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ABSTRACT

Objectives: This thesis examinesthe risks among Canadian children and adolescentsfor
developing cardio-metabolicdiseases, extending evidence thatis well-established foradults to
pediatricpopulations. As well, novel indicators and cut-offs for the measurements of disease
risks are proposed and associations between physical activity, weight status, socio-economic
status and cardio-metabolic health are examined.
Methodology: Secondary data analysis was conducted using data from threelcycles of the
Canadian Health Measures Survey (CHMS), a nationally representative dataset which includes
measured anthropometric characteristics. A population health approach was applied
throughout, underpinned by the World Health Organization’s Conceptual Framework for Action
on the Social Determinants of Health. The thesiswas designed such that a series of four
manuscripts successively built on the keyfindings from each previous research paper:
1. Establishing the prevalence of Metabolic Syndrome and its risk factors for 10-18 year
olds using the International Diabetes Federation child, adolescentand adult definitions.
2. Estimating pre-obesity epidemicwaist circumference reference values for Canadian
children 6-10 years usingreference data from the 1981 Canada Fitness Survey, the
Third National Health and Nutrition Examination Survey (1988-1994), and the CHMS
through regression of linear, logarithmicand quadratic functions. This work facilitated
an expanded age range for the subsequent projects as age- and sex-specific cut-offs

based on a Canadian population prior to the obesity epidemic had not been available.

! For Project 1, two cycles of the CHMS were used as CHMS Cycle 3 had not been rel eased.




3. Cardio-metabolic risk by body mass index (BMI), waist circumference (WC),and a
combined BMI-WC indicator quantified the associations between adichotomous
cardio-metabolicrisk variable, and obesity, using three indicators of obesity includinga
novel indicator, for ages 6-18 years.

4. Association between cardio-metabolic risk and inflammation quantified the
associations between inflammation, using high-sensitivity c-reactive protein (CRP) as a
marker, and cardio-metabolicrisk to determine if high CRP was a significant predictor
of cardiometabolicrisk among 6-18 year olds.

Results: For Paper 1 (n=1228), only 2.1% were classified as having the Mets though 38% had at
least 1 MetS risk factor. For Paper2, logarithmic regression predicted WC cut-offs with the
lowest degree of error. For Paper 3 (n=2678), 35% were classified as having cardio-metabolic
risk with significantly higherlevels amongthose classified as obese and/or havinga low level of
physical activity. All indicators of obesity had significant associations with cardio-metabolicrisk.
For Paper 4 (n=1831), 43.6% of childrenand 62.0% of adolescents with high CRP levels were
classified as having cardio-metabolicrisk, a significant relationship. Participants from
households with moderate to highincome and/or education had the lowest prevalence of MetS
risk factors and abdominal obesity.

Conclusions: High CRP isa useful indicator of cardio-metabolicrisk for pediatricpopulations.
With further research, novel combinations of BMI and WC may be shownto be more predictive
for cardio-metabolicrisk than these indicators individually. The substantial prevalence of
multiple risk factors which predict premature onset of chronic disease foreshadows potential

years of morbidity inadulthood for Canada’s youth population.
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1. INTRODUCTION

1.1. Situating the Problem

Childhoodisa critical life stage for physical, cognitive and emotional development.(1)
Childhoodisalso a period of vulnerability, as children are dependent on their parents,
caregivers, communities and governments to provide safe, nurturing environmentsto enable
their healthy development. Duringthe childhood and adolescentyears, the socio-economic
and environmental conditions have significantinfluence onthe life choices and chances of each
child, which inturn, influence their healthin the short and long term.(2) A child’s pre-
conception and gestation periods, as well as their genetic makeup, also have important
influences on their health.(3,4) Globally and nationally, the 21*" century has seena marked
increase in the prevalence and rate of chronic diseases, such as type 2 diabetes, aswell as
obesity, evenamong youth.(5-7) This shifthas beenattributed to modernity and the
accompanying sedentary ways of life, the nutrition transition and structural inequalities.(8)
Even among healthy children, we now understand that the impacts of negative socio-economic
conditions and health behaviours can, through inflammatory pathways and atherosclerosis for
example, initiate physiological changes that will negatively impact future health outcomes.(9—
13) Collaborative scientific, medical, policy and societal progress at the individual, family and
societal level iscritically needed to promote health and prevent chronic disease. The United
Nations’ Universal Declaration of Human Rights and the Constitution of the World Health
Organization (WHO) declare health to be a basic human right. The growing rates of diabetes
and obesity, among other health problems and risks, point to an urgent need for significant

correction for the health of our future generations.(1,14)




1.2. Overview of the Thesis

Briefly, | examined the risk among Canadian children and adolescents for developing cardio-
metabolicdiseases, such as cardiovascular diseases, diabetes and metabolicsyndrome. Further,
| examined the associations between their health behaviours, smokingand physical activity;
weight status; and socio-economicconditions, household education andincome; and their
health. Secondary data analysis was conducted using data from three cycleszof the Canadian
Health Measures Survey, a high-quality, nationally representative dataset which includesclinic
measurement of anthropometriccharacteristics. The thesisisstructured by chapter as follows:

1. Introduction situatesthe problemthat this research endeavouraims to address as well
as the theoretical framework underpinningthis work;

2. Literature Review describesthe pertinentliterature of child and adolescent health,
weight, cardio-metabolicrisks and associations with socio-economicstatus;

3. Objectives and Hypotheses outlines the thesis’ overarching objectives, as well as the
objectives foreach research question and the research design to respondto these
questions;

4. Methodology describes the methodology appliedto address the research questions;

5. Research Results presentsthe manuscripts for each of the research questions;

6. Discussion providesan interpretation of the results, individually and collectively, and

offers policy and clinical recommendations based on the findings.

® For Project 1, two cycles of the CHMS were used as CHMS Cycle 3 had not been rel eased.




In fulfillment of the thesis designed to comprehensively study the cardio-metabolicrisks among
Canadian children and adolescents using the Canadian Health Measures Survey, a series of four
research studies were conducted and described in manuscript form:

1. Prevalence of metabolicsyndrome and its risk factors in Canadian childrenand
adolescents: Canadian Health Measures Survey Cycle 1 (2007-2009) and Cycle 2 (2009-
2011)

2. Estimating pre-obesity epidemicwaist circumference reference valuesfor Canadian
children 6-10 years using reference data from the 1981 Canada Fitness Survey, the
National Health and Nutrition Examination Survey, and the Canadian Health Measures
Survey

3. Cardio-metabolicrisk by body mass index, waist circumference, and a combined body
mass index-waist circumference indicator,among Canadian children and adolescents

4. Cardio-metabolicrisk, obesity and c-reactive proteinin Canadian childrenand

adolescents

For ease of reference, these projects have been given the short-form titles:
1. Metabolic Syndrome
2. Waist Circumference Cut-offs
3. Cardio-MetabolicRisk

4. Inflammation Marker




1.3. A Population Health Approach

Population health can be defined asa concept and as an approach. While the technical
definitionand scope of population health as a concept varies by institution and author, the
general principle of population healthis the socially constructed distribution of health across a
defined population.(15,16) Population health affords the recognition that the health and
wellbeing of a populationis determined by a broad scope of individual, social, environmental
and economic factors.(15,16) These determinants of health, such as income, education, living
and working conditions, gender, ethnicity and healthy child development, impact the individual
and collective chances and choices of a population, whichin turn impact theirhealthand
wellbeing.(15,17)

A population health approach is intended to address health disparities through action directed
at the determinants of health. Given the broad scope of these determinants, a population
health approach is often, but not always, a collaborative approach betweentwo or more
sectors, such as health, education and environmental sectors, designed to improve the health
of a population.(15,18) From a research perspective, the population health approach
necessitates disaggregation of the health outcomes under study by socio-demographicand
economic variables to understand the socially constructed factors that impact the se outcomes.
Sir Michael Marmot is widely credited with developing the concept of population health by
articulating the relationship between socio-economicstatus and health outcomes through the
Whitehall Il longitudinal study of the British civil servants which began in 1985. Sir Marmot
identified asocial gradient across many chronicillnesses as well as the significant contribution

of relative deprivation, in addition to absolute deprivation, toinequitable health outcomes. (19)




1.3.1. Applying a Population Health Approach to Obesity and Cardio-Metabolic Risk

In Canada, despite universal health care and progressive economicpolicies designedto
redistribute wealth, health and social inequities persist. Forexample, itis estimated that 8-15%
of children (<18 years) and 40% of Indigenous children live in poverty.(20-22) Furthermore, low
socio-economicstatus is generally positively associated with chronic diseases, suchas
cardiovascular diseases and type 2 diabetes, among Canadians.(23) These avoidable disparities
in health are attributed to the structural, social and environmental challenges experienced by
those with low socio-economicstatus, as well as the compounding effects of negative health
behaviours, such as insufficient physical activity and poor dietary habits.(24)

Applying a population health approach to the research design ensuresthat the inequities across
social groups will be captured and reported and that, through the policy and clinical

recommendations, those inequities will not be further exacerbated.

1.4. Theoretical Framework

This doctoral research was underpinned by the WHO’s Conceptual Framework for Action on the
Social Determinants of Health.(18) This framework was published by Drs. Solar and Irwin in
theirwork as part of the WHO Commission on the Social Determinants of Health.(18) This
conceptual framework offersa comprehensive depiction of the influence and interplay
between determinants of health that give rise to health and social inequities withina

population:




e Structural determinants — socio-economicand political contexts are macro-level factors
within society that establish a basic class status which contribute towards an individual’s
power and social positioninsociety;

e Social determinants — factors that further stratify social class such as sex, gender,
ethnicity, education, occupation and income; these factors influence anindividual’s life
choices, chances, income and education level;

e Intermediary determinants —factors that determine, to a degree, the exposure and
impact of the social determinants of health, specifically material circumstance,
behaviours, biological factors and psychosocial factors, on overall healthand wellbeing:

o Physical environments - community, neighbourhood and household factors that
impact exposuresto health risks/characteristics that affect health outcomes and
health behaviours; and

o Individual factors - genetics, intrauterine environment, and behavioural factors

that can negate or promote health(17,18)

This framework was inspired by the Social Production of Disease model by Diderichsen, Evans
and Whitehead, which presented the concept of social and economic mechanisms that lead to
distributions of power and inequity.(18,25) The WHO conceptual framework was alsoinformed
by life course theory, which offersa temporal perspective with which to study population
health across the life span. Pertinent to this research endeavour, life course theory posits that
the effects of various risk factors for ill health accumulate overtime, often with particular
emphasisin pointsin time during childhood and adolescence, potentially leadingto the

resulting presentation of health problems laterin life. Ultimately, the WHO conceptual




framework represents a unification of several predominant, complementary population health

theoriesinto one comprehensive framework.(18) For that reason, it is a highly suitable

framework with which to study obesity and cardio-metabolicrisk factors among children and

adolescents from a population health perspective.
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Health Organization (18)




2. REVIEW OF THE LITERATURE

2.1. Chronic Diseases

Definition

Non-communicable, orchronic, diseases are broadly defined as conditions which last for three
months or longer, and are not transmitted through direct or indirect contact but rather
progress slowlyinresponse to genetic, socio-economicand behavioural factors.(26) The major
chronic diseases fall within five categories: cardiovascular diseases, such as strokes and heart
attacks; certain cancers, such as breast and colorectal cancers; chronic respiratory diseases,
such as asthma and chronic obstructive pulmonary disease; diabetes, particularly ‘adult-onset’
type 2 diabetes; and mental illnesses, such as depression and anxiety.(26,27)

Causes

Growing rates of chronic diseases have been attributed to shiftsin structural, social, economic
and individual factors. Structurally, the emergence of a global economy and trade liberalization,
industrialization, and urbanization has led to an increasingly unequal distribution of income, as
well as drastic changes in dietary patterns and more sedentary time both at home and at
work.(2,5,8,28,29) Health behaviours, influenced by both societal and individual factors, also
play a prominentrole in the changing pattern of chronic disease onset. Health risk behaviours,
such as smoking, dietsthat are nutrient poor and calorie rich, insufficient physical activity, and
too much alcohol, contribute to the riskand onset of chronic diseases. Approximately 20% of
Canadians aged 12 years and oldersmoke at least occasionally; fortunately, the prevalence and
incidence of smoking is declining, even among adolescents aged 12-18 years.(30) In Canada,

lessthan 10% of childrenand adolescents meetthe Canadian physical activity guidelines of 60




minutes of moderate-to-vigorous physical activity at least six days per week.(31) Less than 50%
of Canadians eat a sufficientamount of fruits and vegetables on a daily basis. (32) Sedentary
behaviourand poor eating habits contribute towards excess weightgain, which isa substantial
risk factor for many chronic diseasesand will be discussedin more detail inthe following
section.

