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ABSTRACT
Prediabetes is a prevalent condition which is a precursor to type 2 diabetes (T2D) and physical activity is
known to counter T2D. Given the potential for alleviating health care expenditures through the prevention
or delay of T2D, targeting individuals with prediabetes using physical activity intervention is a critical
research question. The aim of this project was to; i) identify persons with prediabetes and thus at high risk
for developing T2D, ii) engage individuals with prediabetes in community-based, culturally-preferred
physical activity classes led by culturally-matched instructors with the goal of improving glycemic
control and iii) investigate how two modes of laboratory-based aerobic exercise intervention (high
intensity intervals versus continuous moderate intensity) impact glycemic control in persons with

prediabetes.

Participants were recruited in various ethnic communities known to have high prevalence rates of T2D.
Critical blood biomarkers and measures of physical and physiological fithess were assessed at different
time points to ascertain the effectiveness of both community-based physical activity classes and two
modes of laboratory-based exercise. The results of this project show that the PRE-PAID risk
guestionnaire coupled with point-of-care testing of glycated hemoglobin (A1C) are an effective tool for
identifying persons with prediabetes who are at high risk for T2D. Individuals, who participated in
community-based culturally matched physical activity classes, experienced improved glycemic control
evidenced by reductions in A1C after 3 and 6 months plus improvements in resting blood pressure,
combined hand grip strength and aerobic fitness after 6 months. There were no differences between the
laboratory-based aerobic exercise interventions of high intensity intervals vs. continuous moderate
intensity for any of the measured outcomes. However, the participants who underwent both laboratory
exercise modes experienced significant improvements in glycemic control, beta cell function, waist
circumference and aerobic fitness following 3 months of supervised exercise. This research provides

evidence for early detection of persons with prediabetes and strategies for improving glycemic control



and physical plus physiological fitness in this population. The observed improvements could potentially

help prevent or delay the onset of T2D.
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CHAPTER 1: INTRODUCTION AND LITERATURE REVIEW



1.1 Introduction and Summary of the Project

The prediabetes detection and physical activity intervention delivery (PRE-PAID) project was a
multi-phase research study inspired by the current global and Canadian trends in diabetes, associated
health care implications and potential for significant health improvement through physical activity (PA)-

based prevention strategies targeting those at highest risk for the disease.

Phase | of the project was a community-based prediabetes screening program targeting persons at
high risk for developing type 2 diabetes (T2D) from ethnicities that are known to be at elevated risk for
developing diabetes based on global trends. The remaining phases of the PRE-PAID project involved a
PA program that was supervised by a qualified exercise professional (QEP) who was assisted by a
culturally-matched instructor and was offered in a readily accessible, community-based location during
Phase Il or within a laboratory-based setting during Phase I11. The overall goal of the project was to help
identify people with prediabetes who are at risk for developing T2D and to prevent or delay the
progression towards T2D through various forms of PA participation. In addition, the project aimed to

determine if some forms of PA were more effective in their ability to prevent or delay T2D.

Participants were first screened for the presence of diabetes and prediabetes risk factors using a
customized and culturally appropriate questionnaire. Interested participants were then offered a
fingerstick blood test measuring glycated hemoglobin (A1C) which provides information about blood
sugar control over the previous three months. Interested participants were then invited to participate in the
community-based PA intervention classes held in close proximity to the location of the

screening/recruitment session.

The PRE-PAID PA program was culturally-specific (during Phase 11) and was supervised by QEPs
who were assisted by culturally-matched instructors to ensure participant safety and appropriate intensity.
Phase 111 was also supervised by QEPs and participants took part in their PA sessions in a laboratory

setting and compared two randomly assigned modes of exercise (high intensity intervals and moderate



intensity continuous aerobic exercise). Participants in Phase 11 were asked to be active for a period of 6
months while those in Phase 111 were involved for a total of 3 months. Some participants in Phase 11 were
asked to provide extra measurements at the beginning and end of the study while all participants in Phase
111 provided these additional outcomes which included measurements of physical and physiological

fitness as well as additional blood tests.

Throughout the project, an emphasis was placed on reaching high risk populations and the
incorporation of QEPs wherever possible. Beyond the results of this research, the role of the QEP and
lessons learned from implementing this community-based strategy will help inform future projects with

similar goals to potentially enhance their success.



1.2 Review of Literature

1.2.1 Diabetes and prediabetes in Canada and world-wide

Diabetes is a global epidemic that is prevalent among 9% of adults worldwide’. Its treatment and
management continue to be a primary objective for health care systems in many countries, including
Canada. Diabetes typically takes one of two different forms, type 1 diabetes mellitus and T2D where
approximately 90% of global diabetes cases are T2D". In Canada prevalence of diagnosed diabetes was
2.4 million in 2009 and there is a projected increase to 3.7 million by 2019%*. Throughout this thesis,
when the term diabetes is used, it encompasses both type 1 and T2D unless specified otherwise.
Prediabetes, the known antecedent to T2D, has been on the rise globally and in Canada with prevalence
and incidence trends that mirror those of diabetes. The Public Health Agency of Canada (PHAC)
estimates that approximately 4 million Canadians (12.5%) between the ages of 40 and 74 have impaired
fasting glucose and approximately 1.8 million (5%) have impaired glucose tolerance?*. Both conditions
are recognized antecedents to T2D and are commonly included in the definition of prediabetes which
refers to a state of suboptimal glycemic control. Investigation among American youth shows that
prediabetes and T2D are manifesting in persons at an earlier age, potentially during childhood with a
30.5% overall increase in T2D among youth between 2001 and 2009°. These data collectively support the

notion that prediabetes and T2D are, indeed, critical health care fields.

Prediabetes and diabetes are associated with significant utilization of health care resources and, in
Canada, estimated direct and indirect costs of diabetes plus its complications are projecting to
approximately $17 billion by the year 2020°. Without alteration to the current health care paradigm in
Canada, the government will not be able to manage the overwhelming costs of diabetes and prediabetes
on the health care system. Persons with diabetes are 3 times more likely to be admitted to hospital and
experience longer durations of admission compared to non-diabetics®*. Alleviation of the burden

currently faced by primary care physicians and a commitment to diabetes prevention through targeted



approaches focusing on those at highest risk for developing T2D should translate into amelioration of the

impact of this disease on the Canadian health care system.

1.2.2  Brief physiological description of diabetes

As previously stated, there are two primary forms of diabetes. Type 1 diabetes develops as a result of
an autoimmune attack of pancreatic beta cells rendering them incapable of producing insulin, a vital
hormone for regulation of blood glucose. All persons with type 1 diabetes must take exogenous insulin to
manage their glycemia to prevent potentially devastating or lethal consequenses®. Type 1 diabetes
typically manifests during adolescence or early adulthood. T2D is a disease that commonly affects adults
over the age of 40 and is typically associated with unhealthy lifestyle behaviours such as poor diet and
physical inactivity®. In T2D, chronic hyperglycemia occurs as a result of dysfunctional insulin secretion,
defective insulin action, or both®. In some cases, T2D may progress to a point where beta cell damage
occurs resulting in the inability to produce insulin and complete exogenous insulin dependance®.
Prediabetes is a state in which the body can still regulate blood glucose effectively but early stages of
insulin resistance and impaired insulin sensitivity are present. This is problematic given that persons with
prediabetes are free of complications or symptoms typically associated with hyperglycemia. As a result, it
is logical to infer that a substantial catchment of individuals with prediabetes remain undiagnosed. These
undiagnosed individuals plus the high prevalence of diagnosed prediabetes make this population hugely

important for targeted strategies with the goal of T2D prevention.

Table 1: Diagnostic criteria for prediabetes. Adapted from the 2013 CDA Clinical Practice Guidelines®’

Classification FPG 2hPG in a 75¢ AlC
OGTT
Normal <6.0 mmol/L <7.7 mmol/L <5.7% (ADA), <6.0% (CDA)
Prediabetes 6.1-6.9mmol/L 7.8-11.0mmol/L 5.7-6.4% (ADA), 6.0-6.4% (CDA)
Diabetes (T1 or >7.0 mmol/L >11.1 mmol/L >6.5%
T2)

FPG: Fasting Plasma Glucose, IFG: Impaired Fasting Glucose, IGT: Impaired Glucose Tolerance, 2hPG: 2 hour plasma glucose, OGTT: Oral
Glucose Tolerance Test




Diabetes often leads to devastating physical and physiological complications which develop as a
result of chronic hyperglycemia. These complications are typically broken down into micro- and macro-
vascular complications and they include central and peripheral neuropathy, retinopathy leading to
blindness, nephropathy leading to kidney failure, myocardial infarction and stroke as well as erectile
dysfunction, lower extremity amputation and death®. In 2012, diabetes was attributable to 1.5 million
deaths globally and expected to be the 7" leading cause of death world-wide by 2030". Persons with
diagnosed diabetes are 3 times more likely to be hospitalized with cardiovascular disease (CVD), 12 times
more likely to be hospitalized with end-stage renal disease, and 20 times more likely to require non-

traumatic lower limb amputation®.

1.2.3  Ethnospecific Approach

In Canada and in particular in the Greater Toronto Area (GTA), there is an ethnically diverse
population composed of specific groups that have demonstrated higher rates of metabolic syndrome,
impaired glucose tolerance, abdominal obesity and insulin resistance. More specifically, these groups are
those who are of South Asian, Chinese, African, Latin or Aboriginal ancestry 814 1t is well documented
that individuals of South Asian, Chinese, African-Caribbean, or Aboriginal descent are at 3-5 times
increased risk of developing T2D, which can happen at an earlier age and at a body composition typically
associated with lower risk in Caucasian populations®'®*#™**, In addition, those who are from African-
Caribbean descent typically experience diabetes-related complications with increased severity™®. The
causes for ethnic disparity in diabetes prevalence are linked to both genetic and environmental factors®.
Health system barriers such as socioeconomic status, inaccessibility to health care and lack of health
insurance coverage are also likely contributors to prevalence and incidence rates of prediabetes and T2D
among these populations®. These same barriers likely impact health behaviours such as diet and PA
participation thus exacerbating the negative health outcomes experienced'®.Beyond these cultural and

health system barriers, the individual themselves must assume some level of responsibility and learn



effective self-management techniques to facilitate changes to their lifestyle and, thus, the possibility for

enduring health benefits.

There is limited evidence regarding the use of PA interventions as a management strategy among
prediabetes populations from these high-risk groups. South Asian individuals in a large scale study from
the United Kingdom have been shown to self-report less PA participation and to be less likely to engage
in vigorous PA compared to white Europeans®’. A recent systematic review of PA and dietary
interventions for South Asian populations concluded that evidence for the effectiveness of such
interventions regarding T2D prevention is limited and that further evaluations using objective measures
are warrented®. Among Chinese individuals, the Da Qing study showed that lifestyle intervention
involving PA and dietary modification is an effective method for reducing the incidence of T2D over 6
years among prediabetic individuals®. In this study, the exercise intervention involved counselling and
education regarding increasing PA participation habits as opposed to supervised exercise sessions and
these counselling sessions occurred weekly for the first 3 months, monthly for the next 3 months and then
every 3 months for the remainder of the study™. Studies of African-American populations have shown
that African-Americans are less likely to utilize diabetes prevention services and have poorer self-
management behaviours®. Lifestyle interventions involving PA among African-Americans with T2D
have been shown to reduce ALC but this has not been demonstrated in African-American prediabetic
populations®. In aboriginal populations, PA intervention has been shown to improve various health
outcomes such as waist circumference, blood lipid profiles and systolic blood pressure (SBP)?. The
specific effects of PA on glycemic control among Aboriginal populations with prediabetes have not been
described in the literature.

There is a tremendous need for primary prevention strategies in Canada that address these high-
risk ethnicities and identify ethno-specific recommendations for the assessment of diabetes risk and for

effective community-based programs that are supervised and incorporate PA.



1.2.4 Community-based interventions and the role of health workers

It is clear that a fundamental shift is required from the traditional, physician-centric, health care
provision paradigm. This shift should allocate a greater portion of responsibility to auxiliary health care
providers in the community to reduce the increasing financial burden and monopolization of health care
resources attributable to diabetes treatment and management. For this shift to occur, QEPs, non-allied
health care community workers and allied health providers who typically have post-secondary education
in health-related fields, must be provided the opportunity to become more engaged in; screening for
prediabetes and diabetes, the identification of potential barriers to PA participation, and the
implementation of lifestyle-based interventions targeting those at high risk within their community.
Successful interventions that take place at the community-level are critically important to investigate and
implement. The community-based nature of such interventions are beneficial because, in ideal scenarios,
they can reach large catchments of participants, they can alleviate the burden on participants leading to
increased participation by being conveniently accessible, they can foster social unity, and they can
provide a cost-effective method for providing interventions incorporating group-based activities and
education sessions®®*. These community-based interventions which adopt an ethno-specific approach
could also generate volunteer or employment opportunities beyond directly supervising the intervention

itself such as translational services, child minding or public health advocacy and education.

The National Diabetes Prevention Program (NDPP) in the United States which aims to deliver
prevention programs modelled after the original Diabetes Prevention Program (DPP)? at the community
level?” has recently developed a PA strategy thorough various partnerships, including major support from
the YMCA. This program is now providing educational workshops about nutrition and PA and is
reaching large numbers of individuals at risk for diabetes but it is still in its infancy and currently lacks
the federal funding structure to reach a significant portion of those with prediabetes in the United States?’.
The NDPP represents a solid foundation for a national strategy targeting T2D prevention. It does,

however come with some limitations. First, it appears to lack a cultural-specificty component which may



potentially limit the attendance from some populations that may be at high risk for T2D development.
Second, the lifestyle portion is implemented by “lifestyle coaches” who only require a 2 day training
course on group facilitation, monitoring and the delivery of lifestyle program according to the NDPP
curriculum. Success of interventions, such as this would be enhanced if QEPs who possess more
specialized and formalized theoretical and practical training (i.e. university undergraduates and post
graduates with experience/training in exercise evaluation and intervention strategies) were deployed as

opposed to relatively untrained “lifestyle coaches”.

Working in the community is not without its challenges. Barriers of trust, child supervision,
access to space and perceived competition with other programs are all examples of potential factors which
may limit project success. To date, Canada has no national strategy for diabetes prevention through
lifestyle intervention or PA, although a few of local strategies that are primarily education-based in

Alberta have been successfully implemented and evaluated®®%.

1.2.5 Assessment of risk factors for T2D and prediabetes

T2D and prediabetes are known to be associated with several modifiable and non-modifiable risk
factors, several of which are easily identified through self-report. In order to capture the risk profile of a
person at high risk for developing T2D, a fast, simple and low-cost option that is validated against
standardized diagnostic blood test scores is an essential tool for programs that aim to identify and engage

those at high risk for T2D in preventative programs.

There have been several attempts to develop this type of front-line risk assessment tool. The Finnish
Diabetes Risk Score (FINDRISC) questionnaire®*! was generated as a product of the Finnish diabetes
prevention study® and has been modified for use in several different countries. An example of this is the
Canadian Diabetes Risk Questionnaire (CANRISK) questionnaire by the Public Health Agency of
Canada®. The FINDRISC questionnaire was selected as a template for similar questionnaires based on its

ability to effectively detect impaired glucose metabolism among Scandinavian populations®®



CANRISK was modified for the Canadian population with the goal of accounting for the greater ethnic
diversity compared to that of Finland®*. CANRISK also includes questions about level of education and,
for women, if they had given birth to a large baby (over 9 1b) both of which are known to be associated
with T2D risk®. Neither the FINDRISC, nor the CANRISK questionnaires used A1C as the primary
assessment tool for glycemic control, although CANRISK did include A1C measures in a sub-population
during their validation process*****. The CANRISK is a statistically valid tool, more accurate than
FINDRISC for assessing diabetes risk®® but it appears to lack in its ability to fully capture PA

participation as a predictor for T2D.

1.2.6 Diabetes-Specific blood biomarkers

There are several different approaches typically adopted to determine a person’s diabetes status. The
Canadian Diabetes Association (CDA) provides diagnostic criteria for diabetes via fasting plasma glucose
(FPG), random plasma glucose (RPG), oral glucose tolerance testing (OGTT) and A1C? (see Table 1, pg
5). In addition to these criteria, homeostatic model assessments for beta cell function (HOMA-B) and
insulin resistance (HOMA-IR) can be used to track improvement or deterioration in glycemic control

among study cohorts *%,

The CDA recommends that®:

1. All individuals should be evaluated annually for T2D risk on the basis of demographic and
clinical criteria.

2. Screening using FPG and/or A1C should be performed every 3 years in individuals >40 years of
age. More frequent testing with FPG and/or A1C or 2 hour PG in a 75g OGTT should be
considered in those at very high risk determined using a “risk calculator” or in people with
additional risk factors such as first degree relative with T2D, ethnicity, history of prediabetes,
history of gestational diabetes or presence of vascular risk factors such as atypical blood-lipid

profile.

10



3. Testing using a 2 hour PG 75g OGTT is recommended to identify persons with prediabetes or

diabetes if FPG and/or A1C are in the prediabetes range.

There are several advantages and disadvantages to each of the diagnostic blood tests that may be
performed. Typically, RPG is not utilized by itself given the large degree of variability and dependence
on factors such as stress levels, diet and activity performed prior to the test®. If a person has an elevated

RPG test, they will require a follow-up FPG, A1C or OGTT to confirm any diagnosis.

FPG is a well-established standard that is fast, easy, relatively inexpensive and predictive of
microvascular complications, however, samples are prone to high day-to-day variability, patients must be
in a fasted state and the results only reflect a single time point®. A 2 hour 75g OGTT is also a well-
established standard that is predictive of microvascular complications but is also susceptible to a high
degree of day-to-day variability, is expensive, requires a 2 hour time commitment and requires the
consumption of an unpalatable glucose beverage®. A1C is a relatively new diagnostic tool compared to
FPG and OGTT and is typically used because it can be tested at any time of day, it does not require
patients to be fasted, it predicts microvascular complications, it is a better predictor of macrovascular
complications compared to measures of plasma glucose, it is not susceptible to a high degree of day-to-
day variability and it provides a long term indication of glycemic control (3 months) rather than a single
time point’. That said, AL1C is more expensive, potentially misleading in the presence of
hemoglobinopathies, may be predisposed to variants in some ethnicities and requires the use of NGSP

standardized, validated lab equipment for a diagnosis to be made®.

HOMA-B and HOMA-IR are composite indicators of beta cell function and insulin resistance,
respectively. They have been included in hundreds of publications and validated against several
physiological outcomes, including hyperinsulinemic euglycemic clamp protocols®. The term HOMA

refers to “homeostasis model assessment” and the formulae to calculate these values are derived from
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basal glucose and insulin levels using the following equations (units of glucose are mmol/L and insulin

(mIU/L)%;

20X 1 li Gl XI Li
HOMA — B (%) = —————— HOMA — IR = Scose X Insulin

The HOMA model is derived based on a mathematical assessment of beta cell function and insulin
resistance using calibrations of 100% for HOMA-$ and 1.0 for HOMA-IR as “normal” values. From this
assessment, estimates of beta cell function and insulin resistance for any pair of basal plasma glucose and
insulin concentrations can be made using this model*>*. HOMA models are not intended to act as a
stand-alone assessment of glycemic control at a single time point, but rather, a cost-effective approach to
detect longitudinal changes among study cohorts and assess diabetes progression or the efficacy of

interventions®.

1.2.7 Current PA recommendations for T2D and prediabetes

Based on a number of large-scale randomized controlled trials, persons with prediabetes should
be encouraged to accumulate approximately 150 minutes per week of moderate effort PA plus resistance
exercise to build/maintain strength with the goal of reducing diabetes development and complications
3263138 These recommendations are in line with current global PA Guidelines endorsed and adopted by
the CDA as well as other Canadian and international governing bodies®***°. Doses of exercise in excess
of the recommended 150 minutes per week have not been explored in depth among populations of
persons with T2D or prediabetes. That said, higher doses of PA, exceeding the 150 minute
recommendation, have been shown to be associated with higher energy expenditure, improved body
weight management, improved aerobic fitness and reduced rates of other comorbidities such as CVD or
hypertension in addition to all cause mortality*>*3. However, these volumes of PA participation may not
be attainable or practical, especially for community-based PA interventions, especially since only 15% of
Canadian adults are meeting the current recommendations of 150 minutes of structured PA and only 35%

of Canadian adults are considered adequately active in their accumulation of non-structured PA*. In
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general, naive exercisers or sedentary persons should start with low-to-moderate intensity PA with
gradual progression to more moderate-to-vigorous intensity PA of longer durations to further improve
health.

Two important considerations when implementing any PA intervention for the general
population, particularly for those who may be sedentary and at risk for diabetes, are exercise safety and
PA literacy or comfort level. Two recent reviews relating to adverse events associated with PA have
found very little evidence for any PA related death and a low incidence of non-life threatening adverse
events with low to moderate intensity exercise ¥, In fact, evidence supports the idea that accumulating
greater volumes of exercise over time translates into less mortality and morbidity among persons with
diabetes *"“®*’_ In order to minimize potential exercise-related adverse events, all individuals with
prediabetes should be assessed for additional risk factors for CVD through the use of evidence-based
screening tools such as the PAR-Q+ and ePARmed-X+ (www.eparmedx.com) before commencing a PA
regimen*®. Persons with no additional risk factors or symptoms of CVD do not require further screening
before the commencement of PA programs involving low to moderate intensity PA*. Persons with
symptomatic CVD or those who possess several additional risk factors of CVD may require additional
medical screening after the completion of the ePARmed-X+ (www.eparmedx.com)®. Higher intensity PA
such as sprinting, cross country skiing, snow shoveling, or squash should initially be avoided by
previously inactive middle aged or older adults *’.

Prevention of exercise-related adverse events should be prioritized when beginning a PA
intervention, especially for someone who has confirmed prediabetes or diabetes. In addition to educating
and empowering the individuals themselves, it is imperative to make certain that the QEPs, non-allied
health community workers and health care providers are knowledgeable about the absolute and relative
contraindications to exercise™ and the use of proper pre-screening procedures.

1.2.8 Types of PA and their role in T2D management/prevention
Previous investigators have targeted persons with prediabetes utilizing lifestyle modification which
includes both dietary intervention and incorporation of continuous aerobic and resistance exercise to
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prevent or delay the onset of T2D with highly encouraging results **3#°*. It is

important to note, however,
that these studies are primarily education-based intervention geared towards both diet and PA
participation with limited supervision of the PA component. Little is known regarding the effect of PA-
based interventions, independent from dietary modification, on specific markers of glycemic control such
as A1C in persons with prediabetes. There are, however, several well established mechanisms through
which both aerobic and resistance-based exercise can benefit persons with prediabetes via improved
insulin sensitivity>>. These mechanisms include increases in skeletal muscle mass and increased GLUT4
content® among others. The majority of these mechanisms have been explored among persons with
diagnosed diabetes as opposed to populations of prediabetics or those simply at high risk for T2D.

Developing strategies involving both aerobic and resistance exercise to take advantage of these

mechanisms and improve one’s ability to prevent or delay T2D is a high priority.

High-intensity interval training (HIIT) has become a popular alternative to the more traditional
moderate-intensity continuous training approach to aerobic exercise. It is extremely important to use
caution when interpreting the findings from HIIT interventions given the high degree of variability in
approaches which can all be considered HIIT. All HIIT approaches typically incorporate exercise that is
>80% maximum HR and can range from very short sprint intervals lasting 30-60 seconds with shorter rest

%5 or longer lasting 2-4 minutes with longer rest periods *°. Evidence from studies

between intervals
using comparable HIIT approaches to that utilized in the present study indicate that HIIT is a more
effective method for improving cardiorespiratory fitness, reducing blood pressure, improving blood lipid
profiles, and improving insulin sensitivity among persons with lifestyle-induced cardiometabolic chronic
diseases® . That said, among persons with T2D, a recent study showed no difference between moderate
and high intensity exercise approaches in their ability to improve A1C*. Another study showed

improvements in insulin sensitivity after a single bout of continuous moderate intensity aerobic exercise

but not after a single bout of sprint-based HIIT®. To date, no studies have explored how HIIT and
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continuous moderate intensity aerobic exercise differ in their ability to induce improvements in A1C

when coupled with resistance training among persons with prediabetes

1.3 Rationale

This project was developed based on the overwhelming need for PA-related interventions that are
specific to prediabetes and that target persons from ethnicities known to be at highest risk for developing
T2D. Given the high prevalence of prediabetes and ethnocultural diversity in Canada, specifically the

GTA, York University was a logical and ideal fit to explore the development of such interventions.

After reviewing the literature and existing programs in the GTA, it was abundantly clear that there
were very few, if any, programs that were community-based, culturally-specific PA focused and targeting
persons with prediabetes as opposed to those already diagnosed with T2D. In addition to providing a
valuable community program, this project can help to fill a void in the body of literature on the subject of

risk assessment and PA programming for persons at high risk for T2D.

The known link between prediabetes, T2D and modifiable risk factors such as exercise and PA
provides ample reason to fully explore how different forms of these modifiable lifestyle habits can be best

utilized to prevent or delay T2D development as long as possible.

Finally, the inclusion of QEPs throughout the project is based on the notion that these professionally
trained individuals can provide valuable and effective supervision in various settings, including those that
are community-based. Better utilization of QEPs may help to reach a broader catchment of persons at risk
for diabetes development and alleviate a portion of the burden on physicians that is currently attributable

to prediabetes and T2D.

If successful, prediabetes detection and PA intervention strategies would translate into significant cost
savings for the health care system which would allow a re-allocation of resources to bolster other areas of

need.
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1.4 Objectives and Hypotheses of the Study

1.4.1 General Objectives and Hypotheses

The PRE-PAID project had three primary objectives. The first being a community-based screening
initiative that identifies individuals at high risk for T2D by assessing their risk using a risk questionnaire
and point-of-care fingerstick blood testing. The second objective of the project was to prevent progression
toward T2D by engaging those identified during the screening process in a supervised PA program that is
culturally-specific, community-based and supervised by a QEP assisted by a culturally-matched
instructor. Finally, the project aims to determine if differences exist between different forms of exercise in
their ability to elicit changes in glycemic control among prediabetic participants through a randomized,

laboratory-based study design.

It was hypothesized that the screening approach adopted during Phase | would show strong
correlation between the risk questionnaire classification and fingerstick A1C values providing evidence
that the PRE-PAID screening model accurately predicts the risk of individuals screened. It was also
hypothesized that the community-based PA program would elicit positive changes to participants’ risk
profiles and blood test scores after 6 months of participation. Finally, it was hypothesized that
participation in aerobic exercise consisting of high-intensity intervals would induce greater improvements

in glycemic control demonstrated by reductions in A1C.

1.4.2 Phase | Objectives and Hypotheses

The objective of Phase | of the PRE-PAID project was to determine if a pen-and-paper
guestionnaire could accurately capture persons with prediabetes and stratify a person’s overall risk for
developing T2D in a manner that is comparable to risk classification based on capillary blood A1C

measurement.
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The hypothesis for Phase | was that the questionnaire would be effective in identifying
individuals at risk for the development of T2D and that there would be strong correlation between the

guestionnaire risk classification and risk classification based on A1C measurement.

1.4.3 Phase Il Objectives and Hypotheses

The primary goal of Phase Il was to achieve improvements in AL1C over a six month period of
time among participants identified during Phase | of the PRE-PAID project. Additional measures of
physical and physiological fitness and health were also examined in a subset of participants to evaluate
potential concurrent health benefits relevant to prediabetes and T2D as well as several other chronic

diseases.

The hypotheses for Phase 1l were that the community-based PA program would be effective in
reducing the risk for progression to T2D demonstrated by reductions in A1C after 6 months of
participation among a predominantly prediabetic population. It was also expected that, among those who
elect to provide secondary outcomes, health-related improvements in fitness and the additional blood

biomarkers would be observed.

1.4.4  Phase Ill Objectives and Hypotheses

The primary aim Phase 111 of the PRE-PAID project was to investigate the effectiveness of HIIT
compared to traditional moderate-intensity continuous training in a prediabetic population with both
interventions supplemented by resistance training and the goal of improving glycemic control as
measured by A1C. The secondary aim of Phase 1l was to examine how these two interventions impact

body composition, musculoskeletal and aerobic fitness.

The hypotheses for Phase 111 anticipated that the use of HIIT coupled with resistance training
would elicit the greatest reduction in A1C compared to traditional moderate-intensity aerobic training
with an identical resistance training component. It was also hypothesized that any reductions in A1C

would not be as pronounced as reductions observed in previous studies among persons who were already
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diagnosed with T2D. Finally, it was hypothesized that all secondary outcomes, with the exception of
strength measures, would show greater improvements among those in the HIIT group compared to those

who performed moderate intensity exercise.
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CHAPTER 2: OVERALL RESEARCH DESIGN AND METHODOLOGY

The following chapter outlines common methodologies across all phases of the project. The
intervention portion of each phase was different and, thus, detailed descriptions of all methodologies

specific to each phase are included in the manuscript from each study.
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2.1 Participant Recruitment and Screening

All protocols were reviewed and approved by the York University Human Participants Research
Subcommittee prior to participant recruitment for each phase of the project. Relevant procedures were
also reviewed and approved by York University’s Biosafety Officer. Certificates of approval are included

in Appendix B.

Participants for Phases | and 11 were recruited from various community-based locations such as
community health centres, religious centres and shopping malls through partnerships with various
community agencies. Recruitment strategies for each phase are described in detail within their
corresponding manuscript. Communities were selected based cultural demographics and prevalence rates
of T2D. Community partners assisted recruitment by providing volunteer support, access to
patients/clients and by helping to promote the project during various community outreach events. A list of

community partners is included in Appendix C.

Participants for Phase 111 of the project were recruited from the York University staff population.
This was accomplished via email through the York University Staff Association as well as the Yfile online

daily newsletter.

Prior to any data collection, participants in all phases provided written, informed consent. The
consent documents are included in Appendix B and were translated into Chinese, Punjabi and Hindi to

enhance clarity during Phases | and 11.

Detailed inclusion and exclusion criteria are described in the phase-specific manuscripts but in all
phases, persons, aged 18 or older, who were at high risk for prediabetes were targeted during the
recruitment process. In all phases, participants possessing any limitation that prevented their involvement
in moderate intensity PA were not included. Prior to engagement in any form of PA, participants
completed the Physical Activity Readiness Questionnaire (PAR-Q+) which is included in Appendix A.
This questionnaire is used to identify any potential contraindications or risks to PA participation. In all
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cases, definitions of “normal”, “prediabetes” and “diabetes” were based on the American Diabetes

Association (ADA) diagnostic criteria.

Once informed consent was received, the screening of participants, during all phases,
incorporated a written questionnaire which gathered information about diabetes-specific risk factors
combined with a point-of-care fingerstick blood test for A1C. The risk questionnaire was adapted from
the, previously validated, FINDRISC and CANRISK questionnaires®*®. Slight alterations from the
CANRISK questionnaire were made to minimize participant burden by removing questions about fruit
and vegetable consumption, level of education and giving birth to a large baby. The questionnaire was
also modified in order to include more detailed information (frequency and intensity) regarding the PA
habits of those completing the questionnaire. The PRE-PAID questionnaire is included as APPENDIX D.
Upon completion of the seven questions, an overall risk score was tabulated, based on a scoring paradigm
similar to that of CANRISK, placing individuals into one of five different risk categories; “Small” (score
0-6), “Moderate” (score 7-11), “High” (score 12—14), “Very High” (score 15-20) and “Extreme” (score
over 20). Trained members of the research team assisted study participants with questionnaire
completion, and all questionnaire responses were based on self-reported information. BMI charts were
provided to simplify the estimation of BMI from body mass and height (kg/m?). Participants were only
required to complete the questions that contributed to the calculated risk score. The additional information
collected on the questionnaire was used to better describe the study population. The A1C test is described

in detail in the “Blood Measures” section (2.2.1).
2.2 Measurements

2.2.1 Blood Measures

Glycated Hemoglobin

The primary blood outcome measure was A1C and it was measured using the Bio-Rad in2it
point-of-care device which performs the analysis using boronate affinity chromatography (Bio-Rad
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Laboratories, CA, USA). Capillary blood samples (approx. 10ul) were collected via fingerstick using
sterile techniques. From a subset of participants, a second sample from the same fingerstick was collected
using the Bio-Rad capillary tube (Bio-Rad Laboratories, CA, USA) for analysis by high performance
liquid chromatography (HPLC) which is a National Glycohemoglobin Standardization Program (NGSP)
approved form of A1C analysis®. These analyses were performed by Clearstone Central Laboratories

(Mississauga, ON) using the Bio-Rad Variant 11 Hemoglobin testing system.

AL1C was selected as the primary biomarker for inclusion for several reasons; it provides indicator
of glycemic control spanning a three month period, it is less variable than fasted blood glucose sampling,
and A1C does not require participants to be fasted allowing for more convenient scheduling of
participants interested in the study. Results of the A1C tests were interpreted based on both the 2013
CDA Clinical Practice Guidelines diagnostic criteria which define prediabetes using an A1C range of 6.0-
6.4% and T2D using an A1C range of >6.5%° and the American Diabetes Association (ADA) Standards
of Medical Care which use an A1C range of 5.7-6.4% for prediabetes and >6.5% for diabetes®. The
specific cut-points used in each of the phases of the project are described in each manuscript. All
participants were informed that the results from the blood tests taken for the PRE-PAID project were not
designed to provide medical diagnosis of prediabetes or T2D. Individuals who had A1C scores >6.5%
were provided with a letter describing their results and encouraged to see their primary care physician for

further confirmatory testing.
Oral Glucose Tolerance Test

A 75¢ oral glucose tolerance test (OGTT) was also performed on a sub-set of participants who
elected to provide the secondary outcome measures during Phase 11 and for all participants in Phase III.
During Phase 11, participants arrived at the laboratory in a fasted state (nho food or drink for a minimum of
8 hours) and provided a baseline intravenous blood sample (10mL). Upon sample collection, participants

were provided with a 75g dose of glucose (Trutol™, Thermo Scientific, USA) to be consumed within a 5
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minute period. Blood samples (5mL) were then drawn every 30 minutes from an indwelling venous
catheter so that a single venipuncture was required for the entire test to alleviate the potential burden or
discomfort to the participants. Participants were asked to remain seated and refrain from activity during
the remainder of the protocol. All blood collection was performed by a trained phlebotomist who in most
cases was a registered nurse. Blood samples were delivered to Lifelabs (Lifelabs, ON, Canada) for
analysis of the following biomarkers; fasting glucose, fasting insulin, HDL-Cholesterol, LDL-
Cholesterol, Total Cholesterol, Triglycerides, HDL:LDL as well as glucose and insulin values for each of

the time points (30, 60, 90, and 120 minutes).

