the free fattydaci These toxins and free radicals
can damage beta cells and induce apoptosis fuihiéing the insulin secreting
capacity of the beta cells (Kaneto et al. 1999nfiiukuro et al. 1998).

Recent research has established that adipose tiesoaly stores fat, but
also acts as an endocrine organ and part of thesmaraystem, secreting
hormones such as adiponectin and cytokines suthrasr Necrosis Factor
Alpha (TNF«a) (Combs et al. 2004; Nishimura et al. 2007; Stephet al. 1997;
Yamauchi et al. 2002). Lower levels of adiponeetie found in obese
individuals compared to normal weight individuaighimura et al. 2007). High
adiponectin levels increase insulin sensitivityitigreasing fatty acid oxidation
both in the liver and skeletal muscle (Combs e2@04; Yamauchi et al. 2002).
Obesity results in greater secretion of ThBy the adipose tissue which leads to
a decrease in the expression of proteins needeglifoose metabolism, such as
the insulin sensitive GLUT 4 transport protein amgllin receptor proteins
(Stephens et al. 1997).

As with free fatty acids, inflammatory cytokinesdamther adipose tissue-

derived signalling proteins such as leptin and Td\&ffect beta cell function as
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well as insulin sensitivity, with increasing levelsthese molecules being
associated with decreased insulin production armgt@mnotion of cell death.
Leptin, for example, decreases beta-cell secretiohit is in fact protective
against apoptosis (Finegood et al. 1995; Lupi.et29). Tumour Necrosis
Factore also inhibits secretion of insulin from the begdl but is a promoter of
apoptosis (Stephens et al. 1999; Zhang and Kim)1995
2.4.2. Dietary Factors

Dietary factors are significant contributors tolmbées risk. In the
following section, dietary diabetes risk factordlwe discussed, including several
factors related to carbohydrate intake, such aséatyc Index (GIl) and Glycemic
Load (GL), fibre and cereal fibre, magnesium intake vegetable and fruit
intake. In addition, a non-carbohydrate risk factdietary fat intake, will be
discussed. It should be noted that dietary fad@sussed in this section are
limited to those factors for which we have beeredblcollect data in the
following chapters of this thesis. Data for sometaty risk factors, for example
fructose intake, were not available using the dyetallection methods used for
this thesis research, therefore these factorsardiscussed.
2.4.2.1. High GI, High GL
2.4.2.1.1. Relationship with Diabetes in Adults

The GI, a measure of carbohydrate quality, is dated based on the
glycemic response elicited by a food following comgtion, compared to a
standard. White bread and glucose, the most cortynsed standard foods are

given a Gl value of 100 and other carbohydrate $ceré rated on a scale from O-
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100, with foods having a Gl <55 being considered (&l foods, foods with a Gl
ranging from 56 to 69 being medium GI foods andi®with a GI >70 being
considered high Gl foods (www.glycemicindex.conijie GL is a measure that
takes both the quality and quantity of carbohydnatte account and is calculated
by multiplying the Gl of a food by the number ofgrs of carbohydrate in a
typical serving of that food.

Several studies have identified a link between hiigary GI, GL and
increased risk of type 2 diabetes in adults. An¢cneta-analysis of these
studies, conducted by Barclay et al, (Barclay e2@08) found that the RR of
type 2 diabetes among participants in the higheahtje of dietary Gl was 1.4
compared to those in the lowest Gl quantile grolipe RR of diabetes was 1.3
for those in highest GL quantile compared to thagbe lowest quantile (Barclay
et al. 2008).
2.4.2.1.2. Relationship with Diabetes in Youth

Research on the dietary Gl and GL of youth has gmiignfocused on their
impact on weight management. Studies have shoatridiv Gl foods have
greater satiety among youth (Ball et al. 2003),chthias made these foods
potential candidates for weight loss programs.hédigh the relationship between
Gl, GL and risk of obesity in children is not clé&avis et al. 2007; Hui and
Nelson 2006; Nielsen et al. 2005), several intetiearstudies have found low Gl
and GL diets to be effective in promoting weigred@mong youth (Ebbeling et

al. 2003; Spieth et al. 2000). In addition, onalgthas examined Gl and GL and
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insulin resistance in adolescents but no relatignaias found between the
variables (Davis et al. 2007).
2.4.2.1.3. Mechanisms

Many potential mechanisms behind the role of the@ GL in diabetes
have been proposed. High Gl and GL foods requoreermsulin and glucagon to
be secreted from the beta cells of the pancrean(BMiller et al. 2003; Wolever
and Bolognesi 1996). High blood insulin levels ééeen shown to lead to
insulin resistance in humans (Del Prato et al. 1994 addition, the increased
production of insulin may promote beta-cell exheursin cells genetically prone
to dysfunction (Del Prato et al. 1994). High GtaaL diets also result in higher
postprandial blood glucose levels and high bloatgse levels are known to
have detrimental effects on beta cell functioncdss glucose increases oxidative
stress in the beta cells and triggers apoptosisaihdti et al. 2004). Even mild
recurring hyperglycemia, as may been seen in iddais with a high Gl or GL
diet, can be detrimental to beta cell function (Belkerra et al. 2007). After a
high GI meal during the late postprandial peribére is an increase in free fatty
concentrations (Kallio et al. 2008) which may reésulipotoxicity in the beta
cells, reducing beta cell function. High glycenmdex and load diets have also
been associated with markers of inflammation sgchigh C-reactive protein
levels, high tumor necrosis factor-R2 levels (Qale2006b) and reduced levels
of adiponectin (Qi et al. 2005; Qi et al. 20064k discussed in section 2.4.1.4,
inflammatory markers have been shown to affect beghlin sensitivity and beta

cell function . In addition, several studies hé&wend Gl and GL to be related to
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obesity and central adiposity among adults (HareuBret al. 2006; Sahyoun et
al. 2005), both strong risk factors for diabeteswidver, this link has not been
consistently reported in the literature and the&fbf dietary Gl and GL on body
weight is not conclusively known.
2.4.2.2. Fibre and Cereal Fibre
2.4.2.2.1. Relationship with Diabetes in Adults

Associations have been found between low fibrekmtaarticularly low
cereal fibre intake, and risk of type 2 diabetBgsults of both the lowa Women'’s
Health Study and the Nurses Health study foundttr@RR of diabetes was 1.3
for the lowest compared to the highest quintiléotdl fibre intake after
adjustment for various other risk factors includBigl. Fibre intakes in the
lowest quintile were less than 14g per day andckegan the highest quintile were
over 22g per day (Meyer et al. 2000; Schulze €2@04). An even greater
increase in risk of diabetes was seen in the AmnMisbile Clinic Examination
Survey, with a RR of 2.0 between the extreme desbf dietary fibre intake
(Montonen et al. 2003). The lowest quintile hadean fibre intake of less than
199 of fibre per day and the highest quintile hadn@ake of over 33g per day.
The difference in findings between the studies tmayue to the higher fibre
intakes in the highest quintile of the Finnish stud

Recently, low cereal fibre has been found to bangflly related to diabetes
risk and several studies have found that ceregd fillay account for most of the
effects of total dietary fibre on diabetes risk. &dhreferring to “cereal fibre”, this

specifically includes fibre found in grain and carproducts (i.e. fibre from

34



whole grain wheat, rice, rye and other grains)suRks of the Nurses Health Study
found that cereal fibre remained significantly tethto diabetes risk when
adjusted for other types of fibre, however, totiatd was not significantly related
after adjustment (Schulze et al. 2004). Similasbyeral other researchers found
a greater protective effect of high cereal fibrenpared to total fibre for diabetes
risk. For example, the lowa Women'’s Health Studsndnstrated that cereal
fibre had a RR of 1.6 when comparing the lowestlagtest quintiles, compared
to 1.3 for total fibre (Meyer et al. 2000). In thenish Mobile Clinic
Examination Survey the RR for cereal fibre was\a.62.0 for total fibre
(Montonen et al. 2003). Also, in the Atherosclésdgisk in Communities
(ARIC) study, only cereal fibre and not total fiwas related to diabetes risk
(Stevens et al. 2002).
2.4.2.2.2. Relationship with Diabetes and Insulin ResistanceniYouth

Few studies have examined fibre and its effectdiabetes or insulin
resistance in youth. However, in one study whesearschers investigated the
diets of youth with type 2 diabetes, they founddiferences in fibre intake
between those with type 1 and type 2 diabetes (MBgwis et al. 2006). A
second study investigating grain intakes and ing@sistance among adolescents
showed that increased whole grain intake was ieerelated to BMI, waist
circumference and insulin sensitivity as measureduglycemic insulin clamp

methods (Steffen et al. 2003).
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2.4.2.2.3. Mechanisms

Fibre is known to increase satiety (Nilsson e2@D8) and decrease the
prevalence of obesity (Lindstrom et al. 2006), ¢éf@re some of the effects of
fibre are likely due to its effects on adiposityowever, as seen in the studies
presented above, fibre appears to be related bewia risk independent of BMI.
High fibre foods frequently also have a lower Gl,itsis possible that some of the
effects of fibre could be attributed to GI (www.gigcemicindex.com). In
addition, foods containing fibre frequently contather important nutrients such
as magnesium and various antioxidants (Zhou 0&i4). The role of cereal
fibre in the pathogenesis of type 2 diabetes iothgsized to be related to the
colonic fermentation of insoluble fibre. Duringtigentation, colonic bacteria
produce short chain fatty acids which stimulatedpiation of glucagon-like
peptide 1 which has been shown to stimulate ingdoretion and also promote
insulin sensitivity (Freeland et al. 2009; Nilssgtral. 2008).
2.4.2.3. Magnesium
2.4.2.3.1. Relationship with Diabetes in Adults

Prospective studies have demonstrated that low esagm intakes are
associated with increased risk of type 2 diabetexlults. An analysis of the
Nurses Health Study and the Health Professiondle~aip Study found that
those with the lowest magnesium intakes had siamtily higher risk of type 2
diabetes compared to those with the highest infakiis RR values of 1.4 for
both women and men, after adjusting for other fésitors (Lopez-Ridaura et al.

2004). Although not all studies have found comsistesults in terms of
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magnesium and diabetes risk (Schulze et al. 20@7t@cent meta-analysis
showed that when all prospective studies were takeraccount RR of diabetes
was 1.2 per 100mg decrease in magnesium intakagysiLarsson and Wolk
2007).
2.4.2.3.2. Relationship with Diabetes and Isulin Resistance ilYouth

The relationship between low magnesium and diabete&mong youth
has not been investigated in longitudinal studiesyever, one study that
investigated the magnesium intake of youth wittet@pdiabetes showed that
those with type 2 diabetes consumed significaribg Imagnesium than youth
with type 1 diabetes (Mayer-Davis et al. 2006).adidition, a study that
examined magnesium intake and insulin resistan@mgrobese children found
that low dietary magnesium intake was related solin resistance as measured
by QUICKI (Huerta et al. 2005). Other studies istvgating diet and insulin
resistance in youth have not duplicated this figdiDavis et al. 2007).
2.4.2.3.3. Mechanisms

Magnesium is a required cofactor for many enzyniesudohydrate
metabolism and although the connection between asagm and diabetes is
likely complex, the effect of magnesium on the Iimsteceptor is one of the most
studied pathways. Decreased magnesium concensategcrease tyrosine kinase
activity which in turn decreases the responsivenésise insulin receptor (Suarez

et al. 1995).
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2.4.2.4. Vegetables and Fruit
2.4.2.4.1. Relationship with Diabetes in Adults

Low vegetable and fruit intakes may increase tble of type 2 diabetes
among adults. The Cancer-Norfolk Prospective sttalynd that adults with the
lowest vegetable and fruit intake had an OR offdr3liabetes compared to those
with the highest intake of vegetables and fruitrghiag et al. 2008). Similarly, an
analysis of the National Population Register ind&id found that consuming less
than 33 servings of vegetables, fruit and berrezsnponth was associated with an
HR of 1.18 for diabetes (Lindstrom and Tuomileh@®32).

An analysis of the Women'’s Health Study found geediabetes risk was
associated with low consumption of leafy green @©R2) and dark yellow
vegetables (OR = 1.4), but not other fruit or vagéds (Liu et al. 2004).

Similarly, a Chinese study found that low vegetabtake was associated with an
increased risk of type 2 diabetes (RR = 1.4), hut intake was not (Villegas et
al. 2008). These results suggest that some vdgstatay be more beneficial for
diabetes prevention than others.

2.4.2.4.2. Relationship with Diabetes and Insulin ResistanceniYouth

Information on dietary intake in early onset typdi@betes is rare;
however, one study that examined the diets of yuuitt type 1 and type 2
diabetes found that mean vegetable and fruit inte&e higher among children
with type 2 diabetes compared to those with typgabetes; however, both
groups had vegetable and fruit intakes well beleeommended levels (Mayer-

Davis et al. 2006).
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Few studies have examined vegetables and fraietesminants of insulin
resistance in youth, however, studies to date fawed no relationship between
vegetable and fruit consumption and insulin reaistaDavis et al. 2007; Sheikh
et al. 2008).
2.4.2.4.3. Mechanisms

Vegetable and fruit consumption could decreaseisheof type 2 diabetes
in a variety of ways. Vegetables and fruit aréhhigfibre, have low calorie
density and a low GL, therefore vegetables and faiy act through pathways
discussed above. In addition, vegetables and paiticularly green leafy and
dark yellow vegetables are high in antioxidantsiciwimay be protective of beta-
cell function, countering oxidative stress causgglico- and lipo-toxicity
(Kaneto et al. 1999). One study that examinecctmnection between blood
antioxidant levels and blood glucose levels fourat several antioxidants found
in vegetables and fruit were significantly and irsgdy correlated to blood
glucose levels (Ylonen et al. 2003).
2.4.2.5. Dietary Fat
2.4.2.5.1. Relationship with Diabetes in Adults

Several prospective studies have found links betweaeased dietary fat
intake and risk of type 2 diabetes among adultssuRs of the Health
Professionals Follow-up Study showed a RR for dedbef 1.27 between extreme
quintiles of total fat intake, however this difface disappeared when the data
were corrected for BMI (van Dam et al. 2002). Salether studies have failed

to show a relationship between total fat and dedesk (Harding et al. 2004;
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Salmeron et al. 2001). Saturated fat has beerdibk increased risk and
polyunsaturated fatty acids related to decreasédofitype 2 diabetes. The
Cancer-Norfolk Study found an OR of 0.84 per statidiviation increase in the
polyunsaturated: saturated fat ratio, howeverrélastionship was no longer
significant when corrected for body weight (Hardetgal. 2004). Both the Health
Professionals and Nurses Health studies obserpeatective effect of
polyunsaturated fats. The Nurses Health Studys&R of 0.63 for every 5%
increase in polyunsaturated fat intake (Salmerai. &001) and the Health
Professionals Follow-up study showed that linossi was protective against
diabetes for younger men and men with a normal 8t RRs of 0.74 and 0.53,
respectively for extreme quintiles (van Dam efal02).

Trans fats have been linked to increased riskaibetes in the Nurses
Health study, with a RR of 1.39 being seen for%a crease in trans fat intake
(Salmeron et al. 2001). In summary, there is sew@ence that total fat and
saturated fat intakes contribute to diabetes hskyever, much of their effects
may be due to changes in body weight. Polyunsiatdifatty acids, however,
may have a protective effect against diabetes.
2.4.2.5.2. Relationship with Diabetes in Youth

One study that examined dietary intake in youtthwype 1 and type 2
diabetes found no differences in total fat, saag¢amonounsaturated,
polyunsaturated or trans fat content of the dietsvben groups with different
types of diabetes, however, total fat intake aridrated fat intakes were high in

both groups (mean fat intakes ranged from 37 %8t&3f total calories, mean
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saturated fat intakes ranged from 13 % to 14 %tal talories) (Mayer-Davis et
al. 2006).
2.4.2.5.3. Relationship with Insulin Resistance

Relationships between dietary fat and insulin tasise in youth have been
identified by some investigators, but results haotbeen consistent. One study
found that phospholipid saturated fatty acid confan indicator of dietary fatty
acid content) was significantly related to the rbete syndrome in overweight
adolescents, however phospholipid saturated fatt/@ntent was not linked to
insulin resistance as measured by HOMA (Klein-Rletal. 2005). Similarly
several other studies of diet and insulin resistdrave found no connection
between dietary fat and insulin resistance (Datved.€2007; Sheikh et al. 2008).
One study where researchers prescribed a low sadiuiet diet for children at
infancy found increased insulin sensitivity at @sgeof age (Kaitosaari et al.
2006). In addition, a prospective study that exadiweight gain in African
American and Caucasian girls found that high fetkas in combination with
insulin resistance were strongly predictive of Baryweight gain (Morrison et al.
2008).
2.4.2.5.4. Mechanisms

The results of several studies have shown thatffeets of fat intake on

diabetes risk disappears with adjustment for bodight (Harding et al. 2004;
van Dam et al. 2002), suggesting that some offfieets of dietary fat may be
due to its effect on body mass. It has also baggested that fatty acid

composition of the diet can affect the fatty acdnposition of cell membranes
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which could, in turn, affect cell function, partlady action of the insulin receptor
(Ginsberg et al. 1991). Dietary fat could alsduahce the quantity and
composition of free fatty acids in circulation (kaanen et al. 2002). As
discussed in section 2.4.1.4 (mechanisms of obestiype 2 diabetes
pathogenesis) free fatty acids are known to indlus@lin resistance and harm
beta cell function (Dubois et al. 2004; Goodpaatet Wolf 2004; Kabir et al.
2005). Free fatty acids can accumulate in nonesdigissues causing a down-
regulation of the production of proteins requiredihsulin action (Goodpaster
and Wolf 2004; Kabir et al. 2005). In additioncamulation of fatty acids and
their metabolites in the islet cells is toxic aras lbeen shown to reduce glucose
stimulated insulin release in cell culture studiesgnimal models (Sako and Grill
1990; Zhou et al. 1996) and in humans (Paolissb. 995).
2.4.3. Physical Activity and Physical Fitness
2.4.3.1. Relationship with Diabetes in Adults

Low levels of physical activity and physical fitsasay increase diabetes
risk. Large prospective studies of the effectplofsical activity and diabetes risk
from around the world have reported a strong ptateeffect of physical
activity, and physical fitness. Relative risk @dloketes associated with self
reported low levels of physical activity comparechtgh levels range from 1.1 to
1.8 after adjustment for body weight (Hsia et 802, Hu et al. 1999; Manson et
al. 1991; Manson et al. 1992; Villegas et al. 208&nnamethee et al. 2000;
Weinstein et al. 2004). Objectively measured aardspiratory fitness has also

been related to type 2 diabetes risk with RR adbelies values ranging from 1.6 to
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1.8 for low fitness levels vs. high levels, aftdjustments for weight status and
other diabetes risk factors (Sawada et al. 200Betal. 2008). Sedentary
activity has also been associated with diabet&saith one study reporting that
watching television, sitting at work or in the @ard sitting at home were all
associated with increased risk of diabetes with RiRging from 1.48 to 1.70 for
high frequency of these behaviours compared tordmgguencies (Hu et al.
2003).

Interventions including physical activity have bestiown to be effective
in preventing diabetes in high risk groups. Inhbibite Diabetes Prevention
Program, and the Finnish Diabetes Prevention Siathrventions including
dietary changes and physical activity resulted deerease in diabetes prevalence
of 58% (Knowler et al. 2002; Lindstrom et al. 2003)though the independent
effect of physical activity in these trials is dffllt to assess, it is known that
physical activity plays a significant role in bdtie achievement (Jakicic et al.
2003; Slentz et al. 2004) and maintenance (Befat €008; Jakicic et al. 2008)
of weight loss, which was a major goal for partaifs in both diabetes
prevention studies.
2.4.3.2. Relationship with Diabetes in Youth

Very little research has been done on physicavig¢of youth with type
2 diabetes. One study that investigated physidality and fithess levels among
patients with type 1 and type 2 diabetes foundithade with type 2 diabetes had
a significantly lower peak volume of oxygen (VO2pee, lower reported levels

of physical activity and a lower exercise beliebrgc(Faulkner et al. 2005).
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Physical activity is also considered to be a catosre of the treatment of type 2
diabetes in youth (Canadian Diabetes Associatiomc@l Practice Guidelines
Expert Committee 2008).
2.4.3.3. Relationship with Insulin Resistance, IGT and IFG n Youth

The relationship between insulin resistance andighlactivity has been
thoroughly investigated among youth. Studies laresistently shown a strong
link between physical activity, physical fitnesglansulin resistance. Various
methods of assessing physical activity and fitfjeesss/O2 max, accelerometers,
physical activity questionnaires) have been shawlet predictive of insulin
sensitivity independent of body fat, as measuredanous methods including
clamps, FSIVGTTs and methods derived from fastingase and insulin levels
(Allen et al. 2007; Brage et al. 2004; Eisenmanal e2007; Imperatore et al.
2006; Ku et al. 2000; Rizzo et al. 2008; Sardinhal.2008; Snitker et al. 2007).
In terms of the strength of the relationship betwpkysical activity and insulin
resistance, inverse correlations between physatadity and insulin resistance
range from 0.04 to 0.42 (Allen et al. 2007; Bragale2004; Imperatore et al.
2006; Lee et al. 2006b; Sardinha et al. 2008; &nigk al. 2007). Correlations are
generally attenuated when adjusted for body weigth, significant relationships
remaining in some, but not all populations (Imperatet al. 2006). Many studies
using regression models to determine the extewhioh physical activity can
predict variance in insulin sensitivity have fouhdt physical activity can predict
insulin sensitivity independently of body weightr@8e et al. 2004; Imperatore et

al. 2006; Ku et al. 2000; Rizzo et al. 2008; Sdndiet al. 2008; Snitker et al.
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2007). Two studies demonstrated that physicaVi#gtneasured by pedometer
readings predicted approximately 10% of the vamatn insulin resistance after
adjustments for body weight (Sardinha et al. 2@8tker et al. 2007).

The relationship between IGT and IFG and physicaliy has not been
thoroughly examined in children, however, one stimiyd that physical activity
and physical fitness did not differ between youtthuFG and obese
normoglycemic controls. Authors of this study sesfgd that in their population,
the effects of physical activity were mediated tiglo its effect on body weight
(Shaibi et al. 2006).
2.4.3.4. Mechanisms

It is believed that the relationship between typhabetes and physical
activity is mediated primarily through the effeofsphysical activity on body
weight, body composition and insulin resistanchydical activity has been
consistently linked to better body weight contnetideaner body composition in
both adults and children (den and Westerterp 2D88tz et al. 2008; Photiou et
al. 2008; Simon et al. 2008). In addition, phykaaivity is associated with short
term and long term increases in insulin sensitintthe skeletal muscles. In the
first 48 hours after a bout of exercise, both imsdependent and independent
mechanisms of glucose uptake are stimulated, isgrgansulin sensitivity and
glucose utilization in the skeletal muscle (Nes#teal. 1985). In the long term,
physical training results in increased expressicth® GLUT 4 glucose
transporter protein in skeletal muscle resultingrgater insulin sensitivity

(O'Gorman et al. 2006).
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2.4.4. Genetics and Family History
2.4.4.1. Relationship with Type 2 Diabetes in Adults

Family history of type 2 diabetes is consideretié@an extremely
important diabetes risk factor. Adults with a fanfiistory of type 2 diabetes are
much more likely to develop the disease themsel¥#es.example, results of the
Framingham Offspring study showed that having cremqt with type 2 diabetes
was associated with a RR of diabetes of approximat& and having 2 parents
with diabetes resulted in a RR of 6 (Meigs et @D®. Similar results were
found in a Norwegian study where maternal and pateatiabetes resulted in RRs
of 2.7 and 1.8, respectively and having 2 pareiis avabetes resulted in a RR of
6.9 (Bjornholt et al. 2000).
2.4.4.2. Relationship with Type 2 Diabetes in Youth

Although data assessing risk of developing typ&aPetes for those with a
positive family history is not available for chiktdr, the prevalence of family
history of diabetes is very high among youth with tisease, with studies
showing prevalence rates between 50 and 95% (Riakle 2002; Glaser and
Jones 1998; Harwell et al. 2001; Zdravkovic eR@D4) and it is considered to be
one of the prominent risk factors for early ongeet2 diabetes (Canadian
Diabetes Association Clinical Practice Guidelingp&t Committee 2008). In
addition, studies in both children and adults hawed that those with a family
history of type 2 diabetes have poorer insulin gty and beta cell function
compared to those with no family history (Arslan&tral. 2005; Vaag et al.

2001). The link between family history and insui@sistance seems to be
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explained mostly by family patterns in obesity, wdas susceptibility to impaired
beta cell function appears to be primarily gendliiadetermined (Rosenbaum et
al. 2004). These data suggest that susceptibilitifabetes is controlled, in part,
by one’s genotype and that both genetics and emviemtal or behavioural
factors are required for development of the dise&searticular, genes appear to
control a person’s susceptibility to beta celldeg!.
2.4.5. Puberty

Puberty has an important effect on insulin resistan youth. Studies
have shown that there is an increase in insulilsteesce during puberty, with
insulin resistance peaking at mid puberty (Tanteges2-3) and returning to pre-
puberty levels in Tanner Stage 5 (Ball et al. 200B)e increase in insulin
resistance during puberty appears to be a normmabpdevelopment and there is
some evidence to suggest that the change may beday increases in growth
hormone levels that occur during that time. Amstyassociation has been shown
between growth hormone levels and insulin sengitiring puberty (Amiel et
al. 1986; Radetti et al. 2004). In addition, griowbrmone treatments in youth
with growth hormone deficiency are known to resula significant decrease in
insulin sensitivity (Radetti et al. 2004). Typeliabetes is most often diagnosed
among youth during puberty (Grinstein et al. 2088l R W et al. 2003;
Upchurch et al. 2003; Wei et al. 2003b) and itypdthesized that the onset of
disease is triggered in susceptible people byrtbieease in insulin resistance (Ball

et al. 2006). Although insulin sensitivity retutiaspre-pubertal levels when
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puberty is completed, type 2 diabetes in this agagdoes not resolve, likely
due to glucose toxicity that leads to further detation in beta cell function.
2.4.6. Prenatal Growth Environments

Prenatal growth environments have been shown tmpertant to future
diabetes risk. In particular, birth weight andtgésnal exposure to diabetes have
been shown to be strong risk factors for diabétethe following section, both of
these risk factors will be discussed.
2.4.6.1. Birth Weight
Children born with low, as well as high birth wetglhave been shown to have an
increased risk of diabetes in adulthood (Eriksdaad.€2003; Forsen et al. 2000).
Similarly, youth with type 2 diabetes are more Ijki® be born with either high
or low birth weights compared to healthy youth (Blgla et al. 1998; Dabelea et
al. 1999; Wei et al. 2003a), suggesting that gestakt environment and early
programming is very important to the early onsetfof the disease. Studies
have also found that youth born with a high or lmwh weight are more likely to
be insulin resistant and have IFG or IGT compaeeitidse born with a normal
weight (Gupta et al. 2007).

The mechanisms behind this pattern are not yst kabwn. It has been
suggested that nutrient abundance or shortagdsrio kead to metabolic
programming that increases susceptibility to imstdisistance and diabetes
(Hofman et al. 2004). Maternal diabetes frequergbults in high birth weight
babies which may explain part of the relationstepA@en high birth weight and

diabetes risk (Dabelea et al. 1999). In the casavwobirth weight babies, it has
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been suggested that the pattern of catch-up greeéh after a pregnancy in
which nutrient shortages have occurred promotadimeesistance (Ong et al.
2004). Animal studies have shown that when nutséortages occur during
pregnancy, the beta cell mass of the offspringeigehsed (Chakravarthy et al.
2008). This has lead to the theory that the dgreémt of important organs such
as the brain are favoured over development of gaticrbeta cells during nutrient
restriction, resulting in underdeveloped beta dbiég are more prone to failure.
2.4.6.2. Gestational Diabetes

Being exposed to diabetes (type 2 or gestatiomdledes) during pregnancy
has also been shown to have profound effects onskef type 2 diabetes.
Research involving Pima Indians found that 70%exfge exposed to diabetes in
utero had the disease by 25 to 34 years of agee{Palet al. 2000b). One study
among the Ojibwa-Cree population of Manitoba fotimat youth with type 2
diabetes were more likely to have been exposedhtzetes in utero than those
who did not have type 2, with an OR of 4.4 (Youhg@le2002). Also, a study
that investigated siblings, one of which was exgdsediabetes during pregnancy
and one that was not, found that those who wereseghad a greater risk of
developing type 2 diabetes with an OR of 3.7 (Dedelt al. 2000a). The
mechanism behind the link between gestational testend future diabetes risk
is suspected to be similar to that of babies bath avlow or high birth-weight. It
has been proposed that exposure to hyperglycaami&io causes metabolic
changes that increases susceptibility to insubistance and type 2 diabetes

(Young et al. 2002).
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2.5. Diabetes Risk Assessment

Because type 2 diabetes is a preventable disekstification of
individuals at risk for diabetes is important foetdevelopment of targeted
prevention programs. Although diabetes risk indeatescommonly used for risk
assessment in adults, risk scores have not beatedrand validated for use in
children and adolescents. This is likely due ®\hry recent emergence of type
2 diabetes in younger age groups. The followimdetautlines scoring methods
that have been used around the world to identifiitact higher risk of diabetes.
This information shows that although many diabetg#sscores are available, few

take into account lifestyle risk factors for diadset
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Table 2.1 Diabetes Risk Scores for Adults

Score
(Mohan et al. 2007)

Rural
Epidemiology

Study Participants

physical activity

Name Population Variables Assessed Area | Sensitivity | Specificity
under the
ROC

Finnish Diabetes Risk | FINRISK study Age, BMI, Waist circumference, antihypertensiye86% 78 — 81% 76 -77%
Score participants use, history of high blood glucose, physical
(Lindstrom and activity, daily consumption of vegetables, fruits|o
Tuomilehto 2003) berries
Cambridge Risk Score | ELY study, Age, Sex, Family History of Type 2 Diabetes | 76.3% 7% 72%
(Griffin et al. 2000) Cambridge, UK (T2D), Smoking Status, BMI, antihypertensive

use, steroid use
New Cambridge Risk EPIC Participants Age, Sex, antihypertensive us#l, Bamily 76.2%
Score History of T2D, Recreational physical activity,
(Simmons et al. 2007) green leafy vegetables, fresh fruit,

wholemeal/brown bread
German Diabetes Risk | EPIC-Potsdam Waist, height, age, hypertension, red meat, whpok2 - 84% | 80 - 94% 67 — 79%
Score Study Participants | grain bread, coffee, moderate alcohol, physical
(Schulze et al. 2007a) activity, former smoker, current heavy smoker.
Diabetes Risk Score for | Oman’s National | Age, waist circumference, BMI, Family history 0f83% 63% 78%
Oman Diabetes Survey | T2D, Hypertension
(Al-Lawati and Participants
Tuomilehto 2007)
Thai Diabetes Risk Score Thailand Age, BMI, History of hypertension 71% 87% 38%
(Keesukphan et al. 2007
Indian Diabetes Risk Chennai Urban Age, waist circumference, family history of T2D, 70% 73% 60%




2.6. Conclusions

Early onset type 2 diabetes is increasing in pengd in Canada and around
the world. This disease has serious consequend¢esns of morbidity and
mortality as well as increasing health care coBts: the prevention of future
cases of early onset type 2 diabetes, risk fatborhe disease need to be
understood and addressed. As this review has sumadarisk of type 2 diabetes
in youth is influenced by many factors includingeslty, diet, physical activity,
family history, puberty and gestational environmeHbwever, because of the
relatively recent emergence of this disease, ttheence of many of these risk
factors, particularly the effect of dietary factangas not been fully explored.
Although many methods exist to measure diabetksaan®ong adults, tools to
examine risk among youth have not been developeture studies are needed to
further understand and measure risk factors artzetka risk in youth; and the
development of successful strategies for improvinegdietary and physical
activity practices of youth are needed to prevarther increases in prevalence in

the future.
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Chapter 3: Metabolic and Behavioural Differences ofYouth with and
without Type 2 Diabetes

3.1. Preface

Type 2 diabetes in youth is a new disease thatreasing in prevalence
and has not been thoroughly studied in Canadaddiition, the link between diet
and physical activity and type 2 diabetes in yasthot clear, therefore the aims
of this analysis were to examine the charactessifoyouth diagnosed with type 2
diabetes in Northern Alberta and to examine dietalnysical activity and
metabolic differences between those with and withype 2 diabetes. The
following chapter is an analysis of data from artheview that was conducted at
the Stollery Children’s Hospital Endocrinology Gtirand Paediatric Centre for
Weight and Health and it also included the files @faediatrician specializing in
childhood obesity. Charts examined included thasal youth diagnosed with
type 2 diabetes at the endocrinology clinic betwiganch 2000 and August 2006

(n = 28) and age, sex and Body Mass Index (BMIctmed controls (n = 28).
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3.2. Introduction

Type 2 diabetes, a disease strongly associatedoléhity, has increased
in prevalence in Canada parallel to increasing ibpestes and has recently been
observed with greater frequency in younger ageggolBefore the 1970’s, type 2
diabetes was considered to be exclusively an dtkdbase. However, in the past
few decades, cases of type 2 diabetes have bedrfigtkin children and the
prevalence of early onset disease has been rising.