Prevalence in Canada

Chronic diseases now representthe leading cause of morbidity and mortality in Canada, as well
as a substantial burden on Canada’s universal health care system.(7,33) Among adultsin
Canada, it is estimated that 38% have a chronic disease with 15% havingtwo or more chronic
diseases. The most prevalent chronic diseases being: arthritis (18%), mood disorders and/or
anxiety (12%), diabetes (10%), chronic obstructive pulmonary disease (9.7%), asthma (9.5%),
cardiovascular diseases (6.2%), and cancer (2.4%).(7) Among Canadians aged 1-19 years, the
estimated prevalence of chronic diseases are: asthma (15.7%), mood disorders and/or anxiety
(9.7 % for ages 12-19 yearsonly), and diabetes (0.3%).(7)

Trends in Canada

Globally, chronic diseases have increased dramatically during the 21° century at great personal
and monetary cost to individuals and governments.(5) In Canada, the prevalence of all major
chronic diseases has increasedin the past 30 years, with a trend toward starting earlierin
adulthood. The Canadian Diabetes Association estimates that the prevalence of diabetes in
Canada will more than double in the current twenty year period (4.2% in 2000 to 10.8% in
2020).(6) The prevalence of diabetesin Canada has been growingby 3.5% per year since

1990.(6) The rate of cardiovascular diseases and cancer are estimatedto increase by 14%




annually.(7) Notably, the cardiovascular diseases mortality rate has beenin decline forthe past
60 years, which has beenlargely attributed to medical and pharmaceutical advances, as well as
behavioural modifications to prevent cardiovascular diseases, such as smoking
cessation.(34,35) Yet, cardiovascular disease remains one of the primary causes of death in

Canada.(36)

2.2. Obesity

Definition

The World Health Organization defines overweight and obesity as “abnormal or excessive fat
accumulation that may impair health”.(37) Though excess weightis a known risk factor for a
number of chronic diseases (38), evidence suggeststhat the type of fat, and the locationon the
body where this excess fat is primarily stored, has implications on the overall risk to health
posedto theindividual.(39) Subcutaneous fat is generally stored just below the skin, often on
the hipsand buttocks, while ectopic fat isstored in the liver, heart or muscles. Ectopic fat has a
well-established association with insulin resistance, type 2 diabetes and cardiovascular diseases
that extends beyond the relationship between overall adiposity andill health.(39,40) Visceral,
or abdominal, fat isa marker for ectopic fat distribution (41) with substantial evidence
indicatingthat abdominal adiposityisa stronger predictor for cardio-metabolicdiseases than

BMI for both adult and pediatric populations.(42—-45)

Causes
Obesityisgenerally regarded as the physical consequence of energy imbalance. Basically,

obesity can develop whenthe body’s energy expenditure (i.e. physical activity, resting

10



metabolicrate) are below the level of energy consumption (i.e. caloriesingested through diet).
While this physiological phenomenonisthe main driver for weight gain, consensusis absenton
whetherreduced physical activity levels or greater intake of energy-dense foods are the
primary culprits.(46) The etiology for obesity, however, is much more complexthan dietand
physical activity, encompassing genetic, hormonal, metabolic, environmental, socio-economic
and personal factors.(47) There is increasing recognition of modernsociety’s ‘obesogenic
environment’, meaningthe lifestyle, dietary and activity patterns driven by such factors as
technology (e.g. automobiles, computers) and food industry (e.g. larger portion sizes,
transformed foods high in fat and sugar), as key explanatory features for increasing rates of
obesity.(47)

Obesity as a Chronic Disease

Obesity has recently beenlabelled as a chronic disease by select medical and stakeholder
groups with the argument that a broad range of factors contribute to its development as well as
to its association with multiple health problems.(48) In 2015, the Canadian Medical Association
declared obesity to be a chronic disease with the intention of drawing support towards the
importance of addressing obesity through research, medical and pharmaceutical measuresin
additionto behavioural modification.(49) Thisis consistent with the policy direction of the
American Medical Association which similarly declared obesity to be a chronic diseasein
2013.(50) Re-framed as a chronic disease, treatmentfor obesity commands both lifestyle and

medical interventions, consistent with other chronic diseases such as diabetes.(48)

11



Health Implications

There are many widely documented health consequences related to obesity as the overall risk
of chronic disease for people suffering from obesityis much higher. These diseases are typically
considered as ‘co-morbidities of obesity’, meaning that they have theirorigins inthe presence
of excessfat. Persons with obesity are significantly more likely to suffer from such co-
morbidities as: type 2 diabetes, cardiovascular disease, high blood pressure, certain types of
cancer, osteoarthritis, obstructive sleep apnea, stress urinary incontinence and gallbladder
disease.(48,51,52) Beyond the physical health consequences, research indicates a correlation
betweenthe presence of psychological disorders and obesity.(52) Mental health problems,
social disorders, personal and professional limitations, and disabilities are common, particularly
for persons sufferingfrom a severe level of obesity.(51) Itis thought that psychological
problems may precede and/or succeed the onset of obesity.(53) Obesityisalso associated with
a reductionin life expectancy, although premature death in persons suffering from obesity is
largely due to the presence of serious co-morbidities.(54)

Measurement

Several measures exist for estimating body fat and determining weight class (underweight,
normal, overweight or obese). Measurements using dual energy X-ray absorptiometry (DXA)
and hydro-densitometry are considered highly precise and reproducible estimates of body fat
mass.(55) DXA measures body fat percentage using x-ray technology and is often considered
the ‘gold standard’ of body fat estimation, even among children and adolescents.(55,56)
Hydrodensitometry uses a hydrostatic weighing water chamber which compares weighton dry

land to weight underwater.(55) Plethysmography, which produces estimates based on air

12



displacement, is often preferred for the pediatricpopulation (4-18 yrs) as it is a rapid,
comfortable test, relative to DXA or underwater weighting.(57,58) Furthermore,
plethysmography has been shown to be even more accurate than hydrodensitometry (55,59),
which may be partially attributed to the air-displacement mechanismas a positive, fast testing
experience. However, while accurate, these methods are complex and require expensive

medical equipment, thus best suited for clinical use rather than population estimates.

Body Mass Index

The most common and easy-to-use method to assess body compositionis the Body Mass Index
(BMI). BMI is an indirect measure of body fat as it represents a height-to-weight ratio calculated
using the formula: BMI = [weight(kilograms)/height(meters)?]. (45) The BMI score is compared
to a BMI table, established using population reference data, which indicates the body weight
classification of the BMI score.
For adults (> 18 years), the body weight classification system developed by the WHO is well-
established internationally and endorsed by Health Canada.(38,60,61) There are six weight
status categories which correlate with the overall risk of developing health problems and
premature mortality:

e Underweight:BMI < 18.5 “increased risk”

e Normal weight: BMI = 18.5 - 24.9 “least risk”

e Overweight:BMI =25 - 29.9 “increased risk”

e ObeseClass |: BMI=30.0-34.9 “high risk”

e ObeseClass 11=35.0-39.9 “Very highrisk”

e ObeseClass I11=240.0 “Extremely high risk”(38,60,61)

13



For children and adolescents, sex-specific BMI-for-age curves were developed using reference
populationto establish defined percentiles. The BMI-for-age score is based on these age- and
sex-specific percentiles which define the weight status categories:

Underweight: BMI<5™ percentile

Normal weight:SthsBM|<85th percentile

Overweight: 85"<BMI<95™

Obese: BMI = 95" percentile (62—64)

However, for children and adolescents, there are three prominentbody weight classification
systems, which differby their reference populations aswell as the precise mathematical
techniques applied to generate the percentiles. The existence of multiple systemsreflect the
complexityinreaching international consensus regarding age- and sex- specificcut-offs that are
indicative of the most natural growth patterns of child development and that most accurately
reflectthe association between weight status and health.(65) For the pediatric population, this
challenge is exacerbated by the low prevalence of weight-associated health problems
presentedin childhood as the co-morbidities of obesity tend to presentin adulthood.

The three prominent body weight classification systems for children and adolescentsare:

e United States’ Centers for Disease Control and Prevention’s (CDC) 2000 Growth Charts:
developed based on population growth patterns estimated from five nationally
representative survey data sets (the National Health Examination Survey (NHES) Il
(1963-1965), the NHES Il (1966-1970), the National Health and Nutrition Examination
Survey (NHANES) | (1971-1975), NHANES 11 (1976-1980), and NHANES |11 (1988-1994) to

classify weight status for ages 2-17 years.(64)
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e WHO Growth Reference for School-Aged Children and Adolescents: developed using
nationally representative datafrom the United States’ 1977 National Center for Health
Statistics growth charts (based on data from the NHES and NHANES |) to classify body
weight status for ages 5-19 years. Complex statistical methods were applied to allow for
smooth transition from WHO Child Growth Standards (ages 0-5 years) and to WHO adult
cut-offs for ages 18 years and older.(63,65)

¢ International Obesity Task Force (IOTF): developed using nationally representative data
from six countries (Brazil, Great Britain, Hong Kong, Netherlands, Singapore, and United
States) for the purposes of facilitatinginternational comparisons of prevalence

estimates for obesity for ages 2-18 years, though not for clinical or individual use.(66)

There are many studies and evidence reviews which compare the prevalence of overweightand
obesity among children and adolescents across these weight classification systems. Among
studies comparing IOTF and WHO, a systematicreview as well as a study using childrenand
adolescentsinthe CHMS, found that the IOTF underestimated the prevalence of obesity.(67,68)
Among studies comparing the three systems, Lemelin (2013) studied 5 year old childrenin
Quebec and concluded that the prevalence of overweight and obesity differed between the
definitions.(69) Further, that the CDC and WHO systems were more similarthan IOTF with no
sex difference observed between CDCand WHO systems.(69) Similarly, Gonzalez-Casanova
(2013) appliedthe CDC, WHO and IOTF systems to a sample of 5-18 year old children
(n=18,265) in Columbia.(70) While the prevalence of obesity differed by each system, logistic
regressionto predict odds of obesity by age and sexshowed no statistically significant

difference between the CDCand WHO systems.(70) Finally, among those comparing WHO and
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CDC, de Oliveira(2013) reported that the WHO had greater sensitivity atidentifying obesity
than the CDC systemin a sample of Portuguese children (n=200). Yasin (2013) compared the
systemsin a sample of patients aged 5-20 years (n=4375) at hospital in Ontario. He reported
that the prevalence of obesity using the WHO system was twice as high as the CDC, 16.0% and
8.6%, respectively.

Overall, the BMI calculation offersa simple, cost-effective, quick method of estimating weight
status category. Evidence indicates that weight status estimates based on BMI are strongly
associated with DXA results for children, adolescents and adults. (56,71) A limitation of the BMI
is that it is not a measure of body composition and does not differentiate between body fator
muscle mass.(55,72) For example, a very muscular person may be inaccurately classified as

overweight or obese using BMI.(38)

e Waist Circumference

Measurement of the waist circumference (WC) is a direct measure of abdominal obesity as well
as an indicator of body fat distributionand an especially good indicator of abdominal
adiposity.(73,74) Among children and adolescents, evidence indicates that WC has high
sensitivity and specificity forabdominal fat estimatesin comparison with results using DXA .(74)
Further, for both children and adults, obesity estimates by WC have beenshownto be a
stronger predictor for cardio-metabolicrisk than estimated by BMI.(42,44,75)

Among adults, abdominal obesityis defined as: men: WC2102 cm; and women: WC>88 cm,
which correspond to an “increased risk of developing type 2 diabetes, coronary heart disease,
and hypertension”.(38) Among pediatric populations, abdominal obesity is generally defined

using age- and sex-specific cut-offs developed using reference population data.(55,76)
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Prevalence in Canada

Recent Statistics Canada estimates, based on measured data (2009) and using the WHO’s body
weightclassification system for adults, indicate that approximately 25% of Canadian adults (18
years and older) are obese (26.0% of menand 24.2% of women).(77) Further, Canadian adult
males are significantly more likely to be classified as overweight (42.1%) versus adult females
(31.5%).(77) Among Canada’s adolescent population (12-17 years), based on measured data
(2012-13) and using the WHO Growth Reference for School-Aged Children and Adolescents,
Statistics Canada reports that 21% of boys are obese and another 23% are overweight, while for
girls, 12% are obese and additional 18% are overweight. Finally, among Canadian children (5-11
years),19% are overweight with boys more likely than girlsto be obese (15% of boys versus
11% of girls).(78)

Trends in Canada

Obesity rates have risenin all age categories overthe past 40 years. In 1978, just over 13% of
Canadians were obese.(51) The most striking increases are observed among Canada’s youngest
and oldest adults. Between 1978 and 2009, the prevalence of obesity for young adults (18-35
years) increased from 8.5% to 16.6% and for seniors (65+ years) from 10.6% to 29.2%.(51,77) In
2016, the Standing Senate Committee on Social Affairs, Science and Technology reported,
based on experttestimony, that the percent of youth enteringadulthood with overweightor
obesity has doubled (from 15% to 30%) over the past 30 years.(79) Even more alarming, the
Senate Committee also reported that incidence of obesity among children is increasing by 2.0-

5.0% annually.(79)
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2.3. Metabolic Syndrome