During Phase 111, slight alterations were made in order to minimize participant burden and
discomfort. In this phase, after arriving in a fasted state (no food or caloric drinks for a minimum of 8
hours prior), fingerstick capillary blood was collected and whole blood glucose was analyzed using the
OneTouch UltraMini blood glucose monitoring system (LifeScan Canada Ltd. BC, Canada). A second
sample of approximately 200pl was collected from the same fingerstick via microvette. The second
sample was centrifuged and plasma was separated and stored (-18°C) for the analysis of insulin. The
insulin samples were analyzed using a Human Insulin ELISA kit (Abcam®, MA, USA). After the fasting
samples were collected, participants consumed a 75g glucose beverage (Trutol™, Thermo Scientific,
USA) within a 5 minute period and were then asked to remain seated and refrain from activity during the
remainder of the protocol. After two hours, participants provided a second fingerstick blood sample from
a different finger and both the blood glucose and insulin samples were collected. The second sample was

only collected for the fasted sample, not after 2 hours.

From the results of the OGTT, the calculation of HOMA- and HOMA-IR were performed using
standard equations®*°. These measures provide indirect information about the participants’ beta cell
function and insulin resistance status. Each of these measures represents an important consideration for
prediabetic populations to help describe the participant’s overall diabetes risk and potentially predict

further disease progression.
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2.2.2 Physical and Physiological Fitness Measures

During Phase 11 and 11, physical and physiological fitness were assessed in the sub-set of
participants who agreed to come to the laboratory for additional testing in Phase 11 and among all
participants in Phase I1l. The assessment included measures of anthropometry, body composition, resting
heart rate (HR) and blood pressure as well as upper body strength, lower body power and aerobic fitness.
Height was measured using a stadiometer and body mass plus percent body fat were measured using a
digital scale (Tanita Corporation of America, IL, USA). Waist circumference was measured by a trained
exercise professional following the National Institutes of Health (NIH) guidelines®. Resting blood
pressure and resting HR using the BpTRU™ device (BpTRU™ Medical Devices Ltd. BC Canada). Upper
body strength was assessed using a hand grip dynamometer (Takei T.K.K. 5401, Niigata, Japan) and
lower body power was measured via vertical jump (Vertec, JumpUSA, CA, USA and Probotics Just Jump
Mat, Probatics Inc., AL, USA). A customized, incremental aerobic fitness treadmill walking protocol was
used and oxygen consumption (VO,) was measured by direct analysis of expired gas using open-circuit
spirometry (S-3A/Il oxygen, CD-3A carbon dioxide; AEI Technologies, Pittsburgh, PA). Aerobic fitness
test termination was determined by volitional fatigue. During the aerobic fitness test, HR and VO,peak
were recorded, along with time on treadmill and maximum speed and grade achieved. These fitness

protocols are thoroughly described within each manuscript.
2.2.3 Lifestyle Measures

Several additional outcomes were assessed during the various phases of the PRE-PAID project.
These additional outcomes are phase-specific and therefore described, in detail, within the manuscript for
each component of the study. These outcomes include questionnaires assessing health, acculturation,

stress, lifestyle behaviours and quality of life.
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CHAPTER 3: MANUSCRIPTS
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MANUSCRIPT 1:

The Pre-Diabetes Detection and Physical Activity Intervention Delivery (PRE-PAID) Program

CP Rowan, MC Riddell and VK Jamnik. The Pre-Diabetes Detection and Physical Activity Intervention

Delivery (PRE-PAID) Program. Canadian Journal of Diabetes. 2013. (37) 415-419
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3.1.1 Introduction

The diabetes epidemic is a global health care concern that continues to dominate the attention of health
care practitioners, researchers, qualified exercise professionals (QEPS), non-health community workers
and policy makers. Over the past two decades, the incidence of prediabetes, which is the precursor to type
2 diabetes (T2D) for most individuals, has been increasing in Canada and projections indicate that based
on current lifestyle and population trends, the prevalence of T2D will become financially overwhelming
for the current Canadian health care system®. Emerging evidence suggests that focussing on lifestyle
intervention for prediabetes is more effective and comparatively cost-saving for diabetes prevention
compared with pharmacological approaches %2, Early insulin therapy in prediabetes is not effective for
diabetes prevention or reduction in CVD risk ®’. Moreover, based on results from the US Look AHEAD
trial, intensive lifestyle intervention after diabetes diagnosis typically fails to cause disease remission ®,
although it can reduce body adiposity obesity and improve glycemic control in patients who already have

T2D %,

The Public Health Agency of Canada estimates that approximately 4 million Canadians (12.5%) between
the ages of 40 and 74 have impaired fasting glucose and approximately 1.8 million (5%) have impaired
glucose tolerance *. Both conditions are recognized antecedents to T2D and are commonly included in the
definition of prediabetes which refers to a state of suboptimal glycemic control. The study of lifestyle
intervention on prediabetes, specifically, is a relatively new research area and the majority of theories and
knowledge have been adapted from what has been shown in people with T2D. Physical activity (PA) can
elicit several positive outcomes in persons with T2D including; improved glycemic control, improved
insulin sensitivity, and reductions in diabetes-related comorbidities such as CVD *?. Despite prediabetes
emerging as a specific research area, research typically uses progression to T2D as the primary outcome
and, consequently, the role of PA has yet to be fully explored with respect to quantifying the potential
improvements in glycemic control, as measured by A1C in persons with prediabetes'***®. Furthermore,
the majority of studies involving PA in pre-diabetic populations involve lifestyle modification which
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includes BOTH PA intervention and dietary modification'*?*. While dietary modification is an
important and recommended addition to any PA regimen, the authors seek to determine the effect of PA
on glycemic control, independent of any modification to diet in order to inform the allocation of future
resources put towards T2D prevention. In Ontario, while there exists several diabetes awareness programs
that may be culturally appropriate, they are primarily education-based and there lacks a PA specific
approach that offers structured opportunities to become active at the community level in an environment
where the PA is provided by people who are qualified to recommend and supervise these programs.
Culturally appropriate PA options, such as group fitness classes offered in different languages that utilize
music and movements specific to different cultures, may be more enjoyable, may provide a more

comfortable environment, and may enhance adherence to PA compared to conventional exercise sessions.

This paper presents important perspectives regarding front-line screening to detect individuals with
prediabetes and provides strategies for implementing culturally appropriate PA interventions to reduce the

incidence of T2D.

3.1.2 A Culturally Appropriate Approach

Canada has an ethnically diverse population composed of specific groups that have demonstrated higher
rates of metabolic syndrome, impaired glucose tolerance, abdominal obesity and insulin resistance. More
specifically, these groups are those who are of South Asian, Chinese, African, Latin or Aboriginal
ancestry . It is believed that the causes for ethnic disparity in diabetes prevalence are linked to both
genetic and environmental factors °. There are also health system barriers such as socioeconomic status,
inaccessibility to health care and lack of health insurance coverage °. These same barriers likely impact

health behaviours *°.

There is limited evidence regarding the use of PA, specifically, among prediabetes populations among
these high-risk groups. South Asian individuals in a large scale study from the United Kingdom have
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been shown to self-report less PA participation and to be less likely to engage in vigorous PA compared
to white Europeans’’. A recent systematic review of PA and dietary interventions for South Asian
populations concluded that evidence for the effectiveness of such interventions regarding T2D prevention
is limited and that further evaluations using objective measures are warrented*®. Among Chinese
individuals, the Da Qing study showed that lifestyle intervention involving PA and dietary modification is
an effective method for reducing the incidence of T2D over 6 years among pre-diabetic individuals™.
Studies of African-American populations have shown that African-Americans are less likely to utilize
diabetes prevention services and have poorer self-management behaviours®. Lifestyle interventions
involving PA among African-Americans with T2D have been shown to reduce A1C but this has not been
demonstrated in pre-diabetic populations®. In aboriginal populations, PA intervention has been shown to
improve various health outcomes such as waist circumference, blood lipid profiles and SBP%. The
specific effects of PA on glycemic control among Aboriginal populations with prediabetes have not been

described in the literature.

3.1.3 The Role of Community Health Employees:

It would appear that fundamental shift is required from the traditional, physician-centric, health care
provision paradigm such that a greater portion of responsibility falls on other health care providers in the
community to reduce the increasing financial burden and monopolization of health care resources
attributable to diabetes treatment and management. For this shift to occur, QEPs, non-allied health care
community workers, health care and allied health providers who typically have post-secondary education
in health-related fields, must be provided the opportunity to become more engaged in screening for
prediabetes and diabetes as well as the identification of potential barriers to PA participation within their
community. The evidence-based CDA Clinical Practice Guidelines (CPG)? include information pertinent
to all health care providers for the implementation of PA prescriptions involving aerobic and resistance
exercise. It should be noted that the majority of information provided by the CPG is directed toward
individuals with diagnosed diabetes, rather than prediabetes, although the minimum prescription of PA
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for the prevention of diabetes is likely identical to that prescribed for patients with a diabetes diagnosis
(i.e. 150 minutes of accumulated aerobic exercise plus resistance exercise 2-3 times per week). The
National Diabetes Prevention Program (NDPP) in the United States which aims to deliver prevention
programs modelled after the original Diabetes Prevention Program (DPP)? at the community level*’ has
recently developed a PA strategy thorough various partnerships, including major support from the
YMCA. This program is how providing educational workshops about nutrition and PA and is reaching
large numbers of individuals at risk for diabetes but it is still in its infancy and currently lacks the federal
funding structure to reach a significant portion of those with prediabetes in the United States #’. The
NDPP represents a solid foundation for a national strategy targeting T2D prevention. It does, however
come with some limitations. First, it appears to lack a cultural component which may potentially limit the
attendance from some populations that may be at high risk for diabetes development. Second, the lifestyle
portion is implemented by “lifestyle coaches” who only require a 2 day training course on group
facilitation, monitoring and the delivery of lifestyle program according to the NDPP curriculum. It is the
opinion of the authors that PA recommendations to individuals who could potentially be at elevated risk
for an adverse event associated with PA participation should be made by QEPs who possess more
specialized and formalized theoretical and practical training (i.e. university undergraduates and post
graduates with experience/training in exercise evaluation and intervention strategies). To date, Canada
has no national strategy for diabetes prevention through lifestyle intervention or PA, although a few of

local strategies have been successfully implemented and evaluated®®%.

Figure 1: PRE-PAID project illustrated pathway of participation. The boxes on the top of the arrow represent the overview of
project participation while the boxes below the arrow represent the three different data collection time points.
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3.1.4 The Pre-diabetes Detection and Physical Activity Intervention Delivery Project (PRE-PAID):

The PRE-PAID project is a multi-phase initiative, funded by the Ontario Ministry of Health Promotion
and the Ontario Trillium Foundation, commencing in the GTA. PRE-PAID focusses on identifying
persons who have prediabetes. Culturally appropriate and preferred PA interventions are provided at the
community level to help improve biomarkers for glycemic control and, theoretically, prevent or delay the
progression to T2D. The PRE-PAID project also features a training component for QEPs and other
community workers that deploy the targeted screening process and prediabetes specific education
pertaining to PA recommendations for high risk populations. This training takes place via a series of
educational workshops focusing on the assessment of prediabetes risk, the utilization of point-of-care
blood testing equipment and specific recommendations for safe and effective PA prescription and pre-
screening. Figure 1 depicts the PRE-PAID approach to prediabetes screening and PA intervention and this
paper provides details regarding participant recruitment, screening and the initial phases of PA

intervention delivery. Follow-up data collection is on-going and will not be addressed in this publication.

Recruitment took place in various locations within the target communities through the establishment of
partnerships with existing community service providers. Details regarding the recruitment process are
described, in detail, in a latter section of this paper. Communities were selected using the most recent data
(2001/2002) from the Institute of Clinical Evaluative Studies (ICES) " that provided mapped information
regarding diabetes prevalence in the GTA. The communities with highest diabetes prevalence were
selected because they also possessed the greatest percentage of the target, high risk ethnicities (South
Asians, Chinese and African-Caribbean). While the ICES data is based on persons with diagnosed
diabetes, the rates of prediabetes are thought to be highly correlated. Additionally, a community in the
Sault Ste. Marie region was selected to participate in the project to capture information from an on-

reserve Aboriginal population.

3.1.5 Risk Factors and Screening for Prediabetes and Diabetes:
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The first step in PRE-PAID risk assessment process is the administration of a prediabetes risk
questionnaire that has been modified from the CANRISK questionnaire®® developed by the Public Health
Agency of Canada, to reduce participant burden and to include a slightly more descriptive question about
PA participation. The questionnaire, through seven questions, identifies various risk factors for
prediabetes including a detailed assessment of PA patterns and provides a risk classification score ranging
from 0 — 25. Immediately following the administration of the risk questionnaire, the PRE-PAID approach
then utilizes point-of care A1C (Bio-rad Laboratories, Hercules CA, USA: in2it analyzer) as the primary
blood screening measure of glycemic control. This measurement device is recommended due to the ease
with which blood samples can be collected, the short analysis time (10 minutes), and because individuals
being screened do not need to be in a fasted state for the test. Combining self-reported risk factor
assessment (modified CANRISK questionnaire) with a reasonably reliable physiological biomarker
(ALC) provides a detailed front-line assessment of the individual’s metabolic risk (normal, pre diabetic,

diabetic).

Demographic data from the PRE-PAID questionnaire are highly informative and in line with expectations
related risk factor prevalence. Table 2 provides a summary of the questionnaire results from 691 PRE-
PAID participants. It should be noted that the sample was predominantly female (73%) which may be a
result of tendencies for females to demonstrate increased health-seeking behaviours for chronic conditions
™ Of particular importance are that; 56% of participants self-reported that they were physically active
only 2x/week or less, 66% of respondents had a family history of diabetes and the average risk score from
the questionnaire was 9.6 which coincides with the occurrence of 3-5 known diabetes risk factors. Mean
(% standard deviation) point-of-care A1C was 6.0% + 0.90 which falls within the ADA range for
prediabetes *. Comparing various communities showed that the least healthy communities based on mean
questionnaire risk classification score and mean A1C were one of the Toronto communities (Jane-Finch)
and the Sault Ste Marie (Garden River) Aboriginal community. Both had mean risk questionnaire scores
over 12 (High Risk) and A1C values >6.1%. These communities also had the highest self-reported levels
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of physical inactivity, previous diagnoses of hypertension and hyperglycemia as well as the highest
percentage of participants with family history of diabetes. Socioeconomic status was not included on the
risk questionnaire but the selected communities, based on the ICES data °, had among the highest rates of
unemployment, lowest household incomes, and lowest percentage of the population completing high

school in the entire GTA.
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Table 2: PRE-PAID participant demographics (males and females combined) and summary of risk factor identification
results acquired from the risk questionnaire during recruitment/baseline screening. Results are shown as totals as well as
percentages.

Total (n) % of Subjects
Sex
Male 187 27
Female 504 73
Ethnicity
African Caribbean 306 45
South Asian 110 16
Chinese 145 21
Caucasian 57 8
Aboriginal 30 4
Other 35 5
PA Participation /week
Rarely/Never 160 24
lor2 219 32
3+ 299 44
Previous Diagnosis of High Blood
Pressure
Yes 210 31
No 473 69
Previous Diagnosis of High Blood
Sugar
Yes 101 15
No 576 85
Family History of Diabetes
None 229 34
Distant Relative 138 20
Immediate Relative 307 46
Risk Classification*
Small 211 31
Moderate 240 35
High 104 15
Very High 106 15
Extreme 29 4

*Small refers to a questionnaire score of <7, Moderate 7-11, High 12-14, Very High 15-19,
Extreme 20-25. Increasing score coincides with increased self-reporting of known T2D risk
factors.
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3.1.6 Risks with Physical Activity and Exercise Participation:

One important consideration when implementing any PA intervention for the general population,
particularly for those who may be at risk for diabetes, is exercise safety. Two recent reviews relating to
adverse events associated with PA have found very little evidence for any PA related death and a low
incidence of non-life threatening adverse events with low to moderate intensity exercise *"*. In fact,
evidence supports the idea that accumulating greater volumes of exercise over time translates into less

mortality and morbidity among persons with diabetes %',

Prevention of exercise-related adverse events should be prioritized when beginning a PA intervention,
especially for someone who has confirmed prediabetes or diabetes. It is imperative to make certain that
the QEPs, non-allied health community workers and health care providers are knowledgeable about the

absolute and relative contraindications to exercise® and the use of proper pre-screening procedures.

3.1.7 Physical Activity Recommendations for Persons with Pre-diabetes:

In order to minimize potential exercise-related adverse events, all individuals with prediabetes should be
assessed for additional risk factors for CVD through the use of the PAR-Q+ and ePARmed-X+ before
commencing a PA regimen®. Persons with no additional risk factors or symptoms of CVD do not require
further screening before the commencement of PA programs involving low to moderate intensity PA*®.
Persons with symptomatic CVD or those who possess several additional risk factors of CVD may require
additional medical screening after the completion of the ePARmed-X+*. Higher intensity PA such as
sprinting, cross country skiing, snow shoveling, or squash should initially be avoided by previously
inactive middle aged or older adults *'. Based on a limited number of large-scale randomized controlled
trials, persons with prediabetes should be encouraged to accumulate approximately 150 minutes per week
of light-to-moderate effort PA to induce reductions in diabetes development *%2"% These
recommendations are in line with current global PA Guidelines endorsed by the CDA as well as other
Canadian and international governing bodies®**%. The effectiveness of more moderate-to-vigorous
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aerobic exercise or of resistance training is unknown but in general, naive exercisers or sedentary persons
should start with low-to-moderate intensity PA with gradual progression to more moderate-to-vigorous

intensity PA to further improve health.

3.1.8 Lessons Learned from the PRE-PAID Project: Implementation and Monitoring of a Community-
based Program:

Various methods of participant recruitment were utilized by the PRE-PAID team. Initial recruitment
efforts consisted of a relatively low-visibility presence in shopping centres and signage/flyers in various
high traffic community locations such as physician offices and recreation centres. It was clear that
individuals in the community were skeptical or disinterested in becoming involved with the program.
After limited success, a different approach was adopted that emphasized partnership with various
organizations within the target communities, more specifically, community health centres, churches and
other organizations mandated towards the provision of health programming to their community. Through
these partnerships, access to participants in previous programs, dissemination of project information as
well as facilitation of screening events was possible. The highest yielding screening events were those
held in conjunction with other programming offered by partner organizations. Moreover, the community
partners provided space and volunteer resources to assist with screening and PA program implementation
through existing networks within the community. Partnership with community service providers provided
credibility and trust that were essential to the success of the screening initiative. Participants were much
more willing to be involved in both the screening and PA intervention components knowing that there

was alignment with a known community organization.

The PA portion of the intervention differed across the several targeted catchment areas and varied based
on the ethno-cultural background of each group. Upon completion of pre-exercise screening using the
PAR-Q+, informal evaluations of participant PA programming identified specific activities that were
deemed “culturally preferred”. These activities ranged from, tai chi and line-dancing in the Chinese
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groups, to group fitness classes that incorporated culturally appropriate music and dance styles such as
Socasize or Bollyfit and aimed to meet the PA guidelines set forth by the CDA and CSEP. In most cases,
additional body-weight resistance training exercises were added to supplement the largely aerobic based
classes. Highest adherence rates were among the Chinese participants and one of the African-Caribbean
groups (Malvern Community, Toronto) which has continued the program beyond the PRE-PAID team’s
involvement. In general, the culturally appropriate approach was met with extremely positive feedback
from the participants. Additionally, the inclusion of child-minding services provided by our community

partners proved to greatly enhance the interest and attendance of the PA classes.

Facilitation of these PA classes was always supervised by a QEP with assistance from specialized,
culturally matched, group fitness instructors as well as other community volunteers for duties such as
child minding. The QEPs were matched to each intervention group based on ethno-cultural background
and were tasked with providing continuous feedback and education regarding PA intensity monitoring
during classes. They also gave recommendations for PA options to be performed outside the group
classes. Intensity monitoring was performed predominantly using rating of perceived exertion with the
goal of achieving 12-13 on the 15 point Borg Scale (6-20). In a subgroup of participants, HR and oxygen
consumption data were collected which confirmed that moderate intensities were being elicited in these
classes (METs >5). PA journals were also provided to participants to record their activity throughout the
duration of their involvement in the program and to assist the PRE-PAID team with program evaluation.
Many of these monitoring responsibilities could be taken on by other non-QEP community health

workers while the QEP remains an “arm’s length” consultant for all exercise screening and prescription.

3.1.9 Summary

As the prevalence of prediabetes continues to grow in Canada, so too must the number of targeted
prevention strategies aimed at helping people improve their lifestyle through the inclusion of regular PA.
Access to health care and allied health professionals is typically limited to brief appointments with
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primary care physicians or nurse practitioners who often have inadequate education pertaining to specific
PA recommendations for persons at high risk for developing a chronic disease. Detection of prediabetes is
the first step toward diabetes prevention and by advancing the role of QEPs and other non-health related
community workers, the capacity to provide screening opportunities and PA interventions at the
community level would be enhanced. Findings from the PRE-PAID project emphasize the need for
effective community partnership and help to inform further community-based PA intervention program
targeting people with prediabetes, especially those from high risk ethnicities, living in communities

known to possess higher rates of diabetes.
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3.2.1 Background

Type 2 diabetes (T2D) mellitus in Canada is rapidly progressing into a dire situation with enormous
public health and economic implications. As of 2009, approximately 2.4 million Canadians were living
with a diagnosis of T2D, a number that is expected to grow to approximately 3.7 million by 20192
Perhaps of greater concern is that approximately 20% of T2D cases remain undiagnosed in addition to
more than 5 million Canadian adults with prediabetes 2. The economic burden of diabetes and its
antecedent condition, prediabetes, is unsustainable moving into the future. The Canadian Diabetes
Association (CDA) reports that the 2009 cost of T2D and its complications was $12.2 billion and
forecasts an additional $4.7 billion in costs by 2020 ®. This projected cost underscores the urgent need to
identify those who are undiagnosed or who have prediabetes so that progression toward a T2D diagnosis

can be avoided or, at the very least, delayed.

T2D is acknowledged to be a preventable condition, a premise that is substantiated by seminal
randomized clinical trials ***°'. The Diabetes Prevention Program is widely recognized as a landmark
research study which showed a 58% reduction in diabetes incidence over a 4 year time frame among
individuals with prediabetes who participated in a lifestyle intervention involving PA and nutritional
counselling™. From a public health perspective, the first step in the prevention process, should be the
identification of frequently occurring risk factors for T2D, including: age >40 years, family history of
T2D, history of gestational diabetes, poor blood lipid profile, hypertension, abdominal obesity, physical
inactivity and being a member of a high-risk population such as persons of Aboriginal, South Asian,
Chinese, or African descent *. Of particular interest are those risk factors that are directly modifiable
through lifestyle interventions such as abdominal obesity, hypertension, blood lipid profile and PA level.
Identification of these risk factors not only provides an assessment of diabetes risk, but also acts as an
important first step providing awareness and education with the goal of eliciting healthy lifestyle changes.

72,73

As it pertains to disease management , the type and volume of PA has been widely studied among

those with T2D but little is known about the result of PA interventions for those with prediabetes. Also,
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programs that are designed to be culturally specific and community-based may provide a unique
opportunity to offer screening and intervention opportunities to individuals at highest risk’, although the
effectiveness of such programs as interventions has yet to be studied. An effective exercise prescription
showing an appreciation for the various physiological adaptations to regular aerobic and resistance
training as they pertain to T2D prevention is essential®®. For persons with prediabetes and T2D, the CDA®
and ADA" recommends participation in a minimum of 150 minutes of moderate intensity (50-70% age-
predicted maximum HR) aerobic PA per week such as brisk walking, cycling or water aerobics in
addition to resistance training exercises 2—3 times per week using weight machines, free weights or body-

weight exercises.

There have been several attempts to create a front-line risk assessment tool that can readily identify those
at highest risk for developing T2D. The Finnish Diabetes Risk Score (FINDRISC) questionnaire was
generated in Finland as a product of the Finnish diabetes prevention study and it has been modified for
use in several different countries, such as the Canadian Diabetes Risk Questionnaire (CANRISK)
guestionnaire by the Public Health Agency of Canada. The FINDRISC questionnaire was selected as a
template based on its ability to effectively detect impaired glucose metabolism among Scandinavian
populations®*'. CANRISK was modified for the Canadian population with the goal of accounting for the
greater ethnic diversity compared to that of Finland**. CANRISK also includes questions about level of
education and, for women, if they had given birth to a large baby (over 9 Ib) both of which are known to
be associated with T2D risk®. Neither the FINDRISC, nor the CANRISK questionnaires used A1C as the
primary assessment tool for glycemic control, although CANRISK did include A1C measures in a sub-

population®-*%3,

Regardless of the questionnaire being used, a fast, simple and low-cost option for detecting T2D risk that
is validated against standardized diagnostic blood test scores is an essential tool for programs that aim to
reduce the incidence of T2D. The purpose of this investigation was to test the hypothesis that a pen and

paper risk questionnaire could accurately capture T2D risk factor profiles and stratify a person’s overall
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risk for developing T2D that is comparable to results of a capillary blood test for A1C collected via

fingerstick.

3.2.2 Methods

3.2.2.1 Study design

The Prediabetes Detection and Physical Activity Intervention Delivery (PRE-PAID) project focuses on
the detection of individuals at high risk for developing T2D using a community-based public health
approach. The mandate of the PRE-PAID program was to focus efforts on ethnicities known to be at
elevated risk for developing T2D, which include persons of South Asian, African-Caribbean, Chinese and

Aboriginal descent.

Selected communities had an elevated prevalence of T2D and a concentrated population of high risk
ethnicities. Demographic information was taken from the Institute for Clinical Evaluative Sciences
diabetes atlas for the city of Toronto which provided information about diabetes incidence and prevalence
by neighbourhood as well as a breakdown of the population by ethnicity™. Study participants were
recruited through an established network of community partnerships with various organizations that
provide public health-related programs to their constituents. Participants were recruited through printed
materials, e-mail distribution lists and public diabetes screening events held in high-traffic areas such as
shopping malls and community health centres. All participants provided written, informed consent prior
to collection of data and all protocols utilized by the PRE-PAID project were approved by the York

University Human Participants Review Committee.

3.2.2.2 Questionnaire design

The FINDRISC and CANRISK questionnaires provided a detailed and well-established framework upon

which the PRE-PAID risk questionnaire was modeled. Slight alterations from the CANRISK
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guestionnaire were made to minimize participant burden by removing questions about fruit and vegetable
consumption, level of education and giving birth to a large baby. The PRE-PAID investigators opted to
streamline the time taken to complete the questionnaire due to the fact that the capillary blood testing
immediately followed its completion and some participants may have been lost due to the additional 15
minute commitment for the blood testing component. The questionnaire was also modified in order to
include more detailed information (frequency and intensity) regarding the PA habits of those completing
the questionnaire. These changes were also adopted as a result of the published validation of the
CANRISK questionnaire which showed that the question regarding fruit and vegetable consumption, PA
and macrosomia (birth to a large baby) were not significant contributors to their logistic regression

model®*

. The PRE-PAID questionnaire is included as Appendix D. Upon completion of the seven
guestions, an overall risk score was tabulated, based on a scoring paradigm similar to that of CANRISK,
placing individuals into one of five different risk categories; “Small” (score 0—6), “Moderate” (score 7—
11), “High” (score 12—14), “Very High” (score 15-20) and “Extreme” (score over 20). Trained members
of the research team assisted study participants with questionnaire completion, and all questionnaire
responses were based on self-reported information. BMI charts were provided to simplify the estimation
of BMI from body mass and height (Kg/m?). Participants were only required to complete the questions
that contributed to the calculated risk score. The PRE-PAID questionnaire included space to self-report
specific values for height, body mass, age and waist circumference. The inclusion of these values was

encouraged to allow future analysis of participant demographics, but not required to attain a complete risk

Score.

3.2.2.3 Study participants

Persons were considered eligible for inclusion if they were over 18 years of age and if they did not
possess any condition that would preclude them from having a capillary blood test to assess their

glycemic control. English language proficiency was encouraged but not essential as the questionnaire was
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translated into Chinese (simplified and traditional), Punjabi, and Hindi. A total of 691 individuals were

recruited in this study.

3.2.2.4 Blood testing

Point-of-care fingerstick capillary blood testing was performed to validate the risk gquestionnaire
outcomes. A1C was selected as the primary blood biomarker because it is a simple, minimally invasive
measure that does not require the person to be in a fasted state, thus allowing for flexible testing
capabilities. A1C is an indicator of three-month glycemic control and is less variable than fasted blood
glucose sampling on a day-to-day basis. A1C has also been adopted as part of the prediabetes and type 2
diagnostic criteria by CDA as well as the ADA*®. For these reasons, A1C is a highly appropriate

biomarker for the evaluating the validity of the risk questionnaire.

A1C was analyzed using the Bio-Rad in2it (Bio-Rad Laboratories, Hercules, CA) point-of-care device
and boronate affinity chromatography. All capillary blood samples were collected by a trained
phlebotomist and sterile techniques were utilized in accordance with York University biosafety and ethics
requirements. In a sub-set of individuals, a second A1C sample (from the same fingerstick) was collected
using Bio-Rad capillary tubes for analysis using high-performance liquid chromatography (HPLC), a
standardized A1C analysis criterion method that is in accordance with National Glycohemoglobin
Standardization Program regulations. The HPLC analyses described above were performed by Clearstone

Central Laboratories (Mississauga, ON) using the Bio-Rad Variant 1| Hemoglobin testing system.

Results of the AL1C tests were interpreted based on the 2013 CDA clinical practice guidelines diagnostic
criteria®> which define prediabetes using an A1C range of 6.0-6.4% and T2D using an A1C range of
>6.5%°. It should be noted that the ADA use an A1C range of 5.7-6.4% for prediabetes and >6.5% for
diabetes®. Participants were informed that the results from the blood tests taken for the PRE-PAID

project were not designed to provide medical diagnosis of prediabetes or T2D. Individuals who had A1C
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scores >6.5% were provided with a letter describing their results and encouraged to see their primary care

physician for further confirmatory testing.

3.2.2.5 Statistical analyses

Descriptive statistics as well as frequencies of questionnaire responses were analyzed for all participants
who completed the risk questionnaire. Various exclusions within the dataset took place for further
analyses based on missing data that was attributable to participant error, data entry error, or the
participant’s unwillingness to provide a blood sample. Figure 2 shows the participant flow diagram for

the PRE-PAID risk questionnaire administration. A comparison of the two methods for determining A1C

Figure 2:PRE-PAID Project participant recruitment and inclusion in the data analyses

Total Recruited n=691

Participants who declined
blood testing n=21

Total with Bio-Rad HbA,_
Incomplete responses to results n=670
scored questions n=81

Total with HPLC HbA,_
Total with Bio-Rad HbA, results n=311

results and responses to all
scored questions #=589 Results lost to Bio-rad

machine error =7

Results lost to HPLC error

n=1

Total with Bio-Rad and
HPLC HbA,. results n=303

was performed using the Bland-Altman method™ to detect any potential biases between the two methods
of analysis. All analyses described in this investigation were performed using a two-sided 5% level for

significance.

ANOVA with post-hoc pairwise comparisons was performed using Tamhane’s T, approach, which allows
for unequal variances to compare risk classification based on the questionnaire score to mean Al1C

measured using the Bio-Rad device. Prior to analysis, the “Very High” and “Extreme” groups were
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merged because of a very small number of participants falling within the “Extreme” classification. From a
clinical perspective, individuals within both of the highest risk groups would be strongly encouraged to
visit a physician for further assessment regardless. In addition to the ANOVA, additional analyses
including the area under the receiver-operator curve and examination of sensitivity and specificity were
performed to examine reliability. These analyses used a cut-point of 6.5 which corresponds to the
“moderate” risk category to better describe the ability of the risk questionnaire to predict dysglycemia

defined by A1C > 6.0%.

Finally, step-wise, backward elimination linear regression was performed to quantify the amount of
variance in A1C values that was attributable to each of the variables included on the risk questionnaire.
The Bland Altman plots were performed using GraphPad Prism 6 and all other analyses were performed

using SPSS version 20.

3.2.3 Results

3.2.3.1 Study participants

A total of 691 participants completed the risk questionnaire. The participants were primarily female
(71%) and 83% of participants reported having two parents from an ethnicity known to be at high-risk for

developing T2D.