Recent studies in the U.S. have estimated the l@m@s@of type 2 diabetes
to be 0.42 cases per 1000 children in the genegallption (Liese et al. 2006)
and as high as 5.31% in high risk populations sgcthe Pima Indians (Dabelea
et al. 1998). Although the presence of type 2eli@bin Canadian children is not
well documented, a prevalence of 3.6% has beenteghm 10 to 19 year old
Ojibwa-Cree girls living in Northern Manitoba (Deahal. 1998). In addition,
increasing rates of type 2 diabetes among childeste been documented in
Canada and around the world (Dabelea et al. 198k: &hd Rupert 2006;
McMahon et al. 2004; Urakami et al. 2005; Zdravkost al. 2004).

Type 2 diabetes in youth is of particular conceznguse the extended
duration of disease leads to earlier developmentasfrovascular and
microvascular complications. Some patients diagdagith type 2 diabetes in
their youth display serious complications suchegshmopathy in young adulthood
(Krakoff et al. 2003). Given the intractable natofeype 2 diabetes, youth with
the disease are also at increased risk of cardtalarsdisease early in life due to

metabolic dysregulation (e.g., hyperglycemia, gydkmia).
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To date, the characteristics of children with tZp@iabetes in Alberta
have not been clearly described. Although subragitdiet and physical activity
behaviours are linked to the development of typaBetes in adults, very little is
known about these lifestyle habits or the metalqmiafiles of children with type
2 diabetes. Therefore, the purpose of this cressesal study was to
characterize children with type 2 diabetes in NemhAlberta and compare their
nutrition and physical activity behaviours and nbele profiles to age-, sex- and
BMI-matched children without diabetes.

3.3. Methods
3.3.1. Subjects

This study was a retrospective, case-control alearew of patients with
type 2 diabetes. Medical charts were obtained fiteerEndocrinology Clinic at
the Stollery Children’s Hospital in Edmonton, AltlerCanada. The charts of all
children (<18 years of age) diagnosed with typéabetes at the clinic between
March 2000 and August 2006 were included in théyaisa Diagnosis of type 2
diabetes was based on a combination of clinicatatdrs (obesity, lengthy
duration of symptoms, presence of acanthosis @migs@nd having a family
history of type 2 diabetes), high c-peptide lewaid absent glutamate
decarboxylase (GAD) 65 antibody. Charts of age,asel BMI matched control
subjects were collected from the files of a Pa@dian specializing in nutrition,
as well as from a subset of youth enrolled at thediatric Centre for Weight and
Health at the Stollery Children’s Hospital. Thesfi28 charts of potential control

subjects pulled that could be matched to diabedéismis were used in this
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analysis. When matching for age, the age of eanlr@ subject at their first visit
had to be within one year of the age of the diabptgient they were matched to
at diagnosis of diabetes. When matching for BMhtoa subjects had to be
within 10kg/nf of their match. This study received ethical apptdrom the
Health Research Ethics Board, University of Albésise Appendix A).

3.3.2. Methodology

Information retrieved from medical charts includita from the time of
diagnosis for diabetes patients and from the Vst to the paediatrician for
control subjects. Information collected from theauds included demographics,
anthropometrics, presentation and treatment ofeties(for diabetes patients
only), medical history, family history of diabetddpod pressure, blood glucose
and lipid profile, dietary profile and physical ity patterns.
3.3.2.1. Demographics and Anthropometrics

Demographic information included age, sex, ethyiariid socioeconomic
status (SES). Patients were considered to hawe 8ES if they required
financial assistance from social services to pwsehmaedications or pay for
transportation expenses for medical appointments.

Anthropometric measures included height, weight,|BNd BMI
percentile determined from Centre for Disease @bi@DC) growth charts with
a BMI greater than the 8%ercentile for age and sex being considered
overweight and greater than thé"9%ercentile being considered obese (Center for

Disease Control and Prevention 2000a; Center feede Control and Prevention
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2000b). Pubertal status was also assessed by phgsicians using the Tanner
Staging method.
3.3.2.2. Symptoms and Treatment of Diabetes

For youth with type 2 diabetes, all symptoms reedrdt diagnosis were
documented. Information on diabetes treatmentided the types of therapy
used from diagnosis until the most recent visibbethe time of the chart review,
and duration of the different treatment regimens.
3.3.2.3. Medical History and Family History

Personal medical history data of interest inclublieth weight, maternal
gestational diabetes and medical problems assdaiatk diabetes and
overweight, such as sleep apnea, acanthosis mgr{@d) and polycystic ovary
syndrome (PCOS). For family history of diabetég, diabetes status of both
parents was recorded as well as any occurrenceloétegs within the maternal
and paternal sides of the family (grandparentstsaaimd uncles).
3.3.2.4. Blood Parameters

Blood pressure was measured (while the patientsiti@sg) by clinic staff
using appropriate cuff sizes after at least 5 naswaif rest. High blood pressure
was defined as being above thd'@@rcentile for age, sex and height as
recommended by the National High Blood Pressurec&iitin Program guideline
cut-offs (National High Blood Pressure EducationgPam 2004).

Blood work collected and analysed at the hospdlabfatories closest to
the time of diagnosis, including fasting glucoseamrdom glucose, haemoglobin

A1C, triglycerides (TG), total cholesterol (TC)ghidensity lipoprotein
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cholesterol (HDL-C) and low density lipoprotein ¢ésterol (LDL-C) were
recorded. Lipid values were categorized using\thgonal Cholesterol
Education Program cut-offs as shown in Table 3atigwal Cholesterol
Education Program et al. 2002). Patients weregoaized as having either

normal or abnormal blood lipid values as showrhmTable 3.1.
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Table 3.1 Lipid Cut-offs from the National Cholesteol Education Program

Blood Lipid Variable Cut offs* Category**
mmol/L
Triglycerides
Normal <1.69 Normal
Borderline High 1.69-2.25 High
High 2.25-5.64 High
Very High >5.64 High
Total Cholesterol
Desirable <5.18 Normal
Borderline High 5.18-6.19 High
High >6.19 High
LDL
Optimal <2.59 Normal
Near Optimal 2.59-3.34 Normal
Borderline High 3.34-4.12 High
High 4.12-4.90 High
Very High >4.90 High
HDL
Low <1.04 Low
Some Risk 1.04-1.55 Normal
Protective >1.55 Normal

*Cut-offs as defined by the National CholesteroLEation Program (2002)
** Patients were categorized as having normal aoatmal blood lipid levels based on these
categories
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3.3.2.5. Diet and Physical Activity

Nutrition information from type 2 diabetes patientssisted of diet
histories of usual food intake completed by clidigtitians at the time of
diagnosis. Nutrition information available for ¢ooi subjects varied with 8
charts containing diet histories similar to thodiabetes patients, 9 containing
3-day food records, and 11 containing 4-day foadnmds. Research staff entered
diet records into ESHA Food Processor SQL (Ver8i&) (ESHA Research,
Salem OR) software and the Canadian Nutrient Hea(th Canada 2006) for
analysis of macro and micronutrient intakes.

Physical activity information included a generasclgption of activity
habits and participants were categorized as bgihgsically active” or
“inactive”. They were classified as “physicallytiae” if they regularly engaged
in any physical activity outside of school gym aascluding walking, biking,
dancing, going to the gym and sports.

All data were collected independently by two reskars and inter-
observer reliability was assessed using kappastatifor categorical and intra-
class correlation coefficients (ICC) for continuaasiables. Kappa or ICC
values of more than 0.7 were considered to be #alokep(Norusis 2005).

3.3.3. Statistical Analysis

Data were analyzed using SPSS for Windows 14.@vaodt (SPSS Inc.,
Chicago IL). Differences between participants vetid without type 2 diabetes
were assessed using chi squared analysis for catalgata and ANOVA

(Analysis of Variance) for continuous demographaciables. MANOVA
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(Multivariate Analysis of Variance) models were dise assess differences in
blood values (including fasting blood glucose apdlilvalues) and dietary
variables between the groups. Univariate ANOVAdwlup tests were
conducted when significant main effects were foasdrecommended by Stevens
et al. (2002). Many variables, including TG, LDL-OC, protein, carbohydrate,
total fat, saturated fat, cholesterol, thiaminecm, vitamin C, iron and
magnesium were not normally distributed. Natupsghrithm transformations
were performed on these variables prior to analyBisalues of less that 0.05
were considered to be statistically significant.
3.4. Results

Inter-observer reliability analysis revealed thatagraphic and
anthropometric data were comparable between thedsgarchers with kappa
and ICC values ranging from 0.747 to 1.00. Kapglaes for medical history,
family history and symptoms of diabetes ranged f689 to 1.00; only the
value for the symptom of abdominal pain was belogvdcceptable cut off of 0.7.
ICC values for blood work ranged from 0.835 to 8.9@d ICC values for dietary
data ranged from 0.234 to 0.998 with values fobchydrate, fibre,
monounsaturated fatty acids, polyunsaturated &atiys, trans fats, vitamin B6,
riboflavin, vitamin E and sodium being below 0.Fhese variables were excluded
from further analysis. For physical activity, tkepppa value was 0.613.
3.4.1. Subjects

A total of 28 medical charts of patients with typdiabetes and 28 control

charts were retrieved and analysed. Completermdton was not available for
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all subjects, therefore, sample sizes differ ferthrious outcome measures and n
values are reported when data is unavailable faertt@an 2 patients. General
characteristics of the study population are shawhable 3.2. Given that

children with and without type 2 diabetes were rhattaccording to age, sex,

and BMI, there were no differences between groopkese parameters (all

p>0.05).
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Table 3.2 General Characteristics of Patients witland without Type 2

Diabetes
Diabetes Control P-value
(n=28) (n=28)
Age at Diagnosis or 13.17 +1.80* 12.82 +1.73* 0.464
First Visit
Weight (kg) 85.29 + 18.92 85.85 + 18.22 0.911
Height (cm) 165.12 +11.81 160.55 £ 9.00 0.114
BMI (kg/m°) 31.58 + 7.00 33.00 + 5.05 0.391
BMI percentile 97.67 + 3.97 98.55 + 1.50 0.279
Gender % (n)
Male 35.7 (10) 35.7 (10) 1.00
Female 64.3 (18) 64.3 (18)
Ethnicity (n)
Caucasian 12 9 n/a**
Aboriginal 11 1
Asian 5 2

Data are means SD unless otherwise indicated
Differences between groups assessed using ANOV/Cdmdquare analysis
* The median age for both the diabetes and cognalps was 13yr.

**Data were not available for the majority of camitsubjects, therefore differences were not

analyzed.
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3.4.2. Demographics and Anthropometrics

The age of diagnosis for diabetes patients ranged 9.3 years to 16.3
years with the mean age of diagnosis being 13.8ydatients with diabetes
were predominantly female (n = 18; 64%), of Cauma$h = 12; 43%),
Aboriginal (n = 11; 39%) or South East Asian des$¢arr 5; 18%) and low SES
was common (n =10, 36%).

All but one patient with type 2 diabetes met the&han Paediatric
Society’s criteria for obesity (BMt 95" percentile); the individual who did not
meet this threshold had a normal BMI percentildiagnosis, had experienced
substantial weight loss prior to diagnosis, andseghently regained weight upon
initiating insulin treatment. Tanner stage analgfiswed that pubertal stage
ranged from stage 1 to 5, but most diabetes pat{@ifo) were in mid to late
puberty (Tanner stages 3-5) at diagnosis.

3.4.3. Symptoms and Treatment of Diabetes

Symptoms present at diagnosis of type 2 diabetdsdad polydipsia (n =
22; 79%) and polyuria (n = 21; 75%), fatigue (n5; 34%), weight loss (n = 11,
40%), nausea (n = 8; 29%), head aches (n = 6; 248d)blurry vision (n = 5;
18%) and 14% presented with diabetic ketoacidd3&A) (n = 4). In addition,
11% (n = 3) were asymptomatic at diagnosis.

Treatment prescribed by physicians for glucoserobiricluded insulin
therapy, lifestyle therapy (including dietary artgygical activity counselling) and

Metformin administration. At diagnosis, insulin svhe most commonly
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prescribed therapy (n = 19; 68%) followed by lifgsttherapy alone (n = 6; 21%)
and metformin (n = 2; 7%). Records showed that 8086 (n=3) of children with
type 2 diabetes who started with lifestyle therapyhe sole treatment, achieved
glucose control with this method. At each childisst recent appointment
relative to the time of the chart review, 54% (fh5) were taking Metformin, 25%
were on insulin (n = 7), 18% were on lifestyle eéq@r alone (n = 5) and 4% (n =
1) had declined treatment.
3.4.4. Medical History and Family History

Birth weight was known for 16 of the children witfpe 2 diabetes and 12
controls. Children with type 2 diabetes were niik&y to be born with either
low (< 2500g) or high (> 4000g) birth weights thamtrol children (p = 0.024).
In the diabetes group, 4 patients (14.3%) had loth lveights, 3 patients
(10.7%) had high birth weights, and 21 had nornmdh bveights. All 26 control
children with available data had normal birth wesghAlthough more youth with
type 2 diabetes than controls were exposed to shalokiring gestation (n = 7,
25% vs. n = 3, 11%), the difference was not sigaift (p = 0.125). There were
no differences in the presence of sleep apnea @Feetween youth with and
without type 2 diabetes, but those with type 2 diab were more likely to present
with acanthosis nigricans (n = 21, 75 % vs. n =463/, p=0.029).

Children with type 2 diabetes were more likely swvé a family history of
type 2 diabetes than controls (n = 24, 86 % vs1@,61 %, p = 0.026) with the
most significant differences between groups beeensn the frequency of having

a mother with type 2 diabetes (n =9, 32 % vs.In 4%, p = 0.04) and having a
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history of diabetes on the maternal side of thelfafn = 20, 71 % vs. n =9, 32
%, p = 0.003).
3.4.5. Blood Parameters

High blood pressure was common, with 44% of pigdicts in both the
diabetes and control groups being defined as havgigblood pressure. As
expected, fasting glucose (mean fasting glucosg.#rhmol/L) or random
glucose (mean random glucose = 32.3 mmol/L) andhbgbin A1C (mean
HbA1C = 11%) were increased among children wittet@pdiabetes compared to
normative levels. Hemoglobin A1C data were noilatsée for control subjects,
however, fasting glucose was normal among contidlsen blood parameters
were entered into a multivariate model, group défees emerged (Wilks’
Lambda = 0.209, F (1, n = 31) = 18.97, p < 0.00pivariate follow-up analysis,
presented in Table 3.3, showed that fasting glugpse0.001) and TG (p =
0.048) were significantly higher in the diabetessus control group.

When blood lipid values were categorized usingNagonal Cholesterol
Education Program standards (National CholestedacBtion Program et al.
2002), results showed that, of those who had blipids measured, 61% of
diabetes patients and 23% of controls had higheM8l$, 48% of diabetes
patients and 4% of controls showed elevated TC, @bétabetes patients and
50% of controls had low HDL-C levels and 20% oftdites patients and 11% of
controls had high LDL-C levels. Chi square anaytiowed significant
differences in the presence of high lipid levelsdg®n children with type 2

diabetes and controls for TC (p = 0.001) and T@Ile¢ = 0.039).

86



Table 3.3 Blood Glucose and Lipid Concentrations foPatients with and

without Diabetes

Diabetes Control P-value
(n=10) (n=21)
Fasting Glucose (mmol/L) 13.72 £ 6.271 5.00 £0.33 <0.001
Triglycerides (mmol/L) 3.39 + 3.87 1.55+0.75 (804
Total Cholesterol 490 +1.26 4.47 +1.10 0.127
(mmol/L)
HDL-C (mmol/L) 0.91+£0.20 1.00 £ 0.21 0.228
LDL-C (mmol/L) 2.70 +1.20 277 +1.12 0.499

Data are means SD

MANOVA model: F (1, n =31) = 18.97, p < 0.001

P-values from univariate F tests

87




3.4.6. Diet and Physical Activity

When dietary data were entered into a multivamadelel, significant
differences between the diabetes and control graugps found (Wilks’ Lambda
=0.520, F (1, n=53) = 2.272, p = 0.021). Asspreed in Table 3.4, youth with
type 2 diabetes consumed foods resulting in highatein, niacin, and potassium
intakes than controls. Total kilocalorie, fat atber micronutrient intakes were
similar between the groups. Rates of inactivitgegred to be high with
approximately 15% of controls and 46% of diabet&septs not participating in

any physical activity outside of school gym classes
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Table 3.4 Nutrient Profiles of Patients with and wihout Diabetes

Diabetes Control P-Value

(n=28) (n=28)
Total Kcal 2574 +£ 1028 2342 £ 915 0.384
Total Fat (g) 85.2 +49.9 79.5+42.0 0.631
Saturated Fat (g) 29.0 + 22.8 28.5+16.5 0.797
Protein (g) 110.4+42.4 89.0 + 29.9 0.041
Vitamin A (RE) 1025.9 + 556.6 1183.1 + 675.1 0.305
Vitamin C (mg) 145.1 £ 96.7 99.9 + 68.0 0.205
Thiamin (mQ) 20+x1.1 1.8+1.2 0.095
Niacin (mg) 282+12.6 19.6+94 0.006
Vitamin B12 (ug) 3.9+23 3.5+1.7 0.659
Calcium (mg) 1207.8 £ 712.0 1001.9 + 521.2 0.406
Iron (mg) 159+7.6 155+ 8.7 0.908
Magnesium (mg) 316.9 +102.5 278.5 +114.8 0.130
Phosphorus (mg) 1621.0 + 803.3 1276.0 + 432|5 0.08¢
Potassium (mg) 3513.3+1301.4 2620.9 + 787|3 0.015

Data are means SD

MANOVA model: F (1, n = 53) = 2.272, p = 0.02

P-values from univariate F tests
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3.5. Discussion

This case control retrospective chart review haseed the
characteristics of children with type 2 diabeteslorthern Alberta and has shown
differences between children with and without tgpgiabetes with regards to
their medical and family histories, their bloodidiprofiles and their dietary
habits.
3.5.1. Demographics and Anthropometrics

Similar to findings from other clinics in North Amea and around the
world (Likitmaskul et al. 2005; Perez-Perdomo ef&l05; Pinhas-Hamiel et al.
1996; Scott et al. 1997; Zdravkovic et al. 2004)dtbn with type 2 diabetes in
the present study were predominantly female, haan age of 13 years and
there was overrepresentation from high risk etpojgulations; particularly
Aboriginal Canadians. Aboriginal Canadians, whmpdse 4% of Edmonton’s
population represented almost 40% of the diabetagpg There may also have
been slight over-representation from the South Bastn Canadians, who
comprise 11% of Edmonton’s population and represehB8% of boys and girls
in the diabetes group (Statistics Canada 2001w £&S was common among
children with type 2 diabetes with approximatelyon three requiring financial
support for medical travel and medications. Altijothe variable used to assess
SES was unique and therefore difficult to interpmetomparison to standard
measures of SES, we feel this is an important isstlas group. Low SES has
been shown to be linked both to risk of being owaght and to type 2 diabetes in

adults (Loucks et al. 2007) and has been linkezb&sity and insulin resistance in
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adolescents (Goodman et al. 2005; Goodman et @¥)2Q.ow SES in this
population is an important factor that could affegiatient’s ability to make
dietary and lifestyle changes. This should be ictemed when designing
interventions for children with type 2 diabetesoWding opportunities for those
with a low SES may be an important priority for imaping the effectiveness of
treatment.

International studies agree that obesity is a nfagtor in the early onset
of type 2 diabetes (Hale and Rupert 2006; Harwedl.€2001; Likitmaskul et al.
2005). The present study also supports the impoetaf obesity in the
development of this disease, with severe obesibgited in almost all diabetes
patients. Puberty also appears to be associatenhdet of type 2 diabetes in
children with the disease. The present study fahatimost children were at mid
to late puberty at diagnosis. Decreased insulsiggity normally occurs during
puberty (Harwell et al. 2001) and it has been sstggkthat this change in
sensitivity may be a trigger for type 2 diabetesusceptible individuals in this
age group (Ball et al. 2006). Preventing obeg#yticularly before the onset of
puberty may be important to the prevention of eariget type 2 diabetes.
3.5.2. Symptoms and Treatment of Diabetes

The most common symptoms of type 2 diabetes repartthe present
study were polydipsia and polyuria. Polydipsia aotyuria are typical
symptoms of diabetes that are reported in a higbepéage of patients in most
studies (Hale 2004; Pinhas-Hamiel et al. 1996h&lgh DKA is considered a

sign of type 1 diabetes and nottggical of adult type 2 diabetes, many studies,
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including the present one, have reported thatribtsuncommon in children with
type 2 diabetes, with the prevalence of DKA randgnogn 5 to 15% (Glaser and
Jones 1998; Grinstein et al. 2003). This sugghstshe aetiology of early onset
type 2 diabetes may differ from that of adult tpdiabetes and optimal treatment
and prevention of the disease in youth may alderdif

Insulin therapy was the most common method ofrtmeat upon diagnosis
of diabetes. Initial insulin therapy has been neceended for children with type
2 diabetes to manage blood glucose levels andyitats® improve insulin
secretion (Sellers and Dean 2004). Metformin wasmost widely used long-
term method of blood glucose control in the prestundy. Although diet and
physical activity therapy alone was initiated ipegximately 40% of patients,
glucose control was not achieved in half of thisugr, leading to a change to
metformin therapy. Previous studies have showrinhigations of lifestyle
therapy in this population with only 8 to 22% aclimg glucose control (Grinstein
et al. 2003; Zdravkovic et al. 2004). A researabug at the University of
Manitoba has found that diet and physical actisity adequate to control blood
glucose levels of youth with type 2 diabetes immp environment (Dean 2007).
Interventions that promote adherence to recommeandaiay increase the
effectiveness of dietary and physical activity #mr and decrease the need for
pharmacological intervention.
3.5.3. Medical History and Family History

Acanthosis nigricans is known to be related tolinsesistance and it is

therefore considered to be a risk factor for typkabetes. The present study
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showed that although control subjects were obedaray have had some degree
of insulin resistance, children with type 2 dialsetgere more likely to present
with AN.

The present study as well as previous researchfoawne that both low
and high birth weights are associated with incréask of early onset type 2
diabetes (Wei et al. 2003). This finding suggésas children with a family
history of type 2 diabetes born with either a haghow birth weight may be
candidates for diabetes prevention initiativessTdbservation also highlights the
importance of promoting healthy birth weights thgbumaternal weight
management and prevention or treatment of gestdtthabetes.

Studies have consistently shown that family histargiabetes is a strong
risk factor for early onset type 2 diabetes. Stadif type 2 diabetes in centres
around the world have found that between 65 an@d60children presenting
with type 2 diabetes have a positive family histofyhe disease (Glaser and
Jones 1998; Harwell et al. 2001, Likitmaskul e28l05; Perez-Perdomo et al.
2005; Pinhas-Hamiel et al. 1996; Zdravkovic e2804) with as many as 65%
reporting at least one parent with type 2 diab@®sistein et al. 2003). The
present study found that maternal family historyypie 2 diabetes was more
strongly linked to type 2 diabetes, than pateraalify history. Similar results
have been reported by other studies (Glaser ares JI398; Hale 2004) and it has
been hypothesized that the maternal inheritancebaattributable to an altered
intrauterine environment as well as a greaterofsffestational diabetes or

increased blood glucose levels during pregnancy.
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3.5.4. Blood Parameters

High blood pressure is common among children wiiet2 diabetes
(McMahon et al. 2004; Upchurch et al. 2003; Zdraxket al. 2004). In the
present study, high blood pressure was equallygbeat in the diabetes and
control groups, suggesting that high blood presswag be more strongly related
to obesity than diabetes.

Dyslipidemia has been commonly noted among aduttstype 2
diabetes, with the most common abnormalities beigh TG, a symptom of
poorly controlled diabetes, and low HDL-C levelgfEnbaum et al. 2006). The
present study showed high prevalence of blood Eidormalities among
diabetes patients including higher mean TG levelhé diabetes group and a
significantly higher prevalence of high TG and high levels compared to
controls. However it should be noted that highl&@&ls, which are indicative of
poorly controlled diabetes, were measured prighéoinitiation of treatment for
diabetes and therefore would be expected to be Igidies of dyslipidemia in
similar populations of youth with type 2 diabetesé also found a high
prevalence of blood lipid abnormalities. Similarésults of the present study,
the SEARCH for Diabetes study found the prevaleidaegh TC and TG to be
33% and 63%, respectively among youth with typébetes. The prevalence of
low HDL-C was lower and the prevalence of high LBUevels were higher than
what was observed in the present study at 44% &¥%g Eespectively (Kershnar

et al. 2006).
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3.5.5. Diet and Physical Activity

Diet and physical activity practices have long bkeown to affect the
risk of developing type 2 diabetes in adulthoodhe Diabetes Prevention
Program, for example, has shown that dietary anydipal activity interventions
can be more effective than drug therapy to pregedelay the development of
type 2 diabetes among those with impaired glucoleeance (Ratner 2006). Diet
and physical activity counselling are also consddp be the cornerstones of
diabetes treatment for both adults and childremédan Diabetes Association
Clinical Practice Guidelines Expert Committee 2008pwever, very little is
known about the dietary and physical activity haoit children with type 2
diabetes. One study has previously investigatedligtary intakes of children
with type 2 diabetes, comparing the intakes ofdrkih with type 2 diabetes to
those with type 1 diabetes. This study found ¢hatren with type 2 diabetes
had lower intakes of magnesium, vitamin C and ieord higher intakes of
vitamin E and simple sugars than those with typiealbetes, and that both
children with type 1 and type 2 diabetes had higakes of fat and saturated fat
(Mayer-Davis et al. 2006). In the present studiyideen with type 2 diabetes
consumed more protein, niacin, and potassium tbatrals, nutrients that are
commonly found in meat and milk products (protegrgin products (niacin) and
vegetables and fruit (potassium). This indicalted ho one type of food alone
accounts for these differences. In addition, noirthese nutrients is commonly
indicated in the pathogenesis of diabetes, thezdfor significance of these

findings is unclear. Although there is not yeteaplanation for the results seen,
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differences between the diets of children who d&@®se, and those who are obese
and develop diabetes may exist and further invatstig of these differences,
using more consistent dietary measures could enslie form more specific
dietary guidelines for the prevention and treatnoértype 2 diabetes in this age
group.

Although the inter-observer reliability for the hgal activity variable
used in this study was slightly below 0.7 and tf@eeconclusions about
comparative physical activity levels in these gmupnnot be made, observers
were in agreement that children with type 2 diabetere more likely to be
physically inactive than children without diabetegggesting that further research
on the physical activity habits of youth with typeliabetes is warranted.
Physical fitness and physical activity are knowiéostrongly related to insulin
sensitivity in youth at risk for type 2 diabete®@ et al. 2006). Further studies
investigating the physical activity levels of chigda with type 2 diabetes using
objective measures will be needed to charactehneehysical activity and fithess
profile of children with type 2 diabetes.

3.5.6. Strengths and Limitations

The present study investigated the dietary andipalyactivity practices
of youth with type 2 diabetes. Strengths of thiglg include the comprehensive
information available from this group of childrerthvtype 2 diabetes as well as
the availability of similar information from agee»xs and BMI-matched controls.
Although the prevalence of type 2 diabetes amonghybas been rising in recent

years, it is still a rare occurrence in Northerbeéta. The sample size of this
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study was not large, however it was sufficient éondnstrate differences between
those with and without type 2 diabetes. The mianitation of the study was the
consistency of data available from the medical tshabome variables, such as
ethnicity and SES, were not available for all satgyend consistent, validated
measures, particularly of physical activity andalig habits, were not used by
clinic staff. It was, unfortunately not possibtedontrol for ethnicity because of a
lack of data on the ethnicity of control subjectewer ICC values of dietary and
physical activity variables indicate that these sueas were not as reliable as
desired, therefore further investigation of thedtyle habits of youth with type 2
diabetes using validated measures of diet and gdlyactivity is warranted. Due
to the burden that chronic disease during youtk patpatients and their families,
integration of validated tools into clinical pra&imay be one way to obtain
additional evidence-based information about thisytation. In addition, although
data were obtained at the time of diagnosis dnetfitst physician visit for
control subjects, it is not known whether prior soltations with physicians or
dietitians took place, which could have had sonfle@émce on the results.
3.6. Conclusion

This study showed that children with type 2 diabeteNorthern Alberta
presented with the disease at approximately 13y&aage. Patients were
predominantly female and there was over representat several ethnic groups
including Aboriginal Canadians and South Easterimai\€anadians. Many
children with type 2 diabetes came from low SE&geaunds which may limit

their ability for optimal treatment. Children witype 2 diabetes were more likely
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to have a family history of diabetes compared tati@ss; they were more likely
to be born with either high or low birth weightsidethey were more likely to
have blood lipid abnormalities, particularly higleand TC levels compared to
age, sex and BMI matched controls. This study piswides a dietary and
physical activity profile of children with and wibkt type 2 diabetes and
highlights the need for further characterizationh#f lifestyle habits of children
with type 2 diabetes. Further research may enabte more effectively prevent

and treat this disease in the future.
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Chapter 4: Dietary Patterns Associated with Glycena Index and
Glycemic Load Among Alberta Adolescents

4.1. Preface

In Chapter 3, we found that our ability to examine link between dietary
and physical activity risk factors and type 2 diaisan youth was limited by the
small sample size available; therefore, we expade@xamination of risk
factors to the general population of Alberta youlhetary Gl and GL are
recognized as risk factors for diabetes among sdolit these variables have not
been examined among Canadian youth. Modificatreer® made to the Web-
SPAN database so that Gl and GL would be autoniigticaculated during data
collection.
The following chapter is based on data collectedubh a web-based survey,
commonly known as the Web Survey of Physical Agtiand Nutrition (Web-
SPAN). A large sample of students from grades I0tthroughout Alberta
participated in this study (n = 4981) between Janaad December, 2005. Data
from this survey were used to examine the dietdyg&nic Index (Gl) and
Glycemic Load (GL) of Alberta teens. In additialetary patterns associated

with Gl and GL were assessed.

* A version of this chapter has been accepted fbligation. Forbes, Storey, Fraser, Spence,
Plotnikoff, Raine, Hanning & McCargar, 2009. Apgifhysiology, Nutrition and Metabolism.
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4.2. Introduction

The prevalence of obesity and type 2 diabetesrtasased in most
countries in recent years and escalating estinodtiegure diabetes prevalence
have become of great concern to health professamaidld wide. Perhaps the
most concerning trends are the increase in theafgeee of obesity among youth,
which in Canada has increased 3 fold between 1978/and 2004 among 12 to
17 year olds (Shields 2006) and the emergencerlyf @aset type 2 diabetes in
children as young as four years of age (Fagot-Cgmpa000). The Gl and GL
of diets have been proposed as possible targetsdqrevention and treatment of
both type 2 diabetes (Barclay et al. 2008) andibpésbbeling et al. 2003;
Nielsen et al. 2005) and therefore greater exptoraif the dietary Gl and GL of
children and adolescents is warranted.

The Gl is a measure of the glycemic response etfidiy the ingestion of a
carbohydrate-containing food compared to a stan@emdally glucose or white
bread) and it is considered to be indicative obohydrate quality. The GL was
then created to take into account both carbohydyaadity and quantity.

Epidemiological studies have demonstrated that biggh Gl and GL diets
are associated with an increased risk of diabetesg adults (Barclay et al.
2008). This is hypothesized to be due to the gresitess that large quantities of
low quality carbohydrate place on the beta cellhefpancreas, which could
accelerate the deterioration of their function @uwal. 2008; Ludwig 2002).
Although the research is inconsistent, high Gl &hddiets have also been

associated with obesity among youth (Nielsen €@05); and therefore
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suggested as possible targets for weight loss gromamong children and
adolescents, in part due to the increased sagstyiting from eating low GI foods
(Ball et al. 2003; Ebbeling et al. 2003; Spietlale2000).