Definition

The understandingand definitions of the Metabolic Syndrome (MetS) have evolved greatly
since the concept was first proposed by Dr. Kylin in 1923.(80) MetS is broadly characterized by a
constellation of metabolicabnormalities and chronic disease risk factors, with a general
consensus that the syndrome originates from obesity and/or insulin resistance.(81) MetS is
also known as the Insulin Resistance Syndrome, Deadly Quartet, Multiple Metabolic Syndrome,
and Syndrome X.(82,83) A multitude of competing definitions exist forthe diagnosis of MetS, all
of which involve excess weight. The prominent definitions are those by the United States’
National Institutes of Health National Cholesterol Education Program Expert Panel on
Detection, Evaluation and Treatment of High Blood Cholesterol in Adults (Adult Treatment
Panel Ill) (NCEP ATP Ill), the WHO, and the International Diabetes Federation (IDF).(84—86)
Briefly, the definitions are consistentin that the presence of three of the followingfive risk
factors generally constitutes MetS: abdominal obesity; elevated fasting triglycerides; low high-
density lipoprotein cholesterol (HDL-C); elevated blood pressure and/or hypertension; and
impaired fastingglucose and/or type 2 diabetesand/or insulin resistance. With the IDF
definition, the presence of abdominal obesityis an absolute requirement (85); whereasfor the
WHO definition, the presence of insulin resistance or type 2 diabetesisrequired for a MetS
diagnosis.(87) The WHO definitionalsoincludes microalbuminuriaas a potential risk factor for
MetS.(87) The NCEP ATP IIl does not have a requiredrisk factor.(88) The IDF MetS criteria for

children, adolescents and adults are providedin the Methodology chapter.
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Diagnosing the MetS among children and adolescents proves particularly challenging given the
difficultyin establishingaccurate and meaningful diagnosticcriteriafor this population, as well
as quantifying the association between MetS and the increased relative risk for cardio-
metabolicdisease. In particular, thereis a lack of consensus regarding the diagnosis of MetS
among children under the age of 10 years among the multiple definitions of MetS, as well as
the investigators and clinicians who apply these definitionsin theirresearch and medical
practices. The IDF MetS criteria for children and adolescents does not allow for the diagnosis of
MetS for those lessthan 10 years of age, whereas the NCEP is intended forages 12-19
years.(89,90) Consequently, prevalence of MetS and MetS risk factors among childrenand
youth vary greatly dependingon the adopted definition.(91)

Risks Factors

The clinical criteria that define MetS typicallyinclude a measure of excess body fat (obesity, WC
or visceral adiposityindex)(92); insulin resistance; glucose intolerance (presented as type 2
diabetes, impaired glucose tolerance or impaired fasting glycaemia); dyslipidaemia; and
hypertension.(81) With multiple definitions for MetS, there is some discussionamong
researchers and health professionals as to whetherit’s best defined by insulin resistance and
obesity, elevated risk of cardiovascular diseases, ora collection of statistically related
factors.(85) Most experts pointto insulin resistance and/or obesity as the most significant risk
factors for this condition.(81,84) Disentangling the effects of excess weightand insulin
resistance on MetS provesincredibly complex as the two risk factors not only influence the

likelihood of MetS but also of each other.(93)
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Though insulinresistance isunderstood to be an important risk factor for MetS, differingviews
point to insulin resistance being, “the most accepted and unifying hypothesis to describe
MetS”(81) or an “underlying feature...although a significant proportion of these (MetS) patients
do not haveinsulin resistance.”(94) Risingrates of insulinresistance among the population are
generally attributed to escalatinglevels of obesity, although there are a select group of insulin
resistantindividuals who are not overweight or obese (93,95), which may be attributed to
genetics, age, low physical activity or a high-for-body weightlevel of abdominal adiposity.(95)

Prevalence in Canada

Recent national estimates for the MetS are 19.1% for Canadian adults (96) and 3.5% for youth
(12-19 years).(97) Priorto these data, findings from the Canadian Heart Health Surveys (1986-
1992) pointedto a MetS prevalence of 17% among Canadian adults.(98) Regarding North
American children and youth (2-18 years), Kranz (2007) estimated prevalence of 0.7%, 2% or

23%, dependingonthe definingcriteriausedto diagnose MetS.(99)

More than the sum of its risks?

The premise of the MetS is that its level of risk for morbidity and mortality is compounded
beyondthe expectedrisk of each of its risk factors individually.(100,101) Evidence consistently
supports a strong association between MetS and an increased risk of many chronic diseases,
particularly cardiovascular disease and type 2 diabetes, and all-cause mortality.(81,101) Itis
important to note that while consensus exists that the presence of any of these factors
presentsa serious healthrisk, not all experts agree that MetS is a stand-alone medical
condition. Despite MetS presentation co-occurring more often than chance, some experts

argue that thissyndrome is nothing more than the sum of its parts. For example, after

20



modelling national data from the United States (NHANES), Eddy (2008) concluded that the
MetS diagnosis, using NCEP ATP Ill definition, the IDF Criteria or the WHO definition, added
little to no value regarding future risk for cardiovascular diseases beyond each individual risk
factor for adults. As another example, following a systematicreview regarding associations
betweenthe risk factors for MetS and atherosclerosis, Bayturan (2010) attributed
atherosclerosis progression to the additive contributions of each individual risk factor, rather
than MetS.(102) Yet, substantial counter-evidence in support of the concept of MetS indicates
that the contribution of individual risk factors are multiplicative, meaningthatthe risk for
cardiometabolicdiseasesamong those with MetS is higher than would be attributed to the sum

of risks carried by each risk factor individually.(103)

2.4. Cardio-Metabolic Risk

Definition

Giventhe overall consensus of the significance of each individual risk factor, coupled with the
lack of consensus regarding MetS diagnoses for those aged lessthan 10 years (89), the concept
of cardio-metabolicrisk offers an alternative approach to assessing overall risk for
cardiovascular diseases and metabolicabnormalities.

Risk Factors

Similarto MetS, cardio-metabolicrisk facilitates early recognition of potential onset of cardio-
metabolicdiseases through a comprehensive list of risk factors.(104) These risk factors are both
traditional cardiovascular disease risk factors, such as hypertension, smoking, physical

inactivity, dyslipidemia, glycaemia (diabetes and impaired fasting glucose), and emerging
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factors, such as insulinresistance, geneticpredisposition and inflammatory markers, such as
high sensitivity c-reactive protein (CRP).(104) However, with cardio-metabolicrisk, the risk
factors are consideredindividually, with the rationale being that the presence of any of these
risk factors requires treatment and signals the need to test for the presence of other cardio-

metabolicrisk factors.(104)

2.5. Socio-Economic Status and Chronic Diseases

As discussedin the Introductory Chapter, health status is determined by a plethora of factors
that extend well beyond the availability and quality of health care.(17) For thisresearch
endeavour, | examined the social gradient presentin cardio-metabolicrisk using household
income and education as indicators of socio-economicstatus (SES).

Household Income and Education — Indicators of Socio-Economic Status

Household income and education are robust indicators of SES and are the most commonly
appliedindicatorsin epidemiological analyses which incorporate the determinants of
health.(2,105-108) Further, householdincome and education are fairly straightforward to
measure relative to other potential indicators of SES, such as social class, occupation or
neighbourdeprivationindex.(109,110)

Accordingly to the WHO, high income is related to improved health status and the disparities by
income are often mirrored by disparities in health status.(2) Broadly, the income level of an
individual orhousehold greatly determines quality and influence of other determinants of
health, such as housingand diet. Further, low income is associated with negative health

behaviours, such as tobacco use and unhealthy alcohol consumption patterns.(111)
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Unfortunately, a 2008 report by the Organisation for Economic Co-operationand Development
indicated that Canada has had one of the greatest increases of income inequality between
1990-2000 among comparable countries.(112)

Low education levels are generally associated with poorer health outcomes, although the
relationship between education and healthis multifaceted. Educationand income are related
as those with higher education tend to earn higherincomes.(113) In Canada, primary and
secondary educationis publically available to all citizens but the substantial tuition costs for
college and, particularly, university can be a barrier for those of lowereconomic position.
However, compared to income, education tends to remain more stable throughout the life
course and is lessinfluenced by one’s health status.(114) Higher education alsotends to
support improved health literacy and the adoption of health promoting behaviours.(111)

Socio-Economic Status of Canada’s Child and Adolescent Population

Childrenand adolescentsrepresent 6.54% and 8.68% of Canada’s population, respectively,
(based on the 2011 Census which is not fully representative of Indian reservesor
settlements).(115) Estimates from Statistics Canada (based on 2011 Census)indicate that 8.4%
of children (< 18 years) live in households classified as low-income (aftertax).(20) However,
estimates of child povertyin Canada by the Conference Board of Canada are much higher at
15% of all children (<18 years).(21) Disproportionately higherlevels of lowincome are
experienced by childrenin female lone-parentfamilies (23.0%), in Aboriginal families (40%),
and in families that have recentlyimmigrated to Canada (48%).(20,22) Notably, regarding socio-

economic conditions and childhood, in 2005 article in The Lancet, Sir Michael Marmot stated
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that child mortality is “the health outcome mostsensitive to the effects of absolute material
deprivation”.(116)

Social Gradient in Chronic Disease

In Canada, even with our universal health care system and progressive social benefits, poor
health outcomes are disproportionately highamong those of a lower SES.(23) Among
Canadians livingin Census Metropolitan Areas, those classified as having low SES (versus high
SES) are significantly more likely to be hospitalized for (rate per 100,000): diabetes (102 versus
43), Chronic Obstructive Pulmonary Disorder (301 versus 113), mental health issues (596 versus
256) and substance-related disorders (100 versus 29).(9) The relationship between obesity and
SES is sex-specific, asan inverse relationship is observed among females, but not males.(117)
Indigenous Canadians have established theirown set of determinants of health, termed the
‘social determinants of aboriginal peoples’ health’ which build on the existing concepts of
structural and social determinants of health but also include historical and cultural
determinants specificto the Indigenous Peoples, such as colonialism and self -
determination.(118) Unfortunately, the health disparities between non-Indigenous and
Indigenous Canadians are disparagingly high. For example, almost 20% of adults livingon First
Nations reserves have diabetes compared to only 5.4% of the Canadian adult population.(118)
Kaler (2006) reported a prevalence of MetS of approximately 50% for adults livingin First
Nations communitiesin Western Canada (119), the national average among adults being
approximately 19%.(96)

Health outcomes are also socially patterned. Children with asthma livingin households

classified as low-income adequacy are significantly more likely to be hospitalized forasthma-
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related health complications than those of higher income adequacy.(12) Children with low SES
are also significantly more likely to be hospitalized for unintentional injuries than those of high
SES.(9) Finally, the prevalence of MetS is estimated at 50% for youth (ages 6-17 years) livingon
First Nations Reserves (119) and national estimates based on data from 2007-2009 suggest that
approximately 3.5% of adolescents (aged 12-19 years) have MetS.(97) Oliver(2005) reported
that childrenlivingina neighbourhood defined as low SES, using Statistics Canada’s 2001
Dissemination area datasets, were significantly more likely to be overweight (versus high

SES).(11)

2.6. Childhood: A Foundational Stage for Lifelong Health

Epidemiological studies have repeatedly shown the substantial influence of childhood health on
chronic disease outcomes inadulthood.(4,120) The application of a lifecourse approach to
epidemiological analysis has generally focused on the childhood and adolescent phases of
developmentinrecognition of the critical periods, as well as the cumulative efforts, of repeated
exposures to conditions experienced duringthose years that may increase future disease
risk.(121)

Specificto this research endeavour, children and adolescents classified as having obesity are
predisposedtoremaining obese during adulthood.(122) Some evidence suggests that the
presence of fat cells gradually increase during childhood and adolescence and thenremain
static during adulthood, regardless of weight status and fluctuations.(123) Consequently, those
with obesityin childhood are predisposed to the chronic diseases that are associated with

obesity. Given current prevalence and trends in pediatricobesity, one can postulate that the

25



millennial and Y generations may be subjectto increasingrates of chronic diseasesintheir
adulthood.

Further, thereis substantial evidence to suggest that atherosclerosis and other precursors to
chronic disease beginto develop during childhood and adolescence.(124) In a longitudinal study
of the association between cardiovascular risk factors and atherosclerosis completed using data
from the ‘Young Finns’ study in Finland (1980-2002), Raitakari (2003) concluded that childhood
and adolescentlevels of blood pressure, BMI, smoking, and cholesterol were positively
associated with atherosclerosis, with a stronger link observed between adolescents (12-18 yrs)

and adulthood (versus childhood (3-12yrs) and adulthood).(120)

Followinga systematicreview regarding associations between SES in childhood and measured
risk for cardiovascular disease in adulthood, Galobardes (2003) concluded children with lower
SES showed greater risk for cardiovascular diseases and more advanced atherosclerosis, versus
those of higher SES, regardless of their SES in adulthood.(10) Thus, it is criticallyimportant to
recall that risk factors for chronic diseases are influenced by the SES of each child, whichin turn

will have influence overthe SES experienced intheiradultlife.
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3. OBJECTIVES AND HYPOTHESES

3.1. Overall Objective

The overarching objective of this research endeavouristo contribute towards an improved
understanding of the current state of health and risk for onset of cardio-metabolicdiseasesin
Canadian childrenand adolescents. More specifically, to measure and examine the prevalence
of traditional risk factors for cardio-metabolicdiseases, as well as the behavioural, demographic
and socio-economicfactors that contribute to these risks, using the Canadian Health Measures

Survey (CHMS), a relatively recently available national, measured health dataset.