3.2.3.2 Questionnaire results

The mean overall risk score for all participants was 9.7 = 5.3 (mean = SD) which corresponds to the
“Moderate” risk classification. Notable findings include 44.1% of the respondents reported to be
physically active 3 or more times per week compared to 33.1% who reported once or twice per week and
22.8% reported being physically active rarely or never. In terms of body composition, self-reported BMI

results show that 43.6% fall into the normal range (BMI <25) while 33.3% were overweight (BMI 25-29)
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and 23.1% were obese (BMI >30) based on World Health Organization BMI cut points for adults’’. The
adjusted cut points for Asian populations™ were not used because of the heterogeneity of the participant
population. Also of note, 28.9% of participants reported having been told that they have high blood
pressure by a physician and 14.8% of participants responded “yes” to having been told by a physician that
they have high blood sugar. Finally, 65.5% of participants noted that they had a family history of diabetes
and among these participants, 68.4% noted that this was an immediate relative (mother, father, brother,
sister or own child). Based on the overall risk score, 30.2% of participants fell into the “Small” risk
category, 33.1% into the “Moderate” risk category, 16.5% into the “High” risk category, 15.4% into the
“Very High” risk category, and 4.8% into the “Extreme” risk category. The frequency data from the
guestionnaire responses are summarized in Table 3 along with descriptive data for questionnaire and

blood test outcomes.
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Table 3: Summary of questionnaire and capillary blood testing outcomes (both males and females combined)

Questionnaire Item Response Frequency (n) Percent (%0)
Sex Female 418 71
Male 171 29
Number of high risk parents None 86 14.6
One 14 24
Two 489 83
Age categories <40 190 32.3
40-44 68 115
45-54 142 24.1
55-64 131 22.2
65+ 58 9.8
BMI (Kg/m?) <25 257 43.6
25-29.9 196 33.3
30+ 136 23.1
Waist circumference” Healthy 245 41.6
Overweight 150 25.5
Obese 194 32.9
PA participation 3+ Times per week 260 44.1
1 or 2 Times per week 195 33.1
Rarely or Never 134 22.8
High blood pressure No 419 71.1
Yes 170 28.9
High blood sugar No 502 85.2
Yes 87 14.8
Family history of diabetes None 203 345
2" degree relative 122 20.7
1* degree relative 264 44.8
Risk classification Small 178 30.2
Moderate 195 331
High 97 16.5
Very High 91 154
Extreme 28 4.8
Descriptive Variables n Mean Std. Deviation
Bio-Rad A1C % 670 5.99 0.84
HPLC A1C % 311 5.81 0.97
Questionnaire Score 589 9.7 54
“Waist circumference range Males Females
Healthy <94 cm <80cm
Overweight 94-102cm 80-88cm
Obese >102cm >88cm
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3.2.3.3 Blood results

A total of 670 people went on to provide a capillary blood sample using the Bio-Rad point-of-care device
after completing the risk questionnaire. From this group, a subset of 311 provided a sample for analysis
using HPLC. The mean Bio-Rad A1C (n = 670) was 5.99 + 0.84% while the mean HPLC value was 5.81

+ 0.97%.

Analysis comparing the A1C scores collected using the two different methods (Bio-Rad and HPLC) took
place for 303 persons and Figure 3 provides a Bland-Altman plot that describes the relationship between
the two test measures. A non-significant bias of 0.039 (95% limits of agreement = —1.14 to 1.22) was
observed when comparing absolute A1C scores using both devices (n = 303).

Figure 3:Bland-Altman plot comparing Bio-Rad and HPLC A1C analyses
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3.2.3.4 Comparison of risk questionnaire and blood outcomes

For this portion of the analysis, participants were excluded if they were missing data for any component
of the risk score on the questionnaire or if they did not have a Bio-Rad A1C value. A total of 589
participants were included in the analysis. A one-way ANOVA was performed to describe the
relationship between ALC values and overall risk score classification. The results of the ANOVA
revealed that the assumption of homogeneity of variance was violated (Levene’s statistic 20.6, p < 0.001).
Welch tests were performed which showed that there were significant differences between groups (Welch
Statistic 30.449, p < 0.001). Post-hoc comparisons, using Tamhane’s T, approach, which allows for
unequal variances, revealed only the “Moderate” and “High” risk groups were not significantly different

(p = 0.72) from each other in terms of mean AL1C. The results of the ANOVA are presented in Figure 4.

The results of the step-wise, backward elimination linear regression analysis (n = 589) revealed that the

number of high risk parents (standardized = 0.15, p < 0.001), age category (standardized = 0.12, p <

Figure 4: Risk classification based on questionnaire score
compared to mean A1C [(%) + 95% Confidence Interval]
measured using the Bio-Rad in2it device.
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a, b and c denote significant differences (p <0.05)
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0.001), BMI (standardized B = 0.11, p < 0.001), PA participation (standardized p = 0.12, p < 0.001) and
previous diagnosis of high blood sugar (standardized B = 0.28, p < 0.001) were all significant contributors
to the variance in Bio-Rad A1C. The R? for this model was 0.235. Results from the linear regression are
shown in Table 4. The area under the receiver-operator curve (AUC) was 0.716 using the definition of
dysglycemia as A1C >6.0%. The sensitivity and specificity using a score of 6.5 as a cut-point were 0.853
and 0.435, respectively. This shows that, if a person scored 7 or higher (there are no half points allocated)
which corresponds to “moderate” risk or higher, then the likelihood of detecting true dysglycemia is
promising. These results resemble the values for moderate risk and mirror the incremental reduction in
sensitivity with increased cut-point score selected for the sensitivity/specificity analysis observed using

the CANRISK questionnaire®.

Table 4: Results from the full step-wise, backward elimination linear regression model

Questionnaire Item Standardized Beta t Sig.
Increasing number of high risk parents 0.15 3.78 <0.001
Increasing age category 0.12 2.87 <0.001
Increasing BMI 0.11 2.42 0.02
Increasing waist circumference 0.06 1.25 0.21
Decreasing PA participation 0.12 3.30 <0.001
High blood pressure 0.02 0.53 0.60
High blood sugar 0.28 7.38 <0.001
Family history of diabetes 0.05 1.23 0.22

R? = 0.235, Adjusted R? = .224

Although participants were made aware that this project was not intended to diagnose prediabetes or
diabetes, it was still possible to ascertain valuable information regarding the detection of participants
previously unaware (undiagnosed) of their high blood sugar through comparison of their A1C value to
their response to the question, “have you ever been told by a doctor or nurse that you have high blood
sugar?”. This process showed that 79.7% of participants with an A1C > 5.7% (ADA prediabetes cut
point), 75% with an A1C > 6.0% (CDA prediabetes cut point) and 61.7% with an A1C > 6.5% had never

been told that they had high blood sugar.
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3.2.4 Discussion

When comparing the classifications of diabetes risk based on questionnaire overall risk score to A1C
values, significant and expected increases in A1C were observed as participants progressed from a risk
classification of “Small” toward “Very High” or “Extreme”. After collapsing the “Very High” and
“Extreme” groups, the only groups that did not significantly differ were the “Moderate” and “High” risk
groups. Of particular interest, those in the “Small” risk category based on the questionnaire responses had
average A1C values corresponding to the healthy glycemic control while those in the “Moderate” risk
group had average A1C values that were approaching a state of prediabetes based on the CDA diagnostic
criteria®. Furthermore, these “Moderate” risk individuals would be in the prediabetes range based on ADA
standards which define prediabetes using an A1C of 5.7-6.4%®". Those in the “High” risk group, based on
their questionnaire responses, had corresponding blood test scores with an average A1C value at the cusp
of the prediabetes classification according to the CDA range (mean A1C of “High” risk group = 5.99%,
CDA Range = 6.0-6.4%) and in the middle of the ADA prediabetes range (A1C of 5.7-6.4%) . Finally,
those in the “Very High” risk group had average A1C values (Mean A1C = 6.6%) in the diabetes range
(>6.5%) based on both the CDA and ADA guidelines. Another related finding, with substantial clinical
significance, was the extent to which the screening process identified individuals who were previously
unaware of their poor glycemic control. With 75% of persons in the prediabetes range and ~62% of
persons in the diabetes range based on their A1C report having never been told by a physician or nurse
that they had high blood sugar, serious implications regarding the need for diabetes and prediabetes

screening are magnified.

Further investigation into the relationship between questionnaire outcomes and blood values using
multivariate linear regression revealed that, in descending order of standardized beta values, previous
diagnosis of high blood sugar (standardized B = 0.28), number of high risk parents (standardized B =
0.0.15), PA participation (standardized B = 0.12), age category (standardized f = 0.12), and BMI

(standardized p = 0.11) were all independent significant contributors to the variability in A1C. While the
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R? statistic suggests that the model only explains 23.5% of the variance in ALC, a receiver operator
characteristic (ROC) analysis was performed and the area under the curve (AUC) was 0.716 using
dysglycemia (A1C >6.0%) as the primary outcome with the intention of drawing comparisons to existing
diabetes risk questionnaires. The observed AUC for the ROC analysis is consistent with findings from the
CANRISK (AUROC = 0.75) and FINDRISC (AUROC = 0.648 for men, 0.659 for women)
questionnaires for the prediction of dysglycemia (prediabetes + T2D)***. The relatively low R? of this
model identifies a legitimate area of further investigation to decipher what may be contributing to the
remainder of the variance in A1C within high risk populations. Interestingly, an analysis of the
CANRISK questionnaire outcomes found that the response to their PA participation question was not a
significant contributor to their model®. This disparity between the CANRISK questionnaire and the PRE-
PAID questionnaire, with respect to the significance of PA in the model is likely due to the fact that the
PRE-PAID questionnaire had an altered version of the question which was more descriptive in its
assessment of PA and ascertained information about PA frequency. These findings and the corresponding
standardized beta values will be used in the future to establish weighted responses on the questionnaire

with the goal of enhancing its predictive value.

The utilization of A1C as the primary blood biomarker for confirmation of risk provided the investigators
with a great deal of freedom in scheduling recruitment and screening events. Through the use of
minimally-invasive point-of-care capillary blood testing, a broad pool of potential participants was
reached. The ability to test blood in a non-fasted state and provide rapid results made this test more
accessible and appealing to potential participants, thus enhancing the efficacy of recruitment efforts. The
comparison between the Bio-Rad device and HPLC revealed no significant bias between the two
measures which led to the decision to use the Bio-Rad samples (n = 589 with Bio-Rad values versus 304
with HPLC) for the data analysis comparing blood results to questionnaire outcomes via ANOVA and
linear regression. Further, the accordance between the two A1C supports the use of minimally-invasive

point-of-care capillary blood testing for future T2D and prediabetes detection initiatives that are focused
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on screening, awareness and education. These tests may be accessible to a larger population because they
can be performed at lower costs and less intrusive to persons at risk while providing relatively accurate

information, especially when used in conjunction with a risk questionnaire.

One of the primary limitations of this investigation is the demographics of the sample. In an ideal setting,
a more diverse sample would provide an opportunity to enhance the validation of the PRE-PAID
guestionnaire for use on a broader population. In spite of this, the mandate of the PRE-PAID investigators
and the funding agencies was to reach those at highest risk for developing T2D, thus leading to more
targeted recruitment efforts. The concentrated efforts aimed at reaching high risk ethnicities supports the
notion that the PRE-PAID questionnaire provides a unique and appropriate tool for use in public health
screening initiatives that target these populations. Another limitation of this investigation is the fact that

all responses to the risk questionnaire were self-reported and several studies have shown that individuals

79,80 81,82

tend to under-report their weight and waist circumference™* while over-reporting their PA habits
Although this may be a limitation, it is important to realize that during many public health initiatives,
guestionnaires are distributed in a similar manner and self-reported data is easier and less expensive to
obtain when compared to actual measurement of the various risk factors assessed on the PRE-PAID
guestionnaire which may require equipment and trained personnel. Another limitation of the investigation
pertains to the wording of questions assessing previous diagnoses of high blood pressure, blood sugar and
family history of diabetes. Those who “didn’t know” were given a score of zero. Moving forward, a more
conservative approach should be taken so that those who do not know how to respond, are assumed to
possess that risk factor and therefore receive a score for that question, thus contributing to their overall
risk score. Finally, there have been some studies that have documented the presence of
hemoglobinopathies or other conditions such as iron deficiency which would make the use of A1C
inappropriate for the assessment of diabetes status®®*. The prevalence of hemoglobinopathies varies

greatly depending on country and race but has been reported as high as 10% in some African

populations®.During the HPLC assessment of ALC, no participants were identified as having
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hemoglobinopathies that would warrant their removal from the comparative analysis. It is possible,
however, that some of the study participants who only provided Bio-Rad A1C samples possessed some
form of hemoglobinopathy. Additionally, there may be other factors such as prescription medication
which may contribute to altered A1C values® and it should be noted that this data was not captured by the
risk questionnaire during this study. Adding questions regarding medication use would increase the

complexity and duration of completing the questionnaire which would increase subject burden.

While the strength of the CANRISK questionnaire lies in its validation using a large, and representative
Canadian sample population, the PRE-PAID risk questionnaire has shown to be an effective alternative
tool for use among high risk ethnicities in Canada. As a result of the PRE-PAID investigation, the
CANRISK questionnaire may enhance its own predictive value if more detailed questions were included
with respect to PA participation such as; active transport, sedentary time, physical nature of their
occupation, structured exercise, leisure time PA plus intensity and frequency of daily activities of living.
The analysis of the number of high risk parents is also unique to the PRE-PAID questionnaire which
provides important information to enhance the identification of risk based on ethnicity. The ultimate goal
of this investigation was to develop an inexpensive front-line questionnaire that could accurately assess a

person’s risk for developing diabetes.

3.2.5 Conclusions

Using a simple screening approach involving risk factor identification and A1C point-of-care testing,
large and diverse population groups become more accessible and the identification of prediabetes can
occur earlier. This early detection provides increased awareness and opportunity to individuals allowing
them to make important lifestyle changes as quickly as possible with the goal of preventing, or delaying,
the progression towards T2D and the known associated complications. The potential reduction in T2D
incidence and prevalence would likely translate into substantial positive implications regarding health

care resource utilization and the current socio-economic burden attributed to diabetes.
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3.3.1 Introduction:

As type 2 diabetes (T2D) continues to dramatically impact funding of health care systems around the
world, the development of effective and targeted prevention strategies appears to remain a distant
secondary objective when considering the volume of resources and research put toward treatment and
management of those already diagnosed with the disease. A shift in focus toward prevention is imperative
considering that diabetes and prediabetes have been referred to by the CDA as an “Economic Tsunami”
with estimated costs of diabetes and its complications projecting to approximately $17 billion by the year
2020%. Without alteration to the current health care paradigm in Canada, the government will not be able
to manage the overwhelming financial burden of diabetes and prediabetes on the health care system. A
shift of responsibility allowing physicians to share the treatment and prevention burden with other
qualified professionals would broaden the reach of community-based diabetes prevention initiatives.
Individuals fitting the high-risk profile must also become accountable for facilitating changes in their own
lives. Furthermore, targeted approaches focusing on those at highest risk for developing diabetes should
translate into reducing the impact of this disease on the health care system. There has been a great deal of

research into the effects of PA on T2D"*"

and it is believed that these relationships may be mirrored in
individuals with prediabetes®, however, this has not been fully established through scientific research,

especially when considering community-based interventions.

When considering the growing knowledge of modifiable risk factors, their potential impact on
progression from prediabetes to T2D and the well documented role that physical activity (PA) has on
various chronic diseases that are also lifestyle related, it seems logical to focus research and programming
efforts on better understanding the role of PA in the prevention of diabetes. Previous studies have shown
the effectiveness of lifestyle modification on the progression of diabetes®®, however, very little is known
about the effectiveness of PA alone, independent of dietary modification. Even less is known about the

effectiveness of community-based PA programs that are tailored toward persons with prediabetes with the
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aim of improving glycemic control using A1C as the primary biomarker. A large divide exists between

the efficacy of laboratory-based clinical trials involving PA and those conducted at the community level.

In Canada, specifically in Toronto and the rest of Ontario, there exists a highly diverse population
consisting of several ethnicities that are known to be at elevated risk for T2D. It is well documented that
individuals of South Asian, Chinese, African-Caribbean, or Aboriginal descent are at 3-5 times risk for
developing T2D, which can happen at an earlier age and at a seemingly healthier body composition” ™. It
is important that prevention strategies in Canada address these high risk ethnicities and identify ethno-
specific recommendations for the assessment of diabetes risk and for effective PA-focused intervention.
When targeting high-risk ethnicities in the community, volunteer support plus “buy in” and engagement

by community members can be key contributors to successful intervention™-¢.

This study was designed to identify persons with prediabetes from specific high-risk ethnicities and enrol
them in a PA program that was community-based and culturally specific. The primary goal of the study
was to achieve improvements in ALC over a six month period of time. Additional measures of health-
related physical and physiological fitness were also examined in a subset of participants to evaluate
potential concurrent health benefits relevant to prediabetes and T2D as well as several other chronic

diseases.

3.3.2 Methods:

3.3.2.1 Study Design: This was a non-randomized longitudinal effectiveness study designed to investigate

persons at high risk for prediabetes, as determined by the Prediabetes Detection and Physical Activity

Intervention Delivery (PRE-PAID) risk questionnaire'"*?

and point of care blood screening (A1C), for a
period of 6 months during which these persons participated in various forms of community-based PA.
This investigation received ethics approval from the York University Human Participants Review Sub-

committee and prior to screening and baseline data collection, all participants provided written, informed

consent. Recruitment efforts and screening opportunities were concentrated in specific communities
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chosen based on their cultural demographics as well as their known prevalence of diabetes. The selection
process relied upon the City of Toronto neighbourhood profiles that were developed in conjunction with
Statistics Canada'* as well as the Institute for Clinical Evaluative Studies (ICES) Atlas of Diabetes'?, a
resource that provides visual depictions of neighbourhoods in the GTA and their corresponding
prevalence and incidence of diabetes™. In each community, recruitment took place in various public
locations such as community health centres, religious centres, and shopping malls and relied heavily upon
partnerships with community organizations to provide access to space, volunteer support, and a
recognizable/trusted relationship with community members. A schematic of participant flow through the
components of the study is shown in Figure 5 and select participant demographics are illustrated in Figure

6.

Figure 5: Participant flow diagram including participation in the PA intervention, provision of follow-up A1C samples
plus participants who provided secondary outcomes at baseline and upon follow-up.
SA = South Asian, AC = African-Caribbean, SSM = Sault Ste Marie
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Figure 6: Summary of demographics (% of total N) of participants at baseline (N=718),

at 3 months (N=84) and at 6 months (N=49).
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3.3.2.2 Participant Inclusion/Exclusion Criteria:

Men and women were recruited from high-risk ethnicities (Chinese, African-Caribbean, Aboriginal, and
South Asian). Participants were initially screened using the PRE-PAID risk questionnaire and point-of-
care fingerstick A1C. All participants who underwent screening were invited to attend the community-
based PA intervention regardless of diabetes status in an effort to promote participation and social
support. It should be noted that the definitions discussed in this paper are based on the ADA diagnostic
cut-points for prediabetes (5.7-6.4%)". Participants were excluded if they were under the age of 18, or if
they possessed a condition/functional limitation that would preclude their engagement in moderate
intensity PA. All participants completed the PAR-Q+ to identify any potential risks for PA participation®.
English proficiency was encouraged but not required, as crucial project materials were translated into
Chinese, Punjabi and Hindi to enhance clarity for participants. Wherever possible, volunteer translators

were also present to facilitate participant recruitment, adherence and the delivery of the PA program.

3.3.2.3 Blood Biomarkers:

The primary blood outcome measure was A1C and it was measured using the Bio-Rad in2it point-of-care
device which performs the analysis using boronate affinity chromatography (Bio-Rad Laboratories, CA,
USA). Capillary blood samples were collected via fingerstick using sterile techniques. A second sample
from the same fingerstick was collected using the Bio-Rad capillary tube (Bio-Rad Laboratories, CA,
USA) for analysis by HPLC which is a National Glycohemoglobin Standardization Program (NGSP)
approved form of A1C analysis ®. These analyses were performed by Clearstone Central Laboratories
(Mississauga, ON) using the Bio-Rad Variant 1l Hemoglobin testing system. A1C was selected as the
primary biomarker for inclusion for several reasons; it provides indicator of glycemic control spanning a
three month period, it is less variable than fasted blood glucose sampling, and A1C does not require

participants to be fasted allowing for more convenient scheduling of participants interested in the study.
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A 759 OGTT was also performed on a sub-set of participants who elected to provide the secondary
outcome measures. For this test, participants arrived at the laboratory in a fasted state (no food or drink
for a minimum of 8 hours) and provided a baseline intravenous blood sample (10mL). Upon sample
collection, participants were provided with a 75g dose of glucose (Trutol™, Thermo Scientific, USA) to
be consumed within a 5 minute period. Blood samples (5mL) were then drawn every 30 minutes from an
indwelling venous catheter so that a single venipuncture was required for the entire test to alleviate the
potential burden or discomfort to the participants. All blood collection was performed by a trained
phlebotomist who in most cases was a registered nurse. Blood samples were delivered to Lifelabs
(Lifelabs, ON, Canada) for analysis of the following biomarkers; fasting glucose, fasting insulin, HDL-
Cholesterol, LDL- Cholesterol, Total Cholesterol, Triglycerides, HDL:LDL as well as glucose and insulin

values for each of the time points (30, 60, 90, and 120 minutes).

From the results of the OGTT, the calculation of HOMA-B, HOMA-IR was performed using standard
equations™®!’. These measures provide indirect information about the participants’ beta cell function and
insulin resistance status. Each of these measures represents an important consideration for prediabetic
populations to help describe the participant’s overall diabetes risk and potentially predict further disease

progression.

3.3.2.4 Physical and Physiological Fitness:

Physical and physiological fitness was assessed in the sub-set of participants who agreed to come to the
laboratory for additional testing. The assessment included measures of body composition, resting blood
pressure and resting HR using the BpTRU™ device(BpTRU™ Medical Devices Ltd. BC Canada),
aerobic fitness and various strength measures. All participants completed exercise pre-screening by
completing the PAR-Q+% to reveal any pre-existing conditions that may preclude participation in
exercise of moderate intensity. Height was measured using a stadiometer and body mass plus percent

body fat were measured using a digital scale (Tanita Corporation of America, IL, USA). Waist
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circumference was measured by a trained exercise professional following the National Institutes of Health
(NIH) guidelines™. Upper body strength was assessed using a hand grip dynamometer (Takei T.K.K.
5401, Niigata, Japan) and lower body power was measured via vertical jump (Vertec, JumpUSA, CA,
USA and Probotics Just Jump Mat, Probotics Inc., AL, USA). Leg power was calculated using a
previously validated formula®. A customized, incremental aerobic fitness treadmill walking protocol was
used and VO, was measured by direct analysis of expired gas using open-circuit spirometry (S-3A/Il
oxygen, CD-3A carbon dioxide; AEI Technologies, Pittsburgh, PA). The protocol was adapted from that

of Ebbeling et al®

where the participant walks for 4 minutes at 0% grade to determine a walking speed
that is safe and comfortable while inducing a HR that is 50-70% age-predicted HRmax. Participants then
walk for an additional 4 minutes at 5% grade at the same walking speed. After the second 4 minute
workload, participants completed subsequent 2 minute intervals at the same walking speed while adding
2% grade each interval until the test was terminated. Aerobic fitness test termination was determined by
volitional fatigue. During the aerobic fitness test, HR and VO,peak were recorded, along with time on

treadmill and maximum speed and grade achieved. The fitness test was only repeated at the 6 months, not

at 3 months in order to minimize participant burden.

3.3.2.5 Health and Lifestyle-Related Questionnaires:

During the time spent between OGTT samples, participants completed a questionnaire package. The
guestionnaires were selected to thoroughly describe the lifestyle habits and psychosocial characteristics of
the study participants at baseline. The package included a study participation questionnaire in which
participants identified their place of birth, time entering Canada, languages spoken, religion and level of
religious devotion, level of education, marital status and number of children, menopausal status and
whether or not they had a family doctor. A medical questionnaire queried current and past health issues
that may be relevant such as medication use and the presence of various medical or musculoskeletal
problems. In addition to these two forms, the International Physical Activity Questionnaire (IPAQ) * was

administered ascertain participants’ levels of job related PA participation, transportation PA, house work
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or maintenance PA, recreational, sport and leisure-time PA and time spent sitting. An acculturation

scale®®®®

assessed the adjustment level to Canadian living if participants were not born in Canada. The
EQ-5D% was included to assess perceived levels of mobility, self-care, activity, pain, anxiety and overall
health status. A risk factor knowledge and lifestyle habits questionnaire gauged participants’ perceptions
and awareness of recommended healthy lifestyle habits including both diet and PA participation. A

perceived stress scale®® was completed and, finally, the SF-12 was administered to assess participants’

health-related quality of life .

3.3.2.6 Community-Based Physical Activity Intervention:

At conveniently situated locations in each of the target communities, culturally-preferred PA classes were
provided 2-3 times per week for 60-90 minutes per session. The primary goal of the PA classes was for
participants to attain 150 minutes per week of supervised moderate intensity PA. This goal is in accord
with recommendations set forth by Canadian and international governing bodies, including the CDA and
the WHO??. 1n addition, participants were encouraged to increase their PA during other days of the week
and document this in a PA journal that was provided. The selection of culturally-preferred PA was
identified through informal focus group interviews with participants prior to their engagement in the
program. Based on these interviews and after a survey of available community-based instructors, the
following PA programs were selected; Socasize and African-Dance for the African-Caribbean population,
Bollyfit for the South Asian population, line dancing and tai chi for the Chinese population. These group-
based classes all involve whole body, rhythmic and aerobic movements and were supplemented with
body weight-based resistance exercises to enhance the stimulus for health benefits. The classes were set to
culturally-themed music and provided by culturally matched instructors. The Aboriginal group indicated
preference for a more traditional PA regimen involving walking and traditional calisthenics. PA

participation and adherence were recorded on attendance lists at all PA sessions.
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3.3.2.7 Assessment of Physical Activity Intensity and Role of Qualified Exercise Professional:

Throughout the PA intervention, the sessions were monitored by qualified exercise professionals (QEPS)
to ensure safety and appropriate PA intensity. Both the QEP and the culturally-matched PA instructor
received specific training to ascertain intensity levels during the group-based PA classes. Indicators such

as breathing rate, perspiration and rating of perceived exertion (RPE)*®

were all used to gauge the PA
intensity. QEPs also coached the participants to use these tools when they were exercising on their own so
that they could ensure that appropriate intensities were met. The instructors of the PA classes were also

instructed to provide both less and more intense alternatives to the exercises performed during the classes

to accommodate the needs of a broader spectrum of participants.

For verification purposes, during some of the PA classes, volunteer participants were outfitted with HR
monitors and portable VO, equipment (COSMED FITMATE PRO, Image Monitoring Inc., ON, Canada)

to confirm the PA stimulus provided during the exercise classes.

3.3.2.8 Statistical Analyses:

Participant demographics and various baseline outcome measures were analyzed using descriptive
statistics. Baseline questionnaire data were summarized using descriptive statistics and frequencies.
Temporal changes in A1C, fitness and additional blood tests were analyzed using repeated measures
analysis of variance (ANOVA) with sex built into the model as a covariate. Pairwise comparisons using
estimated marginal means are reported for all temporal changes. The analysis adopted an intent-to-treat
model, therefore all subjects who provided follow-up measures, regardless of their adherence to the
intervention were included. Analyses described in this investigation were performed using a two-sided

5% level of significance. All analyses were performed using IBM SPSS version 22 (IL, USA).
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3.3.3 Results:

A total of 760 participants were directly reached by the PRE-PAID study personnel and 718 elected to
provide a baseline A1C measurement. The results of the prediabetes screening portion of the study have
been previously published™. A total of 487 participants were exposed to the PA intervention and took part
in a minimum of one PA class over the entire study duration and 84 individuals elected to provide all of
or some of the secondary outcome measures at baseline. Baseline characteristics for all study
participants, including those who provided secondary outcomes, are presented in Table 5. Figure 5
illustrates that a total of 84 participants provided follow up A1C measurements at 3 months, 49 provided
A1C at 6 months, and 39 provided AL1C at all 3 time points. Figure 5 also illustrates that 21 participants

provided a portion of, or all, of the follow-up secondary measures.

Table 5: Baseline A1C and physical characteristics of (A) all participants enrolled in the study plus descriptive baseline
information specific to those who provided (B) 3 month and/or (C) 6 month A1C follow-up measurements.

Primary Outcome N Mean +Std. Deviation

A: Baseline data for all recruited participants

Bio-Rad A1C (%) 718 6.09 0.87

Age (yrs) 400 50.08 13.48

BMI (Self-reported using BMI chart) 522 27.30 5.35
Waist Circumference (Self-reported cm) 346 90.63 14.38

B: Baseline data for participants who provided 3 month follow-up A1C

Bio-Rad A1C (%) 84 6.13 0.79

Age (yrs) 55 54.2 11.8

BMI (Self-reported using BMI chart) 65 25.0 4.9
Waist Circumference (Self-reported cm) 55 87.0 13.3

C: Baseline data for all participants who provided 6 month follow-up A1C

Bio-Rad A1C (%) 49 6.05 0.41

Age (yrs) 30 58.1 7.3

BMI (Self-reported using BMI chart) 35 23.6 4.3
Waist Circumference (Self-reported cm) 30 82.3 9.4
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3.3.3.1 Participant Adherence:

Given the nature of this community-based intervention, a great deal of participant attrition was expected
as reported in previous research®. Of the 718 participants who provided baseline A1C measurements,
66% attended one or more PA intervention sessions but only 20% of those who attended PA sessions
provided a follow-up A1C measurement at either 3 or 6 months. When examining the participation rates,
there was a great deal of variability based on which ethno-cultural community the participants came from
and rates of participation ranged from 1.2% - 100% with a mean participation rate for all participants of
19.2%. This is equivalent an average of 10.3 sessions over a period of 6 months. The Chinese cohort
displayed by far the greatest adherence to the program with an average adherence rate of 57.5%.
Participants from this cohort were also the only group to provide 3 and 6 month follow-up data for any of
the secondary outcomes assessed at baseline. This point should be considered when interpreting the
results shown in Tables 8 and 9. No adverse events were reported during the sessions or laboratory testing
days. There was inadequate completion of the PA journals documenting participation in activity outside

of the supervised classes for inclusion in the analysis.

3.3.3.2 Blood Biomarkers:

The mean A1C for the entire subject pool (n= 718) at baseline was 6.1% (SD+0.867) which equates to a

prediabetes classification based on both the CDA and ADA diagnostic criteria™>?

and is unsurprising
given the targeted approach to recruitment. Results from all baseline blood testing are summarized in
Table 6. These data include both the A1C results from the entire pool of participants as well as the

findings from those who provided secondary outcomes assessed during the OGTT.
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Table 6: Baseline characteristics of participants who provided secondary blood and fitness outcomes.

95% Confidence Interval

Std. p value Lower Upper
Outcome N Mean Deviation (Mvs F) Bound Bound Normal Healthy Range
ALC (%) Combined 80 6.2 0.4
Female 64 6.1 04 0.247 -0.4 0.1 <5.7*
Male 15 6.3 0.4 <57
Age (yrs) Combined 83 52.8 7.2
Female 66 52.6 7.0 0.634 -4.8 3.0
Male 17 53.5 8.0
Height (cm) Combined 80 161.0 8.1
Female 63 158.2 6.1 <0.001 -16.7 -10.2
Male 17 171.6 5.8
Weight (Kg) Combined 80 68.2 15.1
Female 63 65.9 145 0.007 -18.9 -3.2
Male 17 76.9 14.3
BMI (Kg/m?) Combined 80 26.2 49
Female 63 26.2 5.2 0.833 -2.4 2.9 <25?
Male 17 26.0 3.4 <25
Waist Combined 79 91.7 11.2
Circumference Female 62 91.5 115 0.697 -7.3 4.9 <88
(cm) Male 17 927 10.0 <102
Body Fat (%) Combined 79 323 9.1
Female 63 34.3 8.7 <0.001 5.6 14.8 23-35
Male 16 24.1 5.7 11-22
Resting HR Combined 74 69.5 9.0
(bpm) Female 57 69.7 73 0.821 -6.4 7.9 60-100°
Male 17 68.9 13.5 60-100
Systolic BP Combined 77 124.7 14.8
(mmHg) Female 61 1228 14.0 0.021 -17.5 -15 <120**
Male 16 132.3 15.6 <120
Diastolic BP Combined 77 83.6 13.7
(mmHg) Female 61 83.1 14.7 0.574 -9.9 55 <80
Male 16 85.3 9.0 <80
Combined Grip Combined 79 474 17.9
(Kg) Female 62 40.7 10.6 <0.001 -40.8 -22.1
Male 17 72.1 175
Vertek VJ (cm) Combined 53 235 7.6
Female 42 21.9 6.8 0.002 -12.4 -3.0
Male 11 29.6 7.7
Jump Mat Height Combined 76 10.9 3.3
(in) Female 60 10.2 3.0 <0.001 5.3 -1.9
Male 16 13.8 3.0
Peak VO, Combined 71 26.8 5.7
mLI-Kg ™ min* Female 57 25.6 5.1 <0.001 8.9 2.7 29-30°
Male 14 315 5.9 38-42
Peak Treadmill Combined 70 34 3.0
Speed (mph) Female 56 29 04 0.171 -6.3 1.3
Male 14 5.4 6.6
Peak Treadmill Combined 70 13.2 2.8
Grade (%) Female 56 12.8 29 0.033 -3.4 -0.2
Male 14 14.6 1.9
Peak HR Combined 70 160.9 16.8
Female 56 161.3 16.9 0.647 -7.7 124
Male 14 159.0 16.7
Total Cholesterol Combined 77 5.1 1.0
(mmol/L) Female 60 5.0 1.0 0.461 -0.8 0.4 <5.27
Male 16 5.2 1.1 <5.2
LDL (mmol/L) Combined 75 3.1 0.8
Female 59 3.1 0.8 0.303 -0.7 0.2 <2.6
Male 15 3.3 1.0 <2.6
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Table 6: Std. p value Lower Upper
Continued N Mean Deviation (Mvs F) Bound Bound Normal Healthy Range
HDL (mmol/L) Combined 77 14 0.4
Female 60 14 0.3 0.059 0.0 0.4 >1.0
Male 16 1.2 0.4 >1.0
TC:HDL Combined 77 39 1.0
(mmol/L) Female 60 3.7 1.0 0.009 -1.3 -0.2 <35
Male 16 45 1.1 <3.5
Triglycerides Combined 77 13 13
(mmol/L) Female 60 1.2 13 0.218 -1.2 0.3 <17
Male 16 1.7 1.2 <1.7
Fasting Glucose Combined 78 55 0.7
(mmol/L) Female 61 55 0.7 0.095 -0.7 0.1 <6.1°
Male 16 5.8 0.7 <6.1
Fasting Insulin Combined 80 50.3 33.2
(pmol/L) Female 63 47.2 30.6 0.060 -35.6 0.8
Male 16 64.6 39.9
2 hour Glucose Combined 67 75 25
(mmol/L) Female 53 75 2.6 0.498 -1.0 21 <7.8
Male 13 7.0 1.9 <7.8
2 hour Insulin Combined 73 516.1 366.8
(pmol/L) Female 58 550.4 384.5 0.135 -52.6 381.6
Male 14 385.9 267.2
HOMA-B Combined 80 86.0 72.8
Female 63 83.3 74.6 0.415 -57.6 24.0
Male 16  100.1 66.9
HOMA-IR Combined 76 12.6 85
Female 60 11.6 7.7 0.021 -10.3 -0.9
Male 15 17.2 9.9

1= American Diabetes Association, 2 = World Health Organization, 3 = National Institute of Health, 4 = American Heart Association, 5 = Heart

and Stroke Foundation, 6 = Heyward, 7 = NCEP, 8 = Canadian Diabetes Association

Results from the analysis of temporal changes in AL1C are shown in Table 7. There were a total of 84

valid cases for analysis at 3 months and 49 valid cases at 6 months. Only 39 participants provided both 3

and 6 month follow-up. Pairwise comparisons of the estimated marginal means revealed that there was a

significant reduction in A1C of 0.16% from baseline to 3 months follow up (p=0.003). No significant

differences were observed between baseline and 6 months or between 3 and 6 months follow-up likely

due to the progressive reduction in participant n.
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Table 7: Results of repeated measures ANOVA showing temporal changes in A1C at 3 months (n=84) and at 6 months
(n=49) measured using the Bio-Rad in2it device. *Sig p<0.05 based on pairwise comparisons of estimated marginal
means. Sex included in the model as a covariate.