Although dietary Gl and GL have been examined ¢hiracal study of
obese children in the United States (Davis et@).72 these variables have not, to
our knowledge, been examined in a population-baaatple of North American
children or adolescents. Eating patterns relatésll tand GL have previously
been examined in adults (Du et al. 2008; McCaral.€2007; Schulz et al. 2005;
Wolever et al. 1994) but not in children. Thus, phepose of this research was to
examine the Gl and GL of the diets of adolescanfsllberta, Canada based on a
web-based 24-hour recall and to explore the agsmusabetween specific dietary
patterns and Gl and GL in this population. We alsoed to examine the
relationship between dietary Gl and GL and bodygivestatus.

4.3. Methods

The methods for this study have been publishediquely (Storey et al.
2009) and a full description is included below.

4.3.1. School Recruitment

The Web-Survey of Physical Activity and Nutritio/éb-SPAN) was a
self-administered web-based survey of a crossessdtsample of grade 7
through 10 students (11 to 17 years of age) in #dbschools. It assessed
nutrition, physical activity and meal related beloavs. Data were collected
between January and November 2005. Ethics appwasbbtained from the

Human Research Ethics Board for the Faculty of &gdtire, Forestry and Home
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Economics, and the Cooperative Activities Programaulty of Education, at the
University of Alberta; and written consent and asseas obtained from parents
and students, respectively. Copies of the schoatdy school, parent and student
information letters, the consent form used ancethecal approval form can be
found in Appendix B. Of the 59 Alberta public ageparate school boards, 48
agreed to participate in the study and, on avers®en schools within each
school board (363 schools) were randomly selectéxt tinvited to participate.

Outlier analysis was conducted and participanteweacluded from
analysis if dietary intake values or physical attivalues were considered to be
extreme. Dietary intake was considered to be mdri total energy intake was
>3 standard deviations from the mean and if thekmfrom at least 2 food groups
was >3 standard deviations from the mean. Phyaatality outliers were
considered extreme if more physical activity wgsoréed per day than the
number of hours in a day.
4.3.2. Measures
4.3.2.1. Body Weight, Height and BMI

Students provided self-reported body weight andtitei Body mass index
(BMI) was then calculated (kg/nand students were categorized as non-
overweight, overweight or obese according to Iraeamal Obesity Task Force
(IOTF) cut-offs (Cole et al. 2000) as recommendga fpint report from
Dietitians of Canada, the Canadian Paediatric 8gdige College of Family
Physicians of Canada and Community Health Nurses@ation of Canada

(Dietitians of Canada 2004).
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4.3.2.2. Dietary Intake

The Web-SPAN survey included a 24-hour dietarylr¢lcat measured
dietary intake using the web-based Food Behaviags@onnaire originally
developed at the University of Waterloo (Hanningle007). Responding to
electronic survey questions, including portion simages and cues regarding
beverage intake and other often missed foods cgaatts reported all foods and
beverages consumed the previous day by selecongdpproximately 500 foods.
Macronutrient intakes were assessed using ESHA Poockssor (version 7.9,
ESHA Research, Salem, OR) and the 2001 CanadiareNufile (Health
Canada 2001) database. When the variable of ssgapercent of total
carbohydrate was calculated, both natural and agidgalrs were included.

From the 24-hour recall, servings of each of the food groups were
calculated according to Canada’s Food Guide totHg&ating (CFGHE) (Health
Canada 1992), which was the version in use atitiie @f the survey. Foods not
classified according to CFGHE were categorized thedFoods and divided into
the sub-categories; mostly sugar (e.g., candigg),dalt/fat foods (e.g., potato
chips), high calorie beverages (e.g., regulardrfiks), low calorie beverages
(e.q., low calorie soft drinks), or high sugarfiads (e.g., pastries) based on
Canadian Nutrient File definitions (Health Cana@8D).

For each of the carbohydrate-containing foods en24+-hour dietary recall
database, Gl values, determined using a glucogeotomere assigned from
published values (Foster-Powell et al. 2002; Ursirgrof Sydney 2005).

Glycemic load was calculated using formulas describoy (Sahyoun et al. 2005).
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Briefly, GL per serving of each carbohydrate camtag food was calculated as:

GL/svg = Gl x available carbohydrate /100

Where available carbohydrate = total carbohydréitae
The daily GL for each subject was calculated bytiplying the number of
servings of each food by the GL/serving value, tedGL values from all the
foods eaten were summed.

Daily GL = }(GL per serving x # servings of each food)

Where GL per serving is the GL of the portion ssteach food in the
Food Behviour Questionnaire (1 serving was usuadlyal to 1 serving from
Canada’s Food Guide to Healthy Eating); and thebarrof servings equals the
number of servings that were reported to be eagghdstudent.
Daily Gl was calculated as:

Daily Gl = (Daily GL/available carbohydrate) x 100

Daily Gl values were classified as being low (<5medium (56-69.9)
or high & 70) based on frequently used cut-offs (Universit$ydney, 2008).
4.3.2.3. Meal Behaviours

Meal behaviours examined in this study includedIrfreguency, eating
away from home and family meals. Variables usetuged number of meals
eaten the previous day, number of meals eaten &aayhome the previous day
and number of meals eaten with the family the mreviday. More
comprehensive questions examining meal behavioers somparable to
guestions developed for Project EAT (Eating Amoregfis), a well-established

survey instrument (Neumark-Sztainer et al. 2002jriNark-Sztainer et al. 2003).
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In-depth frequency of meal consumption was assdsgedking “How often do
you usually eat?” followed by “breakfast”, “luncijinner”, “morning snacks”,
“afternoon snacks”, or “evening snacks”. Respornsgens of: “Never”, “On
weekends only”, “Less than half of the weel8 days/week)”, “More than half of
the week ¥4 days/week)”, and “Every day” were given a rardairl (never) to 5
(every day). In-depth questions on the frequeri@oosuming meals away from
home was assessed by asking “How often do you ealsnor snacks prepared
away from home?”, with response options of “ra@lyever”, “once a month”,
“‘once a week”, “2-6 times a week”, and “once a dayiich were ranked using a
5-point scale. The following locations were assdsschool cafeteria, fast food
restaurant or take out, other restaurants, venadachines, snack bars, and
convenience stores.
4.3.3. Intra-individual Variability and Relative Validity of Survey Tool

A subset of students (n = 459) who patrticipatethenWeb-SPAN survey
completed the survey on two days at least a weak,agpmpleted a 3-day food
record and had measured height and weight measotetaéen as part of a
validation study. Intra-class correlation coe#imis (ICC) of nutrients between
the web-based 24-hour dietary recall and the 3foag record were within the
ranges reported elsewhere in the adolescent papul@®ockett and Colditz
1997), and mean differences between the two measuarautrient intakes were
small (Calengor 2007). In addition, a validatidrifee survey tool conducted in
Ontario (Vance et al. 2008) found that results gisive online 24-hour recall were

similar to results obtained with a dietitian admtered 24-hour recall (ICCs for
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all nutrients > 0.5). Intra-class correlation dméénts between self-reported and
measured height and weight were 0.88 and 0.93ecésply (n=459) (Calengor

2007).

To determine of reliability of the Gl and GL valueslculated by the web
survey, intra-individual variability was measuredang all students who had
completed the Web-SPAN survey twice (n = 561) byparing survey results at
times 1 and 2. This analysis showed that, sindgratterns observed with other
nutrients (Bingham et al. 1997), day to day vasiain Gl and GL were high with
ICCs of 0.28 (p < 0.001) and 0.45 (p < 0.001) faiydGI and GL, respectively.
Mean daily Gl and GL, however, were similar betwdendays with mean
differences being -0.49 (p = 0.159) and 6.60 (pG6pfor daily Gl and GL,
respectively. These data show that although dakayovariation in Gl and GL is

high, mean values provide valid information at plogulation level.

Of the 459 students who had completed the validatiady, a random
sample of 40 students was chosen to be includad analysis that aimed to
examine of the relative validity of the daily GldaGL measures calculated by the
Web-SPAN survey. The entire validation study grags not included in this
analysis due to the time intensive process requaoealculate Gl and GL for a 3
day food record. In this sample of 40 students tiean daily Gl and GL from
the 3-day food records were calculated using theedast of foods and Gl values
used in the web survey. Relative validity of d&d{yand GL values was assessed

by comparing values from Web-SPAN at time 1 to meanes from the 3-day
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food record. This analysis revealed ICCs for d&lyand GL of 0.5 (p < 0.01)
and 0.3 (p < 0.05), respectively, showing similamparability between these

methods as observed with other nutrients (Binghtaah 4997).

4.3.4. Statistical Analysis

Characteristics of study participants were examungdg descriptive
statistics. Early analyses revealed differencessnlts between boys and girls;
therefore results are separated by gender. Diféeebetween girls and boys
were assessed using independent t-tests for contsndata and chi squared tests
for categorical data.

Relationships between macronutrient intakes andn@IGL were
assessed using Pearson correlation coefficientdtiglé regression models were
used to assess the associations between food ghoiges and food behaviours
and Gl and GL using separate models for food gramgsmeal behaviours. For
the food group analysis, in addition to simple mpldtregression models,
hierarchical models were used to assess the auem$sociation between the
“other” food categories and Gl and GL. The ininaal behaviour model
included the variables: number of meals eaten xaesge number of family meals
and number of meals away from home. To obtain eerdetailed look at meal
behaviours, separate models were constructed fal inegjuency and eating away
from home using the more detailed variables desdrdbove in the section
entitled 4.3.2.3 Meal Behaviours. For each ofaheve models, analysis for
males and females were conducted separately antithltse analyses were

performed using both raw data and values adjustetbfal energy intake using
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the Willett method (Willett and Stampfer 1986). riables entered into regression
models were chosen by purposeful selection methBds purposeful selection,
logic, as well as examples from previous studias €Dal. 2008; McCann et al.
2007; Schulz et al. 2005; Wolever et al. 1994) wesed to determine what
variables to include in the different models. Tihear relationship between the
dependent variable and the independent variables agsessed using
scatterplots. The assumption that residuals amaalty distributed was also
tested by plotting the standardized residual ag#esstandardized predicted
value. Multicollinearity between the independeatiables was assessed by
examining correlation matrixes (Pearson’s correfeti> 0.5 were considered a
potential problem) and because of multicollineatitye relationship between
macronutrients and Gl and GL could not be assassied regression models.
Multicollinearity was not a problem in food groupfood behaviour models. All
variables were entered into the regression modalslieneously.

The relationships between weight status and ddilgnd GL were assessed
by Pearson correlation coefficients. In additione-way ANOVAs (Analysis of
Variance) were performed to assess mean differanasly Gl and GL among
those with non-overweight, overweight and obeseahtaslassifications. These
analyses were performed using both absolute andjeadjusted Gl and GL
values.

4.4. Results
In total, 4981 students from 136 schools parti@dah the study. Those

who did not complete the nutrition section of thevey were excluded from
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participation (n=79), as were those with extrenmegaty intake or physical
activity levels (n=36) based on outlier analysidiral sample of 4866
adolescents was included in the analyses.

General characteristics of the study participarggpaesented in Table 4.1.
Age and sex characteristics of this study poputatiere similar to that seen in
the Alberta school system (Plotnikoff et al. 2008)articipants ranged in age
from 9 to 17 with a mean age of 13.6 years. Mars than boys participated in
this study with girls representing 54% of the stpdypulation. Boys were
significantly taller, heavier, had a greater BMtdrad significantly higher energy
intakes, macronutrient intakes and daily Gls and Gampared to girls. Mean
daily Gl and GL values were 56 and 168 for boysdiaes 56 and 155), and 55

and 128 for girls (medians 55 and 119).
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Table 4.1 Characteristics of Study Participants

Boys Girls Mean P-Value
n = 2252 n=2614 Difference

Age 13.6+1.2 13.6+1.2 0.01 0.852
Grade 8.3+1.0 8.3+1.0 -0.04 0.157
Height (cm) 167.5+14.3 161.6 + 10.7 5.90 <0.001
Weight (kg) 59.5+16.5| 53.0+11.6 6.59 <0.001
BMI (kg/m°) 21.5+7.8 20.5+4.6 1.01 <0.001
Weight Status % (n)

Non-Overweight 73.4 (1464) | 84.1(1797) N/A <0.001

Overweight 18.8 (375) 11.4 (243)

Obese 7.8 (155) 4.5 (97)
Energy Intake (kcal) 2398 £1204 1801 + 913 598 o8n0.
Carbohydrate (g) 3134158 245 + 123 69 <0.00]
Fat () 90 + 57 65 + 42 25 <0.001
Protein (g) 93 +£50 66 + 38 26 <0.001
Glycemic Index 56 +7 55+7 1.17 <0.001
Gl Category % (n)

Low 48.5 (1092) | 55.0(1439) N/A <0.001

Medium 49.5 (1114) | 43.7 (1142)

High 2.0 (45) 1.3 (33)
Glycemic Load 168 + 89 128 + 68 40.02 <0.001

Values are presented as mean + SD unless othespésified.

Differences between boys and girls assessed ubirggjoare tests for categorical and student’s t-

tests for continuous variables.
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4.4.1. Diet and Gl and GL
4.4.1.1. Macronutrients

Table 4.2 shows the correlations between macranigiand daily Gl and
GL for both boys and girls. For boys, energy, oasrate, fat and sugar intakes
were positively correlated with GlI, with carbohydrér = 0.13) and energy (r =
0.10) having the strongest relationships. A sinplatern was seen with girls;
however, sugar intake did not correlate with Gt (1.01). When values were
adjusted for total energy intake, protein intakedme the strongest correlate of
Gl for both boys and girls, with an inverse relatbip between the variables
(boys: r =-0.21; girls: r = -0.22). Carbohydratas positively related (boys: r =
0.11; girls: r = 0.07) and fibre was negativelyretated (boys: r = -0.08; girls: r =
-0.07) with Gl for both boys and girls after enesgljustment. In addition, sugar
was negatively related to Gl for girls (r = -0.08).

For GL, all nutrients were positively correlatedopto energy adjustment,
with carbohydrate (boys: r = 0.97; girls: r = 0.@nd energy (boys: r = 0.89;
girls: r =0.90) having the strongest correlatiomstfoth boys and girls. After
adjusting for energy intake, carbohydrate remathedstrongest correlate (boys: r
= 0.38; girls: r = 0.42), with a positive relatidmg with GL. Fat and protein were
both negatively related to GL and sugar and fibeeenboth positively correlated

with GL for girls, but fibre was not correlated fooys.
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Table 4.2 Correlation of Absolute and Energy Adjused Macronutrient Intakes with Gl and GL

Glycemic Index

Boys Girls
Nutrient r p-value r (ad)) p-value r p-value r jad] p-value
Energy (kcal) 0.097 <0.001 - - 0.109 <0.001 - -
Carbohydrate (g) 0.133 <0.001 0.110 <0.00p1 0.123 .0610| 0.068 0.001
Fat (Q) 0.078 <0.001 -0.027 0.207 0.114 <0.001 1D.03 0.114
Protein (Q) -0.039 0.066 -0.213 <0.001  -0.032 0.104-0.224 | <0.001
Sugar (g) 0.042 0.042 -0.024 0.24y 0.012 0.543 78.0 <0.001
Fibre (Q) 0.010 0.645 -0.07¢ <0.001 0.019 0.337 069.| <0.001

Glycemic Load

Boys Girls
Nutrient r p-value r (ad)) p-value r p-valye r(ad] p-value
Energy (kcal) 0.891 <0.001 - - 0.902 <0.001 - -
Carbohydrate (g) 0.974 <0.001L 0.37} <0.001 0.97Y2 .060| 0.424 <0.001
Fat (Q) 0.697 <0.001 -0.286 <0.001 0.715 <0.001 324.| <0.001
Protein (Q) 0.586 <0.001 -0.28%  <0.001 0.616 <0.0010.278 | <0.001
Sugar (g) 0.741 <0.001 0.235 <0.001 0.720 <0.001 239).| <0.001
Fibre (g) 0.641 <0.001 0.031 0.147 0.680 <0.001 2®.1] <0.001

r , Pearson correlation coefficients raw data
r (adj), Pearson correlation coefficients adjustedotal energy intake




4.4.1.2. Food Groups

Results of the regression analysis for food graugsdaily Gl are
presented in Table 4.3 and results for GL are piteslen Table 4.4. Before
adjusting for energy intake, food groups accoufe@4% and 28% of the
variation in daily Gl for boys and girls, respeetiy (boys: F[11,2240] = 60.24
p<0.001; girls: F[11,2603] = 87.43, p<0.001). 8&gest associations for boys
were observed for milk productg € -0.34), grain product$ = 0.32) and
vegetables and fruif(= -0.14). Strongest associations with daily Gldols
were seen with milk productg € -0.39), grain product$ & 0.36) and the mostly
sugar category(= 0.13). Also of interest, hierarchical analys®wed that,
after the four food groups were entered into agggon model, the “other”
categories explained an additional 3.5% of theavexe in daily GI.

After adjusting for total energy, the food groupdabaccounted for 27%
and 29% of the variation in Gl for boys and girksspectively (boys: F[11,2240]
= 87.43, p<0.001; girls: F[11,2603] = 95.892, p€P Strongest associations
with GI were seen with milk (boy$: = -0.45; girlsp = -0.46), vegetables and fruit
(boys:p =-0.27; girls;p = -0.19) and grain products (boys= 0.11; girls =
0.17) for both girls and boys. The meat and adtéwes group (boy$i =-0.17;
girls: B =-0.13) and the high sugar and fat<-0.07 both boys and girls) foods,
which were not significantly related to Gl prioréaergy adjustment, but they
became significantly related after adjustment. filgh calorie beverages and
mostly fat groups were no longer related to Glradtjustment. Hierarchical

analysis (data not shown in Table 4.3) showed #ftdr energy adjustment, the
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other food categories collectively accounted f@@4 of the variation in Gl for

boys and 1.3% of the variation for girls.
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Table 4.3 Multiple Regression Models for Gl and Food Group Choices

Daily Glycemic Index (Unadjusted)

Daily Glycemimdex (Energy Adjusted)

Boys Girls Boys Girls
Variable B (SE) Pagtial p-value| B (SE) Pagtial P-value| B (SE) Pagtial p-value| B (SE) Pagtial P-value
R R R R
Grain 0.317 0.100 | <0.001 0.355 | 0.126 | <0.001 0.111 | 0.011 | <0.001 0.167 | 0.024 | <0.001
products (0.031) (0.037) (0.042) (0.051)
Vegetables & -0.144 | 0.023 | <0.001] -0.081| 0.008 | <0.001] -0.273| 0.061 | <0.001] -0.189| 0.029 | <0.001
fruit (0.032) (0.032) (0.043) (0.045)
Milk & milk -0.343 | 0.123 | <0.001| -0.388| 0.160 | <0.001] -0.454| 0.147 | <0.001| -0.459 | 0.147 | <0.001
products (0.059) (0.061) (0.081) (0.088)
Meats & -0.025 | 0.001 | 0.207 -0.024| 0.001 | 0.194 -0.171| 0.025 | <0.001] -0.134| 0.018 | <0.001
alternatives (0.051) (0.067) (0.071) (0.086)
Mostly fat 0.096 | 0.010 | <0.001 0.070 | 0.006 | <0.001 0.013 | 0.000 | 0.506 0.019 | 0.000 | 0.259
(0.099) (0.113) (0.107) (0.119)
Mostly sugar 0.107 | 0.014 | <0.001 0.128 | 0.020 | <0.001 0.041 | 0.002 | 0.032 0.071 | 0.006 | <0.001
(0.078) (0.091) (0.081) (0.096)
High salt & 0.081 0.008 | <0.001 0.073 | 0.007 | <0.001] -0.089| 0.006 | <0.001| -0.058| 0.003 | 0.008
fat (0.099) (0.112) (0.137) (0.156)
High calorie 0.054 0.003 | 0.005 0.067 | 0.006 | <0.001] -0.070| 0.004 | 0.002 -0.020| 0.000 | 0.291
beverages (0.088) (0.106) (0.106) (0.121)
Low calorie 0.028 0.001 | 0.141 0.006 | 0.000 | 0.727 0.023 | 0.001 | 0.205 0.010 | 0.000 | 0.554
beverages (0.073) (.063) (0.072) (0.063)
High sugar &| 0.008 0.002 | 0.042 -0.005| 0.000 | 0.788 -0.070| 0.006 | <0.001] -0.071| 0.006 | <0.001
fat (0.120) (0.135) (0.130) (0.151)
Other misc. -0.038 | 0.000 | 0.676 -0.010| 0.000 | 0.535 -0.046| 0.003 | 0.012 -0.024| 0.001 | 0.142
(0.845) (1.120) (0.834) (1.121)

B = Standardized Coefficient, SE = Standard ErracHHood group presented as total # of servings

Unadjusted data boys: F[11,2240] = 60.24 p<0.001%s:d-[11,2603] = 87.43, p<0.001. Energy adjusiath boys: F[11,2240] = 87.43, p<0.001; girls:

F[11,2603] = 95.892, p<0.001




Food group choices, prior to adjustments for enartake, explained 84%
of the variation of daily GL for boys and 85% oéthariation for girls (boys:
F[11,2240] = 959.68, p<0.001; girls: F[11,2603] 7204, p<0.001). Most
important contributors to the models included vefkts and fruit (boy$ =
0.35; girls:p = 0.43), grains (boy$ = 0.38; girlsp = 0.41), high calorie
beverages (boy$: = 0.34; girls:p = 0.28), high salt and fat (boys and gifis:
0.23) and mostly sugar groups (boys and dgirks:0.21) for both boys and girls.
Hierarchical analysis showed that the “other” categs contributed an extra 24%
to the variance in daily GL for girls and 30% te tariance for boys after the
regular food groups were entered into the model.

After adjusting for energy intake, the food groupdal accounted for only
12% of the variability in GL for boys and 14% farlg (boys: F[11,2240] =
28.174, p<0.001; girls: F[11,2603] 38.694, p<0.00Ih) this model, meats and
alternatives most strongly related to GL in botlyand girls (boys3 = -0.20;
girls: B =-0.27). Other important variables in this moeluded milk and milk
products (boysp = -0.14; girls = -0.11) and mostly sugar groups (both boys
and girls:p = 0.10) for both boys and girls and high calomsdrages for boy$(
= 0.16) and vegetables and fruits for gifis=(0.17). Categories that were no
longer associated with GL after adjusting for egyengake included the high salt
and fat group and the high sugar and fat grougrdtchical analysis showed that
even after energy adjustment the “other” categaridiectively accounted for
3.2% of the variation in GL for boys and 1.9% o trariation for girls (this data

is not presented in Table 4.3).

120



2T

Table 4.4 Multiple Regression Models for GL and Fod Group Choices

Daily Glycemic Load (Unadjusted)

Daily Glycemicaa (Energy Adjusted)

Boys Girls Boys Girls
Variable B (SE) Pagtial p-value | B (SE) Pagtial p-value B (SE) Pagtial p-value B (SE) Pagtial P-value
R R R R

Grain products 0.383 | 0.429 <0.001 0.410| 0.473 <0.001 0.066 | 0.003 0.007 0.094 | 0.007 <0.001
(0.181) (0.164) (0.576) (0.546)

Vegetables and 0.349 0.393 <0.001 0.427| 0.513 <0.001 0.070 | 0.003 0.005 0.172 | 0.020 <0.001

fruit (0.186) (0.142) (0.583) (0.478)

Milk and milk 0.128 0.083 <0.001 0.145| 0.110 <0.001 -0.142 | 0.014 <0.001 -0.105 | 0.007 <0.001

products (0.341) (0.274) (1.108) (0.940)

Meats and meat 0.032 0.005 0.001 0.025| 0.003 0.004 -0.200 | 0.029 <0.001 -0.269 | 0.058 <0.001

alternatives (0.298) (0.301) (0.966) (0.917)

Mostly fat 0.050 0.012 <0.001 0.026| 0.004 0.002 -0.043 | 0.002 0.043 -0.066 | 0.005 <0.001
(0.573) (0.505) (1.454) (1.261)

Mostly sugar 0.210 0.197 <0.001 0.207| 0.203 <0.001 0.098 | 0.010 <0.001 0.100 | 0.010 <0.001
(0.450) (0.405) (1.106) (1.024)

High salt and fat 0.232 | 0.238 <0.001 0.232| 0.256 <0.001 -0.027 | 0.000 0.316 -0.039 | 0.001 0.100
(0.571) (0.502) (1.870) (1.656)

High calorie 0.342 0.394 <0.001 0.281| 0.323 <0.001 0.164 | 0.020 <0.001 0.065 | 0.004 0.002

beverages (0.508) (0.474) (1.450) (1.289)

Low calorie 0.011 0.001 0.199 -0.012| 0.001 0.118 0.023 | 0.001 0.248 0.005 | 0.000 0.800

beverages (0.421) (0.283) (0.977) (0.672)

High sugar and 0.136 0.097 <0.001 0.155| 0.131 <0.001 0.017 | 0.000 0.434 0.015 | 0.000 0.444

fat (0.693) (0.603) (1.771) (1.602)

Other 0.011 0.001 0.205 0.027| 0.005 <0.001 0.009 | 0.000 0.645 -0.021 | 0.000 0.258

miscellaneous (4.888) (5.006) (11.368) (11.914)

B = Standardized Coefficient, SE = Standard ErracHHood group presented as total # of servings

Unadjusted data boys: F[11,2240] = 959.68, p<0.901s: F[11,2603] 1207.14, p<0.001. Energy adjdstata boys: F[11,2240] = 28.174, p<0.001; girls:
F[11,2603] 38.694, p<0.001




4.4.1.3. Meal Behaviours

Meal behaviours of interest included meal frequefayily meals and
restaurant eating. Meal behaviours were not reletelaily Gl for either boys or girls.
Table 4.5 shows the results of regression modskssasig associations between daily
GL and meal behaviour variables. Meal behavioaceanted for 5% of the variation
in daily GL for boys (F[3,1207] = 24.08, p<0.00hda 6% of the variation in daily
GL for girls (F[3,1248] = 27.83, p<0.001). Meadfiuency was most strongly related
to daily GL (boysfi = 0.23; girls;3 = 0.23). In addition, restaurant meals were
associated with daily GL for girl$ =0.11) but not for boys. Family meals were not
associated with daily GL for boys or girls.

The association between meal frequency and restiaeaéing and daily GL
were assessed using separate models to examirentieas behaviours in more detail.
Variables included in the meal frequency modeludeld the frequency of eating each
meal and snack of the day. The results, present€dble 4.5, showed that this model
explained 8 % of the variation in daily GL male$6E450] = 23.08, p<0.001) and 12
% of the variation for females (F[6,1685] = 39.p€80.001). Afternoon snack,
breakfast and evening snack were most stronglyectta GL for both boys and girls.
Only frequency of dinner consumption was not asgedi with daily GL.

The model for eating out included variables for filegjuency of eating at
different locations, including cafeterias, fastdoautlets, restaurants, vending
machines, snack bars and convenience stores.nidusl! (see Table 4.5) explained
5% and 3% of the variation in daily GL for boys amnds, respectively (boys:

F[6,1904] = 12.85, p<0.001,; girls: F[6,2289] = 18.5<0.001). Contributors to the
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model were vending machings=£ 0.08), convenience storgs= 0.08) and snack bars
(B = 0.07) for boys and snack bafs=0.09) and fast food outletg € 0.05) for girls.
After adjusting for energy intake, neither the mieajuency or the eating away from

home models were associated with GL.
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Table 4.5 Regression Models for GL and Meal Behawws

Daily Glycemic Load (Unadjusted)
Boys Girls
Variable B (SE) | Partial P- B (SE) | Partial P-
R? Value R? Value
Meal Behaviour Model
Number of meals 0.230 0.053 | <0.001| 0.232| 0.054 | <0.001
(1.937) (1.482)
Family Meals -0.042| 0.002 0.131 0.012| 0.000 0.660
(3.118) (2.486)
Meals at restaurants 0.043 0.002 0.127 0.106| 0.012 | <0.001
(5.595) (4.099)
Meal Frequency Mode
Breakfast 0.129| 0.016 | <0.001 0.138| 0.019 | <0.001
(2.012) (1.201)
Lunch 0.062 | 0.003 0.029 0.093] 0.008 | <0.001
(3.560) (1.971)
Dinner 0.010| 0.000 0.707 0.005| 0.000 0.833
(5.862) (3.078)
Morning snack 0.062| 0.003 0.035 0.077| 0.006 0.002
(1.688) (1.053)
Afternoon snack 0.085 0.006 0.004 0.144| 0.019 | <0.001
(2.031) (1.274)
Evening snack 0.133 0.015 | <0.001] 0.135| 0.018 | <0.001
(1.989) (1.193)
Eating outside the
Home Model
Cafeteria -0.022 0.000 0.367 0.016| 0.000 0.438
(1.413) (0.989)
Fast food 0.043| 0.001 0.132 0.050| 0.002 0.049
(2.734) (1.970)
Restaurants -0.01% 0.000 0.598 0.014| 0.000 0.578
(2.798) (2.138)
Vending machines 0.079 0.004 0.006 0.014| o0.000 0.553
(2.096) (1.429)
Snack bars 0.068 0.003 0.020 0.089| 0.005 | <0.001
(2.138) (1.507)
Convenience stores 0.078 0.004 0.007 0.048| 0.002 0.052
(2.178) (1.537)

B = Standardized Coefficient, SE = Standard Error

Meal behaviour model boys: F[3,1207] = 24.08, p8Q,mirls: F[3,1248] = 27.83, p<0.001. Meal
frequency model boys: F[6,1450] = 23.08, p<0.00ds:g-[6,1685] = 39.50, p<0.001. Eating outside
the home model boys: F[6,1904] = 12.85, p<0.00ds:gF[6,2289] = 10.58, p<0.001
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4.4.2. GIl, GL and Weight Status

Pearson correlations showed no significant relatignbetween absolute Gl
and BMI among boys (p = 0.31), however, daily Gkwasitively correlated with
BMI in girls with a coefficient of 0.05 (p = 0.02)Correlation results for energy
adjusted GI were similar to absolute values. Thee no correlation between either
absolute or energy adjusted GL and BMI in eithgrsbar girls.

When students were classified by IOTF cut-offsvieight status and daily Gl
and GL was compared between the groups, no signifdifferences in dietary Gl
were observed between the groups for either bog#lsr However, a significant
difference existed among weight status groups datity unadjusted GL for boys.
Specifically, non-overweight boys had a signifidamtigher GL than overweight boys
(mean GL 177 vs. 153; effect size [d] = 0.27; p.80Q). The mean energy adjusted
GL for obese boys (mean = 163) was not signifigaditferent than that of either
overweight or non-overweight boys. When energy stéjl GL values were used, the
difference between weight categories was no loaggrificant (p = 0.08). No
significant difference existed for GL across weigategories for girls.

4.5. Discussion

To our knowledge, this study is the first to assgékand GL in a large group of
Canadian adolescents and to examine dietary pattelated to Gl and GL in this age
group. Results provide evidence of the qualitgarbohydrates consumed by
Canadian adolescents, and also identify dietatgpet that could be targeted in future
interventions to determine if promoting these patevould lead to improvements in

Gl and GL in this population.
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Mean daily Gl was similar among boys and girlsat®56 and daily GL was
higher among boys than girls with mean values & amed 128 for boys and girls
respectively. Other studies from the United State$ Europe have found similar
mean Gl values, ranging from 56 to 60 and GL vahaeging from 115 to 310
(Buyken et al. 2006; Davis et al. 2007; EbbelingleR003; Nielsen et al. 2005;
Scaglioni et al. 2005; Verduci et al. 2007).

The levels of dietary daily Gl and GL that confdyemefit to health have not
been well defined. Individual foods are consideredave a low Gl if the value is <55
and a high Gl with a value of >70 (University ofdagy, 2008). However, these
definitions do not appear to translate well towhele diet where the mean daily Gl
generally falls in the low to medium Gl range fre#0-60 (Barclay et al. 2008;
Buyken et al. 2006; Davis et al. 2007; Ebbelingle2003; Scaglioni et al. 2005;
Verduci et al. 2007). A meta-analysis that invgesteed the effect of Gl and GL on
chronic disease risk in adults found a relativke a61.4 for diabetes in the highest
guantile of Gl compared to the lowest. The meamG@he lowest quantile was 49 and
the mean Gl in the highest quantile was 58 (Baretagl. 2008). This suggests that
small differences in daily GI can make a differenclealth risk at a population level
and although the mean daily Gl value in the curstudy (at 55) was not as high as
58, improvements could be made and could be bealdfioc the disease risk of this
population. In terms of a healthy GL level, Baycéand colleagues (Barclay et al.
2008) found that a quantile with a median daily @1142 was associated with a
relative risk of diabetes of 1.27 compared to anjlewith a median GL of 92. Thus,

the mean daily GL value of 137 found in our studggests that many of our
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participants could be at increased risk for diabetdowever, it should be noted that it
is possible that values obtained from adult studresnot appropriate to be used as
guidelines for younger age groups.
4.5.1. Diet and Gl and GL
4.5.1.1. Macronutrients

As would be expected due to the nature of Gl andtfik study showed that
macronutrient content was strongly related to dye@ and GL. Carbohydrate, total
energy and fat were the strongest correlates dfe®lre adjusting for energy intake
and protein (negative) and carbohydrate (posiivtakes were most strongly
correlated after energy correction. In additiargas intake and fibre intake were
inversely correlated with GI. Previous studieseéheeported similar results (Du et al.
2008; Wolever et al. 1994). Collectively, thisalatiggests that diets low in protein
and high in carbohydrate are more likely to contaore poor quality, high Gl foods
and could be related to increased risk of diabetes.