3.2. Specific Objectives
To achieve this broad objective, aseries of four research projects were undertaken with specific
objectives:

1. Metabolic Syndrome: To investigate the prevalence of MetS and its risk factors, and the
associations between SES and these risk factors, in Canadian children and adolescents
(10-18 years).

2. Waist Circumference Cut-Offs: To establish pre-obesity epidemicwaist circumference
reference valuesfor children (aged 6-10 years) using established, measured, national
anthropometric data from Canada and the United States.

3. Cardio-Metabolic Risk: To assessthe cardio-metabolicrisk profile of Canadian children
(6-11yrs) and adolescents (12-18 yrs) and to identify which obesity indicator (BMI versus
WC) is the stronger predictor for cardio-metabolicrisk, usinga dichotomous cardio-

metabolicrisk variable. As well, toinvestigate if the generation of a new obesity
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indicator, resultingfrom a combination of both BMI and WC values, is a superior
predictor than each traditional obesity indicator.

4. Inflammation Marker: To quantify the association between inflammation, with high CRP
as a marker, and a dichotomous cardio-metabolicrisk variable to determine if high CRP
was a significant predictor of cardiometabolicrisk among Canadian children (6-11yrs)

and adolescents (12-18 yrs).

3.3. Hypotheses
Followinga literature review, the following hypotheses were proposed forthe four research
projects:

1. Metabolic Syndrome: The prevalence of MetS will be approximately 4-8% with a
significantly higher prevalence among female, Aboriginal and older participants, as well
as those with obesity and having a lower socio-economic status, based on previous
national studies of MetS among children and adolescents in Canada and the United
States .

2. Waist Circumference Cut-Offs: Regression of linear, logarithmic and quadratic functions
will generate sound reference data that is consistent with trends observed from the
Canadian Health Measures Survey and National Health and Nutrition Examination
Survey. As compared to linear and quadratic functions, the logarithmic function will
generate reference data with the smallest degree of error and highest degree of

sensitivity and specificity.
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Cardio-Metabolic Risk: The prevalence of cardio-metabolic risk among children and
adolescents will be approximately 25-35%, based on previous regional-level studies
among children and adolescents in Canada, with significantly higher prevalence among
adolescents and smokers, as well as those with obesity, low levels of physical activity,
insufficient sleep and with low socio-economic status. All three obesity indicators (BMl,
WC, and Combined BMI-WC) will be positively associated with cardio-metabolic risk with
the ‘combined BMI-WC’ being the strongest predictor for cardio-metabolic risk.
Inflammation Marker: High levels of CRP, a blood marker forinflammation, will be a

significant predictor for cardio-metabolic risk.
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4. METHODOLOGY

4.1. Overview

This doctoral research endeavour was conducted using data from the CHMS through a series of
four research projects conducted over the period of 2011-2016. Project 1 was conducted from
2012-2013 using CHMS Cycle 1 data, collected from 2007-2009, and Cycle 2 data, collected
from 2009-2011. Projects 2-4 were conducted from 2015-2016 using CHMS Cycles1, 2 and 3,
with Cycle 3 data collected from 2012-2013. Project 2 alsoreferenced data from the 1981

Canadian Fitness Survey and the Third NHANES (1988-1994).

Project 1 presented a descriptive analysis regarding the prevalence of the MetS among
Canadian youth (10-18 years). Project 2 established age- and sex- specific90th percentile WC
reference data for Canadian children aged 6-10 years. This project facilitated an expanded age
range for the subsequenttwo projects. Project 3 examined the association between cardio-
metabolicrisk and obesity, using three indicators of obesity includinga novel indicator, among
Canadian children and adolescents (6-18 years) through both description and regression
analysis. Project 4 furtherstudied cardio-metabolicrisk by examiningits association with

inflammation among Canadian children and adolescents (6-18 years).

This chapter describes the overall methodology forthe dissertation, as well as the statistical
analyses applied and specificstatistical commands performed for each research project. The
manuscripts for each research project provide concise descriptions of the research methods for

each endeavourand are providedin Chapter V Research Results.
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4.2. Data Source

Description of the Canadian Health Measures Survey

The CHMS is a comprehensive, nationally-representative survey designed to collectinformation
on the health of Canadians.(125-128) The survey is conducted by Statistics Canada in
partnership with Health Canada and the PublicHealth Agency of Canada. The survey covers
Canadians livingat home and residinginthe 10 provinces and three territories, excluding those
livingon reserves and other Aboriginal settlements, ininstitutions, in certain remote regions
and full-time members of the Canadian Forces; in total, this represents 96% of the Canadian
population.(125-128) The CHMS cycle 1 (2007-2009; n=5604) collected data on ages 6-79 years,
with Cycle 2 (2009-2011; n=6395) and Cycle 3 (2012-2013; n=5785) expandingto cover ages 3-
79 years.(125-128)

The CHMS consists of an in-home interview and a physical assessment conducted at a mobile
examination centre (MEC). The interview collects demographic, socio-economic, family history
and general health information. The physical assessment at the MEC includes measures of
anthropometry, spirometry, blood pressure, fitness, oral health and biological specimens. (125—
128) Participants were randomly assigned to either morningor afternoon MEC appointments;
those assigned to morning appointments were requested to fast overnight.(126-128) A
phlebotomist performedthe blood draw following a standardized venipuncture
technique.(126-128) The volume of blood collected increased with increasing age thus
enabling more laboratory analyses for older participants.(126-128) Laboratory analyses of the
biological sampleswere performedto calculate estimates of disease and markers for disease,

nutrition and environmental toxins.(126—-128)
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Participants were requested to wear Actical accelerometers (activity monitor) for a seven day
period followingtheirvisitto the MEC to measure theirlevel of physical activity.(126-128) The
activity monitor sits on a beltacross the hips and measures the intensity of physical activity at
intervals of 1 minute. The results from participants who wore the activity monitors for a
minimum of 4 days for at least 10 hours each wereincludedin the CHMS accelerometry sub-
sample.(126-128)

The CHMS statistical research collectionislegislated underthe federal Statistics Act and
approved by the Health Canada Research Ethics Board.(126) Participationinthe survey is
voluntary and ongoing consent is obtained throughout the householdinterview and assessment
at the MEC.(126-128) For participants 13 years and younger, written consent from a parent or
guardian, as well as written asset from the child (when feasible), isrequired.(126-128)

Sampling Strategy and Weighted Data

The CHMS produces reliable estimates at the national level by age group and sex through a
multistage sampling strategy and survey weight adjustment.(126-129) The selection of
collectionsitesfor each cycle isinformed by the Labour Force Survey sampling frame.(126-129)
A multitude of practices are employed to minimize non-response;the combinedresponse rate
for home and clinicvisitswere 51.7%, 55.5% and 51.7% for cycles 1, 2 and 3, respectively.(126—

128)

Each survey participantrepresents a number of Canadians and isassigned a sample weightto
facilitate these national estimates. Statistics Canada calculated the sample weights by

multiplying the selection weightsforcollection sites by the selection weights for dwellings,
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followed by a series of adjustments for non-response at the initial contact, household interview
and MEC stages.(126-129)

Greater details regarding the CHMS methodology have been published elsewhere.(126—-129)
The CHMS User Guidesfor Cycles1, 2, and 3 provide more detailed descriptions of the

measurement procedures for all variablesin this study.(126—128)

4.3. Analytical Approach

Data Preparation

Access to the CHMS was approved by the PublicHealth Agency of Canada’s Data Coordination
and Access Program. In combining multiple CHMS Cycles, the instructions provided by Statistics
Canada were strictly followed. To create the final dataset for Project 1, the CHMS Cycle 1 and
Cycle 2’s fasting, household and clinicdata files were merged for each cycle, and then Cycles 1
and 2 were combined usinga Clinicldentifier. Similarly, the final datasetfor Projects 2-4 was
created by merging the fasting, household, clinicand activity monitor and laboratory data files
for each cycle, and then Cycles 1-3 combined using a Clinicldentifier. Ininstances where
identical variables were not combined due to different names across cycles, data manipulation
was performedto combine each of these variables. With each of these final datasets, data

cleaning was performed to identify, correct and/or remove errors in the data.

Study Population

For project 1, all CHMS respondents aged 10-18 years who provided fasting blood samples for
Cycles 1-2 were included (n=1228). For project 2, all CHMS respondents aged 6-18 years were

included (n=5922), as well participants from the 1981 Canadian Fitness Survey (n=3064) and the

33



Third NHANES (n=9713). For project 3, all CHMS respondents aged 6-18 years who provided
fasting blood samplesfor Cycles 1-3 wereincluded (n=2679). For project 4, all CHMS
respondentsaged 6-18 years who provided fasting blood samples and laboratory resultsfor
CRP for Cycles 1-3 were included (n=1831). There were no pregnant participants inany of the
studies.

The University of Ottawa Research Ethics Board approved the secondary data analyses.

Project-Specific Derived Variables

The CHMS data filesinclude variablesthatare raw as well as derived, meaningvariables that
were created by Statistics Canada using2 or more raw CHMS variables. The list of raw and
derivedvariables that were used in completion of this doctoral thesisis providedin APPENDIX

A. A multitude of variables were derived for specificuse for these research projects. The list of

‘project derivedvariables’ is providedin APPENDIX B. The criteriathat were applied for defining

these project derived variables are elaborated upon below.

Defining the determinants and outcome variables

The key variables as well as the cut-offs that were applied to establish categories are described

below.

- Socio-Demographic Profile: A participant’s demographic and socio-economicprofile was
assessed by self-report. Parents or guardians responded to questions about their children
(6-11 years) by proxy and adolescents (12-17yrs) responded in private, with
parental/guardian consent. The variables that constituted the socio-demographicprofile

were:
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o Age Group: For the purposes of this thesis, | have categorized participants aged 6-11
years as ‘children’ and those aged 12-18 years as ‘adolescents’®. With the age of
majority ranging from 18-19 years in Canada, | chose to define 19 years as the start
of adulthood.

o Aboriginal Origin or Identity: Participants were identified as havingan Aboriginal
originor identity by self-report or proxy self-report.

o Immigrant Status: Participants were identified as beingan immigrant to Canada by
self-reportor proxy self-report.

o Socio-Economic Status: SES was captured through householdincome adequacy and
educational attainment variables. Education and income are key determinants of
health and the most frequently usedindicators of SES.(2,107,130)

= Household Income Adequacy: Statistics Canada calculated income adequacy
by classifying each participant into categories based on total household
income from all sources and the number of people livinginthe household for
CHMS Cycles 1-2.(126,127) | appliedthis approach to generateincome
adequacy for CHMS Cycle 3. To allow for greater statistical powerand
comparability across CHMS Cycles 1-3, | combined the household income
adequacy categories of ‘lowestincome’ and ‘lowermiddle income’ resulting
in three categories forincome adequacy (lowestand lower middle income,

upper middle and highest).

3 For Project 2 Waist Circumference Cut-Offs, adolescents were defined as ages 11-18 years to align withour
referencedata




= Household Educational Attainment: Derived by Statistics Canada, this
variable represents the highestlevel of education attained by any member of
the household. For participants not living with parents or guardians (5.1%),
theirresponses pertained to their current household.(126-128) To allow for
greater statistical power and comparability across CHMS Cycles 1-3, | re-
classified the household educational attainment variables. The categories of
‘lessthan secondary school graduation’, ‘secondary school graduation’ and
‘some post-secondary’ were combined resultingin two categories (secondary
school graduation or lessand post-secondary graduation).

- Weight Status: Classified using BMI, WC, and a ‘combined BMI-WC' indicator.

Body Mass Index

o BMI: Statistics Canada derived BMI using measured of weightand height (weight
(kg)/height (m?)).

o Statistics Canada also classified BMI using: (i) growth charts prepared by the CDC for
ages 6-17 years; (ii) the WHO cut offs ages 5-18 years (Cycles 2-3 only); and (iii) the
WHO body weight classification (forages > 18 years).(126-128,131-133)

o Forages 6-17 years, | chose to use the BMI variable derived by CDC growth charts for
several reasons: (1) This variable was available for CHMS Cycle 1, which was the only
existing cycle at the beginning of this research endeavour; (2) For Cycle 3, Statistics
Canada only applied the United States’ National Institutes of Health protocol to
measure waist circumference, thus the CDC cut-offs allowed for greater alignment

and consistency betweenthe BMI and WC estimates, whichis particularlyimportant
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for the analysisin the third paper, Cardio-MetabolicRisk, when these variables are
combined as one variable (discussed below); (3) Application of the CDC BMI growth
curves permits more accurate comparisons between the results of these projects
and related studiesin the United States using the NHANES data; (4) Finally, although
studies show differences in prevalence of obesity between the CDC and BMI growth
curves, to my knowledge, these definitions are not significantly differentin terms of
theirassociation with measured health outcomes.

o Forage 18 years, | used the international body weight classification systemthat was
established by the WHO and is endorsed by Health Canada(38,60,61)

Waist Circumference

o Waist Circumference (to define abdominal obesity): | applied a prediction equation
to CHMS Cycles 1 and 2 to the WC data (collected following the WHO protocol) to
alignit to the CHMS cycle 3 WC data (collected following the United States’ National
Institutes of Health protocol).(134) Abdominal obesity was defined as measured
WC > 90" age- and sex- specificpercentile forages 11-18 years based on reference
data from the 1981 Canada Fitness Survey.(76) For ages 6-10 years, national
reference data from the same time period was unavailable. | generated age- and sex-
specificreference points using data from the 1981 Canada Fitness Survey and
supplemented withtrend lines fromthe CHMS Cycles 1-3 WC measurements (sex-
and age- specific90th percentile reference points). The methodology forthis

approach to generatingreference data is elaborated upon in a separate paper.(135)




Combined BMI-WC

o Combined BMI-WC: | derived the combined BMI-WC indicatorinto 4 categories
using the following cut-offs:
= Normal: BMI<85"™ and WC<90";
= BMI Normal with Abdominal Obesity: BMI<85™ and WC>90";
= BMI Overweight with Abdominal Obesity: BMI=85" and WC=90"; and
= BMI Obese with Abdominal Obesity: BMI295™ and WC=90".