95% Confidence Interval

Variable Timepoint N Mean Mean Difference from baseline P Value Lower Bound Upper Bound
AlLC (%) Baseline 84 6.1
3 Months 84 6.0 -0.16 0.003* -0.27 -0.06
Baseline 49 6.1
6 Months 49 6.0 -0.1 0.07 -0.71 0.19

Results from the pairwise comparisons of the estimated marginal means showed that there was a
significant reduction in fasting glucose of 0.33mmol/L (p=.02) between baseline and 3 months follow-up.
HOMA-B also improved by 23.6% between baseline and 3 months (p=0.03), and 45.2% between baseline
and 6 months (p=.02) while HOMA-IR had a significant reduction of -7.7 (p<0.001) between baseline
and 3 months and -8.5 (p=0.003) between baseline and 6 months. No significant differences were

observed in the blood lipid profile. These results are reported in Table 8.
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Table 8: Results of repeated measures ANOVA showing temporal changes in secondary blood measures at 3 months
(n=21) and at 6 months (n=12) measured during the OGTT. *Sig p<0.05 based on pairwise comparisons of estimated
marginal means. Sex included in the model as a covariate.

95% Confidence Interval
Mean Difference Lower Upper
Variable Timepoint N Mean from baseline P Value Bound Bound
Total Baseline 19 5.1
Cholesterol 3 Months 19 5.1 0.04 0.78 -0.245 0.323
(mmol/L) Baseline 12 53
6 Months 12 5.3 0.03 0.89 -0.49 0.56
LDL Baseline 19 3.0
Cholesterol 3 Months 19 3.1 0.08 0.41 -0.11 0.27
(mmol/L) Baseline 12 3.1
6 Months 12 3.1 -0.01 0.97 -0.37 0.36
HDL Baseline 19 1.6
Cholesterol 3 Months 19 1.5 -0.04 0.26 -0.10 0.03
(mmol/L) Baseline 12 16
6 Months 12 1.6 0.01 0.76 -0.06 0.07
TC:HDL Baseline 19 34
3 Months 19 3.5 0.09 0.41 -0.13 0.31
Baseline 12 35
6 Months 12 3.5 0.06 0.68 -0.25 0.36
Triglycerides Baseline 19 12
(mmol/L) 3 Months 19 1.2 0.001 1.00 -0.29 0.29
Baseline 12 1.3
6 Months 12 1.4 0.07 0.63 -0.25 0.39
Fasting Baseline 19 5.4
Glucose 3 Months 19 5.1 -0.33 0.02* -0.60 -0.07
(mmol/L) Baseline 12 5.4
6 Months 12 5.2 -0.28 0.23 -0.75 0.20
Fasting Insulin Baseline 20 35.3 33.2
(pmol/L) 3 Months 20 35.0 -0.30 0.91 -5.92 5.32
Baseline 12 38.8
6 Months 12 48.7 9.92 0.12 -3.05 22.89
HOMA-3 Baseline 20 51.8
3 Months 20 75.4 23.60 0.03* 2.37 44,82
Baseline 12 49.2
6 Months 12 94.4 45.21 0.02* 8.41 82.00
HOMA-IR Baseline 18 9.1
3 Months 18 1.4 -7.72 <0.001* -10.59 -4.84
Baseline 10 10.6
6 Months 10 2.1 -8.49 0.003* -13.22 -3.77
2 hour Glucose  Baseline 20 7.1
(mmol/L) 3 Months 20 75 0.37 0.25 -0.27 1.00
Baseline 13 6.7
6 Months 13 6.6 -0.07 0.51 -0.29 0.15
2 hour Insulin Baseline 21 441.8
(pmol/L) 3 Months 21 584.1 142.29 0.01* 37.99 246.58
Baseline 12 492.2
6 Months 12 808.5 316.33 0.06 -13.09 645.75
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3.3.3.3 Physical and Physiological Fitness:

The results of the baseline fitness assessment are derived from the subset of individuals who provided
secondary outcomes as summarized in Table 6 (n=83). The body composition profile of this group was
characterized by a mean waist circumference of 91.7cm, a mean BMI of 26.2Kg/m? and a mean body fat
of 32.3%. These measures depict a group of individuals who are moderately overweight and who possess
a high-risk distribution of fat around the abdomen. In addition to this, the mean VO,peak (h=71) was
26.8mL-Kg™min™ which indicates of a low level of aerobic fitness and potentially an impaired functional

capacity.

Results of the pairwise comparisons of estimated marginal means (n=12) represent an entirely Chinese
population who were by far the most adherent to the PA intervention. The results indicate that after 6
months there was a significant reduction in resting SBP of 11.25mmHg (p=.005) and a reduction in
diastolic blood pressure (DBP) of 14.5mmHg (p=.04). In addition to the improvement in blood pressure,
participants showed that combined grip strength increased 9.32Kg (p<.001), relative VO,peak increased
5.15mL-Kg™-min™ (p=.003) and peak treadmill speed increased by 0.29mph (p<.001) during their fitness

assessment. The temporal results from the fitness assessment are summarized in Table 9.
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Table 9: Results of repeated measures ANOVA showing temporal changes in secondary fitness measured during the
follow-up fitness assessment at 6 months (n=12). *Sig p<0.05 based on pairwise comparisons of estimated marginal

means. Sex included in the model as a covariate. All subjects providing follow-up fitness data were Chinese.

95% Confidence Interval

Variable N Mean Mean Difference from baseline P Value Lower Bound Upper Bound

Weight (Kg) Baseline 12 55.8

6 months 12 56.2 0.40 0.25 -0.34 1.14
Waist .
Circumference (cm) ~ Baseline 12 85.1

6 months 12 84.8 -0.26 0.67 -1.6 1.08
% Body Fat Baseline 12 27.2

6 months 12 27.5 0.31 0.55 -0.81 1.43
Resting HR (bpm) Baseline 12 70.1

6 months 11 71.8 1.74 0.50 -3.91 7.38
Resting SBP
(mmHg) Baseline 12 125.3

6 months 12 114.0 -11.25 0.005* -18.06 -4.44
Resting DBP
(mmHg) Baseline 12 91.9

6 months 12 77.4 -14.50 0.04* -28.17 -0.83
Combined Grip .
(Kg) Baseline 11 37.0

6 months 12 46.3 9.32 <0.001* 6.84 11.8
Vertical Jump .
Helght (cm) Baseline 10 20.2

6 months 12 21.2 0.97 0.29 -1.0 2.95
Jump Mat Height Baseline 11 11.2
(in) 6 months 12 115 0.31 0.49 -0.67 1.29
Leg Power (Watts) Baseline 10 1716.6

6 months 12 1802.8 86.2 0.29 -87.91 260.30
VO,peak .
(mL-Kg ™ -min™) Baseline 11 27.2

6 months 12 32.4 5.15 0.003* 2.26 8.04
Peak Treadmill .
Speed (mph) Baseline 11 2.8

6 months 12 3.1 0.29 <0.001* 0.17 0.42
Peak Treadmill .
Grade (%) Baseline 11 14.1

6 months 12 14.4 0.28 0.65 -1.1 1.67
Peak HR (bpm) Baseline 11 161.5

6 months 12 169.0 7.55 0.07 -0.81 15.9

3.3.3.4 Health and Lifestyle-Related Questionnaires:

Among those (n=83) who elected to provide secondary outcomes, 48 completed the questionnaire

package. These data indicate that among the pool of participants who completed the questionnaires, 100%

were born outside of Canada yet the average time spent living in Canada was 20.4 years. Also, 46.9%

reported that English was their second language. According to the IPAQ, respondents were generally

inactive as evidenced by a mean time spent sitting of 5.8 hours per week day and 6.1 hours per weekend

day as well as less than 2 days per week of participation in leisure-time PA. The EQ-5D results indicated
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that participants self-reported no physical limitations in performing self-care and typical activities and
31% of participants reported moderate anxiety or depression. The EQ-5D visual analog scale results also
showed a mean score of 73.8/100 for self-reported overall health state. The results of the acculturation
scale revealed that the respondents showed moderate agreement with almost all of the items on the
guestionnaire which reflects a belief that both the practices of their heritage culture and those of “typical”
Canadian culture are important and followed. The risk factor knowledge and lifestyle habits questionnaire
revealed that 80% of respondents perceived their knowledge of PA to be average or above and 73.3%
reported that PA was “Very Important” to them, while only 27.7% reported that they had heard of
Canada’s PA guidelines. With respect to diet, 88.9% rated their diet as average or better but only 17.4%
reported having heard of Canada’s Food Guide. Results of the SF-12 questionnaire show that participants
had a mean physical health composite score of 47.1/100 and a mean mental health composite score of

50.2/100.

3.3.3.5 Assessment of Physical Activity Intensity:

A total of 12 individuals volunteered to undergo the direct assessment of PA intensity during their
exercise session. These 12 individuals were all from the Chinese cohort and their results reflect their
participation in the Tai Chi and Line Dancing programs which were both supplemented with body weight
strength training exercises. Their results indicated that the mean peak HR during the exercise session was
143.8bpm while the mean VO,peak attained during the class was 25.0mL-Kg™min™ which corresponds

to 7.1METs or the lower end of “vigorous intensity” PA%.

3.3.4 Discussion:

Given that the primary goal of the study was to elicit reductions in A1C through participation in a
community-based exercise intervention, the temporal changes described in the results provide good
evidence that improvements in glycemic control were achieved. The modest but significant reduction in

A1C from baseline to 3 months, brought the mean value from 6.1% at baseline to 6.0% at 3 months and
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6.0% at 6 months among participants providing follow-up data (n=84), essentially shifting participants
from a prediabetes classification closer to a normal classification based on the CDA clinical practice
guidelines®. Evidence for this improvement in glycemic control is bolstered by the more robust
significant improvements in HOMA-B which improved by 23.6% (p=0.03) at 3 months and by 45.2%
(p=0.02) after 6 months indicating a significant improvement in beta cell function. Improvements in
glycemic control among persons with prediabetes reduce their likelihood of developing T2D° and are

associated with reductions in the risk for CVD-related events®’.

In addition to the significant improvements in blood biomarkers, positive changes in several of the
secondary outcomes were observed, notably a reduction in both systolic and DBP of -11mmHg and -
14mmHg respectively. These reductions correspond to a change in classification from pre-hypertensive to

normal based on the American Heart Association guidelines®®?

and consequently expected reductions in
cardiovascular mortality?®*. Improvements in grip strength and VO,peak are indicative of significant
improvements in functional capacity and aerobic fitness which are also known to be closely linked to
reductions in cardiovascular mortality® and improvements in quality of life*:. All of these significant
findings are strengthened further when considering that they were observed using an intent-to-treat model
which allowed all participants, regardless of adherence, to be included in the analysis. Had a per-protocol

approach been taken, it is likely that even greater improvements to glycemic control and physical fitness

would have been observed.

While the intensity of exercise for the entire group of participants was not fully measured, the sub-group
of participants who were assessed during the PA classes showed that intensity fell within the moderate-to-
vigorous range which is in line with the current CDA recommendations *°. However, it can only be
inferred that intensities during the other PA sessions were meeting this requirement. The presence of
QEPs and properly trained, culturally-matched, instructors in place for all classes to maximize likelihood
of participants performing their activity at a safe and effective intensity level that minimized risk of

adverse events and promoted healthy physiological responses. With respect to the baseline results from
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the various questionnaires, the Score on the EQ-5D of 73.8/100 was lower than that of the U.S. general
population (79.2/100) as well as a representative sample of U.S. adults aged 40-60 (78.5/100)*. The
observed EQ-5D score was, however, higher than a representative cohort of U.S. individuals who had
diagnosed diabetes (68.5/100)*. The results of the PSS-10 indicated that the mean score was indicative of
stress levels that are above average compared to normative data 2. Finally, the results from the SF-12
showed that both of the mean values for physical and mental health composite scores fall slightly below
average compared to normative data from individuals aged 45-64 years®. These results describe this
study population as below average in terms of overall health, perceived stress and PA participation.
Noting this provides another key area where the QEP may be able to induce meaningful and enduring
changes via lifestyle modification. No adverse events were reported during any of the activity sessions
and the observed changes in glycemic control and fitness provide some evidence that intensity was

appropriately monitored.

It has been previously established that the approach taken during this study to identify persons with
prediabetes is effective’ yet the ability to then enrol individuals in PA intervention to which they adhere
is another meaningful finding from this project. Given that the mean adherence rate for all participants
was only 19.2%, there is a great deal of room for improvement when it comes to retention of participants
and adherence to PA sessions. Despite efforts to utilize community partners with an established presence
in the community, locations in close proximity to the participants’ homes and provision of culturally-
matched study personnel and PA instructors, adherence rates remained low. The authors strongly believe
that, without these measures, adherence would have even been significantly lower. Interestingly, the sub-
population of Chinese participants had a 57.5% adherence rate. Closer examination of this sub-group may
elicit reasons why adherence was markedly better. While some of the barriers experienced by participants
do not always pertain to cultural backgrounds, it is likely that many of these barriers could apply to all

populations.
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The primary limitation of this study is the lack of adherence to the program and the lack of follow-up data
provided by the participants. This was a major challenge faced by the research team because the majority
of sessions were held away from the laboratory and there were no guarantees that participants who were
eligible for their follow-up testing sessions would be in attendance during the data collection days which
were held during the regularly scheduled PA sessions. The lack of follow-up for the laboratory-based
secondary outcomes is likely a reflection of the substantial time commitment and comprehensive/invasive
nature of the study protocol. Another limitation to this study is the scarcity of male participants, which
limits the ability to make conclusions regarding a more representative sample. Finally, there was no
control group which would have allowed comparisons between participants who received no intervention
and those enrolled in the community-based PA classes. Without a control group, implications of the

observed results are limited but not without merit.

Continuing work in this field should pursue a similar study design with a randomized, controlled
approach. This will require a great deal of resources and time to adequately evaluate this type of program.
There should also be long term follow-up at the community level using T2D diagnosis as an outcome to
detect the effectiveness of similar programs and to generate potential cost-savings models associated with
reductions in diabetes progression. During these investigations, the role of the QEP and other culturally-
matched personnel should also be evaluated. Given their unique skill set and education regarding exercise
prescription and lifestyle counselling, it is reasonable to argue that QEPs should be given a larger
platform to facilitate programs at the community level with the overall goal of chronic disease prevention
and management. In this study, despite the efforts of the investigators and volunteers, barriers to PA
persisted as evidenced by the large drop in participant number at each juncture of the study design. An
examination of long-term adherence to the program and identification of barriers that are culturally-

specific should also take place which may help to improve participant adherence in future programs.
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3.3.5 Conclusion:

Participation in a community-based and culturally preferred PA intervention targeting persons with
prediabetes was associated with improvements in glycemic control observed using A1C, HOMA-§ and
HOMA-IR among a small group of individuals who adhered to the program. Other protective health
benefits included improvements in strength and cardiovascular fitness, both of which are relevant to
persons at risk for T2D as well as several other chronic diseases. Although participant adherence was a
limitation to this study, these results are in-line with the project goals, are powerful and should inform the
design of future interventions aiming to prevent T2D at the community level. Ongoing identification of
barriers to PA, including those that are culturally-specific, needs to take place in order to maximize
participation and broaden the catchment of people who may benefit from these observed benefits which
may lead to improved quality of life and alleviation of the substantial financial burden faced by the health
care system in Canada and world-wide. Further, it is imperative that we make efforts to engage, educate
and empower individuals who are at risk to become accountable for their own actions and lifestyle

choices.
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3.4.1 Introduction:

There is overwhelming evidence to support the importance of habitual non-exercise and exercise physical
activity (PA) accumulation for their critical role in preventing and managing a range of chronic conditions
including type 2 diabetes (T2D)******12_ prediabetes cannot be ignored when developing health
interventions related to PA but despite being the known antecedent of T2D, it is often included in reports
that are heavily focused on T2D management instead of considering prediabetes as a unique entity. In
Canada, the expected number of diagnosed T2D cases will be 3.7 million by the year 2019 while it is
estimated that approximately 20% of T2D cases remain undiagnosed . The resultant economic impact is
substantial with an estimated $12.2 billion spent in 2010 and an estimated increase to $16.9 billion by
2020 °. If the expected prediabetes prevalence of 6.3 million by 2016 >**2 is coupled with the evidence
that persons with prediabetes are 5-10 times more likely to develop diagnosed T2D ™, there is an

overwhelming need to develop effective intervention strategies that are prediabetes-specific.

The importance of prediabetes is bolstered by the fact that it is closely linked to several modifiable risk
factors, most notably all facets of PA participation (both exercise, and non-exercise related), body

composition, and diet **°

. Addressing these factors with the goal of preventing and/or delaying the onset
of T2D has been shown to result in significant health benefits, including lower rates of CVD **°. In that
regard, the CDA advocates an approach that would identify individuals at risk for prediabetes and T2D,
quantify that risk, and then provide intervention for the prevention or delayed onset of T2D *. The
Prediabetes Detection and Physical Activity Intervention Delivery (PRE-PAID) project is one approach
that follows this proposed initiative . Through the development and use of a risk questionnaire plus a
targeted population recruitment approach, successful identification of individuals at risk for T2D and
prediabetes was achieved and verified via measurement of glycosylated hemoglobin (A1C) ¥. The

development of an effective intervention strategy for these at- risk individuals remains an important

priority that warrants investigation.
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Previous investigators have targeted persons with prediabetes utilizing lifestyle modification to prevent or
delay the onset of T2D with highly encouraging results *****', It is important to note, however, that these
studies are primarily education-based intervention geared towards both diet and PA participation with
limited supervision of the PA component. Little is known regarding the effect of exercise-based
interventions on specific markers of glycemic control such as A1C in persons with prediabetes. There are
several well established mechanisms through which both aerobic and resistance-based exercise can
benefit persons with prediabetes via improved insulin sensitivity®”. Developing strategies to take
advantage of these mechanisms and improve one’s ability to prevent or delay T2D is very attractive and a

high priority.

High-intensity interval training (HIIT) is not a novel concept with roots tracing back to the 1970s.*®

Recently, however, it has become a popular alternative to the more traditional moderate-intensity
continuous training approach to aerobic exercise. It is extremely important to use caution when
interpreting the findings from HIIT interventions given the high degree of variability in approaches which
can all be considered HIIT. All HIIT approaches typically incorporate exercise that is >80% maximum
HR and can range from very short sprint intervals lasting 30-60 seconds with shorter rest between

intervals >*%

or longer lasting 2-4 minutes with longer rest periods *°. Evidence from studies using
comparable HIIT approaches to that utilized in the present study indicate that HIIT is a more effective
method for improving cardiorespiratory fitness, reducing blood pressure, improving blood lipid profiles,

and improving insulin sensitivity among persons with lifestyle-induced cardiometabolic chronic diseases

57-59

The primary aim of the present study was to investigate the effectiveness of HIIT compared to traditional
moderate-intensity continuous training in a prediabetic population with both interventions supplemented
by resistance training and the goal of improving glycemic control as measured by A1C. The secondary

aim of this study was to examine how these two interventions impact body composition, musculoskeletal

and aerobic fitness.
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3.4.2 Methods:

For this randomized, 12 week PA intervention study, participants were recruited from the York
University staff population via email distribution of project materials to staff contact lists and through
advertisement in the campus daily e-newsletter. Men and women age 30-65 were eligible to participate if
their A1C value fell within the prediabetes range defined by the ADA®. Participants were ineligible if
they had already been diagnosed with diabetes, if they were currently involved in a structured exercise
regimen or if they had a musculoskeletal constraint preventing them from participating in the exercise
intervention. All participants completed the PAR-Q+ Physical Activity Readiness Questionnaire prior to
engaging in any activity®™. All protocols were reviewed and approved by the York University Human
Participants Research Subcommittee and Biosafety Officer and all participants provided written informed

consent.

A total of 73 participants expressed interest during the advertisement phase of recruitment and 35
attended the initial laboratory visit to have their A1C assessed. From this group, 21 were eligible for
participation in the exercise intervention based on having an A1C in the prediabetes range. The 21
participants were stratified based on sex and then randomly assigned to one of the two exerciser

intervention groups. Randomization was performed using a random number generator in Microsoft Excel.

3.4.2.1 Blood Testing Protocols:

Fingerstick capillary blood was collected using sterile techniques and A1C was analyzed using the Bio-
Rad in2it (Bio-Rad Laboratories, Hercules, CA) point-of-care device which performs boronate affinity
chromatography. A1C was selected as the primary biomarker because it provides a rolling three-month
indicator of glycemic control, it is less variable than fasted blood glucose sampling, and A1C does not
require participants to be fasted, allowing for more convenient scheduling of participants. Previously

reported work from this lab has shown that there were no significant biases between values from the in2it
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device used and those analyzed using the gold standard high-performance liquid chromatography

(HPLC)?.

During the second visit to the laboratory, a two-hour OGTT was performed to support the findings
regarding glycemic control among participants. After arriving in a fasted state (no food or caloric drinks
for a minimum of 8 hours prior), fingerstick capillary blood was collected and whole blood glucose was
analyzed using the OneTouch UltraMini blood glucose monitoring system (LifeScan Canada Ltd. BC,
Canada) and a second sample of approximately 200ul was collected from the same fingerstick via
microvette. The second sample was centrifuged and plasma was separated and stored (-18°C) for the
analysis of insulin. The insulin samples were analyzed using a Human Insulin ELISA kit (Abcam®, MA,
USA). After the fasting samples were collected, participants consumed a 75g glucose beverage (Trutol ™,
Thermo Scientific, USA) within a 5 minute period and were then asked to remain seated and refrain from
activity during the remainder of the protocol. After two hours, participants provided a second fingerstick
blood sample from a different finger and both the blood glucose and insulin samples were collected.
HOMA-B and HOMA-IR were calculated using standard equations as an assessment of beta cell function

and insulin resistance?®**. Upon completion of the 36 exercise session intervention, all follow-up blood

tests were repeated within 4 days of completing their final exercise session.

3.4.2.2 Fitness Assessment and Body Composition:

During a third laboratory visit, resting blood pressure and HR were measured with participants in a seated
position using the BpTRU™ electronic monitor (BpTRU™ Medical Devices Ltd. BC Canada) which
performed 6 cycles of measurement, each separated by 1 minute allowing for the calculation of an
average value. Participants were then assessed for height using a stadiometer. Body mass and percent
body fat were measured using a bioelectrical impedance analysis (BIA) scale (Tanita Corporation of
America, IL, USA). Waist circumference was measured by the same tester for all participants via

|25

anthropometric tape using the NIH protocol. The assessment of grip strength took place using a hand
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grip dynamometer (Takei T.K.K. 5401, Niigata, Japan) and vertical jump was measured using the Vertec
device (JumpUSA, CA, USA). Leg power was calculated using a previously validated equation®. Aerobic
fitness (VO, peak) was assessed via an incremental treadmill walking/jogging protocol and VO, was
measured by direct analysis of expired gas using open-circuit spirometry (S-3A/ll oxygen, CD-3A carbon
dioxide; AEI Technologies, Pittsburgh, PA). HR was monitored throughout the aerobic fitness test via the
Polar monitoring system (Polar Electro Canada, QC, Canada). The protocol was adapted from that of
Ebbeling et al®® where the participant walks for 4 minutes at 0% grade to determine a walking speed that
is safe and comfortable while inducing a HR that is 50-70% age-predicted HRmax. Participants then walk
for an additional 4 minutes at 5% grade at the same walking speed. After the second 4 minute workload,
participants completed subsequent 2 minute intervals at the same walking speed while adding 2% grade
each interval until the test was terminated. Aerobic fitness test termination was determined by volitional
fatigue. Participants were offered an opportunity to complete an additional workload after a brief rest
period at the end of their test in an attempt to reach a higher VO,peak. Participants followed the identical
treadmill protocol during their final assessment with additional workloads completed following the same
loading sequence if the participant was able to exceed his/her baseline termination point. Upon
completion of all 36 exercise intervention sessions, all components of the baseline fitness assessment

were repeated within 4 days of completing their final exercise session.
3.4.2.3 Physical Activity Intervention:

Participants were randomly assigned to one of two different exercise intervention protocols which both
included resistance training along with the aerobic training. The resistance training portion was designed
to act as a secondary component aimed to maintain lean body mass rather than improving overall
strength. The effects of resistance training and the maintenance of lean body mass also have substantial
positive implications among diabetic and prediabetic populations with respect to glycemic control and
insulin sensitivity **?*?’. The 36 supervised exercise sessions were completed in an average of 16.6

weeks.
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Figure 7: Participant flow from recruitment to follow-up assessment including randomization and descriptions of the two

intervention arms
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Aerobic Training Component:

Group 1 performed high intensity interval training (HIIT) on a motor driven treadmill. Participants were
asked to complete supervised sessions in the laboratory three times per week until 36 sessions were
completed. After a five minute warm-up on the treadmill, a series of four high intensity intervals were
performed at 90% heart rate reserve (HRR) each lasting four minutes and separated by three minutes of
active recovery at 50-60% HRR. HRR was selected for prescription of exercise due to the variability in
resting HR among the participants. In all cases, the use of %HRR allowed participants to exercise at a
slightly higher intensity when compared to percent maximum HR. The total “active component” of this
protocol lasted 28 minutes. Upon completion of the four intervals, a five minute cool down took place

followed by the resistance training component (see below).

Group 2 performed continuous moderate intensity exercise (60-70% HRR) on a motor driven treadmill.
Supervised sessions were completed in the laboratory three times per week until 36 sessions were
completed. After a five minute warmup on the treadmill, participants exercised at moderate intensity for a

period of 28 minutes. This was followed by an active cool down on the treadmill lasting five minutes.

All sessions for both groups were supervised by a qualified exercise professional (QEP) with HR
monitoring taking place every minute. If participants were not meeting their prescribed HR targets,

adjustments to the treadmill took place in order to ensure the prescribed exercise intensity.

Resistance Training Component:

All participants, regardless of their randomly assigned aerobic exercise training group, performed
resistance training on two of the three training sessions per week immediately following their aerobic
fitness session. Exercises were selected to include large muscle groups and multiple joints. The exercises
were arranged in a circuit and the participants were asked to perform as many repetitions as possible
within a given time while maintaining proper breathing technique. One to two sets of the circuit were
performed during each resistance training session. The QEPs supervising these sessions progressed the
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training stimulus on the participants on an individualized basis by adding resistance to the movements or
by increasing their time thereby requiring more repetitions to complete each component of the circuit. The
circuit consisted of the following exercises; marching on the spot with high knees, squats with an
overhead kettlebell press, push ups (or modified wall push ups), forearm plank, step-ups with a medicine
ball shoulder press, quadra-ped (aka Bird-Dog), wall sit with isometric medicine ball front hold, and stair

climb. The resistance training circuit is summarized in Appendix F.
3.4.2.4 Statistical Analyses:

An a priori sample size calculation was performed (GPower software v.3.1) using previously reported
effect size” in ALC resulted in a total sample of 26 required to detect changes in A1C with 80% statistical
power. Descriptive statistics for participant characteristics were analyzed using an independent samples t-
test to assess potential differences between exercise intervention groups at baseline. Blood and fitness
data were analyzed using repeated measures ANOVA to assess within (baseline versus follow-up) and
between (Continuous versus HIIT training) group differences. Bonferroni adjustment was used for
comparisons of estimated marginal means. The ANOVA included age and sex as covariates in the model.
Assumptions of normality and heterogeneity of variance were tested for all variables. All analyses
described in this investigation were performed using a two-sided 5% level of significance. All analyses

were performed using IBM SPSS version 22 (IL, USA).
3.4.3 Results:

The results of the randomization allocated 11 (3 male, 8 female) participants into the HIIT exercise group
while 10 (3 male, 7 female) were randomized into the continuous moderate intensity exercise group.

Figure 7 shows the flow of participants from recruitment to study completion.

Baseline participant characteristics are summarized in Table 10. No significant differences between the

two groups were observed for any measured variables at baseline.
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Table 10: Baseline participant physical characteristics, fitness and blood test results reported by randomly assigned
intervention group. P values represent baseline between-group comparisons.

95% Confidence
Interval
P Value
Std. (HHIT vs Lower  Upper
Variable Group N Mean Dev Continuous) Bound  Bound
Age (years) Continuous 10 47.7 6.93 0.1 -12.83 1.13
HIT 11 53.6 8.21
Combined 271 50.8 8.02
Height (cm) Continuous 10 1668 5.47 0.73 446 6.4
HIIT 11  165.9 6.17
Combined 21  166.3 5.72
Weight (Kg) Continuous 10 85.9 24.28 0.79 -20.49 15.73
HIT 11 88.3 14.66
Combined 21 87.2 19.34
Body Mass Index Continuous 10 30.8 8.49 0.69 -7.35 4.95
(Kg/m?) HIT 11 320 461
Combined 21 314 6.59
Body Fat (Tanita) Continuous 10 348 12.68 0.37 1352 53
(%) HUT 11 389 7.5
Combined 21 36.9 10.25
NIH Waist Continuous 10 105.4 20.06 0.88 -16.43  14.23
Circumference (cm) {1 1 106.5 10.72
Combined 21 106.0 15.46
ALC (%) Continuous 10 6.1 0.27 0.3 -0.49 0.16
HIT 11 6.3 0.42
Combined 21 6.2 0.36
Fasting Glucose Continuous 10 5.8 0.61 0.16 -1.14 021
(mmol/L) HUT 11 6.2 0.85
Combined 21 6.0 0.77
Fasting Insulin Continuous 10 15.7 28.73 0.35 -9.88 26.58
(HIU/mL) HIT 11 7.4 3.48
Combined 21 11.4 19.89
2 Hour Glucose Continuous 10 79 1.27 0.67 241 1.59
(mmol/L) HUT 11 8.3 2.8
Combined 21 8.1 2.17
2 Hour Insulin Continuous 10 52.2 62.79 0.46 -28.35  60.72
(WIU/mL) HIT 11 360 30.95
Combined 21 437 48.18
HOMA-B Continuous 10 168.1 343.1 0.3 105.57  328.23
HIT 11 56.8 30.53
Combined 21 1098 238.09
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Table 10: Continued

95% Confidence
Interval
P Value
Std. (HIT vs Lower  Upper
Variable Group N Mean Dev Continuous) Bound Bound
HOMA-IR Continuous 10 3.8 6.59 0.4 -2.47 5.93
HIT 11 2.1 1.02
Combined 21 2.9 457
Resting HR (bpm) Continuous 10 804 147 0.63 -86  13.94
HUT 11 77.7 9.71
Combined 21 79.0 12.09
Resting SBP (mmHg) Continuous 19 11958 15.8 0.2 -25.14  5.65
HIIT 11 1296 17.72
Combined 21 124.9 17.15
Resting DBP (mmHg) Continuous 19 76.6 6.75 0.2 1278 2.89
HIT 11 81.6 9.92
Combined 21 79.2 8.73
Combined Hand Grip (Kg) ~ Continuous 10 63.7 18.55 0.84 -17.16  14.02
HIT 11 65.2 15.56
Combined 21 64.5 16.63
Vertical Jump Max (cm) Continuous 10 235 12.77 0.82 -8.05  10.01
HIT 11 225 6.2
Combined 21 23.0 9.64
Leg Power (Watts) Continuous 10  2399.1  1038.0 0.831 -898.9  730.3
HIT 11 24834 733.3
Combined 21 24433 869.2
Peak HR (bpm) Continuous 10  169.9 24.48 0.9 -17.06  19.23
HIIT 11 1688 9.92
Combined 21 169.3 17.87
Absolute VO,peak Continuous 10 2.0 0.71 0.72 -0.64 0.45
- . . . . .
(L'min™) HIT 11 2.1 0.46
Combined 21 2.1 0.58
Relative VO,peak Continuous 10 25.1 10.71 0.86 -7.26 8.6
VO _ _ _ . .
(mL-Kg"min™) HIT 11 24.4 4.29
Combined 21 24.8 7.81
Time on Treadmill (min) Continuous 10 15.4 2.99 0.41 -1.66 3.92
HIT 11 14.3 31
Combined 21 14.8 3.03
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3.4.3.1 Blood Testing Results:

At baseline, as summarized in Table 10, a mean total group A1C value of 6.2% was observed while the
results of the OGTT revealed mean fasting glucose and mean 2 hour glucose values of 6.0mmol/L and

8.1mmol/L respectively.