Consistent with previous studies (Du et al. 20081Ulz et al. 2005) we found
daily GL to be strongly correlated with total canlgdrate and energy intake (r = 0.97
for both boys and girls for carbohydrate; r = 0i@9boys and 0.90 for girls for total
energy). This suggests that low GL diets frequearté also low carbohydrate and/or
low energy diets; and the specific health effetsaxh of these dietary traits is
unclear.
4.5.1.2. Food Groups

In the current study, food groups were stronglyeasged with daily GI. The

most important variables in food group models weii& products and vegetables and
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fruit, which were negatively associated with dd8¥and grain products which were
positively related to daily GI. This pattern wasgely similar both before and after
energy adjustment and other studies that havetigagsd relationships between food
types and daily Gl in adults have found similaufess(Du et al. 2008; McCann et al.
2007; Schulz et al. 2005).

Prior to energy adjustment, food groups accourtie®%% of the variation in
GL and similar to previous studies (Du et al. 2008Cann et al. 2007; Schulz et al.
2005), all food groups showed positive associatiotis GL. After energy adjustment,
food groups accounted for only 12 to 14% of theaten in GL highlighting the
strong relationship between daily GL and the tetargy intake. The most important
contributors to daily GL models after energy adyust included milk and milk
products, vegetables and fruit and meat and aligasa all of which were negatively
related to GL and grains which were positively agsted with daily GL.

Our results also show that foods in the other categ played a significant role
in determining daily Gl and GL. However, the dexe in their relationship with Gl
and GL after energy adjustment, suggests thatw@adtihéoods in the other categories
influence Gl and GL, a large part of their effeat,GL in particular, is related to the
total amount of energy they supply.

Several of the relationships observed in the famdiig analysis initially
appeared contradictory and warrant further disoms$dne example is the emergence
of the meat and alternatives group as being sigmtly related to low Gl, after energy
adjustment. Meat alternatives such as legumelar&l foods, however, it is likely

that meats, which do not contribute to GI due Itk of carbohydrate, make up the
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majority of servings in this group. It is possiliat legumes contribute to this trend,
but it is also possible that meats are either eiatennjunction with low Gl
carbohydrate foods or replace or decrease the ngtgan of high Gl foods. Another
relationship requiring further explanation is tlesult that high sugar intake (from the
macronutrient analysis) was associated with lowb@t,high intake of “mostly sugar
foods” (from the food group analysis) was relat@thigh Gl, which initially seems
contradictory. Total sugar intake may have a dife effect than “mostly sugar
foods” because sugars are found in a variety aigomith a wide range of Gl values
including fruits, vegetables, breads, and cakegreds mostly sugar foods include
only candies (i.e. hard candies or chewy candiesggkde sugar (i.e. white or brown)
which have fairly consistent moderately high Glued of ~65 (Foster-Powell et al.
2002). Alternatively, this pattern may have resifi®m associations between
variables. For example, people who consume morestijneugar foods” may be more
likely to eat more high Gl foods.

The results of this study suggests that those lboge more milk, meats and
alternatives, fruits and vegetables and fewerngpabducts, soft drinks, and mostly
sugar foods are more likely to have a lower die@ky Those choosing fewer
carbohydrate-containing foods are more likely teeha lower GL.
4.5.1.3. Meal Behaviours

Meal behaviours such as frequency of eating andgateals outside the
home were only weakly associated with daily GL amde not related to daily Gl. In
addition, these behaviours were not related to fBr adjusting for total energy

intake. This indicates that the number of mealereand eating away from the home
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may be indicative of the amount of food eaten nathan the quality of the
carbohydrates. It should also be noted that tlatioaships observed with eating
behaviours may be underestimated due to the gagabdday variability seen in daily
Gl and GL values and it may be beneficial to exantirese relationships using an
average of several days’ Gl and GL values.
4.5.2. GIl, GL and Weight Status

The small associations observed between daily @lGnand weight status,
along with the inconsistent findings between garsl boys, bring into question the
practical significance of these results. Daily ®&s seen to be higher among non-
overweight boys compared to overweight boys, wimdially seems counterintuitive
as we would expect a higher GL with a higher BMlowever, research has shown
that leaner adolescents frequently have higher fioiattes due to higher levels of
physical activity, so it is likely that total engrintakes explain much of this difference
(Stallmann-Jorgensen et al. 2007). The attenuafidinis effect when energy adjusted
GL values were used, supports the notion that éstatgy intake is at least partially
responsible for this pattern. Previous studiesreniang the link between weight status
and Gl and GL have shown inconsistent results (®awal. 2007; Hui and Nelson
2006; Nielsen et al. 2005; Scaglioni et al. 2004lthough this study does not
disprove the possibility that Gl and GL have aretffon body weight, it is also
possible that daily Gl and GL have very little effen weight status and they may
affect diabetes risk independently from weightustatin this case, daily Gl and GL

could still be important targets for improving thealth and future disease risk of
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adolescents, however the evaluation of the effgiodl and GL on markers of diabetes
risk was outside the scope of the present analysis.
4.5.3. Strengths and Limitations

Strengths of the current study include the large@a size and the wide
geographical area covered. Detailed dietary dat@ \also collected in a completely
anonymous way, which may have improved compliamecetaithfulness in
participants. One limitation of this study wasttbaly one day of dietary data was
collected for the majority of subjects. Our stddynd that daily Gl in particular has
high day to day variance and having 2 or 3 daydiethry data would have been
beneficial. Repeating the survey would have takgmore class time and may have
lead to reduced participation rates, which was pnt@nsideration for this research.
The use of self-reported dietary intake and heagltt weight information can be
inaccurate (Guenther et al. 1997). However, alasibbn study of the on-line 24-hour
recall tool found that dietary results were simt@adietitian administered 24-hour
recalls performed on the same day with ICC valoesl nutrients being > 0.5 (Vance
et al. 2008). A validation study of the self reparmethods used in the present study
found that measured heights and weights were vemas to self reported values
(ICCs of 0.88 for height and 0.93 for weight) (Gejer 2007). Another possible
limitation of the present study was that many &f @l values used to calculate daily
Gl and GL came from data from other countries w@anadian data were not
available; and it has been shown that the Glsmoilai foods can vary between
countries (Foster-Powell et al. 2002). ValuesGbiand GL also vary depending on

the methods used in the laboratories where thenGIGL of foods are tested (Wolever
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et al. 2003). In addition, although 500 foods warailable to choose from in the 24-
hour recall section of the survey, a greater nurobéwods may have provided greater
detail and may have resulted in more accurate atgof daily Gl and GL.
4.6. Conclusion

This study assessed the dietary Gl and GL of &laagnple of adolescents in
Alberta, examined associations between dietargpatand daily Gl and GL and
examined the relationship between daily Gl, GL eethht status. Macronutrient
intake patterns related to high Gl diets includegh ltarbohydrate and low protein,
sugar and fibre intakes. In terms of food grolypgh intakes of grains, mostly sugar
foods, high salt and fat foods and mostly fat foadd low intakes of vegetables and
fruit, milk and milk products and meats and altérres were related to high Gl diets.
Meal behaviours were not related to Gl in this gapon. For GL, in terms of
macronutrients, carbohydrate and energy intakesethdhe strongest correlations.
All food groups were positively related to GL vatyarior to energy adjustment;
however, after adjustment, meats and alternatindsvalk and milk products were
negatively associated with GL. Meal frequency aating meals away from home
were related to GL, but this relationship disappdawith energy adjustment. This
study also found weight status to be weakly reléde@| and GL but results were
inconsistent between boys and girls. This stuéwntified specific dietary patterns and
food behaviours related to Gl and GL. Future stsidiould determine if targeting
these behaviours would be useful for diabetesradkiction among Alberta

adolescents.
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Chapter 5: Frequency and Distribution of Dietary and PhysicalActivity Risk
Factors for Type 2 Diabetes in a Large Sample of Akrta Youth

5.1. Preface

After examining the risk factors of Gl and GL intaiéin Chapter 4, we aimed
to expand our exploration of dietary and physicdivay risk factors in Alberta youth
to include a wide range of factors. Data examiniiegtyle risk factors for diabetes
among Canadian adolescents are currently rare.

The following is the second chapter in this thésibe based on data from the
Web Survey of Physical Activity and Nutrition (W&RAN), which was a survey of
grade 7 to 10 students in Alberta (n = 4981). Datahis study were collected
between January and December 2005. In this chajatex from the Web-SPAN
survey were used to examine the proportion of stisdeporting dietary and physical

activity risk factors for type 2 diabetes.
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5.2. Introduction

Type 2 diabetes is a disease characterized byinn&gistance and impaired
beta-cell function, resulting in increased bloodagise levels (Rizvi 2004). Both
genetic predisposition and lifestyle factors playportant roles in the development of
this disease. Although type 2 diabetes is tradiftily considered to be an adult
disease, type 2 diabetes in children was firstitegan the late 1970s (Savage et al.
1979) and since that time, the prevalence of earbet disease has been rising
(Dabelea et al. 1998; Hale and Rupert 2006; Uralaral. 2005; Zdravkovic et al.
2004).

Lifestyle factors contribute significantly to tdevelopment of type 2 diabetes.
Lifestyle risk factors for type 2 diabetes, accogdio the adult literature include
obesity (Hu et al. 2001; Krishnan et al. 2007)tatg factors, such as high dietary
glycemic index (Gl), high dietary glycemic load ({5Barclay et al. 2008), low fibre
(Schulze et al. 2004), low magnesium intake (LoBe&taura et al. 2004), low
vegetable and fruit consumption (Liu et al. 2004q &igh fat intake (van Dam et al.
2002), as well as lack of physical activity (Hstak 2005). In adults, it has been
shown that small lifestyle changes including digtgranges and increasing physical
activity can prevent and/or delay type 2 diabel@sdstrom et al. 2003; Ratner 2006).
Delaying or preventing early onset type 2 diab&tespecially important, as early
development of the disease leads to longer dishasgion, earlier development of
macro- and microvascular complications (Krakof&ket2003) and greater health care

costs.

139



Due to the increase in type 2 diabetes in childmh adolescents, examining
the lifestyle habits of youth has become importdtowever, few Canadian studies
have specifically examined the prevalence andidigion of lifestyle risk factors for
type 2 diabetes in this age group. In additioeyfmus studies have observed
differences in lifestyle practices and diabetels bistween boys and girls and among
different age and Body Mass Index (BMI) groups &ipeally, girls are more likely to
be diagnosed with type 2 diabetes (Likitmaskulle2@05; Perez-Perdomo et al. 2005;
Pinhas-Hamiel et al. 1996) and are more likelygghysically inactive (Koezuka et
al. 2006; Shields 2006; Springer et al. 2009), wasiboys are more likely to have low
diet quality (Hurley et al. 2009). Older youth anere likely to be physically inactive
than younger youth (Koezuka et al. 2006; Springat.€2009). Those with a higher
BMI are more likely to be inactive (Shields 2008®) have low diet quality (Hurley et
al. 2009) and to be diagnosed with type 2 diabgtiégmaskul et al. 2005; Perez-
Perdomo et al. 2005; Pinhas-Hamiel et al. 199@)erdfore, the purpose of this study
was to examine the presence of lifestyle risk fiactor type 2 diabetes in a large
sample of Alberta adolescents and to examine eéifi@es in risk factor presence
across sex, age and BMI groups.

5.3. Methods

The methods for this study has been published pusiy (Storey et al. 2009)

and a full description is included below.
5.3.1. Participants
Briefly, between January and November 2005, gratiel0 (11 to 17 years of

age) students in Alberta were recruited to parditgpn the Web Survey of Physical
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Activity and Nutrition (Web-SPAN). This survey wasself administered, web-based
guestionnaire which aimed to assess dietary angigdiyactivity patterns as well as
social and environmental determinants of theseneties. All 59 Alberta School
Boards were invited to participate in the study ahthese, 48 agreed to participate.
On average, 7 schools per school board (total: 8¢ randomly selected for the
study. Before participating in this survey, paarebnsent and assent of the students
was obtained. This research was approved by timeadEthics Research Board,
Faculty of Agricultural, Life and Environmental oces and the Cooperative
Activities Program, Faculty of Education, Univeysaf Alberta. Where required by
certain school boards, additional ethical approved received. Copies of the school
board, school, parent and student informationngtthe consent form used and the
ethical approval form can be found in Appendix B.
5.3.2. Measures

The Web-SPAN survey was completed during schoa# timd took
approximately 45 minutes for students to compléteas frequently completed during
a single class period. Teachers were given urmgias and passwords which were
randomly distributed among all students who ha@miat consent to participate in the
Web-SPAN survey. Teachers were provided with &rimation package to instruct
them on how to administer and assist studentsnmpéeting the survey. A research
assistant was also on call when surveys were lmging in case the teacher had any

guestions or if technical problems arose.
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5.3.2.1. Height, Weight and BMI

The students reported their own height and weigthe first section of the
Web-SPAN and BMI (kg/ff) was calculated.
5.3.2.2. Dietary Intake

Dietary intake of participants was measured by b-besed 24-hour recall
tool; theFood Behaviour Questionnaire, originally developed by Dr. Rhona Hanning
at the University of Waterloo (Hanning et al. 2008)sing this tool, students recorded
all foods and beverages consumed in the previoyscti@osing from a list of over
500 foods. The survey tool provided cues for parszes and prompted students to
record foods often missed such as spreads, toppmybeverages. Dietary intake
data were analyzed and macronutrient (i.e. fabatardrate) and micronutrient (i.e.
magnesium) intakes were calculated using the ESel#dProcessor (version 7.9,
ESHA Research, Salem, OR) and the 2001 CanadiateNuFile (Health Canada
2001) database. In addition, food group intake@ating to Canada’s Food Guide to
Healthy Eating (Health Canada 1992) (i.e. vegetahial fruit) was calculated. This
version of the food guide was used, as it was theegn use in the school curricula at
the time of the survey. A new food guide was redebin 2007 (Health Canada 2007).

To calculate dietary Gl and GL, each carbohydratdaining food in the Web-
SPAN database was assigned a Gl based on publishezs (Foster-Powell et al.
2002; University of Sydney 2005). Daily dietary &id GL were calculated by the
method described by (Sahyoun et al. 2005) andlpoetlined below:

GL/svg = Gl x available carbohydrate /100

Where available carbohydrate = total carbohydréitae
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The daily GL for each subject was calculated bytiplying the number of servings of
each food by the GL/serving value, and the GL vafvem all the foods eaten were
summed.

Daily GL = }(GL per serving x # servings of each food)

Where GL per serving is the GL of the portion sszeach food in the Food
Behviour Questionnaire (1 serving was usually etudl serving from Canada’s Food
Guide to Healthy Eating); and the number of sersiaguals the number of servings
that were reported to be eaten by the student.

Daily Gl was calculated as:
Daily Gl = (Daily GL/available carbohydrate) x 100

(More detall is provided in Chapter 4).
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5.3.2.3. Physical Activity

Physical activity was assessed using an onlingorerd the Physical Activity
Questionnaire for Older Children (PAQ-C) (Kowalskial. 2004). Physical activity
levels were determined based on self-reportediaes\performed in the last 7 days.
Sub-categories of activities included organizedtspand activities, active transport,
and activity at recess, lunch, after school, indhenings and on weekends. The PAQ-
C scores range from 1 to 5 with 1 being least acdind 5 being most active (Kowalski
et al. 2004).
5.3.3. Defining Risk Factors

Literature searches were conducted to identify maigtary and physical
activity risk factors for type 2 diabetes for adudind to determine cut-offs for
identifying those at risk. Wherever possible, stadelevant to children and youth
were also evaluated, but these were limited in rermRisk factors identified included
obesity, Gl, GL, fibre, magnesium, vegetable amndt fntake, fat intake and physical
activity. All large, longitudinal cohort studiegamining the relationship between
these variables and type 2 diabetes risk were dethpnd summarized. A table
containing these summaries for each risk factorb@afound in Appendix C. In
addition, a panel of experts was consulted inclgi@ixperts in the areas of Gl and GL,
childhood obesity, physical activity measuremertt statistical analysis. Table 5.1
outlines the risk factor cut-offs used and theoradie related to each cut-off. More
detailed explanations of the rationale can be fanrppendix D. For each risk
factor, dichotomous variables were constructedgdasing participants as either at

risk or not at risk, depending on their survey lsstelative to cut-off values.
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Table 5.1 Summary and Rationale of Cut-offs Used feAssessing Diabetes Risk Factors

Variable

Cut-off =1 risk

Reference

Rationale

Overweight and
Obesity

International

Obesity Task Force

(IOTF) cut-offs for
Overweight and
Obesity

(Hart et al. 2007;

Hosseinpanah et al. 2007
Hu et al. 2003; Krishnan e
al. 2007; Meisinger et al.
2006; Rana et al. 2007)

Appropriate for children. Reference values comenfem
international sample. Youth are considered overiaesg

tobese if their BMI is on or above the point on teeatile
growth curve for their age and sex that passesi¢fireither
the adult overweight or obesity cut off at age S&idies
have shown that there is increasing diabetes rigk w
increasing BMI category, however, for children,yonl
overweight and obese classifications exist (nosclas, Ill
obesity).

Glycemic Index| >58 (Barclay et al. 2008) This stuehs the best available source of information. A
meta-analysis, it included information from manydsés.
Glycemic Load | >142 (Barclay et al. 2008) This studis the best available source of information. A
meta-analysis, it included information from manydsées.
Fibre <14.75g (Meyer et al. 2000; Schul|Zgoth of these studies are North American and hawlagi
et al. 2004) results therefore the mean value between the tubest was
taken.
Magnesium <222mg/day (Lopez-Ridaura et al. This study was the largest study available thatsuesl
females 2004) magnesium in units comparable to the Web-SPAN surve

<280mg/d males

(mg/d). (One meta-analysis was considered butnite af
change in risk per 100mg increase in magnesiurkenigere
not applicable to Web-SPAN results)

Vegetables and
Fruit

<2 servings/day
(>1.99 servings
not at risk)

(Liu et al. 2004)

This study used portion sizesilsimo sizes from Canada’s
food guide.

Sa

Sa
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Fat Intake

>39% of calories

(van Dam et al. 2002)

ue b the characteristics of our dataset, only fatacould
be used. This study was the best study that shtveedsk
that could be attributed to total fat intake.

Physical
Activity

<3 score from the
PAQ-C

(Plotnikoff et al. 2009)

This value has been used previous study assessing
overall chronic disease risk in the same samplarioff et
al. 2009). A MET (Metabolic Equivalent of Task) ualwas
not available from the PAQ-C (however, a relative™
score could be calculated, see Chapter 6 and AjppeEnD
and F). Also, this cut off results in a inactivigte similar
rates in the Canadian Community Health Survey (CICHS
(Koezuka et al. 2006).




5.3.4. Statistical Analysis

Characteristics of participants were assessed uEsgriptive statistics
and differences between boys and girls were deternusing independent
sample t-tests. The reported frequency of eadbetks risk factor was assessed
using descriptive statistics. Differences in tihegortion of participants reporting
risk factors between sex, age and BMI groups weterthined through chi-
square tests. The total number of risk factors egdculated for each participant.
For the risk factors of overweight and obesity, ragaght individuals were
considered to have one risk factor as a resuhiaf tveight. Those who were
obese were considered to have 2 risk factors dtleetoweight status (i.e. they
were considered both overweight and obese). [Rifiegs in the mean number of
risk factors between sex and age groups were detednby independent sample
t-tests and differences among BMI categories wesessed by one-way Analysis
of Variance (ANOVA). Post hoc analysis for the AM®was conducted with a
Scheffe test. When assessing diabetes risk falsyolBVil category, BMI was not
included as a risk factor. All statistical analyseere performed using the SPSS
statistical software program (Version 16.0; SPSS Ghicago).
5.4. Results

In total, 4981 students from 136 schools parti@dan the study.
Students who did not report their sex (n = 58) westdluded from analysis as
were those with extreme dietary intake or physacaivity levels (n = 36) based
on outlier analysis. A total of 4887 students wiaduded in this analysis,

however, sample sizes vary as some students diahseter all survey questions.
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Age was reported by 4883 students, BMI values \aeedlable for 4131, dietary
data were available for 4867 students and phyaittality data were completed
by 4371 students. A total of 3671 students had ¢et@nformation for all risk
factors.

Characteristics of participants, detailed in T2 show that boys and
girls did not differ in age (mean age 13.6 yedrg},boys had significantly higher
mean BMIs, physical activity scores and dietarglkess for all reported variables,
with the exception of % of energy from carbohydsatehich was significantly

higher among girls.
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Table 5.2 Characteristics, Dietary Intake and Physial Activity Scores of

Study Participants

Variable Total Boys Girls P-Value

n = 4887 n = 2264 n = 2623
Age (years) 13.6+1.2 13.6+1.2 13.6+1.2 0.852
BMI (kg/m°) 20.8+4.9 21.2+5.2 20.5+ 4.6 <0.001
Total Energy 2077 £1101] 2398 + 1204 1801 £91 <0.001
Intake (kcal)
Carbohydrate (%9 54.7 £11.4 534+11.4 55.8+11.2 <0.001
kcal)
Fat (%okcal) 31.6+9.2 32.2+9.1 31.0+9.2 <0.001
Protein (Y%kcal) 15.3+5.3 15.8 + 5.4 149+5.2 .00
Glycemic Index 55.4+7.3 56.1+7.4 549+7.1 O€L
Glycemic Load 147 £ 81 168 + 90 128 + 68 <0.001
Fibre (g) 145+9.8 16.0 + 10.8 13.2 + 8.6 <0.001
Magnesium (mg 277 + 158 313+ 172 247 + 138 <0.001
Vegetables and 51+4.1 53x4.4 48+3.9 <0.001
Fruit (svg/d)
PAQ-C Physical| 2.9+0.7 3.0+£0.7 28+0.6 <0.001
Activity Score

Data are Means + SD

Differences between boys and girls were determimestudent’s t-tests
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5.4.1. Diabetes Risk Factors: Boys Versus Girls

Results of the analysis of risk factors by sex (Balgle 5.3) showed that the
most frequently reported diabetes risk factorsi{bgy average frequency to
lower) included low fibre intake (53% for boys, 6466 girls), low physical
activity score (50% for boys, 63% for girls), lonagnesium intake (48% for
boys, 50% for girls), high GL (56% for boys, 35% &rls) and high Gl (39% for
boys and 33% for girls). Low vegetable and frotake (30% for both boys and
girls), high fat intake (22% for boys, 18% for girland overweight and obesity
were less commonly seen risk factors.

The proportion of students who were classified\sweight and obese
was higher among boys (18.8% overweight, 7.8% glibsa girls (11.4%
overweight, 4.5% obese) (p <0.001). Boys were rikedy than girls to have
high dietary GI, GL, and fat intakes (p < 0.001 &tirvariables). Girls were more
likely to have low fibre intakes and low physicatigity scores (p< 0.001 for
both variables). The proportion of students repgrtow vegetable and fruit
intake and low magnesium intake was similar betwasys and girls. On
average, boys had a greater total number of rilofa than girls (mean number
of risk factors for boys was 3.2 vs. 3.0 for gigss 0.001). The distribution of

risk factors by sex can be seen in Figure 5.1.
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Table 5.3 Proportion of Participants with DiabetesRisk Factors: Boys

Versus Girls
Risk Factor Boys Girls P-Value
n = 2264 n=2623
% Yes (n) % Yes (n)
Weight Status IOTF
Non-overweight 73.4 (1464) 84.4 (1797) <0.001
Overweight 18.8 (375) 11.4 (243)
Obese 7.8 (155) 4.5 (97)
High Gl 39.1 (882) 33.0 (864) <0.001
High GL 56.3 (1269) 35.1(918) <0.001
Low Fibre 52.9 (1191) 64.2 (1680) <0.001
Low Magnesium 48.0 (1080) 49.5 (1294) 0.151
Low Vegetable and 30.3 (525) 30.4 (610) 0.509
Fruit
High Fat 21.8 (492) 17.6 (460) <0.001
Low physical 50.3 (1003) 63.4 (1500) <0.001
activity

Differences between boys and girls assessed bgohare tests
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Figure 5.1 Distribution of the Total Number of Risk Factors: Boys Versus
Girls
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Chi Square analysis indicated that there were fsigmt differences between girls and boys p <
0.05.

Mean number of risk factors per group: 3.2 + 1.&yf) vs. 3.0 £ 1.5 (girls) (p < 0.001)
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5.4.2. Diabetes Risk Factors by Age Group

A comparison of the presence of diabetes risk fadtetween younger (9
to 13 yr) and older (14 to 17 yr) age groups isrssho Table 5.4. Compared to
younger boys, older boys were more likely to hatega GL (p < 0.001), high fat
intake (p = 0.023) and low physical activity scque< 0.001), whereas younger
boys were more likely to have low magnesium intglkes 0.005). Older girls
were more likely to have a high Gl (p = 0.03), Imtake of vegetables and fruits
(p = 0.03) and a low physical activity score (p.€0dl) compared to younger
girls. Older boys showed a trend toward a hightl ttumber of risk factors
compared to younger boys (mean 3.3 vs. 3.1) (©59). Older girls had a
significantly higher number of risk factors comghte younger girls (mean 3.1
vs. 2.9, p = 0.001). Figure 5.2 shows the distidsuof the total number of risk

factors by age and sex.
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Table 5.4 Proportion of Participants with DiabetesRisk Factors by Age for Boys and Girls

Boys Girls
Risk Factor Younger Older P-Value Younger Older P-Value
(9-13yrs) (14-17yrs) (9-13yrs) (14-17yrs)
n=731 n=1015 n= 1155 n = 1459
% Yes (n) % Yes (n) % Yes (n) % Yes (n)
Weight Status
Non-overweight 65.0 (562) 71.9 (812) 0.166 84.2 (740) 84.0 (1057) 0.425
Overweight 17.7 (153) 19.6 (222) 10.7 (94) 11.8 (149)
Obese 6.8 (59) 8.5 (96) 5.1 (45) 4.1 (52)
High Gl 37.4 (380) 40.6 (502) 0.065 31.0 (358) I5664) 0.031
High GL 51.0 (518) 60.7 (750) <0.001 34.7 (397) 73m21) 0.252
Low Fibre 54.8 (556) 51.3 (634) 0.056 63.3 (731 .06947) 0.201
Low Magnesium 51.0 (518) 45.4 (561) 0.005 48.4 {559 50.3 (733) 0.181
Low Vegetable and  32.5 (249) 28.6 (275) 0.112 27.3 (248) 32.8 (360) .029
Fruit
High Fat 19.9 (202) 23.5 (290) 0.023 18.0 (208 .3X252) 0.329
Low physical 45.6 (394) 53.9 (608) <0.001 57.0 (595) 68.3 (903)] <0.001
activity

Differences between younger and older age groups assessed by chi square analysis




Figure 5.2 Distribution of the Total Number of Risk Factors by Age and Sex
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Chi Square analysis indicated that there were fognit differences between older and younger
age groups p < 0.05.

Mean number of risk factors per group: 3.3 + 1l6l€oboys) vs. 3.1 + 1.5 (younger boys) (p =
0.059); 3.1 £ 1.5 (older girls) vs. 2.9 + 1.4 (ygen girls) (p = 0.001).
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5.4.3. Diabetes Risk Factors by BMI Categories

When the presence of diabetes risk factors wasssddy weight status
categories (excluding BMI as a risk factor), it iesnd that the proportion of
participants with low fibre intakes was highest amgoverweight participants
(64%) compared to obese (59%) and non-overwei@¥jstudents (p = 0.004).
The proportion of students reporting high totalifahkes and low physical
activity levels increased across weight categdpes 0.007 and p = 0.014 for fat
and physical activity, respectively).

When results were separated by sex, a higher giopaf overweight
boys reported low fibre and low magnesium intal@sgared to non-overweight
and obese boys (p = 0.005 for fibre, p = 0.03Infagnesium) (see Table 5.5). A
greater proportion of non-overweight boys repoftading a high glycemic load
(61%) compared to overweight and obese boys (50%dth overweight and
obese boys). The proportion of boys reporting jphwsical activity scores
increased with weight status (p < 0.001). As seiim boys, overweight girls
were more likely to report low fibre intakes comgito non-overweight or obese
girls (p = 0.012), but no other differences betwB&fi categories were observed
among girls.

The mean number of risk factors increased acrossdak¢gories with
non-overweight youth having an average of 2.8 faskors, overweight youth
having 3.0 risk factors and obese youth reportidg(8 <0.001). Post hoc
analysis showed that differences in mean scores statistically significant

between non-overweight and overweight (p = 0.024) @on-overweight and
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obese subjects (p = 0.006), but not between ovghwand obese subjects (p =
0.482). The distribution of the number of risk fastby BMI category can be

seen in Figure 3.
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Table 5.5 Proportion of Participants with DiabetesRisk Factors by BMI Category*

Boys Girls

Risk Factor Non- Overweight| Obese P-value Non- Overweight| Obese P-value

Overweight Overweight

n = 1456 n =374 n =153 n=1791 n =243 n =297

% Yes(n) | %Yes(n) | % Yes (n) % Yes(n) | %Yes(n) | % Yes (n)
High Gl 38.7 (564) 42,5 (159) 37.9 (58) 0.367 3I583) 32.9 (80) 43.3 (42 0.091
High GL 60.9 (887) | 50.0(187) | 50.3 (77) | <0.001 36.1 (647) 32.5 (79) 40.2 (39) 0.363
Low Fibre 49.2 (717)| 58.6 (219) | 52.9 (81) 0.005 62.2 (1114) 71.2 (173) | 69.1 (67) 0.012
Low 45.0 (655) | 52.4 (196) | 49.0 (75) 0.031 47.9 (858) 49.8 (121 51.5 (50) 0.692
Magnesium
Low Vegetable | 21.6 (314) 24.3 (91) 27.5 (42 0.166 23.0 (412) 6485) 21.6 (21) 0.948
and Fruit
High fat 21.1 (307) 23.5 (88) 28.1 (43) 0.104 1892) 15.6 (38) 24.7 (24 0.109
Low Physical 46.7 (600) | 52.2 (177) | 65.2(86) | <0.001 | 62.9 (1021 65.8 (146 66.7 (58) 0.576
Activity

Differences between BMI categories were assessad obi square analysis
* BMI categories defined according to IOTF guidebn



Figure 5.3 Distribution of the Total Number of Risk Factors by BMI
Category
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Chi Square analysis indicated that there were fiogmit differences among BMI categories p <
0.05.