Behaviour

- Physical Activity: A participant’s average daily moderate-to- vigorous physical activity
(MVPA) was derived by Statistics Canada using an intensity cut-point which is equivalentto
approximately >3 metabolicequivalents.(126-128) Participants aged 6-17 years were
determinedto meet physical activity guidelinesif they accumulated = 60 minutes of MVPA
at least 6 days per week.(126-128,136) Participants aged 18 years were determined to
meet physical activity guidelinesif they accumulated > 30 minutes of MVPA at least 5 days a
week.(126-128,136)

- Sleep:Sleepduration per 24 hour period was ascertained by self-reportor by proxy for
participants aged 6-11 years.(126-128) Adequate sleep was defined as9 or more hours for
ages 6-13 years, 8 or more hours for ages 14-17 yearsand 7 or more hours for 18
years.(137)

- Smoking Status: This was determined usingself-reported smoking behaviour, available for

participants aged 12-18 years.(126-128) | re-categorized participants intotwo groups: ever
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smoked, which included all past and present smokers, and never smoked, whichincludedall

participants who had neversmoked.

- Cardio-Metabolic Risk factors:

o

o

Elevated fastingtriglycerides defined as 21.25mmol/L.(104,124)
Low HDL-C defined as using appropriate age- and sex- specificcriteria: (1) males and
females 6-15 years: <1.03mmol/L; (2) males 16-18 years: <1.03mmol/L; and (3)
females 16-18 years: <1.3 mmol/L.(104,124,138)
Impaired fasting glucose defined as 25.6mmol/L)and/or the presence of
diabetes.(104,124,139)
Insulinresistance: Calculated using the homeostasis model assessment of insulin
resistance (fastinginsulin concentration (uU/mL) x fasting glucose concentration
(mmol/L)/22.5>3.16).(104,124,140)
Elevated Blood Pressure (BP) defined by age (104,124,141):
= Participants aged 6-17 years: elevated BP was defined using age-, sex and
height-specificreference data by the National High BP Education Program
Working Group on High BP for Children and Adolescents; participants with
pre-hypertension were included.(141)
= Participants aged 18 years were defined as systolicBP>130mm Hg and/or a
diastolicBP>85 mm HG.(142) Participants who reported taking medication

for high BP were also classified as having elevated BP.
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Dichotomous Cardio-metabolic Risk: Participants were dichotomized as having ‘no cardio-
metabolicrisk’ or ‘cardio-metabolicrisk’, defined as the presence of adverse levels of one or
more of the cardio-metabolicrisk factors.

Metabolic Syndrome: defined usingcriteria established by the International Diabetes
Federation (IDF)

o Participants 10-15 years: The IDF consensus definition of MetS for childrenand
adolescents defines MetS as having:abdominal obesity and the presence of two or
more of the followingclinical features: elevated fasting triglycerides; low HDL-C;
elevated BP and/or diagnosis of hypertension; and impaired fasting glucose and/or
diagnosis of type 2 diabetes.(89)

o Participants 16-18 years: The IDF worldwide adultcriteria define MetS as having
abdominal obesity and the presence of two or more of the followingclinical
features: elevated fasting triglycerides; low HDL-C; elevated BP and/or diagnosis of
hypertension; and impaired fasting glucose and/or diagnosis of type 2 diabetes.(143)

Inflammatory Marker: In a joint scientificstatement, the United States’ CDC and the
American Heart Association recommended CRP be appliedinclinical practice as the marker
of inflammation for prediction of cardiovascular risk.(144)

o High serum levels of CRP were defined as 275" (mg/L) age- and sex-specific

percentiles calculated using the study population data.(145)

40



4.4, Statistical Analysis

Computing Programs

The statistical analysis was primarily conducted using SAS version 9.3 (SAS Institute
Incorporated, Cary, North Carolina, United States). For paper 2 only, Waist Circumference Cut-
Offs, Microsoft Excel 2007 was also used (Redmond, Washington, United States).

Generalizing Study Findings to the Canadian Population

Sampling weights were applied to produce weighted estimates that are representative of each
specificstudy population to allow for generalization for the Canadian population. As
recommended by Statistics Canada, data manipulation and variance estimation (Standard Error
and 95% confidence intervals) and significance testing (p<0.05) were conducted using the
bootstrap method to produce accurate national estimates.(126-128) The bootstrap method
employs a re-sampling approach to generate a series of estimates for sub-samples of the full
dataset.(146)

With each additional CHMS Cycle, the number of degrees of freedom (DF), the quantity of
allowable variationsin each estimate, increased which allowed forincreasingly powerful and
accurate statistical calculations. For the first paper, Metabolic Syndrome, CHMS Cycles 1 and 2
allowed for 24 DFs to estimate the variance in the cross-tabulation analysesand regression
models, where for papers 2-4, using CHMS Cycles 1-3, applied 35 DFs.(126—128) Results with
16.6<Coefficient of Variation (CV) <33.3 were published with reservation and results with a cell

frequency of <10 or a CV>33.3 were withheld and represented withan F.
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Statistical Analysis: Paper 1 Metabolic Syndrome

Prevalence estimates for MetS and its risk factors were generated using PROC SURVEYFREQ and
expressed asa frequency and percentage. Chi-Square tests were performed using PROC
SURVEYFREQ to determine if there were statistically significant differences amongthe
prevalence of MetS and each risk factor among groups established by sex, Aboriginal status,
immigrant status, household education and income adequacy. PROC UNIVARIATE was applied

to generalize the study findings to the Canadian population.

Statistical Analysis: Paper 2 Waist Circumference Cut-Offs

Regression was performed using linear, logarithmic and quadratic functions to extrapolate
predicted WC for ages 6-18 years usingmeasured WC for 11-18 year olds from the NHANES and
CHMS, and ages 6-10 years for 11-18 years from the CFS, respectively. Error values were
calculated to reflectthe % difference between measured and predicted WC to determine the
predictive power of each functionfor all three data series.

Prevalence estimates of abdominal obesity were calculated for CHMS participants using the
predicted WC values (6-10 years) and the reference values fromthe 1981 CFS (11-18 years).
Sensitivity and specificity analyses were performed to compare the predictive accuracy of the
linear, logarithmicfunction extrapolated WC values.

Statistical Analysis: Paper 3 Cardio-MetabolicRisk

Prevalence estimates for cardio-metabolicrisk, expressed as a dichotomous variable; each
cardio-metabolicrisk factor; and obesity, usingthree indicators; were determined using PROC
SURVEYFREQ. The associations between cardio-metabolicrisk and obesity indicators were

estimated using chi-square tests by PROC SURVEYFREQ. PROC UNIVARIATE commands were
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used to generalize resultsto entire population using sample weights, as well as to generate
detailed summary statistics to inform the regression analysis. PROC CORR was also performed
to determine the correlation between variablesto helpinform the variablesincludedin the
multivariate regression models. Regression analyses were informed to determine the factors
that predict cardio-metabolicrisk. Initially, aseries of binary analyses were performed using
PROC SURVEYLOGISTIC to understand the relationship between the independentvariables, the
obesity indicatorsand behaviours, and cardio-metabolicrisk factors. Next, multi-variable
regression using PROC SURVEYLOGISTIC was performedto develop amodel usingthe multiple
predictors for cardio-metabolicrisk. In PROC SURVEYLOGISTIC, a CLASS statement was applied
to define the reference levels foreach of the predictors. For example, the reference level for

body mass index was normal weight.

Statistical Analysis: Paper 4 Inflammatory Marker

Weighted means, percentiles, and standard errors for CRP were generated using PROC MEANS.
Prevalence estimates for cardio-metabolicrisk, expressed as a dichotomous variable, each
cardio-metabolicrisk factor and high levels of CRP using PROC SURVEYFREQ. Pearson
correlation coefficients were calculated using PROC CORR to examine the relationship between
each individual cardio-metabolicrisk factor with CRP. The associations between cardio-
metabolicrisk and the inflammation were estimated using X? tests by PROC SURVEYFREQ and
independentt-tests. PROCUNIVARIATE commands were used to generalize results to entire
population using sample weights, as well as to generate detailed summary statistics to inform
the regression analysis. Generalized logisticregression models by PROC SURVEYLOGISTIC were

used to develop modelsforpredicting cardio-metabolicrisk using obesity and CRP.
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Abstract

Imtrodusetion: We investigated the prevalence of metabolic syndrome [Met5) amd its dsk
factors, and the infleenee of Socioecomnomic stanes, in Canadian children and adolescenis,

Methods: Canadian Health Measwres Survey cycle 1 (2007-2009) and cycle 2 [2009-
2011) respondenis aged 10 1o 18 years who provided fasting blood samples were inchaded
[m = 1228). The Imernational Diabetes Federation (I0F) consensus definition for
children and adolescents [10-15 years) and worldwide adull definition (= 16 years)
were wed o diagnose MetS, Prevalence of Met3 and is fsk factors were caloulaed and
differences by socioeconomic states wers examined wsing ¥° tests.

Resulis: The prevalence of MeiS was 2.1% . One-third (377 %) of participanis had af least
o risk fackes, with the most pevalent being abdominal obesity (21.6%), kw HDL-C
(19.1 %) and elevated triglyeeride levels (7.9 %), This combdnation of sbdonm inal ebesty, bw
HOLAC amd elevated iriglyeeride levels accounted for 61.5% of MetS cases . Participants from
hosseholds with the highest income adequacy and educational aitsinment levels had the
lowest prevalence of one or more Mes sk fcioms, abdoming obesity and low HDL-C

Conclusion: The prevalence of MetS (2.1%) was lower than previousy reporied in
Canada (3.5%) and the USA (4.2%-92%), potentially due i the strict application of the
IDF criteria for stsdying MetsS, Onedhind of Canadian children and adolescents have at
least one rigk factor for Met3 Given that the sk for MetS increases with age, these
prevalence estimaies, coupled with a mational obesity prevalence of almost 10% amorng
youth, point to a growing sk of MetS and other chronie diseases for Canadian youwth,

nTm.'L't this article

Key findings

* Having metabolic syndrome  [MatS)
imcreases te risk for chionie disesse—
cardiovascular disesse by two and type
2 dishetes by five

* Only 2.1% of Canadian youth have
Mets, However, omethird of Cans-
dian youth have one or more dsk
faciors for Mets,

» The higgest risk factor for MetS is
abwdomni mal ohesity. As more youth are
becoming obese, MetS will probably
imcrease among Canadian youwth,

* Risk of Mel5 increates with age, As a
resuli, the risk for chronic disesses
will probably increase as the Cana-
dian population ages,

= Youth who lve in betier of§ or better
educated households have the low-
31 risk for Meis,

Keywords: Cinadion Healh Meosures Swrvey metabolic syndmme, healh aimneyps
oniiomeraholie risk fagors, prevalence, adolescant, child

Introd uction

Chronic diseases conatinne the leading capse
of prevenitable death in Canada and the world
a5 well s the Langest avoddabie burden om e
public ealth care system.' The metabolic
symdrome [MetS) B a onstellation of candio-
metabolic risk factors that are pedictive for

chronic disease and all-case mortality ™ 1t is
egtimated that risk of cardiowasou ar disease
(v doubles and the risk of type 2 diabstes
increases fvedold if MetS ks present ™

Mels B characterized by dwe presence of
ltiffesres ot oo ol st oo ke factons inelisd-
ing obesity, hyperiension, elevaied fafing

iriglycerides, insulin resigance, low todal
chl esternd, high low-density lipoqrodsin cho-

glevated Coreaciive prodein and elevated
homooyateine ™ These dinical fatures of
Met, if present iogether, end o apmes a
common etiolegy; the proposed mechanisms
underlying Mets and its infuence on health
oulcomes are discussed elewhere ™"