Post intervention blood testing indicated no between-group differences when comparing participants in
the HIIT group to those in the continuous moderate intensity exercise group for any of the blood variables
measured. However, significant within-group improvements in A1C, and fasting glucose were observed.
A summary of blood test outcomes is summariized in Table 11 and visually displayed in Figure 8.
HOMA-IR had no significant change over time, nor between intervention groups. It should be noted,
however that the mean HOMA-IR at baseline and post-intervention was indicative of insulin resitance.
HOMA-B showed significant improvement upon follow-up measurement which is indicative of improved

B-cell function. No differences between intervention groups were observed for HOMA-B.
3.4.3.2 Health-Related Physical plus Physiological Fitness Results:

Baseline assessments of fitness and body composition, summarized in Table 10, indicated that the
participants possessed characteristics typically associated with a high risk profile for CVD and diabetes.
A mean BMI of 31.4Kg/m? coupled with a mean waist circumference of 106cm indicates that this group
of participants were classified as obese with high central adiposity. Baseline aerobic fitness results

showed a mean VO,peak of 24.8mL-Kg-*min™ which is equivalent to approximately 7METSs.
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Figure 8: Summary of significant blood test results (mean £SE) showing temporal changes in both intervention groups
and when the groups were combined (* Improvements from baseline, Sig p<0.05)
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Post intervention fitness assessment revealed no differences from training between participants in the
HIIT group and the continuous moderate intensity exercise intervention group. When examining the
within-group changes over time, significant improvements were observed for waist circumference (-
4.5cm), vertical jump (+2.6cm), both absolute and relative VO,peak (+0.4L-min™ and +5.0mL-Kg™-min"
1), and time on treadmill during the aerobic fitness test (+4.8min). A summary of fitness assessment
outcomes is provided in Table 11 and visually depicted in Figure 9. Figure 10 shows individual
participant data for VO,peak, A1C, HOMA-B and HOMA-IR. The participants are ranked based on their

change in VO,peak after completion of the intervention.
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Figure 9: Summary of significant body composition and aerobic fitness results (mean *SE) showing temporal changes in
both intervention groups and when the groups were combined (*Improvements from baseline, Sig p<0.05)
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Figure 10: Individual participant data for A1C, HOMA-B and HOMA-IR ranked based on change in VO,peak after 3 months of
intervention. Solid lines represent participants in the continuous aerobic training group while patterned bars represent
participants in the HIIT group.
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Table 11: Results of the repeated measures ANOVA showing between and within-group differences from baseline to follow-up for the two intervention groups. (*Sig. p<0.05)

Mean Difference 95% Confidence Mean Difference 95% Confidence
(Follow-up - Baseline) Interval (Continuous - HIIT) Interval

Intervention Baseline Follow-Up Within-Group Lower  Upper P Between-Group Lower  Upper P

Variable Group N  Value SE N Value SE Changes Bound Bound Value Changes Bound Bound Value

AL1C (%) Continuous 10 6.1 01 8 5.7 0.1 -0.5* -0.8 -0.2 0.01 -0.07 -0.4 0.3 0.68
HIT 11 6.2 01 11 5.7 0.1 -0.6* -0.8 -0.3 0.00
Combined 21 6.2 0.1 19 5.7 0.1 -0.5* -0.7 -0.3  <0.001

Fasting Glucose Continuous 10 6.0 03 8 5.6 0.3 -0.3 -0.7 0.2 0.19 -0.2 -1.0 0.7 0.66
(mmol/L) HIT 11 6.2 03 11 5.7 0.3 -0.5* -1.0 -0.1 0.03
Combined 21 6.1 0.2 19 5.7 0.2 -0.4* -0.7 -0.1 0.01

Continuous 10 156 75 8 15.8 45 -1.2 -12.1 9.8 0.81 5.5 -11.8 22.9 0.51
Fasting Insulin (pmol/L) HIT 11 9.6 6.3 11 10.8 3.8 2.2* 0.4 4.0 0.02
Combined 21 126 4.7 19 13.3 2.8 0.7 -3.6 5.0 0.74

2h Glucose (mmol/L)  Continuous 10 8.1 09 8 7.8 0.9 -0.6 -1.9 0.7 0.34 -0.3 -2.7 2.1 0.78
HIT 11 8.3 08 11 8.2 0.7 0.2 -1.3 1.6 0.83
Combined 21 8.2 0.6 19 8 0.6 -0.2 -1.1 0.8 0.70

2h Insulin (pmol/L) Continuous 10 612 19.7 8 43.6 10.7 -19.4 -454 6.6 0.12 19.8 -23.5 63.0 0.35
HIT 11 358 16.5 11 29.4 9.0 -5.1 -22.0 11.8 0.52
Combined 21 485 12.3 19 36.5 6.7 -12.0 -26.4 2.4 0.10

HOMA-( Continuous 10 1612 895 8 202.3 77.6 34.4 -20.3 89.0 0.18 85.3 -156.6 3272 0.6
HIT 11 841 752 11 1088 65.3 29.6* 4.3 54.9 0.03
Combined 21 1227 55819 1555 484 32.9* 8.3 57.4 0.01

HOMA-IR Continuous 10 3.8 17 8 3.7 1.0 -0.45 -34 25 0.73 1.1 -2.7 5.0 0.54
HIT 11 2.6 15 11 2.7 0.8 0.42 0.0 0.9 0.06
Combined 21 3.2 1.1 19 3.2 0.6 0.03 -1.1 1.2 0.95

\Weight Continuous 10 901 78 8 89.8 7.9 -0.7 -2.6 1.2 0.42 1.9 -20.9 24.7 0.86
HIT 11 886 6.5 11 87.5 6.7 -0.8 -2.0 0.4 0.18
Combined 21 89.3 4.8 19 88.6 4.9 -0.7 -1.6 0.2 0.13

BMI (Kg/m?) Continuous 10 322 27 8 32 2.7 -0.3 -0.9 0.4 0.37 0.4 -7.5 8.2 0.92
HIT 11 319 23 11 316 23 -0.3 -0.7 0.2 0.19
Combined 21 321 1.7 19 31.8 1.7 -0.3 -0.6 0.1 0.11

Body Fat (TANITA) (%) Continuous 10 36.8 28 8 36.3 2.9 -0.4 -2.4 1.6 0.67 -1.2 -9.4 7.0 0.76
HIT 11 378 23 11 37.7 24 -0.2 -1.0 0.7 0.72
Combined 21 373 1.7 19 37 1.8 -0.3 -1.1 0.6 0.52
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Table 11: Continued

Mean Difference 95% Confidence Mean Difference 95% Confidence
(Follow-up - Baseline) Interval (Continuous - HIIT) Interval

Intervention Baseline Follow-Up Within-Group Lower  Upper P Between-Group Lower  Upper P

Variable Group N  Value SE N Value SE Changes Bound Bound Value Changes Bound Bound Value

NIH Waist Continuous 10 109.6 61 8 1056 59 -4.3% 7.7 -1.0 0.02 41 -13.2 21.4 0.62
Circumference (cm) HIT 11  106.0 52 11  100.9 4.9 -4.8* -8.0 -15 0.01
Combined 21 107.8 38 19 1033 3.7 -4.5% -6.8 -2.2 0.00

Resting HR (bpm) Continuous 10 777 49 8 74 44 -43 -15.8 7.3 0.41 0.6 -11.4 125 0.92
HIT 11 78.3 41 11 72.3 3.7 -5.6 -12.9 1.6 0.11
Combined 21 78.0 3.1 19 73.1 2.8 -4.9 -10.8 1.1 0.10

Resting SBP (mmHg)  Continuous 10 1144 59 8 116.8 7.3 1.6 -2.2 5.5 0.35 -13.4 -32.3 5.6 0.15
HIT 11 1293 50 11 1287 6.1 -0.1 -5.3 51 0.97
Combined 21 1219 3.7 19 12238 45 0.9 -2.3 4.1 0.57

Resting DBP (mmHg)  Continuous 10 751 35 8 76.7 4.2 0.9 -3.1 4.9 0.62 4.2 -14.8 6.4 0.41
HIT 11 81.7 29 11 78.5 3.5 -2.6 -8.1 2.8 0.30
Combined 21 784 22 19 7716 2.6 -0.8 -4.3 2.7 0.64

Combined Continuous 10 62.4 29 8 67.4 3.4 45 -3.2 12.3 0.21 -4.1 -12.2 4.0 0.30
Hand Grip (Kg) HIT 11 682 24 11 69.8 2.8 1.9 -2.2 6.0 0.32
Combined 21  65.3 1.8 19 68.6 2.1 3.3 -0.6 7.2 0.09

Vertical Jump (cm) Continuous 10 214 21 8 25.3 22 18 0.1 3.7 0.06 -1.8 7.4 3.9 0.51
HIT 11 24.5 18 11 25.8 1.8 0.3 -1.1 1.7 0.62
Combined 21 230 13 19 25.6 14 2.6* 0.1 5.2 0.05

Leg Power (Watts) Continuous 10 2399.1 32848 26979 3371 794 63.2 2223 0.23 43.0 -917.7 1003.8 093
HIT 11 24834 221111 246691 234.7 -16.5 -102.4 69.4 0.68
Combined 21 24433 189.719 25642 1925 313 -32.3 94.8 0.31

Absolute VO, (L'min™) ~ Continuous 10 2.1 02 8 24 0.2 0.3* 0.1 0.6 0.01 -0.2 -0.7 0.2 0.32
HIT 11 2.2 01 11 2.7 0.1 0.4* 0.2 0.6 <0.001
Combined 21 2.2 0.1 19 25 0.1 0.4* 0.2 0.5 <0.001

Relative VO, Continuous 10 24.7 28 8 29.3 3.4 4.9* 0.9 8.9 0.02 -1.3 -9.9 7.5 0.77
(mL~Kg'1~min'l) HIT 11 255 24 11 30.9 2.8 5.2* 2.8 7.6 0.00
Combined 21 25.1 1.7 19 30.1 21 5.0* 2.8 7.1 <0.001

Time on Continuous 10 148 12 8 19.7 17 5.1* 35 6.8  <0.001 0.5 -3.8 4.7 0.82
Treadmill (sec) HIT 11 144 1.0 11 193 15 4.6* 3.2 5.9 <0.001
Combined 21 14.6 0.8 19 194 11 4.8* 3.9 5.7 <0.001

Covariates appearing in the model are age and sex. P values are based on estimated marginal means. Adjustment for multiple comparisons:
Bonferroni. * Sig. P<0.05
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3.4.3.3 Participant Adherence:

All participants completed 36 supervised exercise sessions over an average of 16.6 weeks. It should be
noted that this time frame included a 2 week period over the Christmas holidays during which participants
did not come to the laboratory for their training sessions. They were encouraged to be active but not to
deviate from their typical lifestyle habits (diet and PA participation) throughout this period. To enhance
clarity, if the Christmas hiatus was included in the calculation, participants would have averaged 2.5
supervised sessions per week over a n 18.6 weeks during their participation in the study. There were no
significant adverse events reported during the testing or exercise interventions of this study other than

muscle soreness that is to be expected with this type of intervention.

Participants were asked to maintain their typical lifestyle habits for the entire duration of the study. A
self-report questionnaire was completed by participants after the completion of the intervention to
ascertain if the participants did or did not make changes to their lifestyle beyond their participation in the
study. This questionnaire revelaed that 9/15 reported that their non- exercise related activities (activities
of daily living, active commuting etc...) remained the same or decreased during their time in the study.
The questionnaire also indicated that 13/15 participants noted that their participation in structured
exercise sessions outside of their participation in the study either stayed the same or decreased. When
asked about dietary habits, 7/15 participants noted that their diet was only slightly healthier during their
participation in the study while the remaining 8 noted that their diet remained constant or was less
healthy. Finally, 9/15 participants perceived their overall lifestyle to be healthier during their
participation in the study while the remaining 6 reported that their overall lifestyle did not change. None

of the participants revealed a perception of having a less healthy lifestyle.

3.4.4 Discussion:

The primary finding from this study is that, in both intervention groups, A1C significantly improved and

there were no significant differences between the two forms of aerobic training. The observed exercise-
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induced improvements in glycemic control were corroborated by a significant reduction in fasting glucose
and an improvement in beta cell function as evidenced by changes in HOMA-B. The mean reduction in
fasting glucose of 0.4mmol/L should be considered clinicially modest but the mean reduction in A1C of
0.5% is highly clinically indicative of improved glycemic control given the nature of AL1C as a 3 month
indicator of glycemic control and its lack of short term measurement volatility. Previous investigators
have reported that reductions in A1C of 1% are associated with reductions in myocardial infarction risk of
up to 27% and a 37% reduction of microvascular complications among persons with diabetes®. The 0.5%
reduction in AL1C observed in this study for persons with prediabetes may be associated with improved
long term CVD risk and potentially the prevention of progression towards T2D. The mean A1C at
baseline fell within both the ADA and CDA diagnostic range®®* for prediabetes while the mean A1C at
follow up for all participants was 5.7%, which is significantly below the CDA prediabetes cut point of
6.0% and right in line with the lower boundary of the ADA criteria (5.7-6.4%). The observed reduction

23 jnvolving T2D, however it

in ALC is in line with that observed in other exercise intervention studies
is the first that we are aware of to observe such findings among persons with prediabetes. The mean
increase in HOMA-f of 32.9% between baseline and follow-up among all subjects provides support for
improvements in glycemic control. Given that a value of 100% for HOMA-B is indicative of “normal”
beta cell function, it was not surprising that the mean for all participants was above this threshold at
baseline®. It would be unlikely to see damage to the beta cells at this stage of diabetes progression and
damage to the beta cells typically occurs as a result of long term hyperglycemia and glucose toxicity™*.
That said, as per the recommended usage of the HOMA model, tracking longitudinal changes in beta cell
function is among the primary utilities for this measure and the improvements observed in this study
should not be ignored®. Upon examination of Figure 10, it appears that there is no predictive relationship
between improvements in A1C and improvement in aerobic fitness or which group participants were

randomly assigned to. It appears that changes in HOMA-f and the inferred improvements in beta cell

function are most closely linked to changes in A1C and this relationship warrants further investigation.
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In addition to the observed improvements in glycemic control, participants in both exercise intervention
groups had significant improvements in waist circumference, vertical jump, and aerobic fitness with no
significant differences between the two groups. The mean reduction in waist circumference of 4.5cm
coupled with the finding of no changes to body weight or BMI implies an improvement in body
composition and a reduction in central adiposity despite the fact that percent body fat did not change
significantly. The relationship between central adiposity, diabetes and cardiovascular risk has been
thoroughly explored in individuals who possess greater long term cardiometabolic risk if they have a high
waist circumference regardless of BMI classification 22!, While classified as “obese” at baseline, based
on both BMI and WC values, the reduction in WC post intervention drops the participants’ mean WC into
a lower risk classification for their given BMI . The lack of weight loss/BMI reduction is in line with
similar studies involving aerobic and resistance training ** and may be explained by a maintenance of
muscle mass resulting from the strength training component as well as the fact that participants were told
not to modify their diet and typical lifestyle behaviours. This is corroborated by the participants’ self-
reported information regarding diet and PA participation outside of the intervention sessions. That is, the
majority of participants noted that they were equally or less active during the study than they were prior to
their involvement and that their dietary habits were also equally or less healthy. None of the participants
indicated significant healthy changes to their PA participation or their diet during the study when
compared to their pre-study habits. These points support the contention that exercise-induced
improvements to glycemic control can be quite significant, even in the absence of dietary modification

and weight loss.

The post intervention improvements in aerobic fitness evidenced by both increased VO,peak and
increased time on the treadmill test indicate that the participants significantly improved their functional
capacity. The mean gains in VO,peak extend beyond the typical accepted level of error for this measure
which is approximately 2-4%. Previous research has shown that cardiorespiratory fitness has a substantial

protective effect for CVD mortality as well as diabetes prevalence regardless of BMI classification 3.
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In addition to the cardiometabolic impact of improved cardiovascular fitness, PA and the resultant

improvements in functional capacity have also been associated with improved quality of life*.

3.4.4.1 Study Limitations:

Although this study yielded interesting and significant findings pertaining to prediabetes and exercise
intervention, there are several limitations that must be addressed. First, the limited sample size and lack of
control group limits the generalizability regarding the study outcomes. In addition, even though the
resistance training component was only a small relative PA dose, a group which performed no resistance
training would further broaden the impact of conclusions drawn from this study. Despite the small

number of participants, the post-hoc power analyses revealed that the sample was sufficiently powered for
the given within-group comparisons ($>0.80). Also, it should be noted that the sample was insufficiently
powered to detect differences between groups. The within-group findings are significant enough to inform
future randomized controlled trials involving larger, more representative samples to fully quantify the

potential effects of these training regimens and further examine any potential differences between them.

The study duration may also be considered a limitation. Studies using A1C as a primary outcome
typically take place over longer time frames, such as 6 months. However, despite the relatively short
duration, this exercise intervention still achieved a significant reduction in A1C. It would be of scientific
merit to conduct a similar study taking place over 6 months, or longer, with repeated measurement at
more frequent intervals to better describe any potential changes in glycemic control over time as well as

any potential enduring effects after the cessation of the structured exercise.

The use of the Bio-Rad in2it point of care device for A1C assessment is also a potential limitation, but in
a previous research study, this device was used and compared to HPLC revealing no significant bias

between the two techniques®’.
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The post-hoc self-reporting of lifestyle and dietary habits during participation in the study is another
possible limitation that must be addressed. An ideal study design would have included measured PA
participation using accelerometry and quantification of dietary habits using food records throughout the

study.

3.4.5 Conclusion:

The completion of 36 supervised exercise sessions over a 16 week period involving either high intensity
interval training or continuous moderate intensity aerobic training, both supplemented by resistance
training , resulted in significantly improved glycemic control, body composition, musculoskeletal and
aerobic fitness in a population of individuals with prediabetes. These findings provide support that the
goals of the study were met although further investigation with larger samples may help to identify any
differences between aerobic exercise modes. The results of this study should inform future interventions
for persons with prediabetes with the goal of preventing T2D and alleviating its resultant global health

burden.
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CHAPTER 4: OVERVIEW OF THE STUDIES

4.1 Summary of the Research and General Discussion

Inspired by the overwhelming need for PA intervention strategies targeting persons with prediabetes,
and the current state of prediabetes and T2D prevalence, the PRE-PAID project set out to build upon the
existing body of literature regarding the identification of persons at high risk for developing T2D and
utilize both community-based and laboratory-based PA strategies that, in some cases were culturally-

specific with the goal of preventing or delaying the onset of T2D.

At the onset of the project, a strategy was developed and enhanced through effective working
relationships with various community partners to implement the Phase | screening and recruitment
initiative. During this time, the PRE-PAID risk questionnaire and point-of-care blood testing were
effectively deployed as a risk assessment tool reaching a broad catchment of participants largely from the
targeted, high-risk ethnicities. These participants then were engaged in community-based PA sessions
designed to help them accumulate the recommended 150 minutes per week of moderate intensity PA. The
sessions were delivered by QEPs assisted by culturally-matched PA leaders and held at venues which
were conveniently situated within the target communities involved. The classes were free of charge and
provided services such as child minding in an attempt to alleviate as many barriers to PA as possible with

hopes of maximizing attendance and adherence to the program.

During the final phase of the project, a more controlled, laboratory-based approach was adopted to
examine the effects of two different randomly assigned modes of aerobic training coupled with resistance
training on their ability to induce improvements in glycemic control in a population of persons with
prediabetes. This type of approach provided an opportunity for enhanced PA supervision and participant
adherence/retention. Enhancing the understanding of how different forms of exercise impact glycemic
control in prediabetics is vital to the design and implementation of future prevention strategies as well as

the development of public health policies and PA recommendations made by various governing bodies.
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Considering the entire body of work described in this thesis it is abundantly clear that the findings
from the PRE-PAID project will contribute positively to the field and inform further research initiatives
involving persons at high risk for T2D involving PA and/or exercise interventions both at the community
level and in a standard exercise environment. If the goals of the project are revisited, it is clear that the
community-based screening protocol was able to successfully identify individuals at high risk for
developing T2D. The risk questionnaire, coupled with point-of-care blood testing for A1C should be
considered as a tool for qualified health professionals and diabetes educators to be used during initial
contact with prospective patients/clientele. This approach to screening is relatively cost efficient and
portable allowing large catchments of individuals to be assessed with enhanced convenience for those
being screened. Prior to engagement in any form of intervention, the first step to prevention of T2D is

recognition of risk.

The second objective of the project was to prevent persons with prediabetes from progressing toward
T2D by engaging those identified during the screening process in a supervised PA program that is
culturally-specific, community-based and supervised by a QEP. During Phase 11, this goal was met
largely as a result of collaboration with various community partners. That said, there was a great deal of
participant attrition at various stages of Phase Il. First, there was a significant drop (32%) in participant
number between the initial screening visit and participation in at least one PA class. This occurrence can
possibly be explained by the additional time commitment and travel required to attend the classes. In
general, the screening sessions provided a convenient opportunity for persons to get screened and only
took approximately 15 minutes. The PA classes were on a fixed schedule and required a 60 minute time
commitment or more. It is also possible that several participants simply do not see the value of PA
participation or fully understand the potential health consequences of T2D. There were also a large
number of participants who, even though they participated in one PA session, decided not to attend
regularly or provide follow-up measures. Once again, these participants may have been steered away from

the intervention given the regular time commitment. Despite the attrition observed, significant
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improvements were observed in A1C, HOMA-B, and strength and aerobic fithess among participants who

did provide follow-up measures.

In the final phase of the project, the goal was to determine if differences exist between different forms
of exercise in their ability to elicit changes in glycemic control among prediabetic participants. This was
accomplished through a randomized, laboratory-based study design. After participation in 3 months of
either HIIT or continuous moderated intensity aerobic exercise, no significant differences were observed
between the two intervention groups. All participants completed the same resistance training protocol in
addition to their randomly assigned aerobic component and mean improvements were observed after 3
months in terms of glycemic control, body composition and physical fitness when analyzed as one group.

It is possible that participation exceeding 3 months may elicit differences between the two protocols.

It is also important to note that there were no reported adverse events during any of the community-
based PA sessions or the laboratory-based sessions beyond mild muscular discomfort which would be
expected during any type of PA intervention involving persons who were previously sedentary. This
reaffirms the notion that participation in habitual exercise that is of moderate intensity, or greater, can be
performed safely in prediabetic populations. The observed lack of adverse events is attributable, in part, to
the presence and training of the QEPs involved in the project. Their strong academic and practical
background provided the necessary tools to administer and progress the participants in a safe and

effective manner.

The observed improvements in glycemic control, body composition and physical fitness in Phases Il
and Il substantiate the existing evidence for PA participation. Improvements in these traits have been
previously shown to reduce risk for comorbid conditions such as hypertension and CVVD. The mechanism
through which glycemic control was improved was not a primary goal of this investigation, however,
several possible explanations could account for the observed improvements in Phase 11 and Phase III.

Insulin sensitivity has been shown to improve with participation in habitual PA through various
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mechanisms both at the hormonal level and at the level of the muscle. Also, the observed improvements
in HOMA-B in both phases indicates an improvement in beta cell function and, coupled with the observed
reductions in A1C, add to the ability to conclude that an improvement in glycemic control has taken

place.

Despite there being three distinct phases of the PRE-PAID project, each of the phases are closely
linked to the importance of prediabetes as an area of focus for both community-based and laboratory-
based interventions. The emphasis on prediabetes, specifically, is a deviation from typical health care
practices which are predominantly treatment/management based for persons already diagnosed with T2D.
If persons with prediabetes are identified and given the opportunity to participate in interventions that will
prevent or delay T2D, the devastating complications and associated health care costs of diabetes could be

mitigated.

4.2 Summary of Conclusions

1. Using a simple screening approach involving risk factor identification and A1C point-of-care blood
testing, large and diverse population groups become more accessible and the identification of prediabetes

can occur earlier.

2. This early detection of prediabetes provides increased awareness and opportunity to individuals
allowing them to make important lifestyle changes as quickly as possible with the goal of preventing, or

delaying, the progression towards T2D and the known associated complications.

3. The potential reduction in T2D incidence and prevalence would likely translate into substantial positive
implications regarding health care resource utilization and the current socio-economic burden attributed to

diabetes.
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4. Participation in a community-based and culturally specific PA intervention targeting persons with
prediabetes is associated with improvements in glycemic control observed using A1C, HOMA- and

HOMA-IR.

5. Other protective health benefits included improvements in strength and cardiovascular fitness, both of

which are relevant to persons at risk for T2D as well as several other chronic diseases.

6. Although participant adherence was a limitation to this study, these results are in line with the project
goals, are powerful and should inform the design of future interventions aiming to prevent T2D at the

community level.

7. Ongoing identification of barriers to PA, including those that are culturally-specific, needs to take place
in order to maximize participation and broaden the catchment of people who may benefit from these
observed benefits which may lead to improved quality of life and alleviation of the substantial financial

burden faced by the health care system in Canada and world-wide.

8. The completion of 36 supervised exercise sessions over a 16 week period involving either high
intensity interval training or continuous moderate intensity aerobic training, both supplemented by
resistance training , resulted in significantly improved glycemic control, body composition,

musculoskeletal and aerobic fitness in a population of individuals with prediabetes.

9. These findings provide support that the goals of the study were met although further investigation with

larger samples may help to identify any differences between aerobic exercise modes.

10. The results of this study should inform future interventions for persons with prediabetes with the goal

of preventing T2D and alleviating its resultant global health burden.
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4.3 Limitations and Areas of Future Research
4.3.1 Limitations

Though the PRE-PAID project was successful in achieving several of its goals, there are several
limitations to the research methodology, potentially limiting the scope of conclusions that must be
addressed. During the first phase of the project, despite the large number of participants screened, the
sample is not perfectly representative of the population in the GTA, or that of Canada. This is reflected in
unbalanced numbers of men and women, unbalanced representation from all age cohorts, uneven
distribution from each ethnicity and uneven distribution of participants in the “normal”, “prediabetes” and
“diabetes” classification based on their blood test scored. These divergences from a representative sample
occurred as a result of the targeted approach and selection of communities during participant recruitment.
Although the sample may not be perfectly representative, it is still important to develop tools for use
among high risk populations since these populations may warrant the greatest amount of urgency for

intervention and that conclusions made in this project are applicable to these high risk groups.

During the intervention portions of the project (Phases Il and 11), the lack of control group is
likely the most notable limitation to the study. Lacking a control group certainly prevents firm
conclusions that imply causality, however, the research is not without merit. Given the scope of the
project and the community-based nature, it seemed ethically appropriate to enroll all participants who
were interested in the intervention portion. This decision was also made in an attempt to maximize
participant social support and adherence. If, for example, a group of participants who have an existing
social relationship were screened together and expressed interest in the intervention, having one of them
randomly assigned to a control group would likely lead to a lack of motivation from the others to continue

with the study.

During Phase 1l a great deal of participant attrition was observed. In an ideal situation, all subjects
who initially provided baseline data would also have measurements taken at each of the follow-up time

points. The community-based nature of Phase Il is likely largely to blame for this observed trend. Even
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though the screening and PA sessions were offered in the community at central locations that were
accessible via transit and other means, other barriers to participation prevailed and limited both
attendance at the PA sessions and follow-up measurements after 3 and 6 months. These barriers may
include; time commitment, transit, familial obligations, and general lack of interest or lack of
understanding the potential benefits of the PA classes. As much as possible, barriers to participation were
addressed by the researchers through the provision of child minding services at the classes,
reimbursement for transit costs in some cases, translation of study materials and use of culturally matched
PA instructors. Despite the efforts to eliminate these barriers, reduced participation rates were greatest
among all groups except those in the Chinese group. This was an interesting finding and further

investigation into ethnospecific reasons for increased participation is certainly warranted.

Despite the lack of control group and high rates of participant attrition in Phase 11, statistically
significant improvements in blood and fitness measures were observed among those who provided
follow-up data. If future research adopts a similar approach and is able to retain a higher percentage of
participants, similar results, if found, would be highly informative and impactful from a public health and

exercise prescription perspective.

Finally, in Phase I, in addition to the lack of control group, the other primary limitations were
the low number of participants and duration of the intervention. Despite the low numbers, post hoc power
analyses showed that for the within group analysis, there was sufficient power to determine significance.
With respect to study duration, the 3 month timeline is likely the shortest amount of time required to
detect any changes in AL1C and interventions using A1C as an outcome measure typically run for 6
months or longer. This additional time would potentially increase the likelihood of detecting between-

group changes which were not observed in Phase I11.
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4.3.2 Future Research

This project was novel in its aim to target persons at high risk for developing T2D through an
ethnospecific approach. The incorporation of point-of-care A1C assessment in the screening process was
a novel approach which greatly enhances the predictive value of pen and paper risk questionnaires and
overall assessment of risk. The examination of HIIT versus continuous moderate intensity aerobic
exercise among persons with prediabetes was also novel due to the inclusion of resistance training for

both groups and the use of A1C as the primary outcome independently of other lifestyle modification.

The collective results of the PRE-PAID project should inform a great deal of future research.
With respect to the screening approach developed during Phase I, next steps should aim to recruit a more
representative sample with greater total numbers of participants to better understand the predictive value
of the questionnaire and enhance its scope. Alterations to the weighting of the included questions could
also be made based on the results of Phase I. Re-weighting the questions that contributed most to the
variance in A1C could enhance the efficacy of the questionnaire as a screening tool when used in the

absence of blood testing.

With respect to the PA intervention studies, future research should incorporate a randomized
controlled design. The inclusion of a control group in a longitudinal study would have stronger
implications and allow for the inference of causality. Further, longer term follow-up of participants in
both community and laboratory-based interventions would enhance the understanding of how PA is
impacting glycemic control or other secondary outcomes such as fitness and body composition. During
this long term follow-up, participants could be monitored for the development of T2D and other lifestyle-

related comorbidities as potential outcomes.

Further investigation into exercise mode should also take place to inform QEPs and any other
health professional who prescribes exercise. Randomized, controlled trials including HIIT, continuous

moderate intensity aerobic exercise and resistance training alone and in combination with each other
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would help to develop an optimal strategy for using exercise as a preventative tool for persons at risk for
developing T2D. Ideally, a dose-response relationship could be developed which would inform not only
persons at risk but also policy makers and governing bodies who could more accurately create and

disseminate PA recommendations.

Interventions incorporating PA plus additional lifestyle and behavioural modification should also
be considered. Studies comparing PA with self-management strategies or a combination of both would
help to empower and educate individuals at risk and further enhance the ability to make recommendations
to persons at risk for T2D and potentially maximize the efficacy of prevention strategies. Also, the
assessment of PA that is performed outside the realm of the intervention itself should be performed. In the
current study, an attempt was made to capture this through the completion of a PA journal but these were
improperly or incompletely filled out by most participants. More accurate methods such as accelerometry

would provide a great deal of additional data pertaining to the lifestyle habits of participants.

These future investigations should also take note of the role of the QEP in prevention strategies,
especially at the community level. Positive results should advocate for the inclusion of QEPs in family
health teams and community health centers which, in the current health care paradigm, typically use
nurses and registered dieticians to provide the majority of lifestyle counselling, including exercise
recommendations. Further, the impact of QEPs and results of PA interventions targeting prediabetes
should undergo rigorous epidemiological analyses focusing on the economic impact of both screening
protocols identifying those at high risk and interventions involving PA with the goal of preventing or

delaying T2D.
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APPENDICES

Appendix A PAR-Q+

2015 PAR-Q+

The Physical Activity Readiness Questionnaire for Everyone
The health benefits of reqular physical activity are clear; more people should engage in physical
activity every day of the week. Participating in physical activity is very safe for MOST people. This
questionnaire will tell you whether it is necessary for you to seek further advice from your doctor
OR a qualified exercise professional before becoming more physically active.

GENERAL HEALTH QUESTIONS

Please read the 7 questions below carefully and answer each one honastly: chedk YES or NO. YES

1) Has your doctor ever said that you haf.ne a heart condition (J OR high blood pressure O:

2) Do you feel pain in your chest at rest, during your daily activities of living, OR when you do
physical activity?

3) Do you lose balance because of dizziness OR have you lost consciousness in the last 12 months?
Flease answer NOVif your dizziness was assodated with over-breathing (induding during vigorous exercise].