Mean number of risk factors per group: 2.8 #{nbn-overweight), 3.0 + 1°4overweight), 3.1 +

1.3 (obese) (p <0.001%}" indicates differences as determined by Post Haalysis (Scheffe
test).
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5.5. Discussion

This study examined the presence of diabetes aisiorfs in a large sample
of adolescents and assessed differences amongeagand BMI groups.
Although type 2 diabetes is most commonly seen gnaciults, early onset of the
disease has been reported in increasing numbegsent years (Dabelea et al.
1998; Hale and Rupert 2006; Urakami et al. 200%a¥kbvic et al. 2004). The
prevalence of obesity, one of the leading riskdextor diabetes, has also been
increasing at alarming rates among youth (Shied¥6}®, leading to concern
among health professionals about the future precalef diabetes both in youth
and in the adult population. Results of diabeteygntion programs have shown
that type 2 diabetes can be prevented through imatidn of lifestyle-related
diabetes risk factors (Lindstrom et al. 2003; Rag@96). This study examined
diabetes risk factors among youth and providerediy specific information
about the present lifestyle behaviours of Albedalescents and possible risk
factors that could be targeted to reduce diabétks r

In the present study, 19% of boys and 11% of gvdse overweight and
8% of boys and 5% of girls were obese. This isdiothian the national
prevalence of overweight and obesity reported kyGhnadian Community
Health Survey (CCHS) which found that in 2004, 3@Pboys and 26% of girls
were overweight and 11% of boys and 7% of girlsenssese among youth aged
12 to 17 years (Shields 2006). Possible reasartbdge differences include the
use of self reported weights and heights, diffedsfinitions of overweight and

obesity and the sampling technique used in theeptegudy. Under-reporting of
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body weight and over-reporting of height are fregygoblems when using self-
reported measurements. The Canadian CommunitytHgatvey recorded both
self reported and measured heights and weightshenself-reported prevalence
of overweight and obesity were lower than the mestsprevalence, with 24% of
boys and 14% of girls being overweight and 6% ofsband 3% of girls being
obese according to self-reported values (Shiel@§R0A validation of the Web-
SPAN survey, conducted on a subsample of 459 stsid@ssessed both measured
and self reported heights and weights. This vabdastudy showed that using
self reported heights and weights, 12% of studeete considered overweight
and 3% were obese and using measured heights aglitsv&7% were
overweight and 6% were obese (Calengor 2007). Suggests that much of the
difference between the results of the present stmdythose of the CCHS may be
due to self-reporting. Another possible reasordftierences between the present
study and the CCHS were the different cut-offs usesssess overweight and
obesity. The CCHS used data derived from the NHBISErvey from the United
States (Shields 2006), whereas the present stulyI@TF (International Obesity
Task Force) cut-offs, which are known to resulslightly different estimates of
overweight and obesity (Wang and Wang 2002). HKiriais possible that,
because of the non-random sampling technique ussgonse bias in this survey
led to a lower obesity prevalence than would ba se@ truly random sample.
Weight status is a significant concern among adelas in Alberta.
Obesity is the strongest risk factor for diabeteadults with relative risks for

those who are obese ranging from 3.5 to 20 compgaradrmal weight people
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(Hart et al. 2007; Hosseinpanah et al. 2007; Hal.e2001; Hui and Nelson 2006;
Krishnan et al. 2007; Meisinger et al. 2006; Patjal. 2005; Rana et al. 2007).
In addition, obesity is highly prevalent among youtith type 2 diabetes with
prevalence rates ranging from 72% to 100% in diffiexclinics (Ehtisham et al.
2004; Hale and Rupert 2006; Harwell et al. 2001Qv&th et al. 1999; Ohki et al.
2004; Perez-Perdomo et al. 2005; Scott et al. 19B7gventing obesity among
adolescents is important for reducing risk of t@pgiabetes both during their
youth and in adulthood.

In the present study, high Gl and GL diets werguently reported with
39% of boys and 33% of girls reporting a high Gitdind 56% of boys and 35%
of girls reporting a high GL diet. Although thsthe first study to assess the
occurrence of high Gl and GL diets among youthyipres studies from the
United States and Europe have reported similar naelres with Gls, ranging
from 56 to 60 and GLs ranging from 115 to 310 (Berylet al. 2006; Davis et al.
2007; Ebbeling et al. 2003; Nielsen et al. 2005dHoni et al. 2005; Verduci et
al. 2007). The frequent reporting of high Gl and diets seen in the present
study indicates that the quality of carbohydrate¢peonsumed by the adolescent
population is not optimal. However, it should lmeed that the cut-offs used were
derived from adult data, and it is possible thatlaceccommendations are not
appropriate for youth. In particular, dietary GlLhighly related to total food
intake, therefore high GL diets would be expectadrg growing youth with
high energy needs. Because of this, an energgtedjGL value may be more

applicable, particularly to adolescent boys whoehidne highest energy needs.
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Food and nutrient intakes observed in this stuaiuding dietary fibre,
magnesium intake, vegetable and fruit intake aedpircent of energy coming
from fat were similar to intakes observed in otNerth American studies. For
example, results of the NHANES study in the Uniftdtes showed that the mean
fibre, magnesium and percent fat intakes of yogdal2 to 19 were 13.9g/day,
253mg/day and 34%, respectively in the 2005-20@é dallection period
(U.S.Department of Agriculture 2008). Resultshadd Canadian Community
Health Survey have also shown similar levels ofetalgle and fruit consumption
as seen in the present study with approximateBo48 youth in the 12 to 19 year
age range consuming less than 5 servings of vdgetahd fruit per day
(Statistics Canada 2005).

The high proportion of youth reporting low fibraakes in the present
study is of concern, particularly in light of therservative fibre cut-off used (the
Adequate Intake for fibre in this age group is mhajher - 38g/day for 14 to 18
year old boys and 26g/day for girls aged 9 to & yé€institute of Medicine
2002)). This suggests that high fibre foods suchegetables, fruit, whole grains
and legumes are not consumed by adolescents qudrdities needed for health.
High fibre intake has been linked to decreasedaidipe 2 diabetes (Meyer et al.
2000; Schulze et al. 2004). High fibre foods imasee satiety (Nilsson et al. 2008),
help to prevent obesity (Lindstrom et al. 2006 yehwer Gl values (Foster-
Powell et al. 2002) and contain many beneficiatirats such as magnesium and

antioxidants (Zhou et al. 2004); all of which magtfhto decrease diabetes risk.
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Magnesium is important in the insulin signallinglpasay (Suarez et al.
1995) and low plasma levels and low intakes haen tieked to insulin
resistance and type 2 diabetes (Huerta et al. 206ff¢z-Ridaura et al. 2004).
The high frequency of low magnesium intakes obskmehis study could put
adolescents at risk of disease. Magnesium is carhynfiound in vegetables and
fruits, legumes and whole grains. Again, thesalteshow that the diets of
adolescents do not contain adequate amounts & th#gent dense foods.

Low vegetable and fruit intake was quite commonun sample, even
with the conservative cut-off used of 2 servingsgsey. Vegetable and fruit
intake has been shown to be protective againsetial{Harding et al. 2008).
Vegetables and fruit are high in fibre, have lowergy density and a low GL and
are also sources of antioxidants, all of which roantribute to their effect on
diabetes risk.

High dietary fat intakes have been shown to in@ebabetes risk. Much
of this effect may be due to the effect of fat k&@n body weight (Harding et al.
2004; van Dam et al. 2002), however, fat intake aféects circulating free fatty
acid levels, which may affect both insulin sendiyiand beta-cell function
(Dubois et al. 2004; Goodpaster and Wolf 2004; Kabal. 2005). High fat
intakes were commonly reported in the present sadlythis may contribute to
future disease risk in this population.

Physical activity scores seen in the present sivghe similar to those
reported in other studies of Canadian youth udmegRAQ-C. For example,

among students with a mean age of 13 years, odg &iund that boys had a
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mean PAQ-C score of 3.1 and girls had a mean sf@¢& (Carter et al. 2001).
As was observed in the CCHS, over 50% of youtlhénpresent study were
considered inactive. Physical activity decreasaleales risk by helping to
regulate body weight and body composition and lygasing insulin sensitivity.
Short term increases in insulin sensitivity ocdteraevery bout of physical
activity (Nesher et al. 1985) and physical actiwrgining increases long term
insulin sensitivity (O'Gorman et al. 2006).

This study has shown that, in order to decreaserb@ortion of adolescents
reporting diabetes risk factors, youth should naama healthy weight, consume
more high fibre, high magnesium and low Gl foodshsas vegetables, fruit,
legumes and whole grains, should limit high fatde@and should increase levels
of physical activity.

5.5.1. Diabetes Risk Factors: Boys Versus Girls

The findings of the present study showed that vaste more likely than
girls to be overweight or obese; a pattern also seéhe CCHS (Shields 2006).
In addition, a study of adolescents in Quebec fahat boys were more likely to
be overweight or obese when they were 9 or 13 yadfaage, but rates were
similar among boys and girls by age 16 (Lambeal.e2008). Possible
mechanisms for this difference include differentgras of growth and
maturation between boys and girls or social or beh@al factors. It is well
known that girls are more concerned about theiyleeight compared to boys
(Field et al. 2001) and boys have also been foarthve poorer dietary quality

compared to girls (Hurley et al. 2009), but furthesearch examining the reasons
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behind these differences in overweight and obdmtween the sexes is
warranted. Boys were also more likely to have I&dtand GLs and high fat
diets. Also of concern for boys was the findingtthn spite of greater energy
intakes, magnesium and vegetable and fruit intale¥e not greater among boys,
indicating that nutrient density may be lower ie thets of the boys. These
results suggest that, a greater emphasis on weighigement, carbohydrate
guality and fat intake may be particularly benefidor boys.

Girls were more likely than boys to have low filiméakes and low
physical activity levels. Lower energy requirenteot girls may it difficult to
achieve the same fibre intake as boys, howevemgtiag a high fibre diet
among adolescent girls could be important for dederevention. Lower
physical activity levels among girls compared tgy$ a pattern that is
consistently seen in studies of children and adelats (Koezuka et al. 2006).
Promoting novel physical activity options for giitschallenging, but is especially
important in this group.

On average, girls reported fewer diabetes rislofadhan boys, suggesting
that boys may be at higher risk of developing t@mkabetes, based on their
lifestyle habits. However, studies of type 2 dialseamong adolescents have
shown that significantly more girls than boys aisgdosed with type 2 diabetes
(Hale and Rupert 2006; Holl et al. 2003; Zdravkoati@l. 2004). It has been
hypothesized that this is due to a greater drapsulin sensitivity during puberty
rather than because of differences in lifestyletsaietween the sexes (Ball et al.

2006).

166



5.5.2. Diabetes Risk Factors by Age
The results of this study showed that older boysewore likely than

younger boys to have a high Gl, a low magnesiuakimta high fat diet and low
physical activity levels. Older girls were morkelly than younger girls to have a
high GI, low vegetable and fruit intake and low picgl activity levels. Older
students also reported a greater total numbeskffaictors compared to their
younger peers. This suggests that dietary quatityphysical activity both
decrease with age, indicating that the promotioheaith behaviours is
particularly important in the 14 to 17 year old ageup.
5.5.3. Diabetes Risk Factors by BMI Categories

When students were categorized as being non-ovginyeverweight or
obese according IOTF cut-offs, it was found thairftake increased across BMI
categories. Overweight youth were more likely &dnlow fibre intakes than
non-overweight or obese youth and a similar pattes seen with magnesium
(boys only). Non-overweight boys were more likedyhave a high GL than
overweight or obese boys and the proportion of wegsrting low physical
activity levels increased with increasing BMI caieg

Increasing fat intakes with increasing BMI is atpat that is frequently,
but not consistently, seen in the literature (Johret al. 2008; Storey et al. 2003).
Previous studies have shown a negative linear tbehsleen fibre intake and
adiposity (Johnson et al. 2008), making the findimgf more overweight students
reported low fibre and magnesium intakes than obes¥ents appear

contradictory. A possible explanation for thisulégould be that the higher fibre
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and magnesium intake is due to a higher calorakemmong obese youth.
Alternatively, this effect may have been a restih greater effort by obese
students to eat more high fibre and high magne$oaas to control their weight.

The finding that a high GL was more common amongowerweight
boys compared to overweight or obese boys, wasualeppected. The glycemic
load is a measure that takes into account botlobgdrate quality and quantity.
The observed result, therefore, may be due to bgdvate quantity rather than
quality. Higher carbohydrate intakes (and thereigyer GLs) may be indicative
of a low fat diet. High fat intakes and lower aatnlgdrate intakes have been
related to obesity in previous studies of adoletscéstorey et al. 2003). The
result of the present study that high GLs were ntoramon among non-
overweight students may be indicative of a higlbchydrate, low fat dietary
pattern.

The proportion of students with low physical adinincreased with BMI
category among boys but not among girls. The Ganadommunity Health
Survey observed similar results in its 2004 rota{i®hields 2006). Although
there was a trend towards an increasing propodictudents with low physical
activity levels with increasing weight among gitisis was not significant. Itis
possible that because physical activity levelsoaté low and less variable in
girls, it is a less significant contributor to boagight control than in boys.

Overall, this analysis showed that overweight abpelse youth had a
greater number of risk factors for diabetes thair thon-overweight peers. This

suggests that overweight groups may be importageéts for diabetes prevention
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programs and risk factors that are particular mwis for overweight and obese
youth including fat and fibre intake for both baysd girls and magnesium intake
and physical activity for boys.

5.5.4. Strengths and Limitations

This was a large study of Alberta adolescentsubatl validated tools to
assess dietary intake and physical activity. Te,dhere have been few
Canadian studies of this size evaluating the Wfegractices of youth in this age
group. The web-based method was also beneficialbllewed students
throughout a wide geographical area to participatee study and allowed for
complete anonymity.

One limitation of the present study was that oungla was not randomly
selected. Although schools were randomly seleicigrhrticipate, schools and
students within those schools were able to opbbttie study. Therefore the
present study represents a convenience samplesuduey is also self-reported
data. As discussed above, self reported heiglitsvarghts may have led to a
lower reported proportion of overweight or obesalshts. Another limitation
was that some variables important to diabeteswesie not part of the study. This
survey did not include questions about ethnic bemkgd, family history of
diabetes or socioeconomic status which are impoc@miributors to diabetes
risk. However the purpose of this study was ta@ra modifiable lifestyle risk
factors for diabetes and to determine opportunfbeslisease prevention. In
addition, several dietary variables such as whodengntake and polyunsaturated

fat intake were not available due to limitationdlod dietary analysis database.
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Finally, cut-offs for diabetes risk were based atues from adult literature and it
is not known if these cut-offs are appropriatedgounger age group.
5.6. Conclusions

This study found that, in this large sample of yoinom Alberta, Canada,
lifestyle risk factors for type 2 diabetes were coomly reported between both
sexes and among all age and BMI groups. Boys tregonore risk factors
compared to girls, older students reported motefastors compared to younger
students and students with a higher BMI reportedemisk factors than students
with a lower BMI. These findings suggest that diretary and physical activity
habits of Alberta youth are not optimal for they@etion of type 2 diabetes.
Greater consumption of vegetables, fruit, legunmekvehole grains and lower fat
intakes and higher levels of physical activity wibgreatly improve the risk

profile of this group.
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Chapter 6: Dietary and Physical Activity Diabetes sk Factors and
Insulin Sensitivity Among Alberta Adolescents
6.1. Preface

Previous studies (Chapters 3-5) showed that diabietle factors were
commonly reported among Alberta youth, suggestiag) their dietary and
physical activity habits are not conducive to diaseprevention. However, the
health consequences of these risk factors wereleat. We therefore aimed to
examine the link between diabetes risk factorsaaptysiological measure of
diabetes risk: insulin sensitivity as measured Bagoon 13 (C-13) glucose
breath test.

The following chapter is based on combined datanftiee Healthy Hearts
Initiative and the Web Survey of Physical Activagd Nutrition 2 (Web-SPAN
2). The Healthy Hearts Initiative is a prospectuedy of the health and fithess
of Alberta youth that is being conducted in oneekth school board district that
encompasses several communities outside of thefcEgmonton. This study
has been ongoing since 2000, but the present siety only data collected in the
spring 2008 rotation of this program. Web-SPANd&swa study that employed
the Web-SPAN survey (the same survey used in Clsagptand 5) to collect
nutrition and physical activity information fromlage sample of Alberta youth
between January and December, 2008. Web-SPANipartts included in this
analysis were students aged 10 to 14 who compheitdthe Web-SPAN 2
survey and completed a Carbon 13 (C-13) glucosatibtest as part of the

Healthy Hearts Initiative.
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6.2. Introduction

Type 2 diabetes is a disease caused by an inamdmttween genetic
predisposition and lifestyle factors. Among aduttg relationship between
lifestyle factors and type 2 diabetes risk has lhberoughly studied. Lifestyle
factors that influence diabetes risk among adualtkide obesity (Rana et al.
2007), high glycemic index (Gl) and glycemic lo&sl ] diets (Barclay et al.
2008), low fibre intake (Meyer et al. 2000), low gnasium intake (Lopez-
Ridaura et al. 2004), low vegetable and fruit ietékiu et al. 2004), high fat
intake (van Dam et al. 2002) and low physical aistikevels (Hu et al. 1999).
Risk factors for diabetes are important to exanaméhey help to identify those at
greater risk for disease, provide evidence fomibed to intervene in those at high
risk and inform strategies to decrease disease risk

Although type 2 diabetes has traditionally beensmigred a disease of
adulthood, the prevalence of this disease in tldeadent population has risen in
recent years (Dabelea et al. 1998; Hale and R2pe&&; Urakami et al. 2005;
Zdravkovic et al. 2004). Because early onset /pé&abetes is a new and
relatively uncommon occurrence, risk factors fqrety2 diabetes in youth,
particularly lifestyle factors, are not as well idefd as for adults. When
examining diabetes risk factors among youth, itasessary to define risk factors
by adult standards and extrapolate to childrerth@igh this approach is not
ideal, current evidence suggests that the aduleang forms of the disease have

similar risk factors, with both adult and child dies finding obesity, family
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history and race, to be strong risk factors of tmkabetes (Meigs et al. 2000;
Morrison et al. 2008; Zdravkovic et al. 2004).

Further study of diabetes risk factors among yasithmited by the
relative rarity of type 2 diabetes in this age gro possible solution to this
problem is to assess the relationship betweernylfefactors and a measure of
diabetes risk that is more commonly seen in théesdent population, such as
insulin resistance. Adolescents with insulin rsise are at greater risk of
developing type 2 diabetes in the future (Morrisbal. 2008).

The gold standard for measuring insulin resistasitiee hyperinsulinemic
euglycemic clamp method. However, this methodslg, time consuming and
invasive. Other methods of measuring insulin tasise have been created, the
most commonly used in epidemiological settings p@nmeasures such as HOMA
(Homeostatic Model Assessment) and QUICKI (Quatiansulin Sensitivity
Check Index) which use fasting blood glucose asdlin to calculate insulin
sensitivity scores. However, these methods stijuire blood samples which are
not ideal when assessing a large population ofesdehts. Another method of
measuring insulin sensitivity that has recentlyrbased is the Carbon 13 (C-13)
glucose breath test. In this procedure, C-13 labajlucose is ingested and the
speed with which it is oxidized is assessed by on&ag the appearance of the
labelled carbon exhaled in the breath. The link&le between the results of this
test and insulin sensitivity based on the assumphat decreased insulin
sensitivity results in a reduced rate of glucoseation. Previous studies have

shown that breath test results correlate with ing@lsistance as measured by
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clamp methods (Lewanczuk et al. 2004). The purpbsiee present study was to
evaluate the ability of different statistical mogled assess the relationship
between previously identified lifestyle risk facddor type 2 diabetes (Chapter 5)
and insulin sensitivity as measured by the C-18age breath test.
6.3. Methods

This study was a secondary analysis of data cellieas part of the
Healthy Hearts Initiative. The Healthy Heartsiltive is an annual survey of the
health and fitness of over 2000 school childrerda@y& 18 within one Alberta
School District that has been ongoing since 2004is school district
encompasses several rural and urban communitiesusigiing the city of
Edmonton, Alberta. Data used in the present siuehe collected in the spring
2008 rotation of the study. Ethical approval fog Healthy Hearts study was
obtained from the Health Research Ethics Review®&t& the Faculty of
Medicine and Dentistry at the University of Albe(see Appendix E).
6.3.1. Participants

Participants for the present analysis consisteasafbset of participants
aged 10 to 14 years from the Healthy Hearts Iniatvho completed both a Web
Survey of Physical Activity and Nutrition (Web-SPABNd a C-13 glucose
breath test for insulin sensitivity during the 20f&a collection period. Before
participation in the study, written informed consesas obtainedrom parents

and students provided verbal assent.
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6.3.2. Measures

Variables assessed in this study included measeaigtht and weight,
dietary intake and physical activity status of shedents as measured by the Web-
SPAN, and a C-13 glucose breath test for insuliisisi@ity.
6.3.2.1. Height, Weight and BMI

Height and weight were measured on site at theadslio duplicate, using
a medical stadiometer (Seca Portable Model 214 pafidital scale (Seca 882
Digital Floor scale) and the mean of the two meadwalues was used. Body
Mass Index (BMI) was then calculated (kgJm
6.3.2.2. Web-SPAN Survey

The Web Survey of Physical Activity and Nutritiaan on-line tool that
measures dietary intake, physical activity and mmwnental and social
determinants of health behaviours through a sefigsiestionnaires. In the
present analysis, only the dietary intake and iaysictivity assessment portions
of the tool were used.
6.3.2.2.1. Dietary Intake

Dietary Intake is assessed in the Web-SPAN queastion by thé-=ood
Behaviour Questionnaire; a tool developed by Dr. Rhona Hanning from the
University of Waterloo (Hanning et al. 2003). Theod Behaviour Questionnaire
is a web-based 24-hour recall tool, in which stusieacord all food and
beverages consumed in the previous 24 hours, sgjdodm a list of over 500
foods. This tool also includes cues for frequentigsed foods such as toppings,

and beverages. Nutrient analysis of the recalilethy intakes was conducted
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using the ESHA Food Processor (version 7.9, ESH#eReh, Salem, OR) and
the 2001 Canadian Nutrient File (Health Canada p@@fabase. In addition, the
number of servings consumed from each of the foodgs according to Eating
Well with Canada’s Food Guide (Health Canada 20@3 calculated.

Dietary Gl and GL were also calculated by the W&#AN. For this
calculation, each carbohydrate containing foochen\Veb-SPAN database was
assigned a Gl value based on published valuesdiBstvell et al. 2002;
University of Sydney 2005). As outlined below, lgalietary Gl and GL were
calculated by the method described by (Sahyouh 2085).

GL/svg = Gl x available carbohydrate /100

Where available carbohydrate = total carbohydréitae
The daily GL for each subject was calculated bytiplying the number of
servings of each food by the GL/serving value, tedGL values from all the
foods eaten were summed.

Daily GL = }(GL per serving x # servings of each food)

Where GL per serving is the GL of the portion ssteach food in the
Food Behviour Questionnaire (1 serving was usuedlyal to 1 serving from
Canada’s Food Guide to Healthy Eating); and thebarrof servings equals the
number of servings that were reported to be eagghdstudent.

Daily Gl was calculated as:

Daily Gl = (Daily GL/available carbohydrate) x 100
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6.3.2.2.2. Physical Activity

Physical activity was measured using an on-linsieerof the Physical
Activity Questionnaire for Older Children (PAQ-id¢walski et al. 2004).
Physical activity is assessed by this tool basesetireported physical activities
performed in the last 7 days. Activities assesseldide sport participation,
active transport, activity during the school dagtj\aty after school and activity
on the weekends. The PAQ-C scores range fronbMiivh 1 indicating a low
level of physical activity and 5 indicative of aghilevel. A second measure of
physical activity was also calculated from varighle the PAQ-C score. Previous
studies have shown that it is possible to assigitagive Metabolic Equivalent of
Task (MET) score to the self reported frequencfedifeerent physical activities
as reported by youth (Klentrou et al. 2003; McMyrea al. 2000). The method
used for calculating a relative MET score from PEQalues can be found in
Appendix F.
6.3.2.3. C-13 Glucose Breath Test for Insulin Sensitivity

The C-13 glucose breath test was used as a mezfSnselin sensitivity
(Lewanczuk et al. 2004). Participants providedsdtine breath sample
following an overnight fast by exhaling one norrbegath of air through a straw
into a 10ml gas sampling tube. Participants tl@rsamed a 100ml beverage
containing 25mg of C-13 labelled glucose, 15g débelled dextrose and orange
flavouring. After 90 minutes, a second breath damyas taken. The C-13
content of all breath samples was measured asttkagnostika laboratories

using an AP2003 isotope ratio mass spectrometeal{fical Precision Limited,
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Cheshire, U.K.). The Insulin Sensitivity Score§)Sor each participant was
calculated as the difference in the C-13 contetwéen the baseline breath
sample and the 90 minute sample/(0).
6.3.3. Statistical Modeling of Lifestyle Risk Factors forDiabetes

The association of diabetes risk factors with IS£s tested in three ways:
(1) using continuous risk factor variables (2) gsiiichotomous variables and (3)
using composite diabetes risk scores. These metheck used to determine
which model best explained changes in ISS andarcase of dichotomous
variables, to test the effectiveness of cut-offsdus Chapter 5. Risk factors
included in each of these models included obeGityGL, fibre, magnesium,
vegetable and fruit intake, fat intake and physawdivity (as seen in Chapter 5).
The methods for creating the dichotomous risk figcamd the composite diabetes
risk scores are outlined below.
6.3.3.1. Defining Dichotomous Diabetes Risk Factors

Dichotomous diabetes risk factors were defined m@liog to the method
discussed in Chapter 5. Briefly, all large, londihal cohort studies examining
the relationship between dietary and physical agtisk factors and type 2
diabetes risk were compiled and summarized. Aetabhtaining these
summaries for each risk factor can be found in AylpeC. Based on the
findings of these studies and expert consultatatrpffs for each variable were
determined as outlined in Table 6.1 (See Chap&rdbAppendix D for detailed

rationale for these cut-offs).
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6.3.3.2. Creating a Composite Diabetes Risk Score

To determine the best method for constructing apmsite diabetes risk
score based on dietary and physical activity régltdrs for diabetes, a literature
search was conducted to determine what diabetesa@es exist for the adult
population and to evaluate their ability to be uasé model for our composite
diabetes risk score (Chapter 2; Table 2.1). As/th@bles used in these scores
were not comparable to data available in the WeANsBurvey, none of these
scores could be used as the basis of our compbalietes risk score for youth.
Therefore, diabetes risk factors identified in Gleap were used to create the
composite diabetes risk score. As the best mathagtighting these risk factors
in a composite diabetes risk score was uncleaethrethods of weighting the
variables were used:

1. Each risk factor could be weighted equally sortbk score for each

person would be the sum of the number of risk factioey reported.

2. Each risk factor could be weighted accordinth®oreported relative

risk of diabetes associated with the cut-off chasesording to unadjusted

models (adjusted for only age and sex).

3. Each risk factor could be weighted accordinth®oreported relative

risk of diabetes associated with the cut-off chasesording to

multivariate adjusted models (adjusted for a widgety of variables

including such factors as age, sex, ethnicity, kafmstory of diabetes,

blood pressure, blood lipids, dietary intake angspdal activity).
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For the variables of obesity and physical activétyyide range of weights
for their effects on diabetes risk were evidentrfrie literature. For these two
variables the range of possible weights was tdsgerteating different variations
of the composite risk score using the strongestvaakest weights suggested in
the literature. In addition, when data collectwsas complete, it was found that
only a small subset of the total sample had coragléie physical activity portion
of the Web-SPAN survey. Therefore, different viaoias of the composite risk
score either including or excluding physical ad{ivhade it possible to both use
the full sample and determine if including physiaelivity in the composite score
was beneficial. The decisions made for each askof are described in detail in
Appendix D and cut-offs, weighting, references eattbnale are summarized in

Table 6.1.
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Table 6.1 Cut-offs and Relative Risks for DiabeteRisk Factors

Variable Cut-off Unadjusted | Adjusted Reference Reason for using
Relative risk | Relative Risk

Overweight IOTF cut-offs for | Overweight: | Overweight: Hart, 2007, Krishnan| Appropriate for children. Reference values

and Obesity overweight and 2.6-7.0 1.8-7.6 2007, Hosseinpanah| come from an international sample. Studies

obesity by age and| Obese: 5.8 —| Obese: 3.5-20 | 2007, Rana, 2007, Huhave shown that there is increasing diabe
sex. 18.6 2001, Meisinger, risk with increasing BMI category,

2006 however, for children, only overweight an
obese classifications exist (no class |, II, |
obesity).

High Gl > 58 n/a 1.4 Barclay, 2008 This study waesbest available source of
information. As a meta-analysis, it include
information from many studies.

High GL > 142 n/a 1.3 Barclay, 2008 This study Wasbest available source of
information. As a meta-analysis, it include
information from many studies.

Low Fibre <14.8¢g 1.89 (0.53) 1.28 (0.78) Schulze, 2004 Bbtese studies are North American

Intake and had similar results therefore the mea
value between the two studies was taken

Low < 220mg/d 1.82 (0.55) 1.39 (0.72) (Lopez-Ridaura et alThis study was the best study available th

Magnesium < 280mg/d males 2004) measured magnesium in units comparabl

Intake to the Web-SPAN survey (mg/d).

Low Vegetable| < 2 servings/day n/a 1.3(0.77) Liu, 2004 This gtusled portion sizes similar to

and Fruit sizes from Canada’s food guide.

Intake

High Fat Intake| > 39% of calories 1.88 1.27 Van Dafo02 Due to the characteristics of our dataset,
only total fat could be used. This study w
the best study that showed the risk that
could be attributed to total fat intake.
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Low Physical
Activity

<3

1.7-33
(0.3-0.6)

1.16 -1.96
(0.51-0.86)

Plotnikoff, 2009

This value has been used in aip[m/studyJ

assessing overall chronic disease risk in the
same sample (Plotnikoff et al. 2009). A
MET (Metabolic Equivalent of Task) value
was not available from the PAQ-C. Also,
this cut off results in a inactivity rate similar
rates in the Canadian Community Health
Survey (CCHS) (Koezuka et al. 2006).




As mentioned above, several composite risk fastores, each using
different combinations of risk factors and weightgre calculated. In total there
were 14 composite diabetes risk score variatiomettested:

Equal weights
DRS #1 = Overweight + Obesity + High Gl + High GLLew Fibre + Low Mg +
Low V&F + High fat + Low PA

DRS #2 = Overweight + Obesity + High Gl + High GLLew Fibre + Low Mg +
Low V&F + High fat

Unadjusted Weights

DRS #3 (weighted low for overweight and obesity owd for PA) = Overweight
* 2.6 + Obesity * 5.8 + High GI * 1.4 + High GL *3 + Low Fibre * 1.89 + Low
Mg * 1.82 + Low V&F * 1.3 + High fat * 1.88 + LowR * 1.7

DRS #4 (weighted low for overweight and obesity armgh for PA) = Overweight
* 2.6 + Obesity * 5.8 + High GI * 1.4 + High GL *3 + Low Fibre * 1.89 + Low
Mg * 1.82 + Low V&F * 1.3 + High fat * 1.88 + LowR * 3.3

DRS #5 (weighted low for overweight and obesity &#dnot included) =
Overweight * 2.6 + Obesity * 5.8 + High Gl * 1.4High GL * 1.3 + Low Fibre *
1.89 + Low Mg * 1.82 + Low V&F * 1.3 + High fat *.88

DRS #6 (weighted high for overweight and obesitgt lnw for PA) = Overweight
* 7 + Obesity * 18.6 + High Gl * 1.4 + High GL * 3.+ Low Fibre * 1.89 + Low
Mg * 1.82 + Low V&F * 1.3 + High fat * 1.88 + LowR * 1.7

DRS #7 (weighted high for overweight and obesitg high for PA) =
Overweight * 7 + Obesity * 18.6 + High Gl * 1.4 Hdth GL * 1.3 + Low Fibre *
1.89 + Low Mg * 1.82 + Low V&F * 1.3 + High fat *.88 + Low PA * 3.3

DRS #8 (weighted high for overweight and obesitgt BA not included) =
Overweight * 7 + Obesity * 18.6 + High Gl * 1.4 Hdth GL * 1.3 + Low Fibre *
1.89 + Low Mg * 1.82 + Low V&F * 1.3 + High fat *.88

Adjusted Weights

DRS #9 (weighted low for overweight and obesity &owl for PA) = Overweight
* 1.8 + Obesity * 3.5 + High GI * 1.4 + High GL *.32 + Low Fibre * 1.28 + Low
Mg * 1.39 + Low V&F * 1.3 + High fat * 1.27 + LowR* 1.16
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DRS #10 (weighted low for overweight and obesitgl &igh for PA) =
Overweight * 1.8 + Obesity * 3.5 + High GI * 1.4High GL * 1.3 + Low Fibre *
1.28 + Low Mg * 1.39 + Low V&F * 1.3 + High fat *.27 + Low PA * 1.96
DRS #11 (weighted low for overweight and obesitgl &A not included) =
Overweight * 1.8 + Obesity * 3.5 + High Gl * 1.4High GL * 1.3 + Low Fibre
*1.28 + Low Mg * 1.39 + Low V&F * 1.3 + High fat 1.27
DRS #12 (weighted high for overweight and obesitg bow for PA) =
Overweight * 7.6 + Obesity * 20 + High GI * 1.4 Hdth GL * 1.3 + Low Fibre *
1.28 + Low Mg * 1.39 + Low V&F * 1.3 + High fat *.27 + Low PA * 1.16
DRS #13 (weighted high for overweight and obesitg high for PA) =
Overweight * 7.6 + Obesity * 20 + High GI * 1.4 Hdth GL * 1.3 + Low Fibre *
1.28 + Low Mg * 1.39 + Low V&F * 1.3 + High fat *.27 + Low PA * 1.96
DRS #14 (weighted high for overweight and obesitgt RA not included) =
Overweight * 7.6 + Obesity * 20 + High GI * 1.4 Hdth GL * 1.3 + Low Fibre *
1.28 + Low Mg * 1.39 + Low V&F * 1.3 + High fat *.27
6.3.4. Statistical Analysis

Mean values for each of the risk factors were dated and differences
between girls and boys were determined with stuslémtésts. In addition, t-tests
were used to assess differences in mean valueg®etivose who did and did not
complete the PAQ-C questionnaire. The proportiostudents reporting each
risk factor was also determined and differences/den the sexes were assessed
using chi-square tests. Differences in the propomf students reporting each
risk factor between those who did and did not cateplhe PAQ-C questionnaire
were also assessed using chi-square tests.