The global prevalence of obesity and
diabetes has increased dramatcally in the
past quarier century ™ This increase, in

i e e e
L Sovelall Do fcmncts. amd Schemoce

Desciomie, Public HealS Agency of Camada, Odiowa, Deieio, Casada

1 Fandty of Geaduste and Posdories | Siades, Uniesily of Odawa, Doaen, (ndaris, Casada

6. Do e o [E il ey amd| Commmunily Med e, Facully of M adicine, Usivesly of Odowa, (idea, Dedels, Gmada

: Miranda MacFie non, Social Delermisnd and Schece Indsguon Mo, Fobiic Heab® Agency of Canada, 3168785 Gding Avense, Otwa, OM K14 (6% Tel:
E.668-80 B Fax- 6 SEMBTE, Enal: mis nla macphermgebar s g

Ry, Poliy and Fragice

Val 36, Mo 2, Felam sy 1006

45



Faren, Tt cemili izl A B el
ol et wedidwide i ol 1he
prewbenes ol RS rage trem 1.32% e
224% for youin aud 0% m 350% [or
achliz depenihap o1 ihe debribon of e
st (e mkony the sndy deslpe, e vears
of the wikly. sod the age goap and sy
populaien. " In Coceda, the prewlones
of M= 2107 adiils 13 hevtaesn ahoun
LA and L2..2%, shich i:#ﬁ'll:‘fl:tl'llhl‘
prasaleres alivabe of 10% 1o 15%
maw] {4 akika B B opaly D00 T
eernpunizm, fhe prmalmoe of Yo smeng
adillg af e LA & Ielwen alinl L%
anp 345 24 Irir. wido v sorerosd ©oo the
prevakeno: of Meis reas= sgnibcamh
wiin age! ™ The ragord prevaicace
amangyorh oged Lo idman s 35% n
Canada [bascd oo 4 D013 Audy using the
Al Todt st Tane] 11 crilenia e WAS]
an 42% oy 0I% i the 1RA with abzii
425 m AN ol poach i ke TRA hasd
enr mromure Med rik fapan R
Funler szaminating ol saliveal precalece
amznp yiun will kel us undersiand ihe
progresint of Mef o aml ix sk ladae
Amang Canbdlae,

“Thiere 5 substancial evidooos suppaning an
teyrrss rohdanship betoTem Snchoens
oo aldles [RES) and CVDs, covaditions

Pl aluare s sk Lt wilk Bas *o
Anudics emar et
AR5 and MAs omeeal & 3

el ke wils m ke Al sl
eepericnee 3 egnficaily  higher e
leree of Mes SO Caradion o
nopal shdies hare showr tha thepresslmme
of Mesd Is spnlicaody lewer  umenn
perple rom hivescholds wih poenmcond
ary et ealion exenpared o hose with ss
edicailon, a rdaknskip 1 B cenion
larly esddens 1o weaen! ™ This invese
ip remaEs Bl Lelwia

o oallwil Jews

Dansbun  lumiae-
whily i w Liowsea :|_|||-||:I||-o| ol e
kaving 2 kpher prevalenoe of AerS than
bouschnlds wrho avirage and higher
tncamis. T4

Aochallznge in detemining the poeeakonee
ol ke has dieen (e cee ol sruligle
ermia and delinitizes far HBentilviog oz
cardiian. in FEEpdad, [Te I nalicidl
Lraseles Fecherai I rlowedd i (L
Commen Bdckdedoe Defoicar of e

Vol 16, Rz 3. ebuasy M1

Mrubabe Spaaliovie 4 4 single, nniven-
aaly azeeded nal."" 1he 10F dedine vork
ar the prassare od abdemical ahesiig
{meamred by wast circomferencr) and 2
ar miee of the follmsng ek facicee: ow
levels of HDL-C. hyperension, elevived
femring migleceride levels and clevired
guiresr coccantialion ™ Refars the IDF
coasnsis detinitan, die most roeegrlzed
Aefinilions wers citesia esablishiod by 1he
Wl et Organzesisee, the Cumpsan
G fon the Al ol Teealion Rerialans,
il b Matioeal Cholesiensd B i
Program Exped Panddl an Lkl
hutlen, awt Trectmers o8 Figh Blad
Coolezierel in Adahs [A2uh Trazorem
Fanzl 11 crhiesial [MCHE AT 0™

wali

Disgnezing Mets asong otildeen and
alnlssenta e penicifaily  chalene
gog glver rhe difizilly in establiating
decrany,  meaninglal 2ol karmeniaed
sraerin far chis pusuleion Conmequer
prree abace eel e o RS an
drecy and yeuth wacy preaily degen
e athepieal deling e
rebe g et Dantenans Definfian of rhe
Marabalic ymdroime & Dhikdnm ags A0
trseemis * This crterian provides an ae
2ol sewcspeciis delinitian tor youth aged
10 U5 sears The I0F de

Ry e

aliashl
thar 17 wnars =ld M

e main shjeccives of the siudy s o
Invesizaie the prevalemoe of Mos 2o 23
i Fastars. aned the influencs of SES an
thise fisk tecos, in Caradian childien
o adolesecars (10-18 yeems) using
naimmally reprosenative dars fom the
Cacunlun 1kulia Samay
TCHBALL, This sl i n Al i

nainnal aanhasia of Consd an b

® b mcheding thiee agesd 100 0d 10 prars

* by zalcilang oie prewalence of ane or
moez rik lzemrs jar ke among yacch;

= by pgamiving the paEierns o2 clsk
prsmntanio: and

& hy caing data inm bwes fudes ol e
CHME. ™

thie ic ihe Emi natkmal wude e eicizily
spply the 1HY comsanaus def e of WS

i il anl &lalisawnts, e mnst
carrene and waivecadlly aceprad def tina
af ot dar snnth; and moper Casadian
ape- anzl sex-pecfic wals circanfersee
refcmee daty o deiemine glomemal
chzzly In Canadizn childien and youh

Methods
Data soavee

Tae GRS 15 2 natanally represonndee
sufeis dhadginal 13 collel infeomalon en
e healih of Canefares, ™" Condicted by
Suatistis Cavala, thie THME poeeians of an
inhoie imeraes and A plligica. ieis
meni comducizd a1 oa el eominorien
cenire The imiervsy eollecs Ceneraphir,
enciceoonamic, family fesiory and geaesal
e miarmae. The phrsice] asas=nen|
Inchites. resasores. ol anthimgamen s
meiry, hhod poctrne, [l and ol
heald ard Ienlecs coliecting Eolnghcal
specinens, ™ The surés preeoed Cana-
al Baznres otz 10 vl el
mpl living on
i LTS [ E
i e s A i e R TETH
A cwrl an mnl-ttme memoees st the Camae
dian Forres weee mcluded ™4 The Clise
oyl 12T 006 oo deoted dasa on poople
apedd & o Y veams, wits cyche I IMS-2IT]
caprunding w0 coesy dleoce saed 3 ow M
wears ™ In anal. this represents A% of
e Canadian popailatien. ™

T CHRES peedumaze wbalde valiveis al
e miberal kel by spe sroap and e
rcargh 4 mmilistage snpbng g ™
T oelemtion ol colletion ks s
Inkmmeesd by ke Leh Ireie Sarwery
r.'l-rlhg framie A mukioade oloaractiess
wore el o minimilas manresparse ;) the
camined respanss e wr hame :nd dinlc
% O oopcle ol 35.5% Fu
ke 3 Snnienies Canada cakon anad e
semliog wrights be i 1§ thi sk
o wwighls e oodlo siiw Ty dhe
i wegles b cdwdlings, bilienl
b warisr ol sdpusmanes fer nenoeepanen
at the initial, inierdey and MES sage®

v B e

sy populztor

A 1w THgmareld CIBAS cespocdenie
whiy provade; fastig bloosl aamples For

Eaa v My an’ Pac’or

° Hed 10 Proealan ol Lheask Diendic Promies b Civada

Unfiled Motes Page 1

46



pyce L (AE-2008 or oyclke 2 (200m-2000)
were inclnded in = 13281, Nopartkcinams
were [egrant. Sariple weghis speciiic
ithe faring by .

= were proaricied by
TpTnpCiane Tene
i lved

setlaliverses o e

ritevia far disgnoing Meth

Al applsd chi IDF coresdiizug 490 nal
Mus for chiiren aul adolescenis o
poctlczanis ages 00 o years and ibe
IGF weorldwide adulr definition acuk <

tere o pantcipant apsd 15t 10 gesca

The ITF oansssis defadiiin ki
onf adelemrenis defines Me S oo ing ab-
fdominal cbesin (wals droeslerenee egpoal
ar preater than the @0 zercercis by sge ol
sl ard ioe pemsepce of fwa or moee of the
Inbroirg clmcyl fesiunss @ mnred cghser
ihes (= 0.7 mnal 0 ow HOLAC [« 003
mmcl/LE high bBeod  preames eyl
o= TAD 1 Hig wEEElr s AR T,
anlion
valed phocess (= S0 el aowieor g

woeds ol vpe 2 Ealedema "

The I0F worldewide adhul crieria detie Mos
= having «dul
SRl e
Toamres high oo des
Ere HOEAC (= 1A% 0
< 2N e L i e
siee syl = 130 mne Bz anofer dlasolic
= A5 i g ondin dogene of hyprakn
siew]: Al brph gbwve [ 2 5 5 wmnldl ands
or diagnesls of repe Ed:hnx:.”‘

"W defined abdamieal Cheaky usng e 5
poiceflic o 1 gy and sow spific

mumferese e dale =gal-
the 1581 Canadian Finess
Rumeer™ We appdizd che wala droomler

R BT [ ]

e T S TER S T |
10 o Ll years since this relessnoe movided
exllmanes oy fhaee aggend 10 18 e anlw

Variabes fiv awessiol dencgmohir and
SOOI STALES

A rzspondemt’s demographic and SES was
caszased rhrnugh he varabless of bouse
hni2 eiocairenal atiammeni, hnosebold

incane sdsquacy, Aborgingl sius ard
immigrant siats. The oss of houschod
ednmtion and honse1oid inmme varables
ie dhis much s consieient weh preconee
anidize pxamining the e T hai
weon AF and Werd NS Eosarie
Bothe mwei (pequesily used indicaiur of
FES iz epdeiminkigical smdies and, among
i < ul GFE il iewke in hawm (he
smrengest and mest conssien: relomioeshp
with carzpeasoiar healih 34 Fogss
fehl ingare oAt e ll-edalded sl
FES inrheviarand desminaneod Feaks el
Satedles Cavecls cakcilasod ey i
spacy Iy clesifriog et panicpeal jns
caiepzrizs besa] onioral hoesicdd moome
I
trringz i b heesesbed

.

adl s conl dhe [ ETREE QEER T B

1=

T adllorw far gneaker g
cagalel Lol e
anamer o come cdegeacy warabks
T 4 valeeories ok L T e e
sy, we peeked e Closssi e’
and o iddie inoome”” Clepuies, resil-
tung b et il bower mkde Supyner
midd e znd “hizhest” conegories. Far hoee
Tl itk nad anainmens, e coerl
The *“pme lhar secnnclary wfesn’ g
A Csecemlary sclool e e
Eetian, reilligg by Ceeocoday seliedd i
g o lee “soree posdsepupd ey and
possooanday gracmson™ Caispgancs,

dal posnar, s
randl mhcalre)

Sraififed! andivee

W coleenad sintisocl anadyes gmog S5
vorshan 2.3 (SAE Instiroee =e Camy, ME, OS]
Fer Gara man pilation arel vadarae edina-
tan usirg the boosiran methad T The
revalenee ol WES and eah e Do
wepre i el il 2spnesal g a fapuenry
and & peroscaps wiks & 95% condalence
Il o 1288 weTr usal 13 cmian
<Ailfemancee in Laf, and eoach nek oo by
Fender, Aborkzinal stirs, SNSRI g,
Tune LT T L e TR
The aualeser wiere el nlig el
e ard baoisTepping. Sanlstical sipiticance
war et ala sl af les s 05

We obicined ethlcs appoowal ior cois
menjest fos che Unleersie of oniawa’s
Barparch Erbies Hnand,

Resulis
DerrETlar ar sude ST

T b alibe 1 evefunte the cilesia far MetS,
pf 2= anznzl =ample of child aod adolas-
cort Tespandenes aged 10w BB wears, we
incdutked G ahedy cedy Ouse puaticl

poaie who preasded fzeting akead samples
This resulied in & final sergle of 12213
pesicipants The sample fudislal slighly
niee makes 550 hae femaes (i 5%,

Table | shows ar seerview of the ook
by demogiptee 2ad 525,

Preeaderice of Hers

iy 25 sndy parisipertes wee disgnaeed
with M5, which sepresemts 2.1 % of pandcl
pane OR% (1 DE-A3)% (Tahio 13, This
siall yesler of padicipands wils bisis pae
weited iocuale digaraiatian by sea, g o
A%

Honadaroe of il b fartor

e micthind (3
ol chikman arsd

P9E% QL AaA-dia
Barariia fual b baaal oo
of the chmerad mabces of B=is (1 or more
riss fannss| CTabls Z]. Risk s in onder
al Frabiiy e Al i Oy
(ELG% AT CL 1G-2 ko LIDLAT
(10 1% D35 Tl TR =21 &), ehevated gy
veraies 7 O0E; 95T O A S0 anl el
vaisl pfuzmee | 7% SR Lo F-2 4 The
prevaionce of shevaned hioed prossore was
Inn e in geesidke an seoiraie elab
permare. Thene weie ™ gender CHefemnoss
Ir twr porevalence af each rsk Gamon,