4) Have you ever been diagnosed with another chronic medical condition (other than heart disease
or high blood pressure)? PLEASE LIST CONDITIONIS) HERE:

O/0|0|0|0O
O|O0|0|0|0|3

5) Are you currently taking prescribed medications for a chronic medical condition?
PLEASE LIST CONDITION(S] AND MEDICATIONS HERE:

&) Do you currently have (or have had within the past 12 months) a bone, joint, or soft tissue
imuscle, ligament, or tendon) preblem that could be made worse by becoming more physically 0

activel Please arewer NO if you had a problem in the past, but it does not imit your current ability to be physically active.
PLEASE LIST CONDITIOMN(S) HERE:

7) Hasyour doctor ever said that you should only do medically supervised physical activity? oj0o

rl" If you answered NO to all of the questions above, you are cleared for physical activity. A
Go to Page 4 to sign the PARTICIPANT DECLARATION. You do not need to complete Pages 2 and 3.

(® Start becoming much more physically active — start slowly and build up gradually.

() Follow Intemational Physical Activity Guidelines for your age (www.whaoint/dietphysicalactivity/en/).
& You may take part in a health and fitness appraisal.

If you are over the age of 45 yr and NOT accustomned to regular vigorous to maximal effort exercise,
consult a qualified exercise professional before engaging in this intensity of exercise.

'L > If you have any further questions, contact a qualified exercise professional.

J/

=

@ If you answered YES to one or more of the questions above, COMPLETE PAGES 2 AND 3.

& Delay becoming more active if:
v You have atemporary iliness such as a cold or fever; itis best towait until you feel better,

.+ You are pregnant - talk to your health care practitionar, your physician, a qualified exercise professional, and/or
" complete the ePARmed-X+ at ww w.aparmedi. com before baecoming more physically active.

. Your health changes - answer the guestions on Pages 2 and 3 of this document and/for talk to your doctor or a
" qualified exercise professional before continuing with any physical activity program.

OsHE oo s e 114
(1 - a1-01-2015

127



2015 PAR-Q+

FOLLOW-UP QUESTIONS ABOUT YOUR MEDICAL CONDITION(S)

1. Do you have Arthritls, Osteoporosts, or Back Problems?
If the above condition(s) is/are present, answer questions 1a-1c ifNo[] go to question 2
la Do you have difficulty controlling your condition with medications or other physician-prescribed therapies? vEs [ mo(J]
{Answer MO if you are not currently taking medications or other treatments)
b Dio you have joint problems cawsing pain, a recent fracture or fracture caused by osteoporosis or cancer,
disp:lligned vertebra (e, smndyinlistﬁais], and/or spondylolysis/pars defect (a crack in the bony ring on the YES (] Mo
back of the spinal column)?
Ic. Hawe you had steroid injections or taken steroid tablets regularly for more than 3 months? YES[] WO[)
2 Do you have Cancer of any kind?
If the above condition(s) isfare present, answer guestions 2a-2b KHO D go to question 3
2a Does your cancer diagreosis include any of the following types: lung/bronchogenic, multiple myslomia (canicer of
plasma calls), head, and neck? yel ves(] no(]
2b. Are you currently receiving cancer therapy (such as chemotheraphy or radictherapy)? YES[] WO[]
3. Do you have a Heart or Cardlovascular Condition? This includes Coronary Artery Disease, Heart Failtire,
Diagnosed Abnormality of Heart Rhythm
If the above condition(s) is/are presant, answer questions 3a-3d N0 [J go to question 4
3a Do you have difficulty controlling your condition with medications or other physician-prescribed therapies? YES[) WO
{Answer MO if you are not currently taking medications or other treatments)
3b. Do you have an irregular heart beat that requires madical management? YES[] No[]
leug., atrial fibrillation, premature wventricular contraction)
I Do you hawve chronic heart failura? YES[] WO
3d. Dwo you have diagnosed coronary artery (cardiovascular) disease and have not participated in regular physical
activtyin the led 2months? > ves[ ] mol]
4. Do you have High Blood Pressure?
If the above condition(s) is/are present, answer questions 4a-4b o[ go to question 5
da. Do you have difficulty controlling your condition with medications or other physician-prescribed therapies? YES NO
[.l'.n;merﬂﬂ if you are not currently taking medications or other treatments) 0 nel
b, Do you have a resting blood pressure equal to or greater than 160090 mmHg with or without medication?
[Ar\;n'er‘l'ESifwu o ot know your resting blood pressura) s wo(]
5. Do you have any Metabolic Conditions? This includes Type 1 Diobetes, Type 2 Diobetes, Pre-Diabetes
If the above condition|s) is/are present, answer questions 5a-52 NG [) go to question &
Sa. Dio you often hawve difficulty controlling your blood sugar levels with foods, medications, or other physician- YES NO
pre-s?gibed therapies? 4 & O O
sb. Do you often suffer from signs and symptoms of low blood swaar [hwlymmia] following exercise andyor
during activities of daily Iving? Signs of h Iycemia may inClude shakiness, nerwousness, unwsual irmtability, YES[ ] WO[ ]
abmormal sweating, dizziness or light-headedness, mental confusion, difficulty speaking, weakness, or sleepiness.
Be. Dvo you have any signs or s toms of diabetas complications such as heart or vascular disease and/or
Dmn?; ications a%acgli g yuur:fya, kidnays, OR the seﬁsati-::n im your toes and feet? s no(]
5d. Do you have other metabolic conditions isuch as current pregnancy-related diabetes, chronic kidney diseasa, or  yrs ] Wl
liver problems)?
Se. Are you planning to engage in what for you is unusually high (or vigorous) intensity exercise in the near future? — YES[] N0 [J]
D-SH Copyright £ 2015 PARGH+ Collaboration 2/ 4
o 01-01-2015
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6. Do you have any Mental Health Problems or Learning Difficulties? This includes Alzheimer’s, Dementia,
Depression, Anxiety Disorder, Eating Disorder, Psychotic Disorder, intellectual Disability, Down Syndrome

If the above condition(s) is/are present, answer questions Ga-5b NG ] go to question 7
ba. Do you have difficulty controlling your condition with medications or other physician-prescribed therapies? YES[] No[)
{Answer MO if you are not currently taking medications or other treatments)
Bb. Dio you ALSO have back problems affacting nerves or muscles? ves[C] wo()
7. Do you have a Respiratory Disease? This includes Chronic Obstructive Pulmenary Disease, Asthma, Pulmanary High
Blood Pressure
If the above conditicn(s) is/are present, answer questions Ta-7d IfN0 [] go to question 8
Ja Dio you have difficulty controlling your condition with medications or other physician-prescribed therapies?
ihnﬁerﬂo if you ag not currentfllyr'otgking medications or other treatments) YEs(] No[]
b Has your doctor ever said your blood oxygen level is low at rest or during exercise and/or that you require vEs[] wo[]
supplemental oxygen therapy?
o If asthmatic, do you currently have symiptems of chest tightness, wheezing, laboured breathing, consistent cough vES(] wo[]
{mare than 2 days/week), or have you used your rescue medication more than twice in the last week?
7d. Has your doctor ever said you have high blood pressure in the blood vessels of your lungs? YES[] wo[]
8. Do you have a Spinal Cord Injury? This includes Tetraplegia and Paraplegia
If the above conditionis) is/are present, answer questions Ba-8c IfNO [ go to question 9
Ba. Do you have difficulty controlling your condition with medications or other physician-prescribed therapies?
ihnﬁer MO if you ag not currenﬂ{ot:king medications or other treatments) ves(] wo(]
b Do wou commonly exhibit low resting blood pressure significant enough to cause dizziness, light-headedness,
andsor fainting? YES[ ] No[ ]
8c Has your ;fsician indicated that you exhibit sudden bouts of high blood pressure (known as Autonomic vEs(] mo(]
Dysreflaxia)?
o Have you had a Stroke? This includes Transient [schemic Attack (TIA) or Cerebrovascular Event
If the above conditien(s) is/are present, answer questions 9a-%¢ IFNG [ go to question 10
a. Do you have difficulty controlling your condition with medications or other physician-prescribed therapies?
ihnﬁer WO if you ag not currenﬂ{ot:king medications or other treatments) ves[] wo(]
9k Do you have any impairment in walking or mobility? YES[] NO[]
G Have you experienced a stroke or impaimment in nerves or muscles in the past & months? YES[ ] MO[ ]

10. Do you have any other medical conditon not listed above or do you have two or more medical conditions?
If you have other medical conditions, answer questions 10a-10c 1f N0 [ read the Page 4 recommendations

10a. Have experienced a blackout, fainted, or lost consciousness as a result of a head injury within the last 12 YES NO
muzniths O have you had a diagnosed conoussion within the last 12 months? i . .

106 Do wou have a medical condition that is not listed (such as epilepsy, neurological conditions, kidney problems|?  YES[] NO[]

Tid Dio you currently live with two or more medical conditions? YES[] O[]

PLEASE LIST YOUR MEDICAL CONDITION(S)
AND ANY RELATED MEDICATIONS HERE:

GO to Page 4 for recommendations about your current
medical condition(s) and sign the PARTICIPANT DECLARATION.

O5H Coparight £ 2015 PAR-G+ Cokaboration. 3 1 4
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(v
®

®
7
»
\,

If you answered NO to all of the follow-up questions about your medical condition
you are ready to become more physically active - sign the PARTICIPANT DEC LARATION below:

It is advisad that you consult a qualified exarcise professional to hel develop a safe and effective physical
activity plan to rn.’get your health neads. P pyau P Py

Yol are encou raq?_d to start slnwg‘_ and build ulp gradu al#r - 2010 60 minutes of low to moderata intensity exarcisa,
3-5 days per week including aerobic and muscle strengthen

ing exercises.
As you progress, you should aim to accumaulate 150 minutes or more of moderate intensity physical activity per week,

Ifarc:iu are over the age of 45 grand MNOT accustomead to regular vigorous to maximal effort exercise, consult a )
qual

~

ified exarcise professional before engaging in this intensity of exercise.

If you answered YES to one or more of the follow-up questions about your medical condition: ]
You should seek further information before becorning more physically active orengaging in a fitness appraisal. You should complete
the specially designed anline screening and exercise recommendations program - the e PARmed-X+ at www.eparmedx.com and /o
visit a qualified exerdse professional to work through the ePARmed-X+ and for further information.

o

A Delay becoming more active if:

iy

W

. Youw are pregmant - talk to

Y and/or com pleta the ePARMad-X+ at www.eparmedicom
o

You have a temporary illness such as a cold or faver; it is best to wait until you feel better

ur health care practitioner, your p hgician, a qualified exercise professicnal,
re becoming more physically active.

Your health changes - talk to your doctor or qualified exencise professional before continuing with any physical
activity program.

® You are encouraged to photocopy the PAR-C+. You must use the entira questionnaire and NO changes are parmittad.

@ The authaors, the PAR-0+ Collaboration, partner organizations, and their agents assume no liability for persons who
undertake physical activity andfor make use of the PAR-Q+ or ePARmed-X+. If in doubt after completing the questionnaire,
consult your doctor prior to physical activity.

PARTICIPANT DECLARATION

@ All persons who have complated the PAR-Q+ please read and sign the declaration below.

® [f you are less than the legal age required for consent or require the assent of a care provider, your parent, guardian or care
provider must also sign this form.

I, the undersigned, hawve read, understood to my full satisfaction and completed this questionnaire. | acknowledge that this
physical activity clearance is valid for @ maximum of 12 months from the date it is completed and becomes invalid if my
condition changes. | also acknowledge that a Trustee (such as my employer, community/fitness centre, health care provider,
or ather designate] mayretain a copy of this form for their records. In these instances, the Trustee will be required to adhere
to local, national, and international guidelines regarding the storage of personal health information ensuring that the
Trustee maintains the privacy of the information and does not misuse or wrongfully dischose such information.

MAME

DATE

SIGMATURE

WITHESS

SIGNATURE OF PARENT/GUARDIAN,/CARE PROVIDER

—— For more information, please contact

WWW. eparmed.com
Email: eparmedxsgmail.com
C Hation For PAR-O4
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Appendix B Informed Consent Documents and Ethics Approval Certificates
Physical Activit
g/, anzscf,fm’; ,;,-:Ease unit  Phasel and Il Informed Consent Form

Yoris University

Date:

Study Name: Pre-Diabetes Detection and Physical Activity Intervention Delivery (PRE-PAID) Program
Principle Investigators: Dr. Norm Gledhill, Dr. Veronica Jamnik, Dr. Michael Riddell
Sponsors: York University, Ontario Ministry of Health Promotion

Purpose of the Research: The purpose of this project is to identify persons who have pre-diabetes and
use supervised physical activity to reduce their risk of developing type 2 diabetes and improve their
health.

What You Will Be Asked to Do in the Research:

You will complete a short questionnaire that will determine your risk for pre-diabetes. If you are at high
risk for pre-diabetes you will be asked to attend a group information session that will provide you with
more details about the project. During this information meeting you will complete some health related
guestionnaires and you will undergo a blood test for diabetes by providing a finger prick blood sample.
The blood will be collected by a trained professional using sterile (clean) equipment. The results of this
test will be available in approximately 10 minutes. If you have normal blood sugar values, you will be
told that you do NOT have pre-diabetes or diabetes. If you have a blood sugar score in the type 2
diabetes range, you will be told that you have type 2 diabetes and directed to your family doctor and a
diabetes education program for follow-up. If your blood sugar values indicate that you have pre-
diabetes, you will be told that you have pre-diabetes and are potentially eligible for participation in the
study.

If you have pre-diabetes, you will be asked to take a final confirmatory blood sugar test - an OGTT which
will be administered by the medical clinic staff. You must arrive in a fasted state (no food or drink for 8
hours, water is ok) and the test takes approximately 2 hours and involves drawing blood (a needle will
be inserted into a vein in your arm and a small amount of blood will be collected in small tubes) at 0, 30,
60, 90, and 120 minutes. An additional small amount (approx 100 microliters) of blood will also be
collected and stored for further diabetes-related analyses. After the blood screening visit, you will be
scheduled for your fitness assessment.

During the fitness assessment, you will have your height, weight, waist circumference, percent body fat
(using skin calipers), grip strength, and vertical jump measured by an exercise professional (of the same
gender). Aerobic fitness will be measured by a treadmill test where you will walk/jog, while breathing

into a mouthpiece, until a peak value is reached. You will then participate in supervised activity sessions
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3 times per week (each session approximately 1 hour) and encouraged to be active on three additional
days of the week.

All participants will be asked to complete a mid-point assessment after 3 months of participation that
will involve the same blood work and health-related questionnaires that were completed during the
initial meeting. There will be no mid-point fitness test.

After 6 months of participation, all participants will be asked to complete all of the tests that were done
at the onset including the fitness assessment.

Risks and Discomforts: Participation in any physical activity has some level of associated risk of physical
injury. To minimize this risk, physical activity participation in this study will be supervised by Certified
Exercise Physiologists who are qualified to provide physical activity counseling to individuals with
chronic diseases. They will make sure that the physical activity is performed at an appropriate intensity.

There is also a possible risk of discomfort and/or bruising at the needle site from taking blood sample,
and an extremely small risk of infection with the blood draw. All blood samples will be taken by
experienced and qualified phlebotomists using sterile equipment and techniques.

Benefits of the Research and Benefits to You: People who become more physically active should expect
to see improvements in health and fitness. Common benefits associated with regular physical activity
participation are; weight loss, reduced waist circumference, improved strength and aerobic capacity,
quality of life, improved blood lipid profile, and reduced risk of various chronic diseases such as
cardiovascular disease, type 2 diabetes, and cancer.

Voluntary Participation: Your participation in the study is completely voluntary and you may choose to
stop participating at any time. Your decision not to volunteer will not influence the nature of your
relationship with York University either now, or in the future.

Withdrawal from the Study: You can stop participating in the study at any time, for any reason, if you
so decide. Your decision to stop participating, or to refuse to answer particular questions, will not affect
your relationship with the researchers, York University, or any other group associated with this project.
In the event you withdraw from the study, all associated data collected will be immediately destroyed.

Confidentiality: All information you supply during the research will be held in confidence and your name
will not appear in any report or publication of the research. Data will be collected using pen and paper
methods and then entered into a computer spreadsheet. Your data will be safely stored in a locked
facility and only the research team will have access to this information. All electronic data will be
password protected and only research personnel will have access. Hard copies of the data will be
destroyed after publication of the study results. Confidentiality will be provided to the fullest extent
possible by law.

Questions About the Research? If you have questions about the research in general or about your role
in the study, please feel free to contact Dr. Norman Gledhill either by telephone at or by e-
mail. This research has been reviewed and approved by the Human Participants Review Sub-
Committee; York University’s Ethics Review Board and conforms to the standards of the Canadian Tri-
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Council Research Ethics guidelines. If you have any questions about this process, or about your rights as
a participant in the study, please contact Ms. Alison Collins-Mrakas, Manager, Research Ethics.

Legal Rights and Signatures:

I (Printed Name of Participant), consent to participate in the Pre-
Diabetes Detection and Physical Activity Intervention Delivery (PRE-PAID) Project conducted by Dr.
Norman Gledhill. | have understood the nature of this project and wish to participate. | am not waiving
any of my legal rights by signing this form. My signature below indicates my consent.

Signature Date
Participant
YORKJI
redefine THE POSSIBLE.
Signature Date

Principal Investigator
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\ Physical Activity
\/‘ ardl Chronic Disesse Uit Phase Ill Informed Consent Form

Yorils University

Date:

Study Name: Pre-Diabetes Detection and Physical Activity Intervention Delivery Project
Researchers: Dr. Norm Gledhill, Dr. Veronica Jamnik, Dr. Michael Riddell
Sponsors: York University, Ontario Ministry of Health Promotion, Trillium Foundation

Purpose of the Research: The purpose of this project is to identify persons who have pre-diabetes and
enrol them in a supervised physical activity program to lower their risk of getting type 2 diabetes and
improve their health.

What You Will Be Asked to Do in the Research: You will complete a short questionnaire that will
determine your risk for pre-diabetes. If you are at high risk for pre-diabetes you will provided with more
details about the project. You will then have a blood test for diabetes by providing a finger prick blood
sample. This test needs only 1 small drops of blood from your finger. The blood will be collected by a
trained professional using sterile (clean) equipment. The results of this test will be available in 10
minutes. If you have normal blood sugar, you will be told that you likely do NOT have pre-diabetes or
diabetes. If you have a blood sugar score in the type 2 diabetes range, you will be told that you MAY
have type 2 diabetes and directed to your family doctor and a diabetes education program for follow-
up. If your blood sugar indicates that you MAY have pre-diabetes, you will be told that you likely have
pre-diabetes and may be eligible for being in the study.

After this initial meeting, if you are determined to likely have pre-diabetes, you will be scheduled for
your confirmatory blood sugar test and fitness test. This blood test is called an “Oral Glucose Tolerance
Test” and it will be performed by a trained professional. You must arrive in a fasted state (no food or
drink for 8 hours, water is ok) and the test takes approximately 2 hours. The test involves drawing blood
(a needle will be inserted into a vein in your arm and a small amount of blood will be collected in small
tubes) at the start and 30, 60, 90, and 120 minutes after taking a sweet tasting drink. Another 2-3 drops
(about 100 microliters) of blood will also be collected and stored for further diabetes-related testing. In
total, about 10 ml of blood (about 2 teaspoons) will be taken from your arm. This amount is less than
what is taken from you when you have a blood test done for your doctor.

The fitness test will take place on the same day as the blood sugar test and will take 1 hour. You will be
given a snack after the blood test before the start of the fitness test. During the fitness test, you will
have your height, weight, waist circumference, body fat measurements (using a scale), grip strength,
and vertical jump measured by an exercise professional of the same gender if requested. Aerobic fitness
will be measured using a treadmill test where you will walk/jog, while breathing into a mouthpiece, until
a peak value is reached.

We are looking for about 90 participants and the duration of the project is 3 months. You will be
randomly placed into 1 of 3 groups. Two of the groups will participate in supervised activity sessions 3
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times per week (each session approximately 1 hour) that include aerobic and resistance (strength)
training activities. You will also be encouraged to record other activities that are done during the week
in a journal. The third group will be asked to make no changes to their current lifestyle for 3 months.
After the 3 months, participants in this group will be offered the same activity program as the first 2
groups.

After 3 months, all participants will be asked to complete all of the tests that were done at the
beginning, including the fitness assessment. The participants in the 3™ study group (the control group)
will have the option to provide a third round of measurements after their physical intervention (6
months after their first test).

Risks and Discomforts: Taking part in any physical activity has some minor risks of injury. To lower this
risk, physical activity in this study will be supervised by Qualified Exercise Professionals who are qualified
to provide physical activity to people with chronic diseases. They will make sure that the physical activity
is done at a safe intensity.

There is a very small risk of infection with the blood test. All blood samples will be taken by experienced
and qualified blood samplers using sterile equipment and techniques. There may also be discomfort
and/or bruising at the needle site.

Benefits of the Research to You: People who become more physically active should expect to see
improvements in health and fitness. Common benefits associated with regular physical activity are;
weight loss, lower waist circumference, better strength and aerobic capacity, quality of life, better blood
lipid profile. Also a lower risk for chronic diseases such as cardiovascular disease, type 2 diabetes, and
cancer.

Compensation for Participation: Participants will be provided with free access to fitness facilities for the
duration of the project. Participants will also have free, supervised exercise training with a qualified
professional for a period of 3 months. This level of service would typically be valued at $500-51000.

Voluntary Participation: Your participation in the study is completely voluntary and you may choose to
stop participating at any time. Your decision not to volunteer will not influence your relationship with
York University either now, or in the future.

Withdrawal from the Study: You can stop participating in the study at any time, for any reason, if you
decide. Your decision to stop participating, or to refuse to answer particular questions, will not affect
your relationship with the researchers, York University, or any other group associated with this project.
If you withdraw from the study, you may ask to have all of your data destroyed using a confidential
shredding agency.

Confidentiality: All information you supply during the research will be held in confidence and your name
will not appear in any report or publication of the research. Data will be collected using pen and paper
methods and then entered into a computer spreadsheet. Your data will be safely stored in a locked
facility and only the research team will have access to this information. All electronic data will be
password protected and only research personnel will have access. Hard copies of the data will be
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destroyed using a confidential shredding agency five years after publication of the study results.
Confidentiality will be provided to the fullest extent possible by law.

Questions About the Research: If you have questions about the research in general or about your role
in the study, please feel free to contact Mr. Chip Rowan either by telephone. This research has been
reviewed and approved by the Human Participants Review Sub-Committee; York University’s Ethics
Review Board and conforms to the standards of the Canadian Tri-Council Research Ethics guidelines. If
you have any questions about this process, or about your rights as a participant in the study, please
contact Ms. Alison Collins-Mrakas, Manager, Research Ethics.

Legal Rights and Signatures: | (Printed Name of Participant),
consent to participate in the Pre-Diabetes Detection and Physical Activity Intervention Delivery Project

conducted by Dr. Norman Gledhill. | have understood the nature of this project and wish to participate.
| also consent to being contacted in the future about a follow-up or related study. | am not waiving any
of my legal rights by signing this form. My signature below indicates my consent.

Signature Date
Participant
YN Q’ RSITE '
redefine THE POSSIBLE.
Signature Date

Principal Investigator
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YORK

UNIVERSITE
UNIVERSITY

OFFICE OF
RESEARCH
ETHICS (ORE)

Certificate #: 2009 - 270

Approval Period: 10/22/09-10/22/10

Memo

To: Dr. Norman Gledhill, Faculty of Health,
Dr. Veronica Jamnik, Faculty of Health
Dr. Michael Riddell, Faculty of Health, |

From:  Alison M. Collins-Mrakas, Sr. Manager and Policy Advisor, Research Ethics
(on behalf of Daphne Winland, Chair, Human Participants Review Committee)

Date:  Thursday 22" October, 2009
Re: Ethics Approval

Pre-Diabetes Detection and Physical Activity Intervention Delivery (Pre-

paid) Program

| am writing to inform you that the Human Participants Review Sub-Committee has

reviewed and granted approval for the above project.

Should you have anv auestions, please feel free to contact me at:

Yours sincerely, /
ot L=l ‘
Alison M. Collins-Mrakas M.S¢.

Sr. Manager and Policy Advisor,
Office of Research Ethics

via email at:
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YORK

UMIVERSITE
UNIVERSITY

OFFICE OF
RESEARCH
ETHICS (ORE)
Fifth Floor, YRT

ACOBS Certificate #: 68
Approved: 10/01/09

Annroval neriod: 10009 10/01M10

Memo

To: Professor Veronica Jamnik, Kinesiology and Health Sciences

From: Alison M. Collins-Mrakas, Sr. Manager & Policy Advisor, Research Ethics

Date: Thursday October 15, 2009
Re: Ethics Approval

Pre-Diabetes Detection and Physical Activity Intervention Delivery
(PRE-PAID) Program

| am wrting to inform you that the Advisory Commitiee on Biological Safety has

reviewed and approved the above project.

Should you have any questions, please feel free to contact me at:

via email at:

Yours sincerely,

Alison M. Collins-Mrakas M.5c., LLM
Sr. Manager & Policy Advisor, Research Ethics
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Appendix C Community Partners
TAIBU Community Health Centre
Black Creek Community Health Centre
Brampton Chinese Baptist Church
Socasize
Bollyfit
St. Timothy’s Anglican Church
St. Christopher’s Anglican Church
Canadian Diabetes Association
Mississauga YMCA
Sault College
Garden River First Nations Reserve

Faith Sanctuary
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Appendix D PRE-PAID Risk Questionnaire in English, Chinese, Punjabi and Hindi

Pre-diabetes/ Tvpe 2 diabetes screening tool for PRE-PAID

Thiz queshonnaire 15 mtended for adults azed 18- 64 vears who are members of certam sthme
minorities (Chineze, South Azian, Hispanic, Aborizinal, African or African-Caribbean) to help
find out if vou are at nsk of developing type 2 diabetes. Pleass answer as carefully as vou can. We
will help you complste this form.

What ethmeity are (or were) your biological (blood) parents7?

Mother Father

O a White (Cancasian)

O a Abonzmal

O a African, African/Caribbean

O O South Asian (India, Pakistan, 5n Lanka, MNepal,
Bangladesh)

O o Chineze

O a Other (please specify ]

AS YOU GET OLDER,, YOUR RISE FOR DIARETES INCREASES
1) What year were you born?
Select your age group

18-39 years (0 points)
40-44 years (0 points)
45-54 years (2 poinis)
55- 64 years (3 pomts)

Ly

BODY SHAPE AND SI7E CAN AFFECT YOUR RISK OF DIABETES
1a) How much do vou weigh (either in pounds or in lilogram:)?
I weizh pound: OR I weizh kilograms

2b) How tall are you without shoe: on?

Iam feet and inche: tall OR Iam centimeters tall

Use the attached height and weight table to find body mass index (BMI)

a unszhaded area- BMI less than 25 (0 points)
a light shaded area- BMI 25-30 (1 points)
a darker shaded area- BMI over 30 (3 pomis)

3) Waist Circumference
1 am going to use a tape measure and place it around your waist at the level of the navel (belly
button). I will take 2 measure after you breathing out (do not hold your breath).

inches OR cm

[ ]
' a mazle
0 Less than 94cm or 37 inches {0 pts)

O Between 24-102em or 37-40inckes (3 pts)
O Ower 102em or 40 mehes (4 pts)

I a female

O Less than 80cm or 31.5 inches (0 pts)
O Between 80-88cm or 31.5-35mches (3 pis)
O Ower 88em or 35 mehes (4 pts)

FResearch Staff WAME:

YQUR. LEVEL OF PHYSICAL ACTIVITY AND WHAT YOU EAT CAN AFFECT YOUR. RISK OF HAVING DIABETES
OR “PRE-DIABETES".

4) Draily Activity

Orver a typical seven-day pentod (one week), how many fimes do vou engage m physical activity
that 15 prolenged and infense enough to feel warm or cause sweating and an increase in vou heart
rate?

0O At least three times per week (0 points)
O Mormally once or twice per week (1 point)
0O Rarely or never (3 points)

HIGH BLOOD PRESSURE AND HIGH BLOOD SUGAR. ARE ASSOCTATED WITH DIABETES

5) High Blood Prezsure

Have vou ever been told by a doctor or murse that you have high blood pressure OR are you taking
any medication (pills) for kugh blood pressure?

O Mo or don’t know (0 pomts)

O Yesz (2 ponts)

6) High Blood Suzar

Have vou ever been told by a doctor or mirse that you have high blood sugar {1.e. dunng a health
exam) or that vou have diabetes or “pre diabetez"7

O Mo or don’t know (0 pomts)

O Tes (5 points)

SOME TYPES OF DIABETES RUN IN FAMITIES

7) Family

Have any members of vour fanuly been diagnosed with diabetes? (You can encle the one belowr
that have)

0O Mo or don’t knew (0 pomts)
O Yes: grandparent, aunt, uncle, or first cousin (3 points) (iznore this one if the one below
applies)
O Yes: parent (mother or father), brother or sister or own chald (5 points)
Nate: your score cannot be greater than 5 pomts
*
Likelihood of developing diabste: in the next 10 vears: SCORE.:
=7 small risk
7-11 modarate risk
12-14 high risk
15-20 very high sk
20-25 extreme 1izk (mav zlready have diabetes)

Thank you for filling this questionnaire about diabetes nzsk. What 15 the best way for us to contact
wou if you are ehgible and mterssted 1n parhicipating in our research study on phyrsical actvity and
diabetes prevention?

\ Phupsical Activity
MName
/| And Chronic Disease Linit
Phone rumber, /

Eamail address : York University

*Source: Adapted from the FINDRISK and CANRISK Questionnaires
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Pre-diabetes/ Tyvpe 2 diabetes screening tool for PRE-PAID
PRE-PAID SRR 2 B AAMER S NEER

This questionnaire 15 intended for adult: aged 40- 64 vears who are member: of certain ethnic
munorities (Chineze, South Asian, African or African-Caribbean) to halp find out if you are at
nsk of developing type 2 diabetes. Please answer as carefully as you can. We will belp you
complete this form.

HEE RN SR (PEE, R, FE. mBEIEE) S deir
e A G ERAHN AR, EFARETEAEE BAOSWBETREEE
M.

What ethmicity are {or were) your biological (blood) parents?
ERER (8§ AR
Mother £}  Father
O O White (Cancasian)
HA (Fim#EA)
African, African/Canbbean
AFEF, eI
South Asian (India, Pakistan, 511 Lanka, Nepal, Bangladesh)
PP RFCEDAD, B, SR, RiAE. S
Chinese
R
O O Other
Hilh (iR )

ASYOU GET OLDER, YOUR. RISK FOR DIABETES INCREASES
BT SR RIET,  OE R R A DAL e Bl S

1) What vear were you born? 8 H4EFH57
Select your age gron  HEFEEENEEH

O 40-44 years {0 ponts)

O 45-54 years {2 points)

STAFF NAME:

| 55- 64 years (3 pomts)

BODY SHAPE AND SIZE CAN AFFECT YOUR RISK OF DIABETES
B R R0 2 50 0 1 S T A

2a) How much do you weigh (either in pounds or in lilograms) #RIEEEE L FFlRT

)T

BHEER pound: B ol kilogram:s T

2b) How tall are you without shoes on fRAIBHAEL (FEHT) 7

FHaRE feet R inches B} aff centimeters B

Uze the attached height and weight table to find body mass mdex (BMI)
T R ey 0 2 R i 4 A S (BMD)

O unchaded area L& BMI <25 (0 points)
O light chaded area FEMEES BMI 2530 (] pomts)

darker chaded area #FIEE S BMI =30 (3 points)

3) Waist Circumference B

I am going to use a tape measure and place it around vour waist at the level of the navel (belly
button}. [ will tzke 3 measure after you breathing out (do not hold your breath).
FlfFcRERMIER (EFL) o REEEFUEIER OUEED

inches#i+f cm /3 ¥

r *
n I male®{l O femalefrff

O = 94em or 37 mches (0 pts)
O 94-102em or 37-40inches (3 pts)
O = 102¢cm or 40 inches (4 pts)

O = 80cm or 31.5 inches (0 pts)
T B0-88cm or 31.5-35inches (3 pts)
O = 88cm or 35 mches (4 pis)

*Sowrce: Adapted from the FINDRISKE and CANRISK CQuesheonnaues
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YOUR LEVEL OF PHYSICAL ACTIVITY AND WHAT YOU EAT CAN AFFECT YOUR RISK OF HAVING DIABETES
OR “PRE-DIABETES™.
AR B T AR T i S R S L

4) Daily Activity H#¥E5)

Chver a typical seven-day penod (one week), how many tomes do vou engage m physical activity
that 15 proloenged and mtense enough to cause sweahng and an merease in vou beart rate?
WAHWwR T, B (TR EshLke  EishE R R )2 LA TG .
O At least three times per week— 8 52/ =30 (0 pomts)

O Mormally once or twice per week — i — & — 5| 15 (1 points)

O Rarely or never{ll 5§ M. 4~ (3 points)

HiGH BLOOD PRESSURE AND HIGH BLOOD SUGAR. ARE ASSOCTATED WITH DIABETES
o L D v L A R FR A

£) High Blood Prezsure #ILE

Have vou ever been told by a dector or nurse that vou have high blood pressure OR are vou taking
any medication (plls) for ugh blood pressure?

EEaEEsd L EX Eh MM ERT o0 i A

Mo or don’t know il 704~ # (0 points)
Tes B (2 pomts)

) High Blood Sugar# 58§

Have vou ever been told by a dector or nurse that vou have high blood sugar (1.e. dunng a health
exam) or that vou have diabetes or “pre diabetes™?