The associations between risk factors for diabetesid ISS were
assessed using three models; using continuoufasir variables, using

dichotomous diabetes risk factors and using thepomsiite diabetes risk scores.

The relationship between continuous risk factonval as age and sex and ISS
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were assessed using multiple linear regressiopardee models were used for the
whole sample, for boys and for girls. In additiamnultiple regression model
including only those who had completed the PAQ-Esfjonnaire was
constructed. Separate models were not used fanghis sample as the small
sample size greatly reduced the power of this amalyThe relationship between
dichotomous risk factors for diabetes and ISS vss @assessed using multiple
linear regression models. Again, separate modets wsed for boys and girls
and for students who completed the PAQ-C questioana

The association between each version of the congpdisibetes risk score
with ISS was assessed using separate multiplesgigremodels for each version
of the composite diabetes risk score and the ptagerof variance explained by
the models was compared. Hierarchical analysisusad to determine how
much of the variability of the ISS could be expkdrby the composite diabetes
risk score in addition to the variance explainedagg and sex. Analyses were not
divided by sex as the sample size for models coimigriphysical activity were too
small to have adequate power.
6.4. Results

A total of 318 students aged 10 to 14 were includddlis analysis.
However, it should be noted that only about a eudr = 82) of the students
completed the physical activity portion of the W8BAN survey. Therefore,
analyses including physical activity were conducegarately with this smaller
group and differences between students who diddahdot complete the

physical activity questionnaire were assessed.ly&ra conducted using the
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whole sample (n = 318) were separated by sex itz snalyses showed
differences in results between the sexes. Analgseducted in the smaller group
who completed the PAQ-C were not separated by séixeasmaller sample size
greatly reduced the power of this sub-sample. gresence of outliers was
assessed by examining Cook’s distances and leveediges. Participants who
had leverage values twice that of the mean wersidered possible outliers,
however, as none of these possible outliers smanfly affected the outcome of
the multiple regression models when removed, atigpants were included in
the final analysis.
6.4.1. Characteristics of Participants and Risk Factor Frejuency

Students in this study ranged in age from 10 tgelats with a mean age
of 11.7 years. The characteristics of participamid mean values for each of the
risk factors assessed are shown in Table 6.3. [Redfistudent’s t-tests showed
that boys had higher dietary GLs compared to grls 0.03) and girls had a

higher mean ISS compared to boys (p = 0.02).
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Table 6.2 Participant Characteristics and Mean Vales for Risk Factor

Variables by Sex

Sensitivity Score

Variable Total Boys Girls P-value

N =318 N =137 N =181
Age 11.6+15 11.7 £1.2 11.6+1.2 0.786
BMI (kg/m°) 19.8 + 3.7 19.9+3.8 19.7 +3 .7 0.590
Gl 55.6 + 6.8 55.7+7.5 55.5 +6.28 0.782
GL 132.5+63.20 141.3+72.6 125.7 +54|9 0.030
Fibre (g) 14.2 + 8.3 14.8+9.1 13.8+ 7.9 0.314
Magnesium 2624+ | 272.0+144.2) 255.3+1229 0.265
(mQ) 131.9
Vegetable and 4836 49+36 49+37 0.998
Fruit (Servings)
Percent Fat (% | 31.0+8.5 30.6+7.9 31.1+8.9 0.549
kcal)
Insulin 17.2+£5.0 16.5+4.7 17.8+5.0 0.022

Data are means + SD

Differences between boys and girls were assessed sizident’s T-tests.
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Characteristics of participants who had completedRAQ-C portion of
Web-SPAN were determined. As observed in the whkaleple, of those who
completed the PAQ-C, boys had a significantly higie than girls (p = 0.014).
The difference observed in ISS between the sexesasignificant in the
smaller group. Comparisons between students wdhartd did not complete the
PAQ-C showed that participants who completed th@RAwere slightly older (p
= 0.003) and had a higher GL (p =0.030) compardtdee who did not (data
tables for these analyses can be found in Appe@dlix

The proportion of students reporting each of ttabeies risk factors are
found in Table 6.3 for the whole sample (n = 318hi-squared analysis showed
that boys were more likely to report the risk fastof high GL and low
magnesium intake compared to girls. Students vatbdompleted the PAQ-C
portion of the Web-SPAN questionnaire (n = 82) wess likely to have low
magnesium intakes than those who had not compleéeBAQ-C (Data tables for

these analyses can be found in Appendix G).
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Table 6.3 Proportion of Students Reporting DiabeteRisk Factors by Sex

Variable Total Boys Girls P-Value

N =318 N =137 N =181

% (n) % (n) % (n)

Not Overweight 75.8 (241) 74.5 (102) | 76.8 (139) 0.401
Overweight 18.2 (58) 17.5 (24) 18.8 (34)
Obese 6.0 (19) 8.0 (11) 4.4 (8)
High Gl 36.2 (115) 35.6 (48) 37.0 (67 0.441]
High GL 33.6 (107) 41.5 (56) 28.2 (51 0.009
Low Fibre 60.1 (191) 57.8 (78) 62.4 (113) 0.217
Low Magnesium 52.2 (166) 61.5 (83) 45.9 (83) 0.005
Low Vegetable 23.0 (73) 23.7 (32) 22.7 (41) 0.479
and Fruit
Servings
High Percent Fat 15.4 (49) 14.1 (19 16.6 (30) 8.31

Differences between boys and girls were assessed cisi-square tests
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6.4.2. Associations between Continuous Risk Factors for Bbetes and

Insulin Sensitivity

Multiple regression analysis was performed to est@uhe associations
between each of the risk factor variables and [Bl%ee models were used: one
for the whole sample, one for boys and one fosdsee Table 6.4). The model
including both boys and girls accounted for 53%hefvariation in ISS (F [9,
306] = 38.837, p < 0.001). Results of this analgsiowed that, age and sex
contributed significantly to the model (agle= -0.446, p < 0.001; seR:= 0.096,
p = 0.017), but of the risk factors, only BMI wagrsficantly associated with
ISS. However, the contribution made by Gl to thedel approached significance
(p = 0.082). When the analysis was separatedqytise model for boys
explained 55% of the variation in ISS (F[8, 12618975, p < 0.001) and the
model for girls accounted for 53% ( F[8, 172] =&, p < 0.001). BMI
continued to be significantly associated with I8®oth boys and girls (boyB:
=-0.520; girls:;p =-0.413, p < 0.001 for boys and girls) and GI w@gmificantly

associated with ISS for boy8 € -0.185 p = 0.02) but not for girls.
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Table 6.4 Associations between Continuous Dietaryiibetes Risk Factor Variables and Insulin Sensitity Score for Boys and

Girls
Insulin Sensitivity
Total Boys Girls
Variable B Partial R | P-value B Parztial P-value B Parztial P-value
R R

Age (yrs) -0.446 0.279 <0.001 -0.427 0.266 <0.0010.463 | 0.284| <0.001
Sex 0.096 0.018 0.017 n/a n/a n/a n/a nja n
BMI (kg/m°) -0.457 0.291 <0.001 -0.520 0.354 <0.001 -0.413 24D.| <0.001
Gl -0.086 0.010 0.082 -0.185 0.041 0.022 -0.027 0D.0 0.675
GL -0.057 0.002 0.425 -0.081 0.004 0.471 -0.014 06D| 0.822
Fibre (Q) -0.064 0.003 0.348 0.072 0.003 0.523 39.1 0.014 0.117
Magnesium 0.016 <0.001 0.839 -0.089 0.004 0.500 0.058 0.002.5580
(mg)

Vegetable and 0.021 <0.001 0.707 -0.029 0.001 0.735 0.049 0.003.5130
Fruit Intake

(servings)

Percent Fat (% | -0.011 <0.001 0.797 0.012 <0.001 0.857 -0.0p7  0.00D.623
kcal)

B = Standardized Coefficient
Total: F [9, 306] = 38.837, p < 0.001? R 0.533; boys: F[8, 126] = 18.975, p < 0.001 =F0.546; girls: F[8, 172] = 23.873, p < 0.00%,#0.526



Because the PAQ-C portion of the Web-SPAN questoarwas not
completed by all participants, a separate multiptgession model was used to
determine if physical activity was related to 133he smaller group of
participants who completed this portion of the gtu@ihe analysis in this group
was not divided by sex due to the smaller sampgke sThis model (Table 6.5)
explained 54% of the variation in ISS, and simitaresults of the whole sample,
age and BMI were significantly associated with 88 Gl approached
significance (p = 0.072). However, in this anaysiex was not significantly
related to ISS. This model also showed that PA§@e was not significantly
associated with ISS. The relationship betweercarsémeasure of physical
activity, a MET score calculated from PAQ-C vargdland ISS was also
assessed. As seen with the PAQ-C, the MET scosenaiaassociated with ISS

(Table 6.6).
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Table 6.5 Associations between Continuous Dietarynd Physical Activity
Diabetes Risk Factor Variables and Insulin Sensitity Score Using the PAQ-
C to Measure Physical Activity

Variable B Partial R | P-value
Age (yrs) -0.381 0.214 <0.001
Sex 0.021 0.001 0.805
BMI (kg/m°?) -0.460 0.275 <0.001]
Gl -0.193 0.045 0.072
GL -0.108 0.008 0.441
Fibre (g) -0.165 0.020 0.229
Magnesium (mg) -0.016 <0.001 0.918
Vegetable and Fruit 0.099 0.013 0.332
Intake (servings)

Percent Fat (% kcal) 0.023 0.001 0.795
PAQ-C Score -0.014 <0.001 0.877

B = Standardized Coefficient
F[10, 71] = 8.365, p < 0.001 2R 0.541
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Table 6.6 Associations between Continuous Dietarynd Physical Activity
Diabetes Risk Factor Variables and Insulin Sensitity Score Using a MET

Score to Measure Physical Activity

Variable B Partial R | P-value
Age (yrs) -0.400 0.190 <0.00]
Sex 0.043 0.003 0.617
BMI (kg/m°?) -0.374 0.194 <0.001]
Gl -0.120 0.017 0.230
GL -0.041 0.001 0.740
Fibre (g) -0.147 0.015 0.248
Magnesium (mg) -0.042 0.001 0.7738
Vegetable and Fruit 0.143 0.022 0.168
Intake (servings)

Percent Fat (% kcal) -0.018 <0.001 0.83
MET Score -0.058 0.006 0.484

B = Standardized Coefficient, SE = Standard Error
F[10, 87] = 8.226, p < 0.001°R 0.486
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6.4.3. Associations between Dichotomous Risk Factors fori@betes and

Insulin Sensitivity

The relationship between dichotomized risk facforgype 2 diabetes and
ISS was examined using two multiple regression nsod€able 6.7 shows the
regression model for the whole sample and Tablel&o8vs the model including
only participants who had completed the PAQ-C daestaire. Results were not
separated by sex as no significant differences dmtvthe sexes were observed
when this analysis was conducted. These resuwiseshthat age(= -0.570, p <
0.001), sexff=0.111, p = 0.012), overweiglft € -0.295, p < 0.001), obesitf (
=-0.238, p < 0.001) and GB € -0.096, p = 0.028) were significantly associated
with ISS in the model using the whole sample, exyptg 47% of the variation in
ISS (F[10, 305] =26.861, p<0.001). Among partiaavho completed the
physical activity questionnaire, only age, ovenirtignd obesity were

significantly associated with ISS (F[11, 69] =4.98€0.001, R = 0.440).
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Table 6.7 Associations between Dichotomous DietaBiabetes Risk Factors
and Insulin Sensitivity Score

Variable B Partial R P-value
Age -0.570 0.367 <0.001
Sex 0.111 0.021 0.012
Overweight -0.295 0.135 < 0.001
Obesity -0.238 0.092 < 0.001
High Gl -0.096 0.016 0.028
High GL 0.013 <0.001 0.796
Low Fibre 0.013 <0.001 0.809
Low Magnesium 0.014 <0.001 0.781
Low Vegetable and Fruit 0.074 0.009 0.092
High Fat -0.021 0.001 0.615

B = Standardized Coefficient, SE = Standard Error
F[10, 305] =26.861, p<0.001°R 0.468
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Table 6.8 Associations between Dichotomous Dietaand Physical Activity
Diabetes Risk Factors and Insulin Sensitivity Score

Variable B Partial R | P-value
Age -0.544 0.311 <0.001
Sex 0.085 0.011 0.379
Overweight -0.268 0.103 0.006
Obesity -0.233 0.079 0.018
High Gl -0.155 0.035 0.118
High GL -0.085 0.008 0.444
Low Fibre 0.024 0.001 0.852
Low Magnesium -0.019 <0.001 0.862
Low Vegetable and Fruit 0.126 0.025 0.188§
High Fat -0.021 0.001 0.825
Low Physical Activity -0.047 0.004 0.619

B = Standardized Coefficient
F[11, 69] =4.930, p<0.001,’R 0.440
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6.4.4. Associations between Composite Diabetes Risk Scoeedd Insulin
Sensitivity
Table 6.9 shows the associations between of eanpasite diabetes risk
score and ISS. Model 14 explained the greatestiatad the variation in ISS at
43% however; models 6, 7, 12 and 13 resulted imythatest change infRvith
the composite diabetes risk score after the ingfusf age and sex in the model,
explaining 11.5 — 12.6% of the variation in ISS<(p.001 for change in¥or

each model).

206



Table 6.9 Variance in Insulin Sensitivity Score Exfained by Each Version of
the Composite Diabetes Risk Score

Composite R*Total | R for Age| Changein R | P-value for the
Diabetes Risk and Sex | with DRS change in R
Score

Equal Weights

1 0.326 0.279 0.046 0.016
2° 0.360 0.334 0.026 <0.001
Unadjusted Weights

31 0.348 0.279 0.068 0.003
41 0.343 0.279 0.064 0.005
5 1 0.383 0.334 0.049 <0.001
6F 0.397 0.279 0.117 < 0.001
77 0.395 0.279 0.115 < 0.001
8t 0.426 0.334 0.092 <0.001
Adjusted Weights

9 0.341 0.279 0.062 0.005
10 1 0.339 0.279 0.060 0.006
11 1 0.373 0.334 0.038 <0.001
12 £ 0.406 0.279 0.126 <0.001
139 0.405 0.279 0.126 <0.001
14 ¥ 0.432 0.334 0.097 <0.001

t low weighting of obesity, T high weighting of ality, * low weighting of physical activity,
high weighting of physical activity,no physical activity
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6.5. Discussion

This is the first study to examine the relationdb@tween lifestyle
variables and insulin sensitivity in Canadians adoénts based on a C-13 glucose
breath test. Results of this study showed that see and BMI were
significantly associated with ISS as measured Byl glucose breath test in a
sample of Alberta adolescents, and in addition,regrimys, Gl was significantly
related to ISS. In addition this study showed &hamining an aggregated risk
score was not more helpful in accounting for vagiatn ISS compared to testing
each risk factor separately, indicating that tlteyes not appear to be a synergistic
effect among the risk factors.
6.5.1. Associations between Continuous Risk Factors for Bbetes and

Insulin Sensitivity

In the present study, age was significantly relaoel$S with insulin
sensitivity decreasing with increasing age. Outigpants ranged in age from 10
to 14 years; a time period in which puberty gengi@curs. Studies have
established that insulin sensitivity decreasesndupuberty with the nadir
occurring in mid-puberty (Tanner Stage 2-3) anduelas in late puberty (Ball et
al. 2006). The relationship observed with decreatsS with age in the present
study is consistent with the pattern we would expeobserve in this age group
as a result of puberty. The inclusion of a direetasure of pubertal development
might have been beneficial to include in our modetsvever, this information

was not available for this study.
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Previous studies examining insulin sensitivity agngouth have found
differences between boys and girls. One studyubked the euglycemic clamp
technique, the gold standard of insulin sensitiviigasurement, to assess insulin
sensitivity among over 350 adolescents aged 104 tmund that girls are less
insulin sensitive than boys at all pubertal stg@#sran et al. 1999). Similarly, a
study that used HOMA to measure insulin resistdogad that girls were less
insulin sensitive than boys (Lee et al. 2006). doear, in the present study, it
was found that girls had higher insulin sensitigtpres than boys. A previous
pilot study using the C-13 breath test to determmsealin sensitivity in
adolescents reported a similar pattern, with dnaging higher ISSs compared to
boys; however, in this small study (n = 39), diffieces between the groups were
not significant (unpublished data, Jetha et &l)s possible that this difference is
related to variables not included in this studyhsas family history of diabetes,
pubertal stage and ethnicity; however further itigasion of this observed
pattern is warranted.

Studies examining insulin sensitivity and insulésistance in youth have
found obesity to be the variable most stronglytegldao insulin resistance (Lee et
al. 2006; Lobstein and Jackson-Leach 2006), witn sindy showing that body
weight explained 29% of the variation in IR as muead by HOMA (Lee et al.
2006; Lobstein and Jackson-Leach 2006). Similamlyhe present study, BMI
accounted for 29% of the variation in ISS in thdtiple regression model
including both sexes. It accounted for 35% ofwthgation in ISS in boys and

24% of the variation for girls.
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The present study showed that, for boys, higheti€s were associated
with lower ISS. High glycemic index diets resulthigh postprandial insulin
levels (Del Prato et al. 1994), high fatty acid cemntrations (Kallio et al. 2008)
and they may trigger inflammation (Qi et al. 2004);of which could lead to a
decrease in insulin sensitivity. Several studiesdults have shown a relationship
between Gl and insulin sensitivity (Du et al. 2008;Keown et al. 2004; Ostman
et al. 2006); however, this pattern is not consttyeshown in the literature (Lau
et al. 2005; Liese et al. 2005). To our knowledgdy one study has examined
the relationship between dietary Gl and insulinsgenty in youth, and that study
did not find a relationship between Gl and insgkemsitivity as measured by a
frequently sampled intravenous glucose toleranstie(ESIVGTT) in a sample of
overweight Latino youth aged 10 to 17 years (Davial. 2007). The smaller
sample size (n = 120) and characteristics of theggaants in this study may
account for the differences in results.

Results of the present study suggested that tagaeship between Gl
and ISS existed only for boys and not for girlsis Ipossible that this difference is
due to a greater variability in Gl for boys comghte girls. As Table 6.2 shows,
the standard deviation for Gl for boys is 7.5 d@meld$tandard deviation for girls is
6.3. Although this observed difference falls jsisort of reaching significance (p
=0.08), it is possible that the variability in €@F girls is not great enough to see a
significant relationship. Another possible expl#omaof the different result
between boys and girls is the day to day varighdftGl. A previously

conducted validation of the Gl value calculatedisyy Web-SPAN (see Chapter
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4) showed that GI was highly variable from day &y dintra-class Correlation
Coefficient (ICC) = 0.28) and the ICC was higharlioys than for girls (ICC =
0.30 for boys vs. 0.25 for girls). The differenndCC values between boys and
girls suggests that a Gl value from one 24-houalfecay be more representative
of usual eating patterns for boys than for girls.

Glycemic load, fibre, magnesium, vegetable and fniiake, % fat and
physical activity were not associated with ISS &asured by a C-13 glucose
breath test in this study. Results linking theanigy of these variables to insulin
sensitivity have been inconsistent in the pasteaaileéd below.

A previous assessment of insulin sensitivity intpoi@und no relationship
between dietary GL and insulin resistance (Daved.€2007). Many studies of
adults have found no relationship between GL asdlin sensitivity (Du et al.
2008; Lau et al. 2005; Liese et al. 2005). An gsialof the Framingham
Offspring Cohort found that GL was related to imsuésistance, but not as
strongly as GI (McKeown et al. 2004).

Several studies of adults have found fibre todsmaiated with insulin
sensitivity (Lau et al. 2005; Liese et al. 2005;Kdown et al. 2004), however this
effect has not yet been seen among youth. Cebeallfas been shown to be
more strongly related to insulin sensitivity in #duhan total fibre (McKeown et
al. 2004) and a relationship between whole gratizke and insulin sensitivity has
been observed in youth (Steffen et al. 2003). Wuofately, a measure of cereal

fibre or whole grain intake was not available ia firesent study.
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Magnesium intake has been linked to insulin res#an both adults
(Humphries et al. 1999; Rumawas et al. 2006) andhy(Huerta et al. 2005). One
study of obese children found that low dietary mesium intake was related to
insulin resistance as measured by QUICKI (Huer&.€2005). However,
another study that examined the link between didtiasulin resistance in youth
did not duplicate this finding (Davis et al. 2007).

Vegetable and fruit intake has not been linkedhsuliin sensitivity in
either adults or youth, however it has been founblet related to the metabolic
syndrome in youth (Kelishadi et al. 2008) and fmet diabetes risk in adults
(Harding et al. 2008; Lindstrom and Tuomilehto 2003

The link between dietary fat intake and insulins&sice in youth is also
not clear. An intervention study found that a Isaturated fat diet for children
beginning at infancy lead to increased insulin Befity at 9 years of age
(Kaitosaari et al. 2006). However, other studiegdiet and insulin resistance
have found no connection between dietary fat asdlim resistance (Davis et al.
2007; Klein-Platat et al. 2005; Sheikh et al. 2008)

Physical activity and fitness have consistentlywalma strong link with
insulin sensitivity, however that link was not shoim the present study. Various
methods of assessing physical activity and fitfeesVO2 max (maximum
volume of oxygen), accelerometers, physical agtigitestionnaires) have been
shown to be related to insulin sensitivity as meadiby various methods
(FSIVGTTs, QUICKI, HOMA) (Allen et al. 2007; Bragat al. 2004; Eisenmann

et al. 2007; Imperatore et al. 2006; Ku et al. 20i@zo et al. 2008; Sardinha et
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al. 2008; Snitker et al. 2007). However, someistitiave found that
relationships between physical activity and insskmsitivity are attenuated and
no longer significant after adjusting for body watigimperatore et al. 2006). Itis
possible that the use of a more objective meadysbysical activity may have
been beneficial in seeing the effect of physicéivég on insulin sensitivity in
this group. In addition, only a small subsamplewf group completed the
physical activity questionnaire which may have etiéée our ability to detect the
effects of physical activity on insulin sensitivityt should also be noted that
participants who completed the PAQ-C survey wegaiicantly older and
showed some differences in the presence of rigkfcompared to those who
did not complete the survey. Therefore, the figdim this smaller sample may
not be representative of the whole group.
6.5.2. Associations between Dichotomous Risk Factors fori@betes and

Insulin Sensitivity

Dichotomous risk factors resulted in similar asabons with ISS as
observed with continuous risk factors, howeventiuigance in ISS explained was
slightly lower (47% for dichotomous vs. 53% for tionous). This finding
suggests that using diabetes risk cut-offs sugddstehe adult literature have
comparable associations with ISS as continuoudaisors. This provides
evidence that examining the presence of thesdadkrs in a population of youth

(as seen in Chapter 5 of this thesis) does giveesadication of diabetes risk.
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6.5.3. Associations between Composite Diabetes Risk Scoeedd Insulin

Sensitivity

In this group, multivariate models using composdigbetes risk scores
based on adult values did not explain as mucheoféniation in ISS as models
that assessed risk factors individually (43% fanposite diabetes risk score vs.
47% for dichotomous variables and 53% for contirsueariables). This is likely
reflective of the finding that not all risk factaessted were significantly
associated with ISS in this group. These reshltsvshat a composite diabetes
risk score taking into account only age, sex, oeggit, obesity and Gl may be
more effective in showing associations with ISS.
6.5.4. Strengths and Limitations

Web-SPAN is a survey comprised of validated toloé tollects detailed
dietary and physical activity information usinguamf interactive method. The
Web-SPAN survey is well received by participandsgasy to administer and the
automatic recording of responses decreases measutrennor. However, the 24-
hour recall portion of the questionnaire only colgeinformation about one day of
food intake, which may not be representative oblisitake. Repeated 24-hour
recalls may have provided dietary intake estimdtaswere more representative
of usual intake, however the extra time commitmeadgiired on the part of
schools to execute this method may not have beanceptable. Time
constraints were already a limitation in this stadyseveral schools were not able
to complete the physical activity portion of the BW8PAN questionnaire,

resulting in incomplete data for many participamsiother limitation of this

214



study was that it did not include information omrsovariables that are known to
be related to insulin sensitivity such as pubestaius, ethnicity and family
history of diabetes. Inclusion of these variabtes/ have provided a more
complete picture of insulin sensitivity in this gm

This study used a novel, non-invasive measuresafliim sensitivity to
assess the relationships between diabetes risik$aamnd insulin sensitivity in a
sample of healthy adolescents. The non-invasing@af the test increased the
acceptability to students, parents and schools;iwmade it possible to collect a
larger sample size for this study. This may alseehdecreased volunteer bias.

Although the C-13 glucose breath test is a welletigyed method for
evaluating carbohydrate metabolism, its use asasumne of insulin sensitivity is
relatively new. The C-13 breath test has been showbe successful in
differentiating between healthy participants, thasth impaired glucose
tolerance and those with diabetes, and valueslaterstrongly with other
measures of insulin sensitivity among adults (Dilkt al. 2009; Lewanczuk et al.
2004). Although similar correlations with otherasares of insulin sensitivity
have been seen in children (unpublished data, &thla), this method has not
been extensively validated in this age group.
6.6. Conclusions

In this group of Alberta youth aged 10 to 14 yearg, sex and BMI were
significantly associated with ISS as measured Byl1&8 glucose breath test. In
addition, among boys, Gl was significantly relatedSS. Glycemic load,

magnesium, fibre, vegetable and fruit intake, %afad physical activity were not
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associated with ISS in this group. This suggésitmaintaining a healthy body
weight is important for insulin sensitivity and flmlving a low Gl diet may also be
beneficial. This study also found that using didmaous risk factor variables to
explain ISS had similar results compared to comtirsuvariables; and a composite
diabetes risk score was not advantageous compatedking at diabetes risk

factors separately.
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Chapter 7: Conclusions and Discussion

7.1. Review of Hypotheses and Conclusions
Hypothesis 1:Youth with type 2 diabetes will differ from thosdo are
overweight in that they will have:
a. a greater frequency of medical history related féskors for
diabetes including:
I. stronger family history of type 2 diabet@hapter 3)
ii. greater frequency of diabetes during gestat@mapter 3)
iii. greater frequency of high (>40009g) and low $0Pq)
birth weights(Chapter 3)
b. have greater frequency of symptoms of the metalsghdrome
including:
I. dyslipidemia, specifically high triglyceridesafow High
Density Lipoprotein Cholesterol (HDL-C) concentosis
(Chapter 3)
ii. higher blood pressur@hapter 3)
c. different dietary and physical activity related beiours,
specifically:
i. higher dietary fat intake&Chapter 3)
ii. lower dietary fibre intake§Chapter 3)

iii. higher rates of inactivityChapter 3)
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Hypothesis 1.a.iwas accepteds those with type 2 diabetes were more
likely than controls to have a family history opgy/2 diabetes (n = 24, 86 % vs. n
=17, 61 %, p = 0.026)Hypothesis 1.a.ii.was not accepted because although
more patients with type 2 diabetes were exposelhtmetes during gestation
compared to controls (n =7, 25% vs. n = 3, 11% difference was not
significant (p = 0.125)Hypothesis 1.a.iii.was accepteds those with type 2
diabetes were more likely to have been born witheeilow (< 25009) or high (>
40009) birth weights compared to controls (p = @)02

Hypothesis 1.b.i.was accepteds dyslipidemia was more common among
those with diabetes compared to those withoufpalticular, mean triglyceride
levels were higher among those with type 2 diab@&snmol/L vs. 1.6mmol/L,

p = 0.048) and those with diabetes were more likedy controls to reach the cut-
off for high triglycerides (61% vs. 23%, p = 0.038)d high total cholesterol
levels (48% vs. 4%, p = 0.001Hypothesis 1.b.ii.was not accepted as there
were no differences between the diabetes and dartrops in the proportion of
patients with high blood pressure.

Hypotheses 1.c.iwas not accepted as there were no significant
differences between those with and without typéabetes in terms of their fat
intakes. Hypothesis 1.c.ii.was also not accepted. Inter-observer reliabitity
fibre was too low for comparisons in intake to bad®. Hypothesis 1.c.iii.could
also not be accepted with a high degree of confidelthough patients with
type 2 diabetes were significantly less likely@paort being physically activity

compared to controls, the inter-observer variabfbt this variable was slightly
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below the acceptable level. The results were stygethat physical activity

levels were lower in those with type 2 diabetes.

Hypothesis 2:The Gl and GL of the diets of Alberta adolescamésassociated
with their macronutrient distribution, food groupaices and meal patterns with
the following variables being related to:

a. Higher Gls

i. Macronutrient Distribution

[ —

. High carbohydrate intakd€hapter 4)
2. Low fibre intakeqChapter 4)
3. Low fat intakeqChapter 4)
4. Low protein intakegChapter 4)
ii. Food group choices
1. High consumption from the “other” categories (parkarly the
mostly sugar, high salt and fat, high calorie bagerand high
sugar and fat categorig€yhapter 4)
2. High consumption from the grain product food gr¢Gpapter
4)
iii. Meal patterns
1. High frequency of eating away from horféhapter 4)
2. Low frequency of family meal@Chapter 4)
3. Low meal frequencyChapter 4)

b. Higher GLs
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I. Macronutrient distribution
1. High carbohydrate intakg€hapter 4)
2. Low fibre intakeqChapter 4)
3. Low fat intakeqChapter 4)
4. Low protein intakegChapter 4)
ii. Food group choices
1. High consumption from the “other” categories (parkarly the
mostly sugar, high salt and fat, high calorie bagerand high
sugar and fat categorig€hapter 4)
2. High consumption from the grain product food gr¢Gpapter
4)
iii. Meal patterns
1. High frequency of eating away from horf@&hapter 4)
2. Low frequency of family meal@Chapter 4)

3. Low meal frequencyChapter 4)

Hypothesis 2.a.i.1was accepteds carbohydrate intake was strongly correlated
with Gl for both boys and girls (r = 0.110 and ©.068, respectively, p < 0.001

for both sexes)Hypothesis 2.a.i.2vas also accepted-ibre intake was inversely

correlated to Gl in both boys and girls with Pearsorrelations of -0.079 and -
0.069, respectively (p <0.001 for both sexdsypothesis 2.a.i.3vas not
accepted as there was no relationship betweenttdta and Gl for either boys or

girls. Hypothesis 2.a.i.4wvas accepteds protein intake was inversely correlated
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with Gl for both boys and girls (boys r = -0.21&]gr = -0.224, p<0.001 for both
sexes).Hypothesis 2.a.ii.1was accepteds high intakes of foods in the other
category were related to high Gl. In particulaghhintakes from the mostly
sugar (boys: p = 0.032; girls: p <0.001), high saldl fat (boys: p <0.001; girls: p
= 0.008), high calorie beverages (boys only p ©8)@&nd high sugar and fat (p <
0.001 for both sexes) groups were related to highHypothesis 2.a.ii.2was
also accepteds high consumption of grain products was reladddgh Gl (boys:
B =0.111, girlsf = 0.167, p < 0.001 for both sexes$jypothesis 2.a.iii.1.,
Hypothesis 2.a.iii.2. and Hypothesis 2.a.iii.3vere not supported as eating away
from home family meals and meal frequency wereassbciated with high Gl.
Hypothesis 2.b.i.1was accepteds carbohydrate intake was strongly
correlated with GL (boys: r = 0.377and girls: r 424, p < 0.001 for both sexes).
Hypothesis 2.b.i.2was accepted for girls but not for boys. Fibtake was
positively correlated with GL among girls r = 0.130< 0.001) but not
significantly correlated with GL for boyddypothesis 2.b.i.3was accepteds fat
intake was inversely associated with GL ( boys=-0286, girls r = -0.324, p <
0.001 for both sexesHypothesis 2.b.i.4was acceptedProtein intake was
inversely correlated with GL for both boys and gfftboys r = -0.285, girls r = -
0.278, p<0.001 for both sexeslypothesis 2.b.ii.1 was accepteds high intakes
of foods in the other category were associated kigh GL. High intakes from
the mostly sugar (p < 0.001 for both sexes) ant bajorie beverages (boys: p <
0.001; girls: p = 0.002) groups were related tdhiB).. Hypothesis 2.b.ii.2.was

also accepteds high consumption of grain products was assatiaith high GL
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(boys:p = 0.066, p = 0.007; girl§ = 0.094, p < 0.001)Hypothesis 2.b.iii.1was
accepteds eating away from home explained 5% of the tiarian GL for boys
and 3% of the variation in GL for girls (p < 0.0f2ét both sexes)Hypothesis
2.b.iii.2. was not accepted as family meals were related_tokB/pothesis
2.b.iii.3. was not supported as the observed results wem@stpo those
expected with high meal frequency being relatea hagher GL (boys = 0.230;

girls: B = 0.232, p <0.001 for both sexes).