Parery af risk fackr oxmbing o

The mead prevalel xegle mek [oiom wes
abdorminal  obesity LI0TE],

MeE®) and g i
[Tahls 2] The nemd poescalend cistined ann-
hiretons o Cwes riss oo wers abokoiminal
sl naon e Lot Do HIOOAT 5] sl
aabormenal oty gl devaisl irphceiles
(LE%) Among ddsilnz coonalnaikoes ol
thiew rak facneis, e o oesaken cnmbi-
nasiom was abdomeal ke, oo HINAS

“This moall 1 publibed ik elion due o cFiod sl redes 19 o 20
Nz o cmall od] ebws, ra ] Aok Pz and 5% caepries cwobd ke rpered

EBwaach, Sefecy sud

el T8, Ka & Febuuny 3016

Healik Froreics o (Preek MHaens Preeeias B Cawoda
A

Unfiled Motes Page 1

47



TAMLE T
Samiple prafile, W0-18 yesrs®
Tharateristr Sy sarmple, ¥ Prmemtage af vudy wmpl,
Rt
e =] [TH
Terale e H5
Agr, yeas
n m 140l
I 134 1540
"3 1 i
= 151 1532
4 s bl
A mn:! LES
“ 1 m?e
? 121 B
2 mm sa

Temme slaguaryin 11741
Lerwcsy aned [oseer miodle
ligper mirlre
Nighnt

Heazebaldl educzilenin = 11521
Sevordary whzal deadid i ar ks
Lo posBacnaion
Fouwmedary grachaiize

Anarighal arigha ar ey on = 1120
Amirn
L EL-TT

ImTigrnt daca

=47 (L
W mn
A Ls
% i

al B4
EE S

- L
T §o5
121 oz
Tm Bl

"l e aor haad o nncdaa

ard devais] rkgyoeides (L3550 Trls cam-
binsten of Cxwew rick ladicne sasuns G
B 5% of Mens cases [lale 5]

Awescialins eiwers SL5 Mevrehnds!
educacianal pitainmen? aod inoe
adequanyy and nsk facrars

Faridpanis from tamilles wirs e Bighest
inzrempe had the lewac percenizge of nne or
mnce rek faooeris) (33.3%, 9558 O es

41.2}, ahdominal noesty (R4 5% CL
1. 7=250] e e HOAT (17 3% ; 95% (1
14.2-30400 werzns 1oge from families with
the hoeersd sl bvacer
Clable 4. Ecucational altznment neulis
shirwed cha pamiaparss with a hozstcld
mpmhier Wit premsecomelany graduaian mad

wal %, Ko 3, Témury MG

BEE O 210300k, abalan-
B W% O LO-20 0] and
3% 95% O 14.8-202)
wirsoa iew Temn hodsdfodis with sooe
s aTy mineaiitn o senaedary weses
sovalibation or weas Do e anall ool sises, tie
reaniks okl e B gl Ty Slii-
zoal of iEmmerE s

DEscussion

The wwdalesoe o WMeld aweny, chilides
and edckescenis [E.0%) was lower then
pesckmely remeisl in Canals [35W] a
the Lt M2 5 -9 2% "™ geapming our
sample 1= peprescoaive of the Canadicn
mfHiatie this prevakinze o’ L% i

be ecpvalent 45 zboot 1 8320 chaldoes aml
acakzspenis. The poevalznce of ans or more
rEk adors [30.0%) among chikden amd
sabrerente was ales leser thar reporied in
the UEA 2% 63% 05 In areacdene m
eatlien il ealiates oo Canalan
vorath, o sidy s lower crsvalence mey
be awibesed o ovar applyingg Be IDF
el Maif whivh Tora eliyphity s
sirmgent crtenz. incdoding ihe reguered
presence al ahdominal  obesip 1S
Fuilhiermene, MaED is Kikewn b e s
with s A mer evmple inchdsd soonger
11 wearsd andd bail aroae
o puarfcipnis (n = 356 Fa iB-11
vazrs] ihan older, adckscent paricipanis
o= Z31 Ew 17 I veanal

The lorwer prevalence astimares we found
o

alinbasdabk I several faches Ll o
haree a higher provakence of 3508 than de
thwse of vl weiel aml e prevalenes
of shesity among weuih s bigher in e
LISS chan In Cameta ™ ™ The prevalenoss
e mabes 1 che LSS were eaboolased asing,
dana fraon the Matoral Heztth and Muird-
thien Examiinatizn Sureey with varkoian in
1 erioets ol cataea et [anging Tom
12030000, the D5 sl 0 (Al waria-
iine of ATT O] i coizedia G aldandeal
ulesily, Qur sy folkewsl a sirict zppli-
catkom o2 the IDF Mets defimition including
gy andl sas-Eoecilic au-ra. Flially, our
siezly dews nnk e e Danadian raaidenin
vk on reseree or i ofher Abocgical
(e T h LY

Dipher prevaiepcs af MetE, ™

WALy

Dwwite e rewrall ke crmeademce of Lws,
noe thal method 247 0% 1 of =ody paiia-
panes bad o ke ane sk Zacor far Mes.
Thiks findingg, cwegad ssith A peescbince ol
abteslne ol almesr 10% anarg Carsdlan
chidien amt yourh. 5 discinzening as the
pdsitdlite o MeE e ineess with
whemine™ [urser, meen el g i one of
the mmee skndizam predicions for B, s
reaainshis in sercme dhot cnldren amd
adndeseonis wil one o0 more sk faooTs

ik 1 Mt et cormespord
gy, o seame A helle ™ Fu
Inchcares than, inthe bongg penre sadidie with
BAHE Torew an weeaml rek od OVTa el
muwzaliy, alllunps a mecenaie-o-hipgh kel
of o ry Saness fes bean showe o
midgne some of k. s

(5

P, Aoy md Foaer

e Heih Preewi kin and hennk Missse Pressaiid in Coasdy

Unfiled Motes Page 1

48



TADLE &

Presalence af Betzhole sndrame and sk Taclers®, 10-1R pears® In — 12281

Fasditian Toral Sareple LE L]
ErespuEacy n LR 1 | Fraquancy L ||
i¥ Ly
Wts " 21000 .= —_
Lt
Pl of ek Talzi
i it ] VIR TA-4H al B1A5am
115 el
=1 o mrmgan ng m1as-mp
[ neE
Abowiug phily =] S | 1 105 10 =100
Rk} 015
Lise HEA-L i 11 45211 wr Ed Wb-1100
Dt a1z
Boaied sighrorils £ TEoa-1.0 1z kel P 1]
an o
Bodailad firm: £ (B (B (] == —
At

Freake e
Froguanoy T (A
il

52 LR A SR
LT

e B IESIE N
naa

U] T =15 i
(N

m LM A-1LE T
am

40 23012
[fer s

Aldne i pre 3F, dord et O, wd Tk | of wililag =OLC. gnlenly Beprdink umlesul
ke Wars e b utirm s ik e cewes b bt b ela el e - epdier  TF 3 B SER The prrat v el et el B e bm e paedde o e e sachin b

“Thor e o baend o soibbd dab.
"M bgans e pldsdnd sl oo s LR 2 LY

e gt the eeiclisacis ol
< shuliss Do alekomial ey, ke
HOL-C and deeaisd mglyoer des are the mos
prcakind risk Lizkoos of keld ssong 2
=i adakesoemes; 7 in fan, ihis comitinazon
cooTumed 37 G1L5% of all Mets cases mihis
sndy. The mcsl rovael dsk facnr was
philemizal shasity (20 62 ), whken may b
sirhiniad m over piteapuane af Canalian
vonrth Leiig vversaaghi tneas, ™ Thes [DF
poreike s alednmina obesiiv o g presgueie
for BA=E phen than 15 assedoisd whh an
incwarkl nds i eanlevascilar disees ol
2r ndepencent Trackcim of sLn RS,
liddl levoks and high Hood peesa 20
a1 elical abdoining] ofwesiy cwing
o 2l sss-apecitic refepece cwa estabe
Tedal Ticarn thie 1951 S alian Filise Suevey
S0 penwriike] = Doy prevdene esli-
mazs ot obesy ameng ymith have almost
i in fhe [NEd 25 WA, Mo S
ihecs predeime: coralls wepreeni rieme e
the Caredlan po n oobare tis camaiic
i menr in healy [an”

Coasisen wicl p
Tiv e
Fary cozet of

wioes stedies o ot
ighly presalenl in s
e swndrunee

Faricjpans froim Giies i the highes
Income adeqacy fed hauschold ecuszomal

Eraarn, Aofiy sand Fcfew

Ol 319

Anzhimre it grooge had the B gnmileee

roga Drsl s SES aned M=
IR e abdermminal cheasiz.
3 s -nEpmass I'I'.-IIl!I'IE"iD WSS [ITCSCILL DT
hviisehall etucwion, The relnknshit b
wapr Moisaheld sdusanns snd preeslence

al fisk bchos appeinad s e mane wns ive
A lersadmbl imorie which = sl
rursisens wlih presous drdings, ™ Thig

dml 1o the nlluerces of sli-

iyl wt
raton an h2alik trerary 2o behavuear. such
i oarren and phwstcl adhvey, which e
rebated 1o chdominal chesliy and domg =
Fimhar, hopesanbd achratian in rosaldared

TAEIF ¥
Patveni of metalislic syiidaoii e rBk R conililatioes”

Bln ‘actor cowhiladiar in 1230 Frequamnisy il
Frvsmine of 1 risk “aror

ahvinervanl ahwsitp 181 L

Lo HOLC 121 3.8

oraisdl Tl EER |
Fresmpe of 3 risk “aciors

Ahdevaal desitp + law HER-C fd %l

dhdnmimal shesity + elecmd T6 19 1.5
Frosone of 3 bk acion

Aditriadl =iy + biw HED + dbssied T [
ik Lachur cumhinatiar ie particpares wilh M 0 T Fraguimsy ol
Presmie of 1 risk St

Andomindl abshy + kw HOLC + el TG I& BLE

Aabreviiboce NIL-T, bigkderiy Fpazeeeh cadederd; 70, imieodo.
Foko Pl oy o e e ol ¢ T e el ol o pea e e Eok oo aom ieod bl ook,

Fur Iignm o e e scighied das

Vol 18, Ka . Fabmuny 3015

Halib Provcies o (Freek Dhene Preeedan i Taoda e

49



TAME T
filp betwecn drvanie: Fisk faciars and snclycoamsnids slaos, fasting
subssainipe ages 10=18 pears’
Canditian Prasazm oof - 1k Abdormoml oty Lew WDL-C
Al
% B5N 0 % AFs O & B5%CI
L s o
Incamie adecaacy 150 ms i
Lracesd ond brpa il 153 @5 5160 ol - ] 1o A2 T30
M gz dt
Lipae widel: 14 483 M1 FAT-IE] W2 153150
Y nes '3
gkt 5.8 CALE1 T 157521 T4 EL-HL
E ™ Ll -}
Flanrkek] shision 55 abadnd
seonday schoal grdsaron of e RERRT- BRI ELE BT R [EEY R
LE -Wrad a3t
e prdsuTmiry (RS ALK (B LIRS b1 B I
v - an*
Barterondny gradeaion 15,1 001 3-185 T4 (R 15 JERELD
o net ]

Aldam Ll gne WF, Sl v sy 0L L Fatle Seets e o s e 0 e, Sba e Sl

ik A el Gt e e a6 BA, g e s IRt TR Lo S 8 T el e e

Lew
*Ther Arws s Ewnd £1 W REE Can.