BEsES S B m N (SN EEel )y 7 dtE T E Y R R

No or don’t know B 70l A % (0 points)
Yesf£H1 (5 pomts)

STAFF NAME:

SOME TYPES OF DIABETES FIUN IN FAMILIES

FER MR R RN R B

T) Family ¥ B

Have any members of your family been diagnosed with diabetes? (Yon can enrele the one below
that have)

BT SR Bl R T (R R S B — T

Ho or don’t know{ 77 9, A~ % (0 pomts)

Yes: grandparent, aunt, uncle, or first cousin (1gnore this one if the one below applies)
AL HACEY, WA, S, sEEfUEL R (I PR-RE S, W ERRED
(3 pomnts)

O Yes: parent (mother or father), brother or sister or own child

RE: i CREgAE o W, SEkaig e

(5 pomts)

Hote: vour score cannot be greater than 5 pomts
it fRE SRR S A

Likehhood of developing diabetes in the pext 10 vears:

1041 BBk FNa A T kL
*SCORE:
=7 small risk B fiEE

7-11 modarate risk 5 — & o] fig
12-14 bigh sk a] fig

15-20 very high riskil 9 fig
20-25 extreme risk (may already have diabetes)
FEHFETEE (e C AR B EAE)

*Source: Adapted from the FINDERISE and CANEISK Queshonnaires
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Pre-diabetes/ Type 2 diabetes screening tool for PRE-PAID
naa I ufe ewds oas o3 RS

This questicemaire is dtended for adalts aged 40- 64 years who 4re members of certain ethndc
minorities (Chimese, South Asian, &frican oxr African- Caribbean)to help find out if you are at
risk of developing type 2 dishetes. Please anewer a5 carefially 4¢ you can. We will help you
corplete this fonn,

fea e vl 3 vs s B ol oo 3 e ol R o Bawl e anEer 3T
==h foar o feww & vo I #h w0l 2 v 3o e st wee o)

What etbadciy are (or vene biological (blood)parents ?
iy A e
Mother Father
e Rz
1] 1] White (Cancacian) atar
1] 1] African, African/Caribbe o MSdas
1] o South Asian (hdia, Pakistan, Sri Lanka, Nepal,
Bangladesh) Fisomwinird
o 1] Chinese dl
o 1] Other (please specify_ w aet a8 B )

A2 YOUGEY OLTFE., YOUE. RIS FOR DIABETE A INCEEA SF
GpismssmEaTysed e d

1) What year were you homn? B
Sdect your age group st Ba o o o

o 40-44 years (0 poits) Il < Sl e

1] 45-54 years (2 poirts) Ut T S

o 55- 64 yeurs (3 poits) URRIS 3 96 S

BODY SHAPE AND {I7F ¢ AN AFFECT YOOR. R OF DIABETE:
rila v ka2 AT TR T IS O R O

23) Howrmud do you weigh (either inpounds or in kilograms)?

o o o A(ulls v B )

Iwegh amds OR Iweigh Klo

\p - R

2h) Howtall are you wihout shoes «n?

T ow e ar I o' o

Iam fed and ndches tall OR Tam centimeters tall
7 =z fragew W A Aobikasmarar

Use the attached height and weight table to fmd body mass mdex (BMI)
o m o v wae o e for mit 55
o unshaded area- BMI less than 25 F%pgims)

ey - for mit @it 3 ue (e de)

STAFF NAME spsnch & &F

1] light shaded ares- BMI 25-30 _ (1 points)
= da wvuw - for mit Gt T st (B 9w
o darker shaded ares- BMI over 30 (3 poirts)

a2 da = uw - for il 3k T B (Bxde)

3) Waist Ciramnference {05 a7 7
I am goingtouse 4 tape measums and place it awoumd your veaist st the level of the rucrel (belly

tattom). Ivilltake a meaame after you breathing out (do rot hold your breath).
= ¥ e ss watem s m;vhﬁf@émﬁgﬁmmmaﬁ
nches O an
—
* o male &3 ’ o female FEe
0 Less than 94an or 37 iches (0 pts) 0O Less than 80an or 31.5 inches (0 pts)
¢r At o 30 B9 T w2 (o ue) 0 Fal o u e T we (o vw)
0O Betwrean 94-102am or 37-40inches (égts) 0 Betveen 30-88am or 31.5-35nches gans)
e 3 900 Axl oW ) Teo Buze wIck Axt e Iueaze
(2u=) (2u=2)
0 Over 1020m or 40 inches (4 pte) 0 Over 88am or 35 inches (4 pts)
900 #xt T R weo Fa3 @A ot At T e u Ba T B
(& we) (& =)

YOUE LEVFLOFPECGIC AL ACTIVIT Y ANDWHAY YO FAT (A0 AFFFC T YOUE RLT.OF HAVIG DIABRIE:
OF.“PEE-IXABFIF,

it foxT o T2 foT g o T 303 o =2 700y B A IR TR IS

4) Daily Activity fo e

Ower 4 typical seven-day period (ome vwreek ), howr many thmes do you engage i physical activity
that is prolomged and tense enoughto caise smeating and an Muresse i youheart rate ?

o =2 o= ot =T oa el e BT i@ § 6 R oo 2ok wiler e 22 o
o uzas =t 8

o At Jeast three tines per week (0 poits)
fax e v fiorer (0 =)

1] Hi once or terice per week (1 pont)
frowrIsa(rue)

1]} Rarely or vewer (3 poings)
3z wz 7 firsas & (2 ve)

HIGH BIOCDPEF#URE ANDEIE BLOCD STGAR. AYE AZ30CTATED WITH IXABFTE:
srwmbrirmssm@l T oA mmIss Ty
5) High Hlood Pressure Gar 253 udna

*Source: Adapted from the FINDRISK and CANRISK Questionnaires
¥ wad o nfoe: shfow v fow eaEd I s s
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Hawre you ever been told by a doctor or raarse that youhawe highblood pressure O are you taking
medication (pilk) for high blood pressure
T ol FoRt Ieza T Ee R ol oo O 2o s wdna B 3 e il ans udna Bt
St et 3 NI

o HNo or don’t kwowr (0 poirds)
& U & (0 WD)
o Ves (2 points)
ar A (2 we)
€) High Blood Sugar
A T BE feee &

Hweyoumbemtoldbyt doctor or romse that youhave highblood sugar (i.e, during 4 health
exam) or that youhave dishetes or “pre disbetes™
fr 2 o e d o B 3T ws e Br ferer 3 (FR3 ot s veerd 38)
w i ;:Bh-apa dbﬁéaup in'l‘%
o No_or don’t knowr (0 pairds)

WU & (0 WD)

o Yes (5 points)
v A (U W)

SOMEF 1 PF#OF DIABE IF: RUN Y FAMILIF
ag ot dtma n-u%uﬁsaéﬁizha & rra 3% o ST Y

7) Family

ufea

Hawe sy members of your fanily been disgnosed with disbetes ? (You can circle the one belowr
that have

151 ;ﬁiﬁﬂ A TR ey DI WA

o Nootdm’tkww(Opourﬁs)
i U & (0 wsS2)
o Yes: grandparert, ame, mmcle, or first cousin (3 podts) (ignore this one if the one belowr
Lies
D F Al TR, FED, T, INIL, W W e 3o 35 (3 US2) (Haa e RS
FEEE D
o Ves: parert (mother or fither), brother or sister or owmn child (5 points)

Note: your score carmot be greater than 5 poirds
Far - uﬂwﬁw&(umm@wr&amdivﬁb

Likelihood of developing dishetes in the next 10 years: 5

a3 T A R T O W SCORE:
SLURE:

=7 amall rick IS Md:

I Tw e uzT R e

7-11 moderte risk

IT|\ W HEPUIF

STAFF NAME ool & &

12-14 l'ughnsh
PIWE froee g

15-20 wery high risk

N T W = e o

20-25 extreme risk (nay already have dishetes

20T mdhm[uw%ﬁw&gmaﬂb

Thank youfor filling this questicemaire about diabetes risk. What ¥ the best gy for us to cortact
you if you are eligible and terested i participating i our research stady on phyysical activiy and
diabetes prevention?

o e UZa IO o 9T BE BE G | Haa ihaa 3 8 widfe o v e 2
g U o oo 2 ofas I R I wet@E maﬁrwﬁw@mhm

i FaRI} F

Name Phone ronnber
w0y 25l &
Binail address S5 o uzr

Mailing address wa & U=

DO ¥oU CURREHaTLYHAVE ACCESSTO OHIP MEDICAL COVERAGE

o=
1] Yes oF #t
1] Ho &t

*Soutce: Adapted from the FINDRISK and CANRIZBK Questionnaires

*®

Teed o wioe: ehafee w2 dxfow reniET I reuclor o
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Pre-diabetes’ Type 2 diabetes screening tool for PREE-PAID
THIE H SFEH & 1A

This uestionnaire is intended for adults aged 40- 64 wears who are members of cerfain ethric
minornties { Chinese, Sowth Asian, African or African-Caribbhean) to help find out if son are at
nisk of developing type 2 disbetes. Please ansvwer as carefully as you can. We will help sou
cormplete this form.

5 ¥FTH S U OB U St A% 3 el A e S SrATaEi 6 fe ¥ T99p W B BH
=1 I T 5T B ¥ =H & IR & 181§ W B A8 1 SO e 8|

"What ethrdeity are (or were) wour biological (blood) parenta?

o v Fin o Sk B R |
Ivlother Father
HHI T
1] 1] White (Caucasian) TR
o o African, AfricaniCaribh ean SBBT
1] 1] South Asian (India, Pakistan, Sri Lanka, Hepal
Bangladeshy)
1] 1] Chinese =T
o o Other (please specify  RRIT 0L =0T 915 )

L8 ¥O1T GET OLDER, YOUR RISE FOR DLABETES IHCREASES
1 5 w1 O v Jind o fiesa e
1) What year were youborn? IR =HTRRT TS AT

Select your age group FHTHT FH] H = I

o A0-44 years (O points) ST A1 - o 5B
o 45.54 years (2 points) Tk O < W — 3 3%
o 53 6 years (3 points) HH UGB TS - 5%

BODV SHAPE AT SITE CAH AFFECT VOUTR RISE OF DIABETES

TR A < FIR R TEE O 3 Sl IR S 8
2a) How mouch do gu weigh (eiﬂleri.n_ﬁuunds or in kilograns)?
{

A o= B e ( fie i )

Iweigh pounds &R Tweigh kdlograms

W F=H dEa@ RS

2h) How tall are you without shoes on?

I e RATEET & fA &

Iam feet and inches tall OF Tam centimeiers tall
¥ " #R BHE A TWHG

Use the attached height and weight table to find body mass index (BT
e I F=H H =% SEh ARS 91 3 6 A

1] unshaded area- BIVIT less than 25 (0 points)
TF SF%S — J<H I #8630 3F 340)
o light shaded area- BIVII 25-30 (1 points)
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STAFF MAME i

Beh 1T H 8A%S — S<H 4 316 = 4 W 96 70)
1] darker shaded area- BIVIT oveer 30 (3 points)

Tt 11 1 SRR — F=H IE d di 3 IR @7 38)

3) Waist Circumference (<HT bl HIT)
Tarn going to use a tape measure and place it avound sour waist o the lewvel of the navel (helly
button), T'will take a measure after you breathing ont {do not hold wour breath).

a1 1 3= S T Swa B T A (S =T 5 UR) B ST Ui =t A

Br
OR
A

“ o male T * o fernale -THT

O Less than 9dern or 37 inches (0 pts) O Less than 80ct or 31.5 inches (0 pts)
AN T v WA im) to AW T A1 3¢, T A 50 O 30)

0O Between 94-102em or 37-40inches (3 pts) 0 Between 20-22cm or 31.5-35mches (3 pts)
58 o LA Yo fvo Wb Lof AR PR AW WTD

nches oI

=Y

& Fih) i Fih)
0O Crrer 10Zem or 40 mehes (4 pts) 0O Crvex B2crn or 35 mehes (4 pts)
203 ATE_ 271 ¥o ¥ T 7RI (= 40) &6 AT 71 3w 1 4 I @R )

YOUR LEVEL OF PHYSICAL ACTIVITY AND WHAT FOU EAT CAN AFFECT YOUR RISK OF HAVING DLABETES
OF“PEE-DIAEETES .

F AR TR SR E T I T I e W AR e

4) Daily Activity £ 91 TERR

Crvet a typical seven-day period (ome weel), how many times do you engage in phvsical activity
that is prolonged and interse enough to canse sweating and an ihorease in ywou heart rate?

' OB T Y BecHl =K 1T TREE S g Tl Jresr Wi a1 ¢ a3t g5
7 il

o At least three tirnes per week (0 points)
=K A1 =R qE )

o Mormally once or twice per week (1 point)
w6 I A= (EhiH)

o Rarely or never (3 points)
w0 H 41 Bico ' @A 9

HIGHELOOD PRESSURE AND HIGH EL 00D SUGAR ARE 4550 CLATED WITH DLABETES

T =55 T oK T =5 R deE e b sl E e B

*Zource: Adapted from the FINDEIZE and CANEISE Questionnaires



5) High Blood Pressure 3 =58 TR

Harwe: rom ewet been told by a doctor or narse that som have high blood pressure OR are som taking
any redication {pills) for high blood pressure?

1 Jrv S R sRe a1 T S & @ i o o T A E e s
e PRAPRAIEE

1] Mo or don’t know (0 poirts)
=T o1 TR R (R JH)
1] Yes (2 points)
&l @& 3%)
6) High Elood Sugar
H =5 R

Harwe: rom ewet bheen told by a doctor or narse that som have high blood sugar (e, during a health
exarn) o that yon have disbetes or “pre digbetes™

a1 v H Rt s an 1 1 it =t & @ B o s R w5 a & (o
Rt Tanepy wey % W) 41 SR R TEEE A Sl o T B 9l e
1] Mo or don’t know (0 poirts)

T a1 e =Y (G 9

1] Yes (5 points)

SOME TYPES OF DIABETES EUN IN FAMILIES

T ol e I s T ReR F s e s e e &
o

Harve any members of your family been diaghosed with disbetes? (Vou can cirele the one below
that havve)

1 AEs AR Pt vewr o e I 8 2 i vee =l

1] Mo or don’t know (0 poirts)

- 41 e Y (3 9)
1] Yes: grandparent, aunt, uncle, or first cousin (3 points) (ighore this one if the one below
applies)

&1 21T 2., A T, <1 =, = W R e 7 36, PR SRS R
HERAR)

1] Wes: parent (mother or father), brother or sister or owm chald (5 points)
Hote: yourscore cannot be greater than 5 points

&l ma fia g R = R 3%, s I o A = A8

Likelihood of dewveloping digbetes in the next 10 years:

FTTRS o0 i O g6 11 oFf ol S *SCORE:
=7 stoall risk .
TS AP UA YD  PHEN ﬁ
711 mioderate nsk

STAFF NANE

FTEIF el ob TRE SR

12-14 high risk

FTSAEQY 5T = T

15-20 wery high risk

TSI (Y T Ll S s

20-25 extrerne sk (may alre ady have digbetes)

PO @D o dE W Wh S el e S 6 W & Bh AT EstE 8)

Thank you for filling this questionnaire abont dishetes risk. What is the best way for us to contact
you if you are elighle and interested in participating in our research study on phersical activity and
dishetes prevention?

o WA 5 T AR SPER | F A TEhE I R afifis Rkt <
m%mtﬁﬂmﬁmﬁmmﬁammmﬁmm
£

Hame Phone number
- A E

Exroail address % 55 <6l W1

Iilailing address SR <

DO ¥OU CURRENTLY HAVE &CCESS TO OHIP MEDICAL COVERLGE
1 36 T FETE

1] Yes Bl

1] Mo =T

*Lource: Adapted from the FINDEIZE and CANEISE Cuestionnaires
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Appendix E Lifestyle-related Questionnaires b

/| and Chronic disease Unit
York University

STUDY PARTICIPATION AND MEDICAL QUESTIONNAIRE

PERSONAL DATA (please print)

Name:

Phone number: Sex: O Male o Female

Mailing address:

Email:

Place of Birth (Region and Country):

If born outside of Canada, when did you come to Canada? (Day / Month / Year)

What languages do you speak?

What religion do you practice? (e.g., Catholic, Hindu, Islam, etc.)

How strictly do you follow your religion?

Highest Level of Education:

0 Primary School (Grade 1-8) O High School (Grade 9-13)
0 College/University o No Formal Education
Marital Status: 0 Single o Married 0 Common Law 0 Divorced o Widowed

Number of Children:

For Women — O Premenopausal O Postmenopausal 0O Perimenopausal  Other:
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Do you have a family Doctor? oYes oONo
If yes, please provide their contact information.

Name:

Phone No. :

Person to Contact in Case of Emergency

Name:

Relationship: Phone Number:
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MEDICAL HISTORY

A. How do you get most of your health information? (Choose only ONE)
i. From books or magazines ii. From the internet
iii. From a medical doctor or other health professional iv. From friends or family

v. From formal classes or school (please state):

B. Are you on hormone replacement therapy or birth control pills? O Yes o No

C. Are you taking any other medications? O Yes O No
If yes, list all medications and doses

D. Are you taking any vitamins or herbal supplements? O Yes o No

If yes, please list brands and doses

E. Do you have, or have you ever had, problems with any of the following?

i. Heart or blood vessels O Yes o No
ii. Nerves or brain O Yes o No
iii. Breathing or lungs O Yes o No
iv. Hormones, thyroid, or diabetes o Yes o No
v. Back, Muscles, joints, or bones o Yes o No
Vi. Other (please list)

F. Please list any serious injuries suffered, or surgeries you have had.
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G. Are you aware of any other medical conditions or treatments that we should be aware of
(ie. illnesses, physiotherapy, chiropractor etc.)?
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O

Physical Activity
and Chronic Disease Unit
Yorils University

INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE

We are interested in finding out about the kinds of physical activities that people do as part of
their everyday lives. The questions will ask you about the time you spent being physically active
in the last 7 days. Please answer each question even if you do not consider yourself to be an
active person. Please think about the activities you do at work, as part of your house and yard
work, to get from place to place, and in your spare time for recreation, exercise or sport.

Think about all the vigorous and moderate activities that you did in the last 7 days. Vigorous
physical activities refer to activities that take hard physical effort and make you breathe much
harder than normal. Moderate activities refer to activities that take moderate physical effort and
make you breathe somewhat harder than normal.

PART 1: JOB-RELATED PHYSICAL ACTIVITY

The first section is about your work. This includes paid jobs, farming, volunteer work, course
work, and any other unpaid work that you did outside your home. Do not include unpaid work
you might do around your home, like housework, yard work, general maintenance, and caring
for your family. These are asked in Part 3.

1. Do you currently have a job or do any unpaid work outside your home?
Yes
No
> Skip to PART 2: TRANSPORTATION

The next questions are about all the physical activity you did in the last 7 days as part of your
paid or unpaid work. This does not include traveling to and from work.

2. During the last 7 days, on how many days did you do vigorous physical activities like
heavy lifting, digging, heavy construction, or climbing up stairs as part of your work?
Think about only those physical activities that you did for at least 10 minutes at a time.
days per week

No vigorous job-related physical activity
’ Skip to question 4

3. How much time did you usually spend on one of those days doing vigorous physical
activities as part of your work?
hours per day
minutes per day

4. Again, think about only those physical activities that you did for at least 10 minutes at a
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time. During the last 7 days, on how many days did you do moderate physical activities
like carrying light loads as part of your work? Please do not include walking.

days per week

No moderate job-related physical activity
> Skip to question 6

5. How much time did you usually spend on one of those days doing moderate
physical activities as part of your work?

hours per day minutes per day
6. During the last 7 days, on how many days did you walk for at least 10 minutes at a time
as part of your work? Please do not count any walking you did to travel to or from
work.

days per week

No job-related walking
’ Skip to PART 2: TRANSPORTATION

7. How much time did you usually spend on one of those days walking as part of your
work?

hours per day minutes per day

PART 2: TRANSPORTATION PHYSICAL ACTIVITY

These questions are about how you traveled from place to place, including to places like work,
stores, movies, and so on.

8. During the last 7 days, on how many days did you travel in a motor vehicle like a train,
bus, car, or tram?

days per week No traveling in a motor vehicle
’ Skip to question 10

9. How much time did you usually spend on one of those days traveling in a train, bus,
car, tram, or other kind of motor vehicle?

hours per day minutes per day
Now think only about the bicycling and walking you might have done to travel to and from

work, to do errands, or to go from place to place.

10. During the last 7 days, on how many days did you bicycle for at least 10 minutes at a
time to go from place to place?
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11.

12.

13.

days per week No bicycling from place to place
» Skip to question 12

How much time did you usually spend on one of those days to bicycle from place to
place?

hours per day minutes per day

During the last 7 days, on how many days did you walk for at least 10 minutes at a time
to go from place to place?

days per week

No walking from place to place

> Skip to PART 3: HOUSEWORK,
HOUSE MAINTENANCE, AND
CARING FOR FAMILY

How much time did you usually spend on one of those days walking from place to
place?

hours per day minutes per day

PART 3: HOUSEWORK, HOUSE MAINTENANCE, AND CARING FOR FAMILY

This section is about some of the physical activities you might have done in the last 7 days in
and around your home, like housework, gardening, yard work, general maintenance work, and
caring for your family.

14.

15.

16.

Think about only those physical activities that you did for at least 10 minutes at a time.
During the last 7 days, on how many days did you do vigorous physical activities like
heavy lifting, chopping wood, shoveling snow, or digging in the garden or yard?
days per week

No vigorous activity in garden or yard
’ Skip to question 16

How much time did you usually spend on one of those days doing vigorous physical
activities in the garden or yard?

hours per day minutes per day

Again, think about only those physical activities that you did for at least 10 minutes at a
time. During the last 7 days, on how many days did you do moderate activities like
carrying light loads, sweeping, washing windows, and raking in the garden or yard?
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17.

18.

19.

days per week

No moderate activity in garden or yard
’ Skip to question 18

How much time did you usually spend on one of those days doing moderate physical
activities in the garden or yard?

hours per day minutes per day

Once again, think about only those physical activities that you did for at least 10 minutes
at a time. During the last 7 days, on how many days did you do moderate activities like
carrying light loads, washing windows, scrubbing floors and sweeping inside your
home?

days per week

No moderate activity inside home

’ Skip to PART 4: RECREATION,
SPORT AND LEISURE-TIME
PHYSICAL ACTIVITY

How much time did you usually spend on one of those days doing moderate physical
activities inside your home?

hours per day minutes per day

PART 4: RECREATION, SPORT, AND LEISURE-TIME PHYSICAL ACTIVITY

This section is about all the physical activities that you did in the last 7 days solely for
recreation, sport, exercise or leisure. Please do not include any activities you have already
mentioned.

20.

Not counting any walking you have already mentioned, during the last 7 days, on how
many days did you walk for at least 10 minutes at a time in your leisure time?

days per week

No walking in leisure time
’ Skip to question 22
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21.

22.

23.

24.

25.

How much time did you usually spend on one of those days walking in your leisure
time?

hours per day minutes per day

Think about only those physical activities that you did for at least 10 minutes at a time.
During the last 7 days, on how many days did you do vigorous physical activities like
aerobics, running, fast bicycling, or fast swimming in your leisure time?

days per week

No vigorous activity in leisure time
> Skip to question 24

How much time did you usually spend on one of those days doing vigorous physical
activities in your leisure time?

hours per day minutes per day

Again, think about only those physical activities that you did for at least 10 minutes at a
time. During the last 7 days, on how many days did you do moderate physical activities
like bicycling at a regular pace, swimming at a regular pace, and doubles tennis in your
leisure time?

days per week

No moderate activity in leisure time

> Skip to PART 5: TIME
SPENTSITTING

How much time did you usually spend on one of those days doing moderate physical
activities in your leisure time? hours per day minutes per day

PART 5: TIME SPENT SITTING

The last questions are about the time you spend sitting while at work, at home, while doing
course work and during leisure time. This may include time spent sitting at a desk, visiting
friends, reading or sitting or lying down to watch television. Do not include any time spent sitting
in a motor vehicle that you have already told me about.

26.

27.

During the last 7 days, how much time did you usually spend sitting on a weekday?
hours per day minutes per day

During the last 7 days, how much time did you usually spend sitting on a weekend
day?

hours per day minutes per day
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\ Physical Activity
V and Chronic Disease Unit

Yorls University

ACCULTURATION SCALE

Please answer each question as carefully as possible by circling one of the numbers to the right
of each question to indicate your agree of agreement or disagreement.

Many of the questions will refer to your heritage culture. This means the culture that has
influenced you the most (other than North American culture). It may be the culture of your birth, the
culture in which you were raised, or another culture that forms part of your background. If there are
several such cultures, please try to identify a culture that may have had an impact on previous
generations of your family.

Please write your heritage culture in the space provided here:

Strongly Neutral/ Strongly
Disagree Depends Agree
1. | speak my heritage language 1 2 3 4 5 6 7 9
2. | speak English 1 2 3 4 5 6 7 9
3. My thinking is done in my heritage language 1 2 3 4 5 6 7 9
4. My thinking is done in English 1 2 3 4 5 6 7 9
5. | often participate in my heritage cultural traditions 1 2 3 4 5 6 7 9
6. | often participate in mainstream Canadian cultural traditions 1 2 3 4 5 6 7 9
7. My family cooks food from my heritage culture 1 2 3 4 5 6 7 9
8. My family cooks typical Canadian food 1 2 3 4 5 6 7 9
9. | enjoy social activities with people from the same heritage culture as myself 1 2 3 4 5 6 7 9
10. | enjoy social activities with typical Canadian people 1 2 3 4 5 6 7 9
11 | enjoy entertainment (e.g., movies, music, literature) from my heritage 1 2 3 4 5 6 7 9
culture
12 | enjoy Canadian entertainment (e.g., movies, music, literature) 1 2 3 4 5 6 7 9
13 | often behave in ways that are typical of my heritage culture 1 2 3 4 5 6 7 9
14 | often behave in ways that are “typically Canadian” 1 2 3 4 5 6 7 9
15 It is important for me to maintain or develop the practices of my heritage 1 2 3 4 5 6 7 9
culture
16 It is important for me to maintain or develop Canadian cultural practices 1 2 3 4 5 6 7 9
17 | believe in the values of my heritage culture 1 2 3 4 5 6 7 9
18 | believe in mainstream Canadian values 1 2 3 4 5 6 7 9
19 | am interested in having friends from my heritage culture 1 2 3 4 5 6 7 9
20 | am interested in having Canadian friends 1 2 3 4 5 6 7 9

Derived from: Vancouver Index of Acculturation: Ryder, A. G., Alden, L. E., & Paulhus, D. L. (2000). Is acculturation unideminsional or bidimensional? A head-to-head comparison in the
prediction of personality, self-identity, and adjustment. Journal of Personality and Social Psychology, 79(1), 49-65.ARSMA-II: Cuellar, 1., Arnold, B., & Maldonado, R. (1995). Acculturation Rating
Scale for Mexican Americans-I1: A revision of the original ARSMA Scale. Hispanic Journal of Behavioral Sciences, 17 (3), 275-304.
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O

Physical Activity
and Chronic Disease Unit
Yorls University

DIET RECORD: DAY 1
Name: Date:

Circle day: Monday Tuesday Wednesday Thursday Friday

Please fill out at least 3 records: 2 weekdays and 1 weekend day
Is this representative of a normal day, i.e. does it reflect your usual eating pattern? COYES O NO

If no, how does it differ? [ More than usual [J Less than usual

BREAKFAST TIME:
FOOD/DRINK (in detail) QUANTITY
LUNCH TIME:
FOOD/DRINK (in detail) QUANTITY
DINNER TIME:
FOOD/DRINK (in detail) QUANTITY
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SNACKS

FOOD/DRINK (in detail)

QUANTITY

TIME:
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DIET RECORD: DAY 2
Name: Date:

Circle day: Monday Tuesday Wednesday Thursday Friday

Please fill out at least 3 records: 2 weekdays and 1 weekend day
Is this representative of a normal day, i.e. does it reflect your usual eating pattern? COYES O NO

If no, how does it differ? [ More than usual [J Less than usual

BREAKFAST TIME:
FOOD/DRINK (in detail) QUANTITY
LUNCH TIME:
FOOD/DRINK (in detail) QUANTITY
DINNER TIME:
FOOD/DRINK (in detail) QUANTITY
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SNACKS

FOOD/DRINK (in detail)

QUANTITY

TIME:
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DIET RECORD: DAY 3
Name: Date:

Circle day: Saturday Sunday

Please fill out at least 3 records: 2 weekdays and 1 weekend day
Is this representative of a normal day, i.e. does it reflect your usual eating pattern? COYES O NO

If no, how does it differ? [ More than usual [J Less than usual

BREAKFAST TIME:
FOOD/DRINK (in detail) QUANTITY
LUNCH TIME:

FOOD/DRINK (in detail) QUANTITY
DINNER TIME:
FOOD/DRINK (in detail) QUANTITY
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SNACKS

FOOD/DRINK (in detail)

QUANTITY

TIME:
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O

Physical Activity
and Chronic Disease Unit
Yorls University

EQ-5D
By placing a tick in one box in each group below, please indicate which
statements best describe your own health state today.

Mobility

I have no problems in walking about

I have some problems in walking about

I am confined to bed

Self-Care

I have no problems with self-care

I have some problems washing or dressing myself

I am unable to wash or dress myself

Usual Activities (e.g. work, study, housework, family or leisure activities)

I have no problems with performing my usual activities

I have some problems with performing my usual activities

I am unable to perform my usual activities

Pain/Discomfort

I have no pain or discomfort

I have moderate pain or discomfort

I have extreme pain or discomfort

Anxiety/Depression

I am not anxious or depressed

I am moderately anxious or depressed

I am extremely anxious or depressed
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To help people say how good or bad a health state
is, we have drawn a scale (rather like a
thermometer) on which the best state you can
imagine is marked 100 and the worst state you can

imagine is marked 0.

We would like you to indicate on this scale how
good or bad your own health is today, in your
opinion. Please do this by drawing a line from the
box below to whichever point on the scale
indicates how good or bad your health state is

today.

Best imaginable
health state

100

90

80

70

60

Your own health
state today

50

40
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20

10

0
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imaginable
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\ Physical Activity
V and Chronic Disease Unit

Yorls University

RISK FACTOR KNOWLEDGE AND LIFESTYLE HABITS

Name:

1) How much sleep on average to you get each night?
a) 10 or more hours per night
b) 8-10 hours per night
c) 7-8 hours per night
d) 6-7 hours per night
e) Lessthan5
f) Not sure — | do not sleep well throughout night.

2) How good is your nutrition knowledge?
o Very Poor O Below Average O Average 0O Above Average

3) How would your physical activity/exercise knowledge?
o Very Poor O Below Average O Average 0 Above Average

4) What is the highest level of education that you have completed?

0 Some high school or less 0 High school diploma

0O Some college or university o University or college degree
5) How many alcoholic beverages do you consume on a weekly basis?

Wine (5 oz) Spirits / Liquor (1.5 oz)

Beer (12 oz) Coolers (12 oz)

o Excellent

O Excellent

6) At the present time, do you smoke cigarettes?
o Daily 0 Occasionally o0 Not at all

7) Over your entire lifetime, about how many years in total did you smoke?
years

8) Rate your current diet: o Very Poor o Poor 0O Average 0O Good 0O Very Good

9) How often do you eat vegetables or fruits?
O Every day o Not every day

10) Have you ever heard of Canada’s Food Guide? o Yes o No

If yes, have you ever used Canada’s Food Guide? o Yes

o No

In your own words, what are the recommendations in the Canada’s Food Guide?
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11) How many servings of the following food groups should you get each day?
# Servings of Dairy # Servings of Fruits and Vegetables

# Servings of Grains # Servings of Meat and Meat Alternatives

12) Body weight changes over your adult life. Please pick the option best describes you. Do not include
times you were pregnant or sick.

a) My body weight has stayed the same

b) Steady weight gain

c) Lost weight as an adult and kept it off

d Weight has gone up and down again by more than 10 pounds

13) How many times have you lost and gained more than:

5 pounds: 10 pounds: 25: 50 pounds:

14) Are you currently dieting? O Yes o No

If yes, what kind of diet?

15) Are you currently trying to lose weight? O Yes o No

If yes, how much weight have you lost? pounds

16) How are you trying to lose weight (check all that apply)?
o Diet o Pills O Herbal Remedies O Exercise

0O Other (please describe):

17) What has been your highest body weight (not including pregnancy)? ___ pounds
18) What has been your lowest adult body weight (not including sickness)?  pounds
19) What would be your ideal body weight? pounds

20) What would be a healthy body weight for yourself? pounds

21) What would you consider yourself?
0 Underweight o Normal weight O Overweight O Obese
22) Have you heard of the Canadian guidelines for Healthy Body Weight? o Yes o No

23) What should your Body Mass Index (BMI) be? o0 Not sure
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24) Would you consider your current physical activity level to be:

O Very Active 0 Moderately Active O Average 0O Below Average o Very Poor

25) What is the largest obstacle to being physically activity?

26) Have you ever heard of Canada’s Physical Activity Guide? 0o Yes o No

If yes, have you ever used Canada’s Physical Activity Guide? oYes o No

27) In your own words, what are the recommendations in the Canada’s Physical Activity
Guide?

28) How much physical activity should you do to be healthy?
Intensity 0 Light 0 Moderate 0O Vigorous 0O Intensity does not matter
Frequency: days per week 0 Frequency does not matter
Time: O Time does not matter

29) How important is being regularly physically active to you?
O Not at all important o Somewhat unimportant
0 Somewhat important o Very important
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PERCEIVED STRESS SCALE

Never | Almost | Sometimes Fairly Very
never often often

1.In the last month, how often have you 0 1 2 3 4
been upset because of something that
happened unexpectedly?

2. In the last month, how often have you 0 1 2 3 4
felt that you were unable to control the
important things in your life?