Hypothesis 3:There will be a greater proportion of participantth diet and
physical activity related diabetes risk factorsée below) observed among youth
who:
a. are females compared to ma(€&hapter 5)
b. are older (15-16 year olds) compared to youngerld 8ear olds)
adolescentéChapter 5)
c. have BMI percentiles in the overweight ($’8|5ercentile) and
obese (>98 percentile) categories compared to those who a@me n

overweight(Chapter 5)

Hypothesis 3.awas not supported as boys reported a higher tataber of
diabetes risk factors on average compared to (@ésan number of risk factors
boys: 3.2 vs. girls: 3.0, p < 0.00Hypothesis 3.b.was accepteds older boys
and girls reported a significantly higher total rhenof risk factors on average

than younger boys and girls (mean number of ristofa per group: 3.3 (older
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boys) vs. 3.1 (younger boys), p = 0.059; 3.1 (olglds) vs. 2.9 (younger girls), p

= 0.001). Hypothesis 3.cwas accepteds students in overweight and obese BMI
categories reported a higher mean number of risiofe compared to non-
overweight students (mean number of risk factorggpeup: 2.8 + 1.%(non-

overweight), 3.0 + 14(overweight), 3.1 + 15 (obese), p <0.001).

Hypothesis 4:The insulin sensitivity of Alberta adolescentspesasured by a C-
13 glucose breath test, is associated with:
a. continuous diétand physical activiyrelated diabetes risk factor
variablesg(Chapter 6).
b. dichotomous diet and physical activity related diais risk factor
variables(Chapter 6).

c. acomposite diet and physical activity diabetels sisore(Chapter 6).

Hypothesis 4.awas accepted for somieut not all of the dietary and physical

activity risk factors tested. Body mass index @@y=-0.520; girls:p =-0.413, p

< 0.001 for both sexes) and GI (boys opky-0.185, p = 0.022) were

significantly associated with insulin sensitivityose (ISS) as measured by a C-13
glucose breath test, but GL, fibre, magnesium, tadgde and fruit intake, dietary
fat and physical activity score were not relatet8. Hypothesis 4.b.was also

accepted for somdut not all risk factors. When dichotomous vaeahwvere

used, only BMI category (overweiglpt= -0.295; obeses -0.238, p < 0.001 for

* Diet related risk factors for diabetes includeggthGl, high GL, low fibre, low magnesium, low
vegetable and fruit intake and high fat intake.
® Physical activity related diabetes risk factordude: low physical activity score.
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both variables) and GB (= -0.096, p = 0.028) were associated with ISS.
Hypothesis 4.cwas accepteds a composite diabetes risk score was associated
with ISS (the best model explained 43% of the enmain ISS p < 0.001).
However, the composite variable did not explaimasgh of the variation in ISS

as either continuous or dichotomous risk factoraldes (Continuous variables
explained 53% of the variation (p < 0.001) and dtomous risk factors

explained 47% of the variation in ISS (p < 0.001)).
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7.2. Review of Research Questions

Some of the research questions posed in this tiveses exploratory in
nature and were therefore not addressed in hypethekhe findings pertaining to
these questions will be reviewed below.
Research Question 2What are the Glycemic Index and the Glycemic Lofad

the diets of youth in Albertahapter 4)

We found that the mean daily GlIs and GLs were 55148 for boys and
55 and 128 for girls. Boys had significantly higineean Gls (p < 0.001) and GLs

(p < 0.001) compared to girls.

Research Question 4How commonly are diet and physical activity rethte

diabetes risk factors reported among Alberta yo(@ifapter 5).

Overweight was reported by 19% of boys and 11%rtf gnd obesity
was reported by 8% of boys and 5% of girls. Highw@s reported by 39% of
boys and 33% of girls. High GL was reported by 5@%oys and 35% of girls.
Low fibre intakes were particularly common with 58¥boys and 64% of girls
reporting this risk factor. Low magnesium intake=re reported by 48% of boys
and 50% of girls and low vegetable and fruit inkeere reported by 30% of
both boys and girls. High fat intakes were repbtig 22% of boys and 18% of

girls and low physical activity scores were seeb@f of boys and 63% of girls.
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7.3. Discussion

This thesis has examined the presence of diahstefactors among
several unique populations of Alberta youth; thabe had type 2 diabetes, those
who were overweight, and the general populatiohis Thesis has also examined
some consequences of these risk factors inclugipg 2 diabetes and insulin
sensitivity as measured by a C-13 glucose breath #he main findings of the
research suggest that dietary and physical activaigetes risk factors are
common among Alberta teens and these unhealttspyliiebehaviours may lead
to early changes in carbohydrate metabolism ingbpulation. These changes
may put youth at greater risk of developing typdigbetes in the future.

7.3.1. Presence of Diabetes Risk Factors

Chapters 3, 4 and 5 examined the presence of dmhbsk factors in youth
with type 2 diabetes and in the general populati@ommonly reported risk
factors among youth with type 2 diabetes includeesity and low physical
activity levels. These findings are consistentwptevious studies of youth with
type 2 diabetes from around the world (Faulknex €2005; Hale and Rupert
2006; Harwell et al. 2001; Likitmaskul et al. 2005)

All dietary and physical activity risk factors fdrabetes examined in this
thesis were quite commonly reported in the gervpllation of Alberta teens
(Chapters 4, 5 and 6). Most frequently reportsk factors included low fibre
intakes, low physical activity levels and low magjnen intakes. Although mean
intakes of many nutrients examined in the Web Suofd’hysical Activity and

Nutrition (Web-SPAN) survey were similar to valiseen in previous studies
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(Buyken et al. 2006; Davis et al. 2007; Ebbelingle2003; Nielsen et al. 2005;
Scaglioni et al. 2005; U.S. Department of Agrictdt2008; Verduci et al. 2007),
this was the first to examine the presence of desbesk factors in a large group
of Canadian adolescents. The findings of Chapts® showed that although
diabetes risk factors were commonly reported byestents in all sex, age and
BMI categories, a greater number of risk factorsenseen among boys, older
youth and those in a higher BMI category.

In summary, a major theme emerged in this thesisrms of the presence
of risk factors for type 2 diabetes. It was cotesily shown in chapters 3, 4, 5
and 6 that risk factors for type 2 diabetes werarmoonly reported among Alberta
youth. These findings were of particular concerhght of the increasing rates of
early onset type 2 diabetes (Toth 2005; Zdravkevial. 2004) and obesity in this
age group (Shields 2006) that have been seenémtrgears and have stimulated
interest in examining early consequences of diedad/physical activity diabetes
risk factors in this age group.
7.3.2. Health Consequences of Diabetes Risk Factors

The results of Chapters 3 and 6 showed some afaghgequences of
dietary and physical activity risk factors for typeliabetes among Alberta youth.
Both chapters highlighted the importance of obessty risk factor for type 2
diabetes with nearly all type 2 diabetes patiertadpobese and with BMI having
the strongest relationship with ISS among healttolescents. This is consistent
with the findings of other studies of early onsetbétes from around the world

(Hale and Rupert 2006; Harwell et al. 2001, Likiskal et al. 2005) and studies
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of insulin sensitivity in this age group (Lee et2006; Lobstein and Jackson-
Leach 2006).

Chapters 3 and 6 also examined the impact of gieisk factors for type
2 diabetes. Dietary risk factors such as dietaryhd fibre did not differ between
youth with type 2 diabetes and control subjectscivimay suggest a limited
effect of these factors, however, these data deltefrom medical charts were not
recorded by clinic staff using validated methodsclvhmay have limited our
ability to detect differences between the groupeevious studies of youth with
type 2 diabetes have identified dietary variabepa@ssible contributors to
diabetes risk. One study that compared the dfetewth with type 2 diabetes to
those with type 1 diabetes found that children wyfte 2 diabetes had lower
intakes of magnesium, vitamin C and iron, and higihiakes of vitamin E and
simple sugars. This study also found that botldodm with type 1 and type 2
diabetes had high intakes of fat and saturate(Mayer-Davis et al. 2006).

In Chapter 6, this research showed that, amonghyegbuth, dietary Gl
was significantly related to ISS among boys. Thiggests that high Gl diets
contribute to early changes in carbohydrate metsinah this group and that low
Gl diets may be a useful dietary target for futimterventions for diabetes
prevention. Chapter 4 of this thesis examinedadygpatterns related to dietary
Gl and GL and these patterns may provide usefuledmies for the promotion of
low Gl and GL diets among Alberta youth. Howevearther study is required to
determine if promoting these dietary patterns lgéld to changes in Gl or GL.

Although links between insulin sensitivity and Give previously been observed
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among adults (Du et al. 2008; McKeown et al. 20Dgtman et al. 2006), this is
the first study to observe this pattern among teens
Although the intra-observer variability was too Inig Chapter 3 to make

conclusions regarding differences in physical aigtilevels between those with
and without type 2 diabetes, inactivity was commarong of youth with type 2
diabetes, suggesting that this may also be an aporisk factor in the
pathogenesis of this disease. To date, few stindies examined the physical
activity habits of youth with type 2 diabetes. Howgr, one study that compared
physical fithess and physical activity betweengras with type 1 and type 2
diabetes found that those with type 2 diabetesahsignificantly lower peak
volume of oxygen (VO2) score, lower reported leadlphysical activity and a
lower exercise belief score compared to those tyjtk 1 diabetes (Faulkner et al.
2005). The results of Chapter 6 showed no relaligmbetween ISS and physical
activity, which was surprising as previous studiage consistently shown a link
between these variables (Allen et al. 2007; Brage. 2004; Eisenmann et al.
2007; Imperatore et al. 2006; Ku et al. 2000; Rigkzal. 2008; Sardinha et al.
2008; Snitker et al. 2007). However, it shoulchbéed that a large portion of our
study population did not complete the physicahaistiquestionnaire which may
have limited our ability to detect relationshipsvibeen physical activity and ISS.

In terms of the consequences of risk factors fpet® diabetes, the variable
most consistently related to diabetes risk wasigbe®besity has been shown,

both in this thesis and in other studies to batibst important risk factor for type
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2 diabetes in youth. Preventing overweight andsitypén this age group may be
the best strategy for preventing type 2 diabetdkighage group.
7.3.3. Strengths and Limitations

The Web-SPAN survey allowed diet and physical #gtivariables to be
assessed in a large population of youth from thmougthe entire province of
Alberta using validated tools. However, the nanirthe study made random
selection of participants unfeasible; thereforestmple may not be
representative of the whole population of Albematy. In addition, the Web-
SPAN survey relies on self-reported data which ew@ytain some inaccuracies
(Guenther et al. 1997). However, validations ofdA&E>AN'’s dietary and height
and weight information showed good correlation vdititian administered 24-
hour recalls (Vance et al. 2008) and measured hamghweight (Calengor 2007).
A further limitation was that the Web-SPAN studd diot collect information
about some variables important to diabetes risk ssdamily history of diabetes,
polyunsaturated fat intake and cereal fibre intake.

This research used a novel C-13 glucose breathotesamine relationships
between diabetes risk factors and insulin sensitivl his made it possible to
evaluate a larger sample of youth than would otlser\e feasible. The non-
invasive nature of this test was particularly afipgao students, parents and
schools. This method is relatively new and althoGgl3 glucose measures
correlate well with other measures of insulin sewigy (Dillon et al. 2009;

Lewanczuk et al. 2004), it has not been extensivalyglated in youth.
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7.4. Implications, Recommendations and Future Researchictions

The results of Chapter 3 showed that type 2 digkista concern among
Alberta youth and greater efforts are needed femptievention of this disease.
Results of both this chapter and other studiesestgbat factors such as obesity,
high or low birth weight and family history are asgted with early onset type 2
diabetes. Prevention of obesity among youth, @aerly among those with a
family history of type 2 diabetes or with a highlow birth weight may be
important target groups for future policies an@méentions aiming to prevent
early onset type 2 diabetes.

Although Chapter 3 provided information on the digtpatterns of Alberta
youth with type 2 diabetes and age, sex and BMtheat controls, dietary and
physical activity data were not collected by valéthtools. Therefore, further
investigation of the diets of Alberta teens withey?2 diabetes is warranted. It
should be noted that the burden of dealing withramic disease in youth is
challenging for both patients and their familidherefore, integration of
validated dietary and physical activity measurés alinical practice may be one
way to obtain additional evidence-based informatibout this population.

The results of Chapter 4 revealed that high Gl@hdliets were common
among Alberta youth and Chapter 6 showed that Gigtliets were related to
ISS. These findings suggest that Gl and GL maiyipertant variables to
consider when assessing the diets of youth. Fysoireies that promote the
consumption of low Gl and GL foods may be beneffilwathis group. Lower Gl

and GL diets could be promoted by encouraging foadufacturers to formulate
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more low Gl foods or by providing Gl information éwod labels. In addition,

this thesis identified dietary patterns relateditgary Gl and GL. Future
interventions could determine if dietary Gl and Gin be reduced among Alberta
youth by promoting these dietary patterns. In &oldj future studies could
determine if lowering dietary Gl and GL has an efffen insulin sensitivity as
measured by a C-13 glucose breath test.

Diabetes risk factors were commonly reported anilbgrta youth and
boys, older youth, and those with in higher BMleggdries were more likely to
report a greater number of risk factors. This sstigjthat programs, policies or
interventions aiming to decrease diabetes risk gdberta adolescents could
target commonly reported diabetes risk factors sisclow physical activity levels
and low fibre intakes. In addition, although ditgserisk factors were of concern
in all groups, boys, older youth and youth withthBMIs may benefit most from
intervention.

Finally, the results of Chapter 6 showed that BNkvgignificantly related
to ISS. This suggests that promoting healthy beeights may lead to increases
in insulin sensitivity in this group and may be ddargets for future programs or
interventions. School or community programs treptyouth control their body
weight by incorporating physical activity and hégleating into their daily lives
could greatly impact diabetes risk in this popwiati

This chapter used a novel tool to assess insufisitbaty in this group and
further research is needed to determine the litkdoen ISS as measured by the

C-13 glucose breath test and diabetes risk. litiadda more thorough
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examination of the link between ISS and physicalayg than was possible in

this study is warranted.
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Appendix B: Information Letters, Consent Forms andEthical Approval for
the Web-SPAN Survey

B.1 Information Letter for Board Recruitment

[Date]

Dear [Name]:

We would like to invite the [Board Name] to parpiate in a continuing study
examining food, activity, and general health bebass in Alberta youth. This

research will investigate the nutrition, physicatiaty, and behavioural choices
of students in grades seven through ten by usingelxbased survey. Each
student will receive brief individual feedback imdnetely upon completion of the
computer-based survey. This web-based survey @ngrits the Comprehensive
School Health Model and new curriculum. Class grdata will be provided to

the teacher with suggestions on how to incorpattaefeedback into the grade-
specific curriculum and relevant learning resources

As you know, students in grades seven through t&pereence many
physiological and psychological milestones, inahgdihe adolescent growth spurt
with rapid bone development, and increasing autgnamfood and activity
choices. There is little information on the diatigphysical activity behaviours of
Alberta youth, however dietary surveys elsewhercate that teens consume
insufficient amounts of energy, calcium, iron, andhy have low levels of
physical activity. Obesity is particularly concergp as many overweight and
obese children become obese adults, at risk fdaretits and heart disease. Thus
the lifestyle behaviours of Alberta youth are @ntrendous interest.

The web-based tool was developed by Dr. Rhona Hanat the University of
Waterloo, and has previously been used to survey b»00 Alberta students. We
are planning to survey 5000 additional Alberta etud, creating the most
comprehensive assessment of Alberta youth’s didt @rysical activity. Your
board and schools within your board have been rahdselected to participate in
this survey. Please find attached copies of thievahg: 1) a summary of the
project with details on the design, objectives amebsures to be used for this
study, 2) the survey questions, 3) the informatetter and consent form that will
be sent to parents, 4) the information letter fog students, and 5) our ethics
approval letter.

The following schools from within your board wemected: [School Names]. In

the event an insufficient number of schools fronu yaard can participate, we
have selected back-up schools, which may be retjuirerder to complete the
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research survey. These schools have been selextedck-up schools: [School
Names].

This study has been reviewed by, and received tti@arance from the Faculty
of Agriculture, Forestry and Home Economics Rededtthics Board at the
University of Alberta. The research is funded I tCanadian Institutes of
Health Research.

We would like an opportunity to speak with you teadiss our project and your
school board’s protocol for the approval of reskgrmjects. We appreciate the
strain on school boards and schools at this tintedmnot wish to create more
pressure. If there is anything we can do to makeasy for your schools to
participate, please let us know. One of our stalff eall you to determine your
interest. In the meantime, if you have any questigplease call either Kate
Calengor or Laura Kennedy at (780) 492-3700 or byad at either
calengor@ualberta.ca or lekl@ualberta.ca. @ We Idokvard to further
collaboration with you on this project.

Sincerely,
Kate Calengor, PhD Laura Kennedy, MSc Linda McCargar, PhD,
Student Candidate RD
Project Coordinator, Project Coordinator, Professor
Dept of Agricultural, Dept of Agricultural, Food Dept of Agricultural,
Food & Nutritional Science Food
& Nutritional Science & Nutritional Science
University of Alberta University of Alberta Univatg of Alberta
Phone: 780-492-3700 Phone: 780-492-3700 Pho@@:492-9287
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B.2 Information Letter for School Recruitment

[Date]

Dear [Name]:

The University of Alberta has the approval of ygahool board to invite [school
name] to participate in a continuing study exangniaod, activity, and general
health behaviours in Alberta youth. The researdhimvestigate the nutrition,
activity, and behavioural choices of students iadgs seven through ten using a
web-based survey. This web-based survey complemttiet Comprehensive
School Health Model and new curriculum. Feedbadkfthe survey will be
available to the individual students, and teackelisreceive group feedback and
suggestions for incorporating the results into ¢hericulum, including relevant
learning resources.

As you know, teenagers experience many physiolbgical psychological
milestones, including the adolescent growth sputt wapid bone development,
and increasing autonomy in food and activity cheiCEhere is little information
on the diet and physical activity behaviours of étlia youth, however dietary
surveys elsewhere indicate that teens consumeficisnf amounts of energy,
calcium, iron, and may have low levels of physiaativity. These have the
potential to exert a strong deleterious impactuwinre health and increase the risk
of chronic disease in later life. Through bettedenstanding of the lifestyle
patterns of Alberta youth, and variables that iefice this pattern, targeted
healthy eating and active living programs and sgiats can be designed.

The web-based tool was developed by Dr. Rhona Hanat the University of
Waterloo, and has previously been used to survey @800 Alberta students.
We are planning to survey 5000 additional Albetiadents, creating the most
comprehensive assessment of Alberta youth’s nutriind physical activity.
Your school has been randomly selected to parteipathis survey. Please find
attached copies of the following: 1) a summaryha project with details on the
design, objectives and measures to be used fostilny, 2) the survey questions,
3) the information letter and consent form thatl wié sent to parents, 4) the
information letter for the students, and 5) ourasthapproval letter. Upon your
approval of this research study, we would ask yourandomly select four
classrooms in grades seven and eight (if possiate),four classrooms in grades
nine and ten (if possible) to participate in thdrition and physical activity
survey.

The research has been reviewed by and receiversefleiarance from the Faculty
of Agriculture, Forestry, and Home Economics Rededfthics Board at the
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University of Alberta. This research is funded ttye Canadian Institutes of
Health Research.

We would like an opportunity to speak with you teaiss this project and the
possibility of your school’s participation. We appiate the strain on schools at
this time and do not wish to create more pressiiréhere is anything we can do

to make it easy for your school to participateapkelet us know. One of our staff
will call you to determine your interest. In theeamtime, if you have any

guestions, please call either Kate Calengor or adennedy at (780) 492-3700,
or by email at either calengor@ualberta.ca or lekal@erta.ca. We look forward

to further collaboration with you on this project.

Sincerely,
Kate Calengor, PhD Laura Kennedy, MSc Linda McCargar, PhD,
Student Candidate RD
Project Coordinator, Project Coordinator, Professor
Dept of Agricultural, Dept of Agricultural, Food Dept of Agricultural,
Food & Nutritional Science Food
& Nutritional Science & Nutritional Science
University of Alberta University of Alberta Univatg of Alberta
Phone: 780-492-3700 Phone: 780-492-3700 Pho&@:492-9287
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B.3 Web-Survey of Physical Activity and Nutrition WEB-SPAN)
Information Sheet

The purpose of the project is to examine food behes, physical
activity, and general health behavior patternsliveAa adolescents
using an Internet-based 24-hour diet recall in wociion with a food
behavior, and physical activity questionnaire.

L)

)

WHY A SCHOOL SURVEY?

Nutritional Problems in youth have the potentiaéiert a
deleterious impact on future health and increaseisik of
chronic disease in later life.

Results from small research studies in CanadalendtS.
suggest that children and adolescents are not gongu
adequate amounts of meat and meat alternates and
subsequently, iron and zinc intakes (especialfgmales) are
low to marginal.

The same studies suggest that youth Canadian®tare n
consuming the number of servings of milk and dpngducts
recommended by Canada’s Food Guide to Healthy gatin
Hence, calcium intakes are not being met duringa of bone
growth.

Children and teens are also not meeting the minimum
requirements for vegetables & fruit consumption aoohe
related nutrients, like folate, may be low.

Previous studies have not looked at some of therfsc
associated with youths’ food consumption that may b
important in designing relevant educational materia
School-based surveys are an effective way to dollec
information about this age group.

WHY USE THE INTERNET?
The ability to provide immediate feedback to papaats

regarding their food behavior.
An interactive tool that is fun and easy for papi@nts to use.
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The flexibility and universality of the Internet@ls a large
number of participants to complete the survey caraly, in
many different locations.

WHO IS INVOLVED IN THE PROJECT?

The project is being conducted by Dr. Linda McCarga
Professor, Department of Agricultural, Food & Nttmal
Sciences, of the University of Alberta. Dr. McCargeaches
and conducts research in the field of nutrition.

Kate Calengor and Laura Kennedy are the projeatdnoators.
Kate and Laura are graduate students in Nutritidhea
University of Alberta. The project coordinatordiveie
accessible by phone during the time period that eass is
completing the Internet survey.

Participants will come from grades seven throughfitem
schools across Alberta.

The research survey is funded by the Canadiartutessi of
Health Research.

WHAT IS INVOLVED IN THE PROJECT?

Teachers of students in grades seven through tEbenasked
to facilitate the completion of the “Web-SPAN".
Completing the survey requires approximately oassperiod
and may be incorporated into a Mathematics, Heaith
Physical Education, or Computer Usage class.

Surveys should only be done Tuesday through Friola@ptain
weekday food intake. If Monday is a holiday, tisemveys
should only be done Wednesday through Friday.

Upon completing the initial survey at school, studanay go
back to the website on another day, where the sainef
guestions about their eating habits will be avadalbhis
second portion of the project is optional.

Teachers will receive group feedback and suggestan
incorporating the information into the grade-specif
curriculum, and relevant learning resources.
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CONSENT AND CONFIDENTIALITY MEASURES

Information letters and consent forms will be pdad to be
sent home to parents.

Parents must complete, sign and return a consentidefore
their child can participate in the survey.

The survey is anonymous.

All students will have a unique identification coated
password; unauthorized users will not have aceetset
survey.

WHAT ARE THE BENEFITS TO THE STUDENTS AND

0

SCHOOLS?

School Feedback Report: Teachers will receive gfeagback
of their classrooms’ data based on Canada’s FoodeGo
Healthy Eating, and suggestions for incorporativegresults
into the curriculum, including relevant learningoerces.
Feedback reports may be used by teachers to plane fiessons
and to examine current students’ eating and phlyactavity
behaviours.

Individual Feedback: Upon completing the food int&eall,
students will receive information about their digtsthat day,
based on Canada’s Food Guide to Healthy Eatinglingts will
develop a better understanding of their eatingepadt ways to
improve their diets, and the benefits to healtliyng.

FOR MORE INFORMATION, CONTACT:

Kate Calengor, PhD Laura Kennedy, MSc Linda McCargar, PhD,
Student Candidate RD

Project Coordinator, Project Coordinator, Professor

Dept of Agricultural, Dept of Agricultural, Food Dept of Agricultural,
Food & Nutritional Science Food

& Nutritional Science & Nutritional Science
University of Alberta University of Alberta Univatg of Alberta
Phone: 780-492-3700 Phone: 780-492-3700 Pho8@:492-9287
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B.4 Letter and Information Package for Teachers

[Date]

Dear Teacher:

Thank you for agreeing to participate in a “Weba@yrof Physical Activity and
Nutrition (Web-SPAN)”. The contribution that yowndh the students in your
school will make is invaluable. The informationtlgared from this project may
be used to develop nutrition and healthy lifestgtication programs targeting
“risk” behaviours or at-risk populations. By iddyging the factors that are
associated with "risk" behaviours, we hope to iathc potential areas for
preventive programs, and reduce the health andoetiorburdens associated with
poor nutrition and low physical activity. Data malgo be used to compare food
consumption and activity patterns across populatioprovinces and even
internationally.

Preparing for the Survey:

This web-based survey complements the Compreheigitieol Health Model

and new curriculum and may be directly incorporated Health, Science, Math,
Physical Education, or Computer classes. The gwar be implemented during
any class period.

If there are sufficient computer facilities, it wdibe most efficient for all of your

students to complete the survey simultaneously. he@tise students may
complete the survey as an independent activityoarever you deem appropriate.
It is expected that students will require approxgha one class period to
complete the survey.

Parental information letters and consent formdraseided with this mailing. We
are asking you to have the students take the lattdr consent form home to
parents, or have your school mail the letters amtsent forms to all parents of
potential participants. Once the signed and completed consent forms have
been returned to you, please mail them back to theniversity of Alberta in
the prepaid envelope(s) addressed to Laura Kennedincluded with this
mailing. You will also have received an envelope contairstglent information
letters. Please distribute these to studentsum giass.

Participation in the study is voluntary, and theigi®n to participate is made by
each student and his or her parents. If parentsoti@omplete, sign and return
the consent forms to the teachers, students cgpewdicipate in the research
study. Parents must answer “yes” to all guestions includesn the consent
form in order for their son/daughter to participate in the research study.
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Logins and passwords will be provided to you to aess the survey once the
signed consent forms have been returned to the Umxsity of Alberta.
Randomly distribute these to each student whoriscgzating, on the day of the
survey. If you require more logins and passwonads tare supplied, please
contact Laura Kennedy at (780) 492-3700. Pleasp kaecord of the assigned
logins and passwords on the sheet provided, nthioge logins and passwords
that were not assigned. To sustain anonymity sgle® not include the students’
names with their logins and passwords. If a studeooses to withdraw please
note that on the same sheet.

One of our nutrition research assistants workinghasproject will be accessible
by phone during the time that your class is compiethe survey.

Completing the Survey
The survey is located at http://survey.afns.uathest The web site is best
viewed using Internet Explorer, but any web brows#rsuffice.

The survey is available for teachers to visit befstudents input their food
records.

Your login name is: s

Your password is: s

Students are able to complete the survey indepégdeh is important to note

that:

« The survey is confidential and anonymous. Studer@sies are not on the
survey. Every participant has a unique identifaatand password; only the
researchers at the University of Alberta will eeir answers. No one at the
school will know students’ answers.

+  We would like to know what students atesterday We would like them to
remember as much as possible.

« Surveys should only be done Tuesday through Fridaptain weekday food
intake. If Monday is a holiday, then surveys skdoohly be done Wednesday
through Friday.

« Surveys must be completed between the hours oh8ta.4 p.m. in order for
technical support to be available.

« We have tried to include as many foods as posdiolewe have not been able
to includeeveryfood. Please ask the students to choose a feondtiiat most
closely resembles what he/she ate. If in douletage call the researcher on
call during the survey period.

- The web site is available should students wantefmeat the survey on a
different day. This is of course optional, and Wiolbe done on the student’s
own time.
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« Students may complete the survey only once each dayenty-four hours
needs to lapse before students can input more data.

+ Students should store their logins/password cards safe place Students
must remember their logins and passwords if theshvid return on another
day to complete the survey.

- Participation in the survey is completely voluntary

Directions for Accessing the Food Behaviour Questimaire:

Open the Internet browser on your computer (ExploréNetscape).

On the address line, enter the addrb#g://survey.afns.ualberta.ca
Enter assigned login identification code.

Enter assigned password, hit the launch button.

The survey is open and ready to go. Follow thedtions on the screen.

agrwnE

Your feedback regarding this survey is invaluabM/e would appreciate your
time in completing an online evaluation form usedogin name and password
that we will provide you on the day of the surveylowever, if the online
evaluation is not completed, a one-page questiertshill be faxed to you after
the survey to obtain your feedback.

If you have any questions or concerns, please comht@ura Kennedy at (780)
492-3700 or by email at lekl@ualberta.ca. A notnitesearch assistant involved
in this project will be available by phone on trey/() that your school completes
the survey.

Thank you for your participation in the project, Ve®k forward to sharing the
results with you.

Sincerely,

Kate Calengor and Laura Kennedy,

Project Coordinators (Web-SPAN),

Department of Agricultural, Food and Nutritionali&we
University of Alberta

Phone: (780) 492-3700

Fax: (780) 492-4320

Email: calengor@ualberta.ca, lekl@ualberta.ca
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B.5 Parent Information Letter

Title of Research Project: Web-Survey of Physicetivity and Nutrition (Web-
SPAN)

This letter describes research being conductedwatson or daughter’s school by
the University of Alberta (Department of Agriculally Food & Nutritional
Science). Dr. Linda McCargar is the researchatifgpthe study, and Kate
Calengor and Laura Kennedy are the coordinatotiseo$tudy. We would like to
give you some information about the study to help §o decide if your son or
daughter should be a part of it.

Your school board and principal have given us pssioh to conduct this
research. This study has received ethics cleafameethe Faculty of Agriculture,
Forestry, and Home Economics Research Ethics Baarthe University of
Alberta.

Why is the study being done?

Teenagers are going through a time of physicaleandtional changes. They are
experiencing the final stages of the adolescenwirospurt with rapid bone
development and increasing independence in food acttvity behaviours.
Previous surveys have shown that children and teensot get enough food
energy, calcium, iron, and are becoming less actidewever, there is very little
information on the diet and activity levels of Atteeyouth.

Who are we looking for?

Teachers of eligible classrooms in your son or Heergs school are being invited
to participate in this research. The study wiltalve 5000 grade seven through
ten students throughout Alberta. If you are theept#guardian of a student
invited to take part in this research study, weehgpu will agree to his or her
participation in the research.

What does my son/daughter have to do?

A student will not be included in the study if a@at or guardian indicates that he
or she does not want the student to participatd,tbe student does not agree to
take part. In order to participate in this survwyur son/daughtanust return a
signed and completed consent forrto their teacher.

All of the students in participating classes wil imvited to complete a nutrition
and physical activity survey on the Internet duriigss time. This survey is
designed to examine food and physical activity tsabMWe want to know what
types of food your son/daughter eats and how theldbout certain foods. Upon
completing the survey, your son or daughter witlerge immediate feedback on
their diet based on Canada’s Food Guide to Hedibayng. If your son or
daughter wishes to revisit the web site on anodagr, the same set of questions
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about his/her food behaviour will be available.evRiting the survey is optional,
and may be done on a computer at school, at hanie tloe community.

It will take approximately one class period (~45 utes) to learn about the web
site and complete the on-line survey.

Why is the survey web-based?

In the past, other nutrition surveys have includedy a small number of
participants due to practical issues such as chse proposed research will use a
web-based tool to deliver a nutrition and physiaativity survey to a large
number of Alberta children and adolescents. Thikresult in the most complete
assessment of the diet and physical activity oleAl youth to date.

What will the data be used fof?

The information collected from the web-based sumélybe used to increase our
understanding of the nutrition and physical aggivitabits of adolescents in
Alberta. It will also be used to make recommerafeti about the types of
programs needed to improve the health of Albertattyo All responses will be
anonymous and research journal articles and repglitbe written based on the
group results obtained from this study; individtegults will not be referred to in
any publication, report, or presentation. We wilimpare our results to those of a
similar study done in Alberta and Ontario. As wadll we re-administer this
survey in the future, we will use the results fréms study as a comparison for
other data. Your son or daughter’s involvementhis project does not obligate
them in any way to participate in future surveys.