“Thre Efauen ore brieg) poblbed sk sl s BIE 5 27 2 0061

I e oes aAde, and b i
E T T T T
Ui like sovorss ™ Mo Edmadly, guartkzivinls
from housetedik wity brosr shocaton il
meame bevels ore mmors lkdy b esperieos
unimairable sooal, phesc ard eomomis
Fremrcnmenta S1ee o mmnmbae mperer
health siovme:, Incast=g a higher e ol
ralicg el e CUTR Y Tlese
remilb peitd D o4 nenl i inlerntinne,
i THI PUbED polkey, pubdy slocan,
meavasud and mlial e Sl faae oo
mitgatiyge he unpact of lower eval of
soucatizn ond beome oo heah cincoeics.
Riszarct fooewad on cuckizing the casal
atbrre themgh wiich S0 i ueees the
risk or and VO damigho the lie
i vl Vissigivg e,
Izrpeisd mrerveriio

Pulicw stuilbing asing i spcla of CHS
data may kave the sioe=mral power with
which & examine Moif and Iz risk laoocs
i wiy Al dillsiesrenis in
fresner deeal. The s2x dill Plerz in
el FES shcnkd A 1o Teetti
undersand e ses-apetific wayes in which
unfivorrzble  socercoomic | onctons
affen Mord cwmemes. Fumho, sognession

wal % Ko 3, Femury HIs

Andltes e nealed 1
sxanine he elaiouship beives
ety wazh as pligsical
shep, med H05,

Blrerdtis

Vi 14 Ui e Dnel jeal
I0F coceaciions el

wal sluly b apdy e
ol BetE e hildien
Al wskidvzam wn odee Tanediza agee
and saxeepecic wais cnean feme e
enoedai for deverminezg abdomiral chesizy
= e ily
Apikpimgd rhes IEYF citerla for s Abes
ar the pegrarlaton level in Canada wil
Ior e asclirane ¢ i i
Faiesn M e vikim sl akolearn e,

chislien anl w

This stedy was comjucked asm preen-
mwent samvey dara tha s both mgh gualiv
and copresendative of 25% of Canadlang

Imidines

Trescriplive s alisits was (e el
see coulil pze o =xamine Bes azing
dalzmet of Cararan chidren and sdeles-

canis Recans? the sample size was smal;

pnby il pasticipaees from whom G
hlzod somrrles were wken were inzludsd.
ke Soe amd e pesesiemce of
Mai i nni allowe for am analwes nf
the relalonshis hersson each riss facror
ad MeEd The antall rampie =i dluz

nn dsli tacwrs wiith no discnccan by ses. i
s el Tedi ks Do I pe da e ey sme, dpe,
ar immigEnr e,
ckmgn nl
W CHEAS lingts infersnee ahoaol caesal
patvwzyvs trderfyicg the obesreed relation-

] s salialy Mvcssel un

ihe premlemes nf aach e risk frrnes

Konehaliss, the sludy reslrs o e
1o el e cnersad e bacaps of
cardinmmetabolic rsks among Canadlan
liildren,

Conchusions

Fay Grvvvstigating 11
ite fi=k Tadedie ai

peswalense ol Mas anil

wrativns fr Canada’s duld amd ail ks
populazos The resuks of
ot i ke prewalznee of Bt among
. “The mvoeilin atan highlight mepanian
inftcators of (e Geakh s amones

fan sl by & owdng Tal ane in
e al least one sk facior far pets,
one in fve have abZomingl sbesdry, and aoe
i v L luse HOLC, Efisie b sowasnl,
tlizgmcae and Ineat Beis and ils n=k fadoes
NG FOIRh ane IMpanznd oo pevanl mps
I ocliabses fd
PreETanine momnalicy

avasrilar ilbsese Al

Adknowled gemenis

W oare grsfil t Stiksses Canoila for
eenducilsg the Canadizn Heahh Measurss
Sursey ard 1w che people ol Canada wha

1] ]

There wers

il eRereelr.

‘e acknowiedge e suppoet of the Unfes-
st af farawa’'s Depanment of Fpkianin gy

Py md Fowner

Hrkh Ao kan and Tennke T o Fesssniion in Coaads
Franris,

Unfiled Motes Page 1

50



zoad Community Medicee amld the Public
Hezhih Agenoy of Canada.

Refcroneres

-

]

N

=

CHilsdhoearing Centre
iy Dlowdsr

Tiemied. Cuzsl (0Me Pobilc
ARy ol Ll 200 2 e o Jodal
s R L]
s ma el
ind=s-emz.p

i Tesive i 2ama jdea
_apreqs

whosccomey

Focdl BS. Bids o allroaia e Ll caidic
e Ferwa, il dbabars smawia el wich
e eswbals serabone: a swnmary of Sie
wderioe, Do Cae, 20052170 TR

Tervrian &, Alrger EoToare: T, fioa Cas
izt cscidar notkidn and mamakly s
claed with the  aeasallc sEidcne
CATEL RN

Lliake iy Care. 2004;

MOl AN Foamond AT Cirman OF
e A Thes Teesisabe omdmeme asd [T
vk pemibal cmleccazlar theanr T
Arhercacerods Bsc i Ommmenkie sy
Dlalnaes Care, 200928, 2 1045 0,

Plelfraees 5W, Wailez  BA, Wavila 001,
Michell BI® Meorales BA
sl wirlysls T
syimiany (el lmdr.
LN

Alenl GE. 2imerer [, S 1. Mauibaie
svdure - a s wickowide dkdiniios.
Lance W00 S ) R

Inmg T7, GO0, Tmanca DR Meubnlic
svidian cuthe coent e ared
rhalenges. sppl Physinl M Mech 207
EXIEY ERER

Haffime: 88 T ez
mikmimanon, thabare m E
orarll dissrss, A ) candol 2 2}
w118

samed i

Alerti G0, Zenme DX, Deinew, Sae-
et arad sdusadizativn sl disless
Lo
ol wden

[EETINT Bk
Mer. 1935157 535-53

L Regvwel GH. Fole of Iesufn respaonce

Bazia  alizecme Thaledes, 1984
L5 e,

. Damdina P. Allaga A0 Chaedburd A

w

i

21,

Healh Froweies @ (Freck Mamss Peerias i Caoda
By, ey aud Aracs

-

u

=

=

]

. Cameman Al

bchaety B Gang B Redalclic s
a ooupreless s pEnpeles
wieprae  beteen
s inflarematio., Sl
1:35-14

o Eckal BH, Crancy SW, Femmer PE Tree

inrtizale spaloone, Laoad, 2005354940,
141528

Crcdman B, Daniels 5F, Rdomi=on
Hudng By Ded e L Coaliading peesalaes
Secrwigraqihie disiariies In the ks
haskh crgamzaitmy amd naooral cheles
temd edicaia PIegTTEl SOl InedTien
pumzid 11 asdmdicss al crdaschs srew
ammmngg achibsaeeiis. 0 Paliin QK405
#4551

o

- Talkor AW, Pesters TOL Yo T, Viesls &

e s 12 A0 igzibaoe nn the prevalaes
o ree mateais ssndrme nockkren s
altlseaib 0L Ll e, JADS]Es
Ela

Sow JE, Bmme P2 The
mi passabTiie sl
Edocrire! Metas Cic
5175,

. Ilendiper MU, Ulare | Provasmes of men

Dl gendiomas ia de Canali
papulrear, CRLAT 2000185 15

ardidl
17

soteree Cansadr  lealth B Seasis -
Rewtabdic spnaliiw £ 20NA.A001.
DaiEea 10 Sipniars Gan 52~
tidics Carasda, Calsbiges Mec 22122 1]

L Swlagpligar 5, Whiting &1, Vel B

et apre e In Cana e sdu
sl resalence i assrciaies
ey Buabe ISEK Obedy, 202300 101 &,

fi s

Andin €1, Eaie
dhAn oozl
the measelic sem
Diabezocs, 10007 31

v 1T Geogmplin wae
10 the prevalmee o
e im Cansda Car
SR dE

L. Brenmer [y Acoca P Rarpall M, Badaw o

Thee inguact ol e
sardmet sl
amarg Canadizn adohis [ Epidemicl Cor-
iy el

. Bk SE. Batmareyk I Plogsical acteily

and the meabrbe sendmoe T Canada
Aipd Freaio, Hux kidal, 2006 311 e0 7.

L Bl FS Giies % H, Mokilsl S0 nmeaing

rezlercs ol remsabind i s s oo
Us alalz Lkdbtes Lae JRALG R
Bl

Ervin FIL FrevalEnes o meahbakc sy
i gl 20 v of age and
arad ethrldng, ans
1em, A=A
¥ard Heai Seor Beporn, 2005131 7

Bred FE, Taos A, My WH Fresiberaeof
e metthal - emtame amoeg U5 i
Eackngs fram the third Mezkienal Heakhans
earmither Canreinarian Sumey, JARih, 203L;

L A YW DU B FLMIAppEn L Hesthe =,

Carmeste MR, Hepreridd ST mes
Enbs pondnenes el anl meriaes
misk facior fdrdiige onoibe US pejrubrine
don the third Hatlonal laaliz and Hum
Sanrnery, LOE-LE. S
LIEIEUERER R L

cur. Ezankie
e Rlend.

. D Prand B3 Ganasen K, Lucwegy DO
wifehl Bl Keatairge ). Bild M. Prevakdwe

wermis Andngs fon the Cond Magond
Health aral Martan Ramimaros Soves
Cinulei e DI IA) PR,

L JOSrEaT WL RROOD 00 OS2Iy FL

Rarcham O, Rren ML Kasmaovs BT Pre
waleree ol e

e umtaiclic s
drame I oado ks Fznal Exlth ans
Senriker Ieamtieenim v L2000 - 200G
Al Maliak Aekclioe Mgl 20000053740

. Cack S AsEzman M, Aubager P Myoeet M,

Tiae Wi Frovabesis of a awd
drmime pheaiqe o akslsscene indogs
Lum izl Hatiznsal Healis sl Ml
war aminalion Suce
SAndi Palur Akl kal
A7,

P

Vol 16, Ra 2 koo 3006

Unfiled Motes Page 1

51



- Moonal Ham

CMarno M. lgom: iegually. sodal

ronneni. sl irequsaii= o heaks
Anel Moaags e

wany Ho Shiphst W, Marfaclae P,

[N [T slanus
02 corofuars maanaley i peoplke Wil o
oy, wkeemoaar livgrogsl s BTN ECEY

Laah ar cefther. the oozl Wikezak sudy
23 year 1dEw Up. 3 EDicerzid Comsinity
Plaash, SI0ERS 7[R0

hmrr.n.i |c.
[RETT
metalrolic
I Wi
Bt Eork S RINEN E ST

Sarrns AL Beranrn 5, Hares 1L Gendern,

siziue ard -

imme in e-ame] aral arlel aaluis, bewe
e Hhealih, S0M;E2E

tinial [adwaes Fevstatien The IDF
s wadldwide defiritoe of 1 e
ol sndrome  [Imeme]  Busses: I0F
Commmdrnkg; MG (el 3004 Sap o]
[N R s H R S B Rt LR B
docs A0F Rbsa el final pedt

| Il Fodvadan. T
rirasrcac el 1 of e oeatedic
dromz 1 chilidbes and adolesoens i
net) Bnsseln [OF Commuricatkers
il 2004 Sy 13 Swaiabide foooe g ¢
e Bl orgesebdana docy kers_delnidan_
children pudi

Doalbovz
v canal e

% therks M4, Commem oathe
frone ile WIS el
Evrepreet Greap [ L Staly af
[nsclic ResStanse. Dialsoes Bed. 1593
LLEDE A e S

ung e Wiood lesiinie
Mational Chelewwend Falmdon frogren
Fapien Panel an emaction Toeakistien ared
1‘1r|rrr1| of High Bneed Canl
saduils, faust of i Bl
lestemd ElUstng PIogran Eeler s on
deieccue, wealeaioa, azl iwa ol'hpll
bzl 2k ol odis [arksl
panz M. Jdrooimos 1002 Dec: IIZIEI,ZEI
A,

Wal 35, Ka 3, ey 3006

41

4l

43

4

47,

43,

Aa.

B Hear= sy
- Dsin kb 1 Carde 2
s UIHI: Sletidics Canails

Irired 2007 D= 1] &

Inil=hs 7 Fancmn | CIeLsS{En e o g
peafic sedalzsoent meabolc

meet Tarel 11 snd Niem
I

T, ! Sm

e L
thaam e FETI_D_TI_ Vg fal

Supioics Convaby Caradion Healh Meosors
Soree - Lo s Cuwe? Ovee [ |lmeme]
Oieraa: Satens Conaca 200 April [oies
IS N 1] deallanbe o B e
ST eI ol oo L s 2

11_wl-srghimt

Trendzbey 043, Corlse 90 Caakac Iul_
Treerirn © 0 Fulda:
CE[E) 4535,

W pezid s By R
Fadite. 2007 Mot D

. Clronx 5. Cooadaan Heedth Mes sioe Sor-

vey ENMUNE STEep ovaview Cihaws
PR S EE iy S Sl
[ R R PR [

Caraza Bleakk Heperie:

Razmaseyk P Walsi circemioenae o
L-18 yrms o

cesdiles fin Canna s
g Rl EA T 5

agwe. Bur Ol K

. Wik A Wa Tanils 00T, Monk ®, Sommeaar

= Swicenromic s oned beakle hes
mdocaros, inoorme, o el o

. Wimo 1L Depra J Bocerr

- Liw B Raczha F, asslasial

.-u-.-g-'l':-:l: A

Easii B, Perssnideu P Helises & Chiousas ©
Meabals smdoome: SefinHons ad oo
troversies, BOES Mec 2000 Wiy S8l AL

il Gl
ared theneal ol panlm rhikke
aifbdrsoects. Mes' Figdl 1 Mad. X088 Jon;
AEmIZEI-TH

- Hormamd L Ches: TS Jaresn

mrm B, Mar S8 Rt

canhsece, blaod  preisere
v peerts o e menadielic
J Fadlarr 2206 T CEIBI LG,

ik B, Wankey A, Zivman, lames st
. L s B Mpuabsic spnomes
i I Pewaal

Iz ek lmdcn i casline cod e disaca, fin [
1 Hasdln 1902 Jims; 42 (AR L2

- Lbercios & Lok EC. Eeker L. The mes

sarepare al sachal cass In ecidenmology
Exifenidol Bes, L0 Ry, (002 #7-12

o Py ML
[ Pl
FronmTic aieoss o haaks -pecscch. Am d