3. In the last month, how often have you 0 1 2 3 4
felt nervous and "stressed"?

4. In the last month, how often have you 0 1 2 3 4
felt confident about your ability to handle
your personal problems?

5. In the last month, how often have you 0 1 2 3 4
felt that things were going your way?

6. In the last month, how often have you 0 1 2 3 4
found that you could not cope with all the
things that you had to do?

7. In the last month, how often have you 0 1 2 3 4
been able to control irritations in your
life?

8. In the last month, how often have you 0 1 2 3 4
felt that you were on top of things?

9. In the last month, how often have you 0 1 2 3 4
been angered because of things that
were outside of your control?

10. In the last month, how often have you 0 1 2 3 4
felt difficulties wer piling up so high that
you could not overcome them?

168



O

Physical Activity
and Chronic Disease Unit
Yorls University

SF - 12 (Version 1) Standard Form (4-Week Recall)

Enrollment No. Date:

This survey asks for your views about health. This information will help keep track of how
you feel and how well you are able to do your usual activities

For each of the following questions, please mark an [X] in the one box that best describes
your answer.

1. In general, would you say your health 1s:

Excellent Very good  Good Fair Poor
[ ] [ ] [ ] [ ] [ ]

2. The following questions are about activities you Yes, Yes, No.
might do during a typical day. Does your health | limited | hmited | not
now limit you in these activities? If so, how alot | alitde | hmited
much? at all

a) Moderate activities, such as moving a table, pounding [ ] [ ] [ 1
maize, collecting fire wood, riding a bike, or tending

livestock

b) Walking several minutes [ ] [ ] [ ]

3. During the past 4 weeks, have you had any of the
following problems with your work or other regular daily

activities, as a result of vour physical health? Yes No

a) Accomplished less than you would like? [ 1 [ ]

b) Were limited in the kind of work or other [ ] [ ]
activities?

4. During the past 4 weeks, have you had any of the
following problems with your work or other regular daily
activities, as a result of anv emotional problems (such as

feeling depressed or anxious)? Yes No
a) Accomplished less than you would like? [ ] [ ]
b) Did work or other activities less carefully [ ] [ ]
than usual

SF — 12 Health Survey 1994, 2002, by Medical Outcomes Trust and QualityMetric, Incorporated. All Rights Reserved
SF-12 is a registered trademark of Medical Outcomes Trust (SF — 12 Standard US Version 1.0)
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5. During the past 4 weeks, how much did pain interfere with your normal work
(including both work outside the home and housework)?

Not at all
[ ]

A little bit

[ ]

Moderately
[ ]

Quite a bit

[ ]

Extremely

[ ]

6. These questions are about how you feel and how things have been with you
during the past 4 weeks. For each question, please give the one answer that comes

closest to the way you have been feeling. How much of the time during the past 4

weeks....

All of the

time

Most of | A good
the time | bit of the
time

Some
of the

time

A little None
of the of the
time time

a) Have you felt

calm and peaceful?

[ ]

[ 1

[ ]

b) Did you have a
lot of energy?

[ ]

[ ]

¢) Have you felt
downhearted and
blue?

[ ]

[ ]

7. During the past 4 weeks, how much of the time has your physical health or
emotional problems interfered with your social activities (like visiting friends,

relatives, etc.)?

All of the ime

Most of the
time

Some of the
time

A little of the

time

None of the
time

[ ]

[ ]

[ ]

[ ]

[ ]

SF — 12 Health Survey 1994, 2002, by Medical Outcomes Trust and QualityMetric, Incorporated. All Rights Reserved

SF-12 is a registered trademark of Medical Outcomes Trust (SF — 12 Standard US Version 1.0)
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Appendix F List of Resistance Exercises for Phase 111

1. Marching with high knees
a. Participants were instructed to march on the spot while raising their knees as high as
possible and while making a conscious effort to recruit their arms.
b. This was performed for a specified time which was progressed based on individual

capabilities.

High Knees

2. Squat with overhead kettlebell press.

a. Participants were instructed to perform a typical squat followed by an overhead press
using a kettlebell or medicine ball. In most cases, participants had a bench behind them
during the squat to ensure both safety and to encourage range of motion.

b. Repetitions were performed for a specified time while proper technique was reinforced
throughout. Both weight and time were progressed based on individual capabilities.

)
0
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3. Pushups
a. Participants were instructed to complete full pushups if able. Modification took place by
allowing participants to perform a wall pushup style of movement with their hands on the
handle of the treadmill allowing full range of motion.
b. Repetitions were performed for a specified time while proper technique was reinforced
throughout. Time and foot placement (further away from the treadmill handle) were
progressed based on individual capabilities.

4. Forearm plank
a. Participants were instructed to complete a typical forearm plank for a specified time.
b. Time was progressed based on individual capabilities.
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5. Step ups with medicine ball press
a. Participants were instructed to step up 2 stairs and then complete an overhead shoulder
press using a medicine ball.
b. Repetitions were performed for a specified time while proper technique was reinforced
throughout. Both weight and time were progressed based on individual capabilities.

Step-up to overhead press: sagittal plane

6. Quadra-ped
a. Participants were instructed to start on their hands and knees and then asked to extend

opposite arm and leg while maintaining a controlled core. Participants alternated arms

and legs.
b. Repetitions were performed for a specified time which was progressed based on

individual capabilities.
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7. Wall sit with isometric medicine ball front hold
a. Participants were instructed to maintain a wall sit with their knees bent at a 90 degree
angle while holding a medicine ball with straight arms directly in front of their chest.
b. Time was progressed based on individual capabilities.

8. Stairs
a. Participants were instructed to climb the stairs adjacent to the laboratory
b. Number of floors climbed was progressed based on individual capabilities.
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Appendix G Copyright Permissions

Manuscript 1: Canadian Journal of Diabetes

Alarica Fernandes 11:29 AM (17 minutes ago) L A

Hello Chip,
Permission has been granted to use your published manuscript within your dissertation.
Regards,

Alarica Fernandes
Coordinator, Professional Publications
Canadian Diabetes Association

@ www.diabetes.ca

Manuscript 2: BMC Public Health is an open access publisher. The authors do not need permission to
reproduce the manuscript for inclusion in this thesis.

Manuscript 3: Canadian Journal of Diabetes (Submitted)

Manuscript 4: Manuscript in preparation, no copyright permissions required
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NON-COMMERCIAL LICENSE AGREEMENT
awamen:  Office of Grants and Scholarly Research (OGSR)

Ircorporated

License Number: CT122945/ OPD05486
Effective Date: March 1, 2010
Licensee Name: York University
Licensee Address: York University

Requested Administrations: 600

Approved Use: Non-commerdal academic research - grant funded by government agency or non-profit
organization - Pre-diabetes Prevention and Detection Study (PRE-PAID)

Term: Beglinning on March 1, 2010 and ending on February 28, 2011
Licensed Surveys: As indicated in Appendix B attached

Manuals: Licensee must purchase (or have purchased) from QM a copy of the manuals indicated in
Appendix B attached

Royalty Fee: None, because this License s granted in support of the non-commercial Approved Use
below

Administrative Fee: $500.00

Licensee accepts and agrees to the terms of this Non-Commercial License Agreement (the “Agreement”) from the Office
of Scholarly Grants and Research (OGSR) of QualityMetric Incorporated ("QM™) as of the Effective Date.

Subject to the terms of this Agreement, including the QualityMetric Non-Commercial License Terms and Conditions
attached as Appendix A: (2) QM grants to Licensee, and Licensee accepts, a non-exdusive, non-transferable, non-
assignable, non-sublicensable worldwide license to use, solely for the Approved Use and during the License Term, the
Licensed Surveys In the authorized Modes and Approved Languages indicated on Appendix B and to administer the
Licensed Surveys only up to the Approved Administrations (and to make up to such number of exact reproductions of the
Licensed Surveys necessary to support such administrations) in any combination of the spedfic Licensed Surveys and
Approved Languages and Modes and to use any related software provided by QM and (b) Licensee agrees to pay the
Administrative Fee and other applicable charges in accordance with the attached invoice.

Capitalized terms used in this Agreement and not otherwise defined herein shall have the meanings assigned to them in
Appendix A. The appendices attached hereto are incorporated Into and made a part of this Agreement for all purposes.

York University
Chris Ardern

Signature: \W

Name: bme_émJl— |
Title: &afgﬁac Emers fvs . PRE-PAD Chair.

» For additional information about QM’s OGSR , go to hitp://www.qualitymetric.com/advancing/ <

FileName: York University - License - Chris Ardern - CT122945 - OP005486 Page 10l 4
Template - License Agreement (OGSR] - 08-2008
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APPENDIX A

QUALITYMETRIC NON-COMMERCIAL LICENSE TERMS AND CONDITIONS
Attached to and Incorporated into License Agreement (OGSR) - 09-2008

No Commercial Use of Data - Licensee agrees to use the data resulting from Licensee’s administration
of the Licensed Surveys only for the Approved Use and related academic or scientific uses. Licensee
agrees not to use such data for any other purpose or to provide such data to any commercial entity or to
any enlily fur cunmecial pupuses.,

i rms - Licensee agrees to pay the Administrative Fee and all other charges on the
subsequent invoice, upon receipt. All amounts are stated in, and all payments shall be in, U.S. Dollars. Licensee
shall be responsible for all taxes relating to all fees and charges. Such fees and charges are exclusive of any
sales taxes, value added taxes, duties, or other withholding.

License Term and Termination — This Agreement shall be effective until end of the License Term. after which
this Agreement and the licenses granted here under shall terminate. Notwithstanding the foregoing, QM may

terminate this Agreement at any time upon in the event of a material breach by Licensee or its personnel of this
Agreement that is not cured within thirty (30) days following notice to Licensee,

Adminigtrgiion by Slugents gnd Third Parlies - Students of Liconsee may use and sgministar the Lizensed
Surveys, subject to such students' execution of QM's Acknowledgement by Students, available by request. A
third party service provider may administer the Licensed Surveys on behalf of Licensee, subject to such third
party’s execution of QM's Acknowledgement By Agent, available by request. However, in all such cases,
Licénsaé 3nall nd! bé rélisved of its obligations, and Licénsee shall be responsible tor any breach hereof by such
student or third party.

W@ﬁ - Licensee agrees to reproduce the copyright and trademark notices included
with the Licens! urveys on all reproductions of the Licensed Surveys permitted hereunder, including electronic
reproductions and representations.

Records - Licensee shall maintain accurate records. in all material raspacts. eantaining infarmatinn «udficiont 10
verify Licensee’s compliance with this Agreement, including as applicable, but not limited to, records of the
number of reproductions of the Licensed Survey(s) made, the location of and/or confirmation of the destruction
of such reproductions. the number of administrations of the Licensed Surveys performed. and the use(s) made
of the data resulting from Licensee’s administration of the Licensed Surveys.

Proprietary Rights — Licensee acknowledges that the Licensed Surveys, copyright in the Manuals, and all
intellectual property rights related thereto (“Survey Materials"), shall be and remain at all times the property of
QM Lisensee shall have no right, titie or interest in the Survey Matcrials except for the limited licanse described
herein. Licensee shall not use, modify, reproduce, or transmit any of the Survey Materials except as expressly
provided hereunder in connection with the Approved Use. If the Approved Use includes administration of the
Licensed Surveys in physical form, Licensee is authorized to make exact reproductions of the Licensed
Ourvey(s) sufficient to suppuil sucl adnsinist alivis.

Qwnership of Survey Results Data ~ Notwithstanding the foregoing, the parties agree that all results of
Licensee's administration of the Licensed Survey(s) shall be the property of Licensee.

Confidentiality; Injunctive Relief — Licensee acknowiedges that the Survey Materials are valuable assets of QM
and that the value of the Survey Materials would be significantly impaired by the unauthorized distribution or use
of them. Licensee shall ensure that the Survey Materials are not used for unauthorized purposes or by
unauthorized persons, and shall promptly report any such unauthorized use to QM. Licensee acknowledges
that, in the event of any material breach of this paragraph by the Licensee, money damages would not be a
sufficient remedy, and that QM shall, to the extent permitted by applicable law, be entitled to equitable relief,
including injunction. Such relief shall be in addition to all other remedies available at law or in equity.

- Licensee understands and acknowledges that complex and sophisticated products
such as the Survey Materials are inherently subject to undiscovered defects. QM cannot and does not represent

Filename: York University - License - Chris Ardern - CT122945 - OP005485 Page 20f 4
Template: Licanse Agreement (OGSR) - (9-2006
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or warrant to Licensee that the Survey Materials are free from such defects, that operation of the Survey
Materials will be uninterrupted or error free, or that its results will be effective or suitable with respect to any
particular application, GOQDS AND SERVICES HEREUNDER ARE PRQVIDED AS-IS, AND QM MAKES NO
REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED, ARISING BY LAW OR OTHERWISE WITH
RESPECT TO SUCH GOODS OR SERVICES OR THIS AGREEMENT, AND DISCLAIMS ALL WARRANTIES
INCLUDING WITHOUT LIMITATION ANY REPRESENTATIONS OR WARRANTIES AS TO
MERCHANTARBILITY, FITNESE FOR A PARTICULAR PURPGSE, NON-INFRINGEMENT OR OTHERWISE.

LIMITATION OF LIABILITY - REGARDLESS OF WHETHER ANY REMEDY SET FORTH HEREIN FAILS OF
ITS ESSENTIAL PURPOSE, IN NO EVENT SHALL EITHER PARTY'S TOTAL LIABILITY FOR ALL CLAIMS
ARISING HEREUNDER (EXCEPT FOR INTELLECTUAL PROPERTY INDEMNIFICATION, BREACH OF
CONFIDENTIALITY OBLIGATIONS AND CASES OF GROSS NEGLIGENCE OR WILLFUL MISCONDUCT)
EXCEED THE AMOUNT OF THE FEES PAID BY LICENSEE TO QM HEREUNDER. FURTHER, IN NO
EVENT SHALL QM BE LIABLE TO LICENSEE OR ANY THIRD PARTY FOR ANY SPECIAL, PUNITIVE,
INCIBENTAL, INDIRECT, OR CONSEQUENTIAL DAMAGES. ARISING FROM ANY CLAIMED BREACH OF
WARRANTY, BREACH OF CONTRACT, NEGLIGENCE, STRICT LIABILITY IN TORT, OR ANY OTHER
LEGAL THEORY, EVEN IN QM HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. SUCH
EXCLUDED DAMAGES INCLUDE, BUT ARE NOT LIMITED TO, LOST PROFITS, COST OF ANY
SUBSTITUTE GOODS OR SERVICES, LOST BUSINESS INFORMATION AND DATA, AND BUSINESS
INTERRUPTION.

Miscallanequs —~ This Agraamant constitutas tha antira and axclusiva agraamant hatwaan tha partias and
supersedes all previous communications or agreements, either oral or written, with respect to the subject matter
hereof. This Agreement may not be modified or amended except by an instrument in writing signed by both
parties. The Appendices attached hereto are incorporated into and made a part of this Agreement for all
purposes,

Notices, copies of notices or other communications shall be sent to a party at the address set forth on the first
page of this Agreement. All notices shall be effective upon delivery of the notice at such address,

Any waiver of any breach or default under this Agreement must be in writing and shall not be deemed a waiver of
any other or subsequent breach or waiver. Failure to delay by either party to enforce compliance with any term
or condition of this Agreement shall not constitute a waiver of such term or condition.

If any provision is this Agreement is determined to be invalid or unenforceable, the remaining provisions of this
Agreement shall not be affected thereby and shall be binding upon the parties hereto, and shall be enforceable,
as though the invalid or unenforceable provision were not contained herein,

In the event a Licensed Survey or associated QM intellectual property is exported outside of the United States by
Licensee, both parties agree that Licensee is obligated and solely responsible for ensuring compliance with all
applicable import and export laws and regulations of the United States of America and any applicable foreign
jurisdictions. Licensee shall indemnify, defend and hold harmless QM (including payment of all reasonable
costs, fees, settlements and damages) with respect to any suits or proceedings brought against QM arising from
Licensee’s export of a Licensed Survey.

This Agreement and performance hereunder shall be governed in accordance with the laws of the State of
Rhode Island, but exduding Rhode Isiand choice of law principles. With respect to any dispute arising in
connection with this Agreement, Licensee consents to the exclusive jurisdiction and venue In the state and
federal courts located in Providence County, Rhode Island.

This Agreement may be executed in multiple counterparts, each of which shall be deemed an original and all of
which shall be deemed the same agreement

Filename: York University - License - Chris Ardern - CT122845 - OP005486 Page 3of 4
Temnphate: License Agreement (OGSR| - (9-2008
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APPENDIX B
QUALITYMETRIC LICENSE (QOGSR) - LICENSED SURVEYS AND MANUALS

Attached to and Incorporated into QM - SLA - OGSR - 09-2008.doc

Licensed Surveys and Approved Languages
SF-12v2® Health Survey — Standard Recall

China (Chinese)
United States (Enalish)
India (Hindi)

India (Punjabi)

India (Tamil)

India (Urdu)

In order to obtain licensing from Licensor no changes can be made to the survey forms. Any format
I/ ldnyudye ehidnyes idve Ui puleniidl o alfeet he suvey ddld ieceived. Thiglug, o maintgin
the validation and integrity of the SF Health Surveys. no langquage or formatting changes are allowed.
The format of the survey was scientifically engineered to facilitate accurate and unbiased data, as well
as keeping the SF Health Survey in a visual format that is comprehensible to the patient/participant,
including those who may be impaired and/or elderly. You should administer the survey in the exact
format you will receive it in. The only item Licensee may add is a header with patient
identification and / or administration information. If you do wish to add a header please ask for a
sample copy of the survey 1o edit and then submit this to vour Account Representative for
review prior to signing this License Agreement. Other than this, Licensor can not guarantee the
validity and/or reliability of data obtained from using modified surveys and we will not be able to license
any modified survey form. Once the licensing process is completed, you will receive a clean set of
Survey Forms in a word and pdi. file. These are the forms you will administer. Please do not use any
forms you may already have access to as the ones we send you are the most current versions

Required Manuals (price not included in Administrative Fec)
KITOD1 SF-12v2 Reference Kit

MANOO3 - How to Score Version 2 of the SF-12® Health Survey
MANQO4 - Phys & Mental Hith Summ Scales
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Appendix H Training Manual for Qualified Exercise Professionals

Pre-Diabetes Detection and Physical Activity Intervention Delivery (PRE-PAID) Project:

Training Manual: Essential Implementation Considerations for

Qualified Exercise Professionals

Rowan, C.P, Riddell, M.C., and Jamnik, V.K.
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Background

The diabetes epidemic is a global health care concern that continues to dominate the attention of health
care practitioners, researchers and policy makers. Over the past two decades the incidence of prediabetes,
the precursor to type 2 diabetes (T2D) for most individuals, has been increasing in Canada and
projections indicate that based on current lifestyle and population trends, the prevalence will become
overwhelming for the current Canadian health care system. However, emerging evidence suggests that
focussing on prediabetes intervention may provide a very effective strategy for reducing the incidence of

T2D31'llg.

It is projected that, by 2012, more than 2.8 million Canadians (~8.8%) will be living with diabetes, of
which, ~90% will have type 2 *. It is also projected that there are a large number of persons with
undiagnosed diabetes who are not included in this estimate. Although prediabetes is an emerging research
area, compared to the diagnosed diabetes, it receives substantially less support for research and
intervention. The Public Health Agency of Canada estimates that ~4 million Canadians (12.5%) between
the ages of 40 and 74 have impaired fasting glucose and ~1.8 million (5%) have impaired glucose
tolerance *. Both of these conditions are recognized antecedents to T2D. With the increased prevalence of
diabetes and prediabetes, there has been a concomitant rise in health care costs. By 2020, diabetes and its
complications are projected to cost the Canadian health care system an estimated $16.9 billion per

year™ Less is known about the projected cost implications of prediabetes, specifically.

Within the current Canadian health care paradigm, primary care physicians are, almost exclusively,
responsible for the assessment of diabetes risk and the associated blood screening. Unfortunately, a large
proportion of individuals at high risk for T2D are frequently identified and treated only once they have
progressed to T2D and are symptomatic. In a landmark randomized clinical trial, the Diabetes Prevention
Program (DPP) in the United States showed that lifestyle modification involving dietary counselling and

regular PA accomplished a 58% reduction in four year post intervention T2D incidence compared to
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controls while Metformin (a commonly used drug to lower blood sugar) showed only a 31% incidence

reduction*™®. Surprisingly, despite the strong body of supporting evidence******

, there are few initiatives
in Canada (at the community level) that provide screening and culturally preferred PA intervention for

those who are pre-diabetic.

This paper addresses important information regarding front-line screening to detect individuals with

prediabetes and provides strategies for implementing culturally-specific /preferred PA interventions.
A Culturally-Specific Approach

Canada has a very ethnically diverse population comprised of approximately 6 million foreign born
persons (approximately 19.8% of the population) {{38 Statistics Canada 2007}}. Diabetes prevalence
among specific ethnic populations has been well documented showing that there are higher rates of
metabolic syndrome, impaired glucose tolerance, abdominal obesity and insulin resistance in those who
are of South Asian, Chinese, African, Latin or Aboriginal ancestry™® %% |t is believed that the causes

for ethnic disparity in diabetes prevalence are linked to both genetic and environmental factors™.

The environmental influences for the high rate of T2D in various new Canadians from certain ethnic
populations are likely numerous and perhaps synergistic. For example, there are many salient culturally-
specific barriers to diabetes prevention and management including; poor diabetes specific knowledge,
negative attitudes or beliefs about diabetes, a lack of self-management skill and differences in patient-
physician expectations. In addition there are language barriers, low English literacy rates, insufficient
community engagement and culturally-specific beliefs and attitudes towards PA and lifestyle. There are
also health system barriers such as socioeconomic status, inaccessibility to care and lack of health

insurance coverage™,

Under-utilization of Community Resources:
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Various personnel are housed within community care access centres including qualified exercise
professionals (QEPSs), diabetes educators, health coaches and other community workers such as program
coordinators or outreach workers (provide more examples), in addition to the regular battery of allied
health care providers. These individuals, many of whom have post-secondary education in health-related
fields, are currently underutilized with respect to promoting and facilitating healthy behaviours in their
communities for people at high risk for diabetes development. In a culturally diverse community setting,
many of these individuals are employed at community care access centres are from the same ethnicity as
the community members (at large), which may be a very valuable resource for more widespread
PA/healthy lifestyle programming that is culturally specific and appropriate. For QEPs, non-health care
community workers and health care providers, it is crucial that identification of potential barriers to PA
participation takes place prior to commencement of any public/community health initiative so that they
can be addressed in advance, maximizing the likelihood for a successful intervention. The CDA Clinical
Practice Guidelines are a comprehensive and evidence-based resource that could be utilized as reference
tool for these workers providing information on PA, diabetes diagnosis and screening, complications and

several other relevant topics®.
The Pre-diabetes Detection and Physical Activity Intervention Delivery Project (PRE-PAID):

The PRE-PAID project is a multi-phase initiative, initiated originally in the GTA and funded by the
Ontario Ministry of Health Promotion and Sport and the Ontario Trillium Foundation. The project is
aimed at identifying persons who have prediabetes, then using culturally-specific PA interventions at the
community level to help prevent or delay the progression to T2D. The PRE-PAID project also features a
training component for QEPs and other community health workers that deploy the targeted screening
process and prediabetes specific education pertaining to PA recommendations for high risk populations.
Figure 1 depicts the PRE-PAID approach to prediabetes screening and PA intervention. The PRE-PAID
project team elected to initially target South Asian, Chinese, African or African-Caribbean, Hispanic and

Aboriginal populations during the screening and intervention portion of the project.
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Figure 1: PRE-PAID project timeline and approach to screening /intervention

Recruitment QEP Supervised Physical Activity Training
*Networking with *Intensity monitoring and education *Training of QEPs, allied
community partners +Daily monitoring of PA in provided journals health professionals and

*Recommendations for at-home PA choices community workers

[
[ | J)
T QEP Supervised PA T QEP Supervised PA T

Baseline 3 Months 6 Months
*Risk Screening sFinger prick blood test sFinger prick blood test
Questionnaire
*Finger prick blood test

The PRE-PAID approach aims to identify persons with prediabetes so that appropriate preventative
measures can be taken resulting in a delayed onset of or prevention of T2D. This approach utilizes point-
of care A1C measures (Biorad in2it) as the primary blood screening measure of glycemic control due to
the ease with which blood samples can be collected, the short analysis time (10 minutes), and because
individuals being screened do not need to be in a fasted state for the test. This blood test, is preceded by a
prediabetes risk questionnaire that has been modified from the CANRISK questionnaire generated by the
Public Health Agency of Canada and originally by Finnish researchers®*®. This protocol provides a
reasonably accurate front-line assessment of the individual’s likelihood for the development of T2D, or if

they may have it already*?.

Risk factors and screening for prediabetes and diabetes:

The development of altered glycemic control is acknowledged to have both genetic and environmental
contributors. A number of important risk factors for diabetes development have been identified and
include those listed in Table 1°. Of particular importance to the PRE-PAID project are the ethnicity

groups and the modifiable lifestyle factors, most notably PA participation. The CDA recommends that
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screening for T2D should take place in all individuals >40 years of age every three years and more
regularly in those who are deemed high risk according to Table 1°. These recommendations are
sometimes poorly adhered to by primary care physicians and, as a result, many individuals are not
identified until they have already progressed to a clinical diagnosis of T2D. The limited accessibility to
blood screening can, in part, be attributed to the protocols surrounding the medically controlled act of
blood collection, analysis, and biohazardous waste disposal. However, with the enhancement of point-of-
care devices, such as the Bio-Rad in2it and Bayer Alcnow, for blood analysis, steps could be taken to
broaden the scope of practice for various allied health workers such as QEPs who could easily be

Table 1: Risk factors for the development of T2D

Risk Factors for type 2 diabetes
Modifiable Risk Factors Non-Modifiable Risk Factors
« Hypertension « Age>40 years
« Dyslipidemia - First-degree relative with type 2 diabetes
« Presence of complications associated with |+ Member of high-risk population
diabetes (Aboriginal, Hispanic, South Asian, Asian,
« History of IGT or IFG or African descent
« Vascular disease (coronary, - History of gestational diabetes (if mother
cerebrovascular or peripheral) had it)
« High waist circumference « Polycystic ovary syndrome
«  Physical inactivity « History of delivery of a macrosomic infant
*  Obesity (larger than normal due to gestational
diabetes)
« Acanthosis nigricans (brown-black skin
pigmentations)
« Schizophrenia

administering these tests with proper training and delegation.

Physical Activity Considerations
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Risks with PA/ exercise participation:

One important consideration when implementing any PA intervention for the general population,
particularly for those who may be at risk for diabetes, is exercise safety. The research evidence pertaining
to the likelihood of a person with diabetes experiencing an adverse cardiac event associated with an acute

bout of exercise or with increased PA is equivocal. Two recent reviews on the topic have found very little

Figure 2: Continuum of risk for the development of complications associated with
diabetes

Diabetes
- *Poaorly controlled, long standing
Pre-diabetes diabetes (type 1 or type 2)
Regular PA Complications
*Sudden death
*Myocardial
infarction
LOW RISK HIGHRI “Retinal
hemorrhage
*Ulceration
Diabetes . i
*Normal HbAlc . . *High HbALc Metabolic
] *Complication free, asymptomatic . deterioration
*Asymptomatic *\/iscerally obese

and well controlled (type 1 or type 2)

*Non-obese *Hypertensive
*Normotensive *High LDL and TG
*Normal LDL, HDL and TG *Low HDL
*Non-smoker *Smoker
*Physically active sSedentary

*Presence of
macro/microyascular
disease

evidence for any PA related death and a low incidence of non life threatening adverse events with low to
moderate intensity exercise***??. In fact, evidence supports the idea that more exercise means less
mortality and morbidity with diabetes**?> However, it is critical to note that nearly all of the randomized
controls trails (RCTs) published that have had pre-diabetic or diabetic subjects exercising had rigorous
pre-screening protocols in place that precluded exercise participation if serious co-morbidities were
present (i.e. those with complications from diabetes or other co-morbidities such as CVD were not
included in the RCTs on lifestyle intervention). Figure 2 depicts the continuum of risk for the

development of metabolic complications and shows how PA participation can mediate the risk'?. Some
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cross sectional evidence supports the notion that vigorous intensity PA including physical labour

increases the risk for myocardial infarction dramatically in persons with diabetes (increases relative risk

up to 19 fold). However, low to moderate intensity PA should be considered safe for persons who are at

elevated risk for CVD (including people with diabetes / prediabetes)

44,122

Prevention of adverse events should be the first priority when beginning a PA intervention, especially for

someone who has confirmed prediabetes or diabetes. It is imperative to make certain that the QEPs,

Table 1: Absolute and relative contraindications to PA for persons with prediabetes and/or T2D

Absolute contraindications

Relative Contraindications

Recent and significant change in resting ECG that has not
been adequately investigated and managed
Unstable angina pectoris

Uncontrolled cardiac arrhythmias causing symptoms or
hemodynamic compromise

Uncontrolled symptomatic heart failure

Severe symptomatic aortic stenosis

Suspected or known dissecting aneurism

Acute myocarditis or pericarditis

Acute thrombophlebitis or intracardiac thrombi
Acute pulmonary embolus or pulmonary infarction
Untreated high-risk proliferative retinopathy
Recent significant retinal hemorrhage

Acute or inadequately controlled renal failure
Acute infections

Fasting blood glucose = 300 mg/dl or = 250 mg/dl with
urinary ketone bodies

Uncontrolled hypertensionwith resting systolic blood
pressure =200 mmHg or diastolic > 110 mmHg

Severe autonomic neuropathy with exertional hy pertension

Moderate stenotic valvular heart disease

Hypertrophic cardiomyopathy and other forms of outflow
tract obstruction

Tachyarrhythmias and bradyarrythmias

High-degree AV block

Ventricular aneurism

Electrolyte abnotmalities (hypokalemia, hypomagnesemia)
Uncontrolled metabolic disease (etoxicosis, myxedemia)
Chronic infectious disease (hepatitis, HIV)
Neuromuscular, musculoskeletal or rhneumatoid disorders
that are all exacerbated by exercise

Complicated pregnancy

community non-health traditional care workers and allied health professionals are versed in the absolute

and relative contraindications to exercise (Table 2) as well as proper pre-screening procedures. The

recently released PAR-Q+ and ePARmed-X+ ® will greatly improve the capabilities of QEPs to minimize

potential adverse events in pre-diabetic and diabetic populations.

PA recommendations for persons with pre-diabetes:
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All individuals with pre-diabetes should be assessed for other risk factors for CVD through the use of the

PAR-Q+ and ePARmed-X+ before commencing a PA regimen. Persons with no additional risk factors or

symptoms of CVD require “no further screening prior to the initiation of a PA program that consists of

low to moderate intensity PA. In general, persons considered to be low risk for an adverse cardiac event

can exercise at moderate intensities with minimal supervision while persons at intermediate risk should

seek PA guidance from a QEP. Persons at high risk for a cardiac adverse event, such as an individual

with poorly controlled diabetes and other risk factors, should undergo medically supervised screening

and a graded exercise test prior to involvement in a PA program and should be supervised by a QEP

throughout their PA regimen” **. Higher intensity PA should initially be avoided by previously inactive

Table 2: Relative intensities for aerobic exercise prescription for activities lasting 30 to 60min (Adapted from

Warburton et al. 200699)

Bod
Intensity |%HRR|%HRmax | RPE | METs |MET min/week| Breathing Rate ody Example Activity
Temperature
Sitting watching
Sedentary | <20 <50 <10 | <3 < 450* Normal Normal TV, working on
the computer
“ . .
©  |Light Effort| 20-39| 5063 [10-11| 3-4 | 450-600 . BREE L
bl Warm Gardening
{ =
.g_ =
o T | Moderate - - -
X T Effort 40-59 | 64-76 112-13| 5-6 750 - 900 Greater Increase Warmer Brisk Walking
5]
o
c
T Vigorous More out of
m ! i i i i HEK H i
Effort 60-84| 77-93 (14-16|7-10 | 1050 - 1500 L Quite Warm Jogging
Very Hard =84 =93 17-19 Greater Increase Hot Running Fast
Effort
=10 =1500
. Very Hot/ e
Maximal Completely out of .. Sprinting
100 100 20 Perspiring
Effort Breath Heavily All-Out

*3METs x 30 min x 5 days = 450 MET min/week

** 6 METs x 30 min x 5 days = 900 MET min/week
**% 410 METs x 30 min x 5 days = 1500 MET

min/week

%HHR = % heart rate reserve; %HRmax = % maximum heart
rate; RPE= rating of perceived exertion; MET = metabolic unit
relative to resting metabolism

middle aged or older adults'?. Based on a limited number of large-scale RCTs, persons with pre-diabetes

should be encouraged to accumulate approx. 150 minutes weekly of low to moderate intensity PA (See

Table 3) to lower their risk of developing diabetes %1% The effectiveness of more vigorous aerobic
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exercise or of resistance training is unknown but in general, naive exercisers should start with low to

moderate intensity PA with gradual progression to more vigorous intensity PA to improve health.

Summary

As pre-diabetes prevalence continues to grow in Canada, so too must the number of targeted prevention
strategies aimed at helping people improve their lifestyle through the inclusion of regular PA. Access to
allied health professionals is typically limited to brief appointments with primary care physicians or nurse
practitioners who often have inadequate education pertaining to specific PA recommendations for persons
at high risk for developing a chronic disease. Detection of pre-diabetes is the first step towards prevention
and by advancing the role of QEPs and other non-health related community workers, capacity to provide
screening opportunities and PA interventions at the community level would be enhanced. As research into
pre-diabetes and PA continues to develop, fundamental understanding of this metabolic condition and
how PA can attenuate further progression towards T2D will improve. Through this enhanced body of
literature, PA programming that is tailored to specific target populations, cultural or otherwise, will

increase the likelihood of successful community based interventions utilizing QEPs as front-line workers.
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