What if | change my mind about participation?

Being in the study is completely voluntary. Younsar daughter is free to refuse
to answer any question(s). Being in the study amepose any risks for your son
or daughter. If you and your son or daughter agreav to participate, but either
of you change your mind later, either you or yoam sr daughter can withdraw at
any time, up until the point when your son or daagkubmits their survey on the
Internet.

The final decision to participate in this study mbe made by the individual

student and his/her parent(s) or guardian(s). Youoperation in permitting your

son or daughter to take part in this researchdattyr appreciated. However, there
is no penalty of any kind if he/she does not pgréte. If you have any questions
or concerns, please contact either Kate Calengbaora Kennedy at (780) 492-
3700.

Will information about the student go back to the shool?

Student names will not be included on the surveg, survey is anonymous.
Individual student responses will be kept completebnfidential and no
individual results will be made available to schaol other personnel. Each
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student will have a unique identification and passlv The web site will be
password protected so that unauthorized userdwilinable to gain access.

Only the researchers at the University of Alberithvave access to the locked
computer files on which we will keep your inforn@ti These computers are
located in locked offices. The data will be pereraty stored on CD in
electronic form, which will be held in locked oféis at the University of Alberta.
Funders and the Advisory Committee will not haveess to this information.

Identification codes, not participant names, wél iised in the data analysis. All
data are published in group form so that it wilt be possible to determine the
responses from any individual student. The teawhiéhave access to the group
results and we will provide feedback to their claghis ensures that the study
can support and enhance the curriculum.

Who is funding this project?
This research is funded by the Canadian Institoté¢ealth Research.

How do | include my son/daughter in the project?

If you would like to include your son or daughtarthis research project, please
complete and sign the attached consent form and yawr son/daughter return it
to their teacher as soon as possible.

If we do not receive a signed and completed consefdrm from you, your
son/daughter will not be able to participate in thesurvey.

Sincerely,
Kate Calengor, PhD Laura Kennedy, MSc Linda McCargar, PhD,
Student Candidate RD
Project Coordinator, Project Coordinator, Professor
Dept of Agricultural, Dept of Agricultural, Food Dept of Agricultural,
Food & Nutritional Science Food
& Nutritional Science & Nutritional Science
University of Alberta University of Alberta Univatg of Alberta
Phone: 780-492-3700 Phone: 780-492-3700 Pho&@:492-9287
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B.6 Student Information Letter (Grades Seven and Ejht)

This letter is a request for your help in a study ave doing at the University of
Alberta. We would like to give you some informatiabout the study and what
you need to do to take part.

Why is the study being done?

We want to collect information on what pre-teensl &&enagers in Alberta are
eating, how active they are and other factors itifatence nutrition and physical
activity.

What do | have to do?

If you wish to participate, your parents and/orrgiiens have to sign and
complete the study consent form. After the sigo@usent form is given to your
teacher, he/she will give you a login and passwdris login and password will
let you sign in to our web survey. We will firgkayou to complete the survey on
the Internet at school.

What if | want to quit being in the study?

Being in the study is completely up to you. You fiee to say you don’'t want to

answer any question. You can also decide to dtdpgether at any time before

you submit your survey on the Internet. If you hang questions about the study,
please contact Laura Kennedy at (780) 492-3706kdr@ualberta.ca.

Will information about me go back to my school?

Your name will not be on the survey. All the infaation that you give to the
research group will be kept private. No one atrysmhool will know your
answers. Your classroom’s average group resultbaprovided to your
teacher.

The final decision to be in this study must be mageou and your parents. We
hope you enjoy this survey — and learn from therimftion you get from the
survey. However, there are no consequences anyifkyou do not participate.

Sincerely,

Laura Kennedy, MSc Candidate Linda McCargar, PhD, R

Project Coordinator, Professor,

Dept of Agricultural, Food Dept of Agricultural, Food
& Nutritional Science & Nutritional Science
University of Alberta University of Alberta
Phone: 780-492-3700 Phone: 780-492-9287
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B.7 Student Information Letter (Grades Nine and Ten)

This letter is a request for your help in a studg are carrying out at the
University of Alberta. Dr. Linda McCargar is thesearcher leading the study.
Kate Calengor is the coordinator of the study. Weild like to give you some

information about the study and what you need ttodake part.

Why is the study being done?

There is only a little information available of tliget and physical activity of
Alberta teenagers. Your diet and activity can affgour growth and health.
Students throughout Alberta, ingrades nine andwdhbe asked to participate in
thie project. This will provide us with a bettarderstanding of eating patterns of
adolescents and things that influence these patterlive hope to use this
information to make recommendations of how to invprthe health of teenagers.
As well, since a similar project was conducted ifbekta and Ontario
(investigators: Dr. Linda McCargar and Dr. Rhonanhlag), the results obtained
from this survey will be compared to the resultsnirother Alberta and Ontario
students to see if there is a difference in howadgers are eating. As well, if we
re-create this survey in the future, we will use tlesults from this study as a
comparison for other data. Your involvement irstproject done not require that
you participate in future surveys.

Who are we looking for?

Teachers of eligible classrooms in your schooltsi@g invited to participate in
the research. If you are a student in one of teissrooms, we would welcome
your help with the research.

What do | have to do?

If you wish to participate, your parents and/orrgiiens have to sign and
complete the study consent form that was delivesgtdem either by you or the
school. This form needs to be given to your teablkére you can complete the
survey. Your teacher will assign you a login aadgword that will allow you to
sign in to our web survey. We will ask you to coetplthe survey on the Internet
at school. This survey is designed to examine fwtiphysical activity habits.
We want to know what types of food you eat and ow feel about certain
foods. It should require approximately one pefiod5 minutes) of class time. If
you wish to complete the survey again on anothgyylau can. This is
completely optional.

Why is the survey web-based?

A web-based survey was selected so that we cowd aavery large number of
students from Alberta fill out the survey. Thidlwesult in the biggest survey of
adolescent diet and physical activity to date.
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What if | want to quit being in the study?

Being in the study is completely voluntary. You &ee to say you don’t want to
answer any question. You can also decide to dtdpgether at any time before
you submit your survey on the Internet. Being iis tstudy does not have any
risks for you. If you have any questions about $tiedy, please contact Kate
Calengor at (780) 492-3700 calengor@ualberta.ca

We have received permission from the school boaddyaur school principal to
conduct this research. This study has been reddwe and received ethics
clearance from the Faculty of Agriculture, Forestand Home Economics
Research Ethics Board at the University of Alberta.

Will information about me go back to my school?

The survey is anonymous. This means that your naitheot be on the survey.
You will have a unique identification and passwoiithe web site will be
password protected so that unauthorized userdwilinable to gain access. All
the information that you give to the research grailpbe kept private. We will
not give information about your answers to any ogreup, including your
school. No one at your school will know your anssv&/hen we report survey
results, no individuals will be identified. Onlye researchers at the University of
Alberta will have access to the locked computesfibn which we will keep your
information. These computers are located in loaki&ides. Your teacher will
receive group averages for your class as a whole.

The final decision to be in this study must be mhge/ou and your parents. We
hope you enjoy participating in this survey — aedrh from the information on
your diet that you receive at the end of the sutva@yed on Canada’s Food Guide
to Healthy Eating. However, there are no consecgee of any kind if you do not
participate.

Sincerely,
Kate Calengor, PhD Student Linda McCargar, PhD, RD
Project Coordinator, Professor,
Dept of Agricultural, Food Dept of Agricultural, Food
& Nutritional Science & Nutritional Science
University of Alberta University of Alberta
Phone: 780-492-3700 Phone: 780-492-9287
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B. 8 Consent Form

CONSENT FORM

Please COMPLETE, sign, date and return this
form to your son/daughter’s teacher
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_ Consent Form
(Please COMPLETE, sign, date andhret)urn this fortm your son/daughter’s
teacher

Title of Research Project: Web-Survey of Physical étivity and Nutrition
(Web-SPAN)

Investigators:
Laura Kennedy, MSc Kate Calengor, PhD Linda McCargar, PhD,
Candidate Student RD
Project Coordinator, Project Coordinator, Professor
Dept of Agricultural, Food  Dept of Agricultural, Dept of Agricultural,
& Nutritional Science Food Food
& Nutritional Science & Nutritional Science
University of Alberta University of Alberta Univatg of Alberta
Phone: 780-492-3700 Phone: 780-492-3700 Pho8@:492-9287

Consent: Please circle your answers:

Do you understand that you have been asked todacgfaur son or daughter in a
nutrition and physical activity research study thdt require approximately 45
minutes of class time?

Yes No

Have you read and received a copy of the attaaffednhation Letter?

Yes No

Do you understand that there are no risks involaadcluding your son or
daughter in this research study?

Yes No

Do you understand that your son or daughter cantaking part in this study at
any time up until the point he or she submits teamvey on the Internet? Neither
you nor your child has to say why and it will néfeat the benefits your son or
daughter will receive.

Yes No

Was confidentiality adequately explained to yothia information sheet?

Yes No
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Do you understand who will be able to access thetion information collected
from this study?

Yes No

Do you understand that the information obtainedhfthis project (group results)
may be compared to results obtained from a sirsiavey conducted in Alberta
and Ontario and that the information may also bepared to results from future
surveys?

Yes No

WILL YOU CONSENT TO HAVING YOUR SON OR DAUGHTER TAK E
PART IN THIS RESEARCH STUDY?

Yes No

Please sign and date below:

Date:

Signature of parent/guardian: Name of
parent/guardian:

As per research guidelines, the anonymous datéeiditored for seven years
following time of collection. There will be no papcopies of the data. All data
will be stored electronically (on CD) and kept acked offices on password-
protected computers.
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B.9 Web-SPAN Assent (part of web-survey)

This questionnaire is designed to examine your foaduts and those of other
students your age. We want to know what sorthiofys you eat, what you like

to eat, and how you feel about certain foods. Wanakthat not everyone feels the

same way, or eats the same things, but we arentengsted in your answers to
the following questions.

The questionnaire is strictly confidential. No axeept the researchers will see
your finished questionnaire, so please be as hasegbu can. If there is a
guestion that you don’t know how to answer or devént to answer, that’s okay,
just go on to the next one.

Thanks for helping us with this very valuable resba

Do you agree to participate in this survey?

Yes NoO

**Note: If student did not choose “yes”, they couldot proceed with the survey

266



B.10 Ethical Approval: Web-SPAN
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Appendix C: Results of Literature Searches: Longitdinal Studies of Diabetes Risk Factors

Table C-1. Results for Obesity

vs. <21

Reference N, sex, age, locationVariable/measu| Cut-off vs. Unadjusted Adjusted Variables
length follow-up re reference Relative risk Relative Risk | adjusted for
(Hart et al. 19147, men& Obesity BMI 25-30 OR 2.7m, 2.5w | OR 2.5m, 2.6w | Age, class,
2007) women, 45-56, >30 OR 7.3m, 5.8w | OR 6.4m, 5.4w | smoking, BP,
Scotland, 30y vs. 18.5-24.9 cholesterol
(Krishnan et | Black women’s Obesity BMI 25-29 5.5 5 Age, family
al. 2007) health study 49, 766 30-34 10 8.8 history, physical
black women 21-69, 35-39 18 15 activity,
USA, 8y 40-44 20 16 smoking,
>45 28 23 education, time
VS, <23 of data collection
(Hosseinpanah 4728, men & Obesity BMI 25-30 2.57 1.76 Family history,
et al. 2007) Women, Tehran, >30 5.79 3.54 age, TG, BP
>20yrs. 3.6 y vs. 18.5-25
(Rana etal. | Nurses Health Study] Obesity BMI 25-27 6.26 5.51 Age, family
2007) 68,907, women, 30- 27-29 11.67 9.8 history, smoking,
55 yrs, USA, 16 yr 30-33 18.62 14.8 menopause,
33-35 25.31 19.1 physical activity,
35-39 32.56 24 alcohol
>40 40.28 28
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(Hu et al. Nurse’s health study| Obesity BMI 25-29 n/a 7.6 Age, time family
2001) 121700, women, 30- 30-35 20 history,
55, USA, 16y >35 39 menopause,

VS, <23 dietary score,
exercise,
smoking, alcohol

(Meisinger et | 6012 men & Obesity BMI 26-29 7.0 4.9 Age, survey,
al. 2006) women,35-74, >29 17.9 10.6 education, family
Germany,9.2y vs.<25.1 history,

hypertension,
lipids, smoking,
alcohol, physical
activity
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Table C-2. Results for Gl and GL

Reference N, sex, age, locationVariable/measure Cut-off vs. referencel UnadjustedAdjusted Variables
length follow-up Relative Relative adjusted for
risk Risk
(Barclay et al. | Meta-analysis mostly Gl FFQ 58 vs. 49 n/a 1.4 Age sex,
2008) 50ish GL 142 vs. 92 1.3 family history,
(~100units/1000kcal BMI,
Patel, 2007 smoking,
(120/1000kcal) alcohol, PA,
Zang et al., 2006, dietary fibre,
Liu et al, 2000 medication,
Energy adjusted GL? supplement
use.
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Table C-3. Results for Fibre

Reference N, sex, age, locationVariable/measure Cut-off vs. | Unadjusted Adjusted Variables
length follow-up reference | Relative risk | Relative Risk | adjusted for
(Meyer et al. | lowa Women'’s health Total fibore FFQ | >23.6g n/a 0.78 Age total energy
2000) study vs.<15.3 BMI, waist to hip
35,988, women, 55- ratio, education,
69y, lowa, 6y smoking, alcohol,
physical activity
(Schulze et al] Nurse’s health study| Total Fibre FFQ | >22g 0.53 0.78 Age and BMI
2004) 91,249, women, 24- vs. <14.2
44, USA, 8y
(Montonen et | Finnish examination | Diet History >339g 0.57 0.51 Age, sex,
al. 2003) survey 10,054 men | Interview vs. <19.2 geography,
and women, 40-69y, smoking, BMI,

Finland, 10y

energy, fruit and
berries,
vegetables
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Table C-4. Results for Magnesium

Reference N, sex, age, location,Variable/measure Cut-off vs. | Unadjusted | Adjusted Variables adjusted for
length follow-up reference Relative Relative
risk Risk
(Lopez- Nurses Health Study, Magnesium 377 0.55-0.56 0.72-0.73 Energy, family
Ridaura et al. | 85,060 women 30- | intake FFQ (women) history, BMI, PA,
2004) 55y, USA, 18y 458 (men) smoking, alcohol,
Health professionals hypertension,
follow-up study, VS. hypercholesterolemia,
42,872 men 40-75y, 222(women) GL, cereal fibre,
USA, 12y and 280 polyunsaturated fats,
(men) trans fats, processed
meats
(Larsson and | Meta-analysis Magnesium FFQ Per 100mgn/a 0.85
Wolk 2007) increase in
Mg

intake/day
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Table C-5. Results for Vegetables and Fruit

Reference N, sex, age, locationVariable/measure Cut-off vs. | Unadjusted Adjusted Variables
length follow-up reference | Relative risk | Relative Risk | adjusted for
(Harding et al.| EPIC-Norfolk, Fruit and 3-4 vs. 5-6| 0.87 0.78 Age, sex, family
2008) | 21,831 men and vegetable intake | Low vs. history, alcohol,
women 40-75 yrs. FFQ high PA, smoking,
UK,12 yr quintile education, class,
supplements,
BMI
(Villegas et al.| SWHS 64,191 G vegetable 428¢g/d n/a 0.72 Age, energy,
2008) women, 40-70, intake FFQ veg. Vs. meat, BMI,
China, 4.6y 181 g/d WHR, smoking,
alcohol, PA,
income,
education, job
status,
hypertension
(Liu et al. Women'’s Health Total fruit and 10 vs. 2 n/a 0.77 Age smoking
2004) Study veg. servings total calories
39,876, womerz40, | FFQ
USA, 8,8y
(Lindstrom FINRISK study 4746| Total fruit, veg. | <33 n/a 1.18 BMI, age, WC,
and men & women, and servings servings blood pressure,
Tuomilehto 35-64, Finland, 5y | FFQ per month history high
2003) blood glucose,
PA included in

model
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Table C-6. Results for Fat

women, 40-74, UK,

3-7yrs

Reference N, sex, age, locationVariable/measure Cut-off Unadjusted | Adjusted Variables adjusted for
length follow-up VS. Relative risk | Relative Risk
reference
(van Dam et | Health Professionals| FFQ Total fat 39% of | 1.88 1.27 Age, energy, time
al. 2002) follow-up study calories period, PA, smoking,

42504, men, 40-75y, VS. 24 % alcohol,

USA, 12y hypercholesterolemia,
hypertension, family
history, fibre and
magnesium, NOT
BMI

(Salmeron et | Nurses Health Study| FFQ Every 5%| n/a 0.63 Age, time period,
al. 2001) 84,204 women, 34- increase BMI, smoking,

59y, USA, 14y in PUFA family history,
alcohol, AP, protein
and total energy

(Harding et al.| EPIC- Norfolk, FFQ P:S ratio 0.518 vs| n/a 0.38 Age, BMI, Waist to
2004) 25631, men & 0.475 hip ratio and total

energy intake in the
same model.
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Table C-7. Results for Physical Activity

Reference N, sex, age, locationyariable/measure Cut-off vs. | Unadjusted Adjusted| Variables adjusted for
length follow-up reference | Relative Relative
risk Risk
(Hsia et al. Women’s Health Physical activity | Not 0.67 0.78 Alcohol, education,
2005) Initiative quintile METS | reported smoking, hypertension,
observational study, hypercholesterolemia,
93676 women, mean dietary fibre, % energy
age 61, US, 5.1y from CHO BMI and age
(Villegas et al.| Shanghai Women’s | PA METS >15.2 n/a 0.86 Age, energy, education,
2006) Health Study 70,658| quartile METs vs. come, occupation,
women, 40-70, <7.85/day smoking, alcohol,
Shanghai, 4.6y hypertension
(Weinstein et | Women’s Health PA Met score > 1500 kcal 0.6 0.82 Age, family history,
al. 2004) Study per week alcohol, smoking,
38,878 womenz45, vs. 0-199 hormone, hypertension,
Us, 6.9y kcal/week cholesterol, dietary
factors, BMI
(Hu et al. Nurses Health Study MET score 35.4 METs| 0.43 0.74 Age, time period,
1999) 70,102 women, 40- vs. 0.8 smoking, menopause,
65, US, 8y METs/week hormone, family history,
alcohol, hypertension,
high cholesterol, BMI
(Wannamethee British Regional Physical activity | Moderately | 0.36 0.51 Age, smoking, alcohol,
et al. 2000) Heart Study 7735 guestionnaire vigorous vs. class, BMI, CHD, insulin
men 40-59yrs. UK, | score inactive
16.8y

n
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Table C-8. Results for Sedentary Activity

Reference N, sex, age, locationVariable/measure Cut-off vs. | Unadjusted | Adjusted Variables
length follow-up reference | Relative risk | Relative Risk | adjusted for
(Hu et al. Nurses Health Study| Sitting TV >40 hours | 2.00 1.94 Age, smoking,
2003) 50,277 women, 30- | Sitting Work vs. 0-1 1.24 1.25 hormone, alcohol
55, US, 6y Sitting home hour 1.06 1.11 METS, total fat,

GL, total calories
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Appendix D: Detailed Rationale for the Selection o€ut-offs and
Weights for Diabetes Risk Factors

D.1 Method of Decision Making

When determining which cut-offs and weights to isseeach of the risk
factors, several steps were taken in the decis@king process. First, the results
of each longitudinal study for each risk factor eonsidered (See Appendix A).
Studies were excluded from being considered ivdréables used were not
comparable to the ones available in the Web-SPAMesuexample: for
magnesium, the units used in the meta-analysisdmggon and Wolk 2007) was
change in risk/100mg increase in magnesium inf@kes. unit could not be
applied to the Web-SPAN dataset.). A panel of espegas also consulted during
the decision making process. Experts included gemexn the Gl and GL, two
experts in childhood obesity, two experts in phgkactivity measurement and
one expert in statistical analysis. After expetiee, if several similar possible
cut-offs existed, a mean of these values was used.
D.2 Obesity

The most appropriate cut-offs for overweight abdsity to use for this
tool were determined to be the WHO (World Healtlg&hization) cut-offs or the
IOTF (International Obesity Task Force) cut-offsther than the CDC (Centers
for Disease Control) criteria. The WHO and IOTF-offs are both measures
intended for population-based studies and intevnatiuse (Cole et al. 2000; de
Onis et al. 2007). It was decided that the IOFidelines were most appropriate
as the WHO cut-offs are relatively new and haveyebvteen thoroughly

validated (Norris et al. 2009).
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D.3 Glycemic Index and Glycemic Load

The meta-analysis by Barclay et al., 2008 consdlaerany longitudinal
studies of diabetes risk and was chosen as thesbeste of information to base
Gl and GL cut-offs and weighting on. The GL isdz®n both on quality and
guantity of carbohydrate and a high GL score c#reeindicate a high quantity
or a low quality of carbohydrate, which could haeey different metabolic
effects. Thus, we were advised to remove it frbmanalysis. However, having
taken this into consideration, we decided to keepr@he score because, in spite
of its complicated meaning, it is an independesk factor for type 2 diabetes
(Barclay et al. 2008). The theory behind the GL diadbetes risk is that any high
carbohydrate load, whether from low quality or hegglantity, require more
insulin to be secreted from the beta cells of thegpeas (Brand-Miller et al.
2003; Wolever and Bolognesi 1996), which may prasta-cell exhaustion in
cells genetically prone to dysfunction. The roléxif in the progression of
disease therefore does appear plausible. Thedinaiffs used for Gl and GL
were >58 and >142, respectively.
D.4 Fibre

The cut-offs for low fibre intake used in the stumy(Larsson and Wolk
2007) were much higher than those used in Northrfoae studies and using this
cut-off would have resulted in nearly all partiaipghaving low fibre intake as a
risk factor, which would not be helpful in ideniifig those at greater risk. The
remaining two American studies (Meyer et al. 208¢hulze et al. 2004) had

similar cut-offs and relative risk values, thereftine mean of the values reported
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by these two studies were used to create a cwabie and weight. The final cut-
off for low fibre was < 14.8g.
D.5 Magnesium

The best study for determining the effect of loagnesium intake on
diabetes risk was determined to be the study byrdpidaura et al. (Lopez-
Ridaura et al. 2004). This study employed longritabldata from both the Nurses
Health Study and the Health Professionals Follovstyzly. The meta-analysis
by Larsson and Wolk 2007 also provided helpful infation, but the units of
measuring magnesium intake in this meta-analydg1B0mg change in
magnesium intake) were not comparable to that cteitkin the Web-SPAN
study. Therefore the cut-offs and relative riskeedmined in the study by Lopez-
Ridaura et al. (2004) were used for this studye fihal cut-offs for magnesium
were < 220mg for girls and < 280mg for boys.
D.6 Vegetables and Fruit

The units used to measure vegetable and frukéntathe study by
(Villegas et al. 2008) (g/day) were not compardbléhe units used by Web-
SPAN (servings per day), therefore the resultdisfstudy were not considered
when determining a cut-off for vegetable and fmaiake. In addition, serving
sizes of fruits and vegetables were consideredve yreater similarity to the
serving sizes of Canada’s food guide in the studfLiu et al. 2004) compared to
the remaining two studies (Harding et al. 2008 distnom and Tuomilehto 2003).

Therefore, the study by Liu et al. was used foedaining the cut-off and
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weighting of the vegetable and fruit risk factdie final cut-off for low
vegetable and fruit intake was <2.0 servings.
D.7 Fat Intake

When the Web-SPAN results for polyunsaturated fatigs (PUFA) were
examined, it was found that reported PUFA intakesawnrealistically low due
to frequent occurrences of missing PUFA data fonyra Web-SPAN’s ~500
food choices. Therefore, the only measure of dydtarthat could be used with
accuracy was total fat. For this reason, the €istand level of risk for total fat
intake suggested in the study by Van Dam (2002)wsasl. The final cut-off for
high fat intake was <39% of total kcal.
D.8 Physical Activity

In the diabetes literature, the most commonly usedble to used for
determining the ability of physical activity to pliet diabetes risk is a daily MET
score. Physical activity in our cohort was measwsdg the PAQ-C
guestionnaire which results in activity scores mgdrom 1 to 5, with a score of
1 being low and a score of 5 being high. Unfortahait is not possible to
convert these scores to MET scores. The posgibiliising some PAQ-C
variables to create a relative MET score was cansatibut because the relative
MET score calculated from the selected PAQ-C véemivas not a true daily
MET value, it could not be compared to the valuethe diabetes literature. The
relative MET score was used as a continuous variabtletermine its ability to
predict changes in ISS but was not included irateysis of risk factor cut-offs

or the composite risk variable analysis. An indinmethod of determining a cut-
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off using the full PAQ-C score was therefore us&te results of the Canadian
Community Health Survey (CCHS) found that approxeha50% of boys and
68% of girls were not physically active (did nopexd 3 kcal per kg body weight
per day — about the amount of energy expended mi6fQtes of brisk walking).
Using these values as a guide, cut-offs were chimgghe total PAQ-C score. A
cut-off of 3 resulted in a similar percentage oid&nts with low physical activity
scores, therefore this was the final cut-off useddw physical activity.
D.9 Sedentary Activity

Although sedentary activity was considered as aiptesrisk factor to
include in this analysis, it has only been showhdaelated to diabetes risk in
one study, which does not constitute firm evidefiterefore, sedentary activity

was not included in the final analysis.
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Appendix F: Method Used to Assign a Relative MET Viue to PAQ-C
Variables
F.1 Rationale

Metabolic Equivalent of Tasks, or METs are a measdithe intensity of
physical activities. One MET (measured in kcabdkgly weight/hour) is the
amount of energy expended per hour when sittingtlyui A daily MET value, a
measure of total daily physical activity, can biegkated by multiplying the
duration of activities by their MET value. DailyBM values are commonly used
in epidemiological studies to examine the link bedw physical activity and
disease risk.

Although a true daily MET score could not be cad¢etl from data
collected through the PAQ-C questionnaire, previtusies have used similar
information to assign a relative MET score to tak eported frequencies of
different physical activities as reported by yo(Ktentrou et al. 2003; McMurray

et al. 2000).
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Table F-1 Method for Recoding Frequency of Physicahctivities to Activity

Weight

Value From PAQ-C Recoded Activity
Frequency Weight

No 0

1-2 Times per week 15

3-4 Times per week 3.5

5-6 Times per week 5.5

7 Times or more 7
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Table F-2 Met Values for Activities in the PAQ-C

Activity

MET Values (From
(Ainsworth et al.
1993) kcal/kg body

weight/hr

In-Line Skating

12.5

Tag

Walking for Exercise

Bicycling

Jogging or Running

Swimming

Baseball, Softball

Dance

Football

Skipping

Soccer

Racquet ball

Volleyball

Basketball

Ice Skating

Skateboarding

Ice Hockey/Ringette

Gymnastics

Martial Arts (Judo)

Other

N = oo
G5~ o|o| NN T o NP9 x| N g [&]C
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F.2 Method for Calculating Relative MET Score

For each participant, relative MET scores for esobrt were calculated
by multiplying the weight for the reported frequgrxy the MET value. The total
relative MET score was calculated by taking the sdfimll the MET scores for
each individual physical activity. It should beted that, using this method, it is
assumed that the duration of one bout of actigtyimilar between people and no
true duration of activity is reported. Because¢hid assumption, a true MET

score can not be calculated using this methodiethelt is a relative MET score.

2901



F.3 References

Ainsworth, B. E., Haskell, W. L., Leon, A. S., JaspD. R., Jr., Montoye, H. J.,
Sallis, J. F., and Paffenbarger, R. S., Jr.1998@amdium of physical
activities: classification of energy costs of hunpdaysical activities.
Med.Sci.Sports Exerc. 25(1): 71-80.

Klentrou, P., Hay, J., and Plyley, M.2003. Habitphysical activity levels and
health outcomes of Ontario youth. Eur.J Appl.Phy88¢5): 460-465.

McMurray, R. G., Harrell, J. S., Deng, S., Bradl€yB., Cox, L. M., and
Bangdiwala, S. 1.2000. The influence of physicdivay, socioeconomic
status, and ethnicity on the weight status of axt@ets. Obes.Res. 8(2):
130-139.

292



Appendix G: Characteristics of Participant who Comgeted the PAQ-C
Questionnaire and Differences Between Participantwho Did and Did
Not Complete the Questionnaire

Table G-1 Participant Characteristics and Mean Valwes for Risk Factor
Variables for Participants who Completed the PAQ-C

Variable Total Boys Girls P-value
n=79 n = 33 n =46

Age 120+1.1 11.9+1.1 12.0 £ 1.1 0.589

BMI (kg/m°) 19.8 +3.2 19.9+3.5 19.8 +3.1 0.989

Gl 55.9+6.8 57.1+7.9 55.0+5.8 0.204]

GL 148.1+65.4| 170.5+754 132.0 +52(3 0.014

Fibre (g) 14.8+7.9 16.3 +8.2 13.7 + 7.6 0.145

Magnesium 284 + 119 308 + 135 266 + 104 0.129

(mg)

Vegetables and 5.2+3.6 57+4.1 48+3.2 0.263

Fruit (Servings)

Percent Fat (% 31.6+8.0 29.9+6.2 32.8+9.0 0.113

kcal)

PAQ-C Score 26+1.0 26+1.0 2.6+ 1.0 0.828

MET Score 204 + 134 224 + 127 191 + 138 0.311

Insulin 16.6 £4.6 16.1+£5.1 17.0+4.3 0.438

Sensitivity Scoreg

(6 0/00)

Data are means + SD

Differences between boys and girls were assessed stsident’s T-tests.

293



Table G-2 Differences in Mean Values Between Parigants Who Did and
Did Not Complete the Physical Activity Portion of he Questionnaire

Variable No PAQ-C PAQ-C P-value

n =239 n=79
Age 11.5+1.6 119+1.1 0.003
BMI (kg/m°) 19.8 + 3.8 19.9+3.5 0.786
Gl 55.6 £ 6.7 55.8+7.1 0.845
GL 128.0 + 61.86 145.4 + 65.4 0.030
Fibre (g) 14.0 + 8.5 146 +7.8 0.602
Magnesium (mg) 256.5 +135.7 279.4+£119.4 0.174
Vegetable and Fruit 4.8 +3.7 5.1+3.6 0.530
(Servings)
Percent Fat (% kcal) 30.7 £ 8.6 31.6 8.3 0.392
Insulin Sensitivity 17.3+5.1 16.7 + 4.7 0.303
Score § 0/00)

Data are means + SD

Differences between those who did and did not cetephe PAQ-C were assessed using

student’s T-tests.
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Table G-3 Proportion of Students Reporting Diabetefisk Factors by Sex
for Participants Who Completed the PAQ-C

Variable Total Boys Girls P-Value
N =82 N =36 N =46
% (n) % (n) % (n)
Non-Overweight 74.4 (61) 72.2 (26) 76.1 (35) 0.229
Overweight 19.5 (16) 16.7 (6) 21.7 (10)
Obese 6.1 (5) 11.1 (4) 2.2 (1)
High Gl 36.6 (30) 36.1 (13) 37.0 (17) 0.561
High GL 41.6 (34) 52.8 (19) 32.6 (15) 0.053
Low Fibre 54.9 (45) 50.0 (18) 58.7 (27 0.287
Low Magnesium 36.6 (30) 41.7 (15) 32.6 (15) 0.269
Low Vegetable 22.0 (18) 22.2 (8) 21.7 (10) 0.583
and Fruit
Servings
High Percent Fat 14.6 (12) 8.3 (3) 19.6 (9 0.132
Low Physical 65.9 (54) 66.7 (24) 65.2 (30) 0.595
Activity

Differences between boys and girls were assesseg cisi-square tests.
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Table G-4 Differences in the Proportion of Student&keporting Diabetes Risk
Factors Between Participants who Did and Did Not Camplete the PAQ-C

Variable No PAQ-C PAQ-C P-value

N =234 N =82

% (n) % (n)

Non-Overweight 76.9 (180) 74.4 (61) 0.924
Overweight 17.9 (42) 19.5 (16)
Obese 6.0 (14) 6.1 (5)
High Gl 37.6 (88) 37.8 (31) 0.516
High GL 32.1 (75) 41.5 (34) 0.074
Low Fibre 64.1 (150) 54.9 (45) 0.115
Low Magnesium 58.1 (136) 36.6 (30 0.001
Low Vegetable and Fruif 23.9 (56) 22.0 (18) 0.443
Servings
High Percent Fat 17.1 (40) 14.6 (12 0.399

Differences between those who did and did not cetephe PAQ-C were assessed using chi

square tests.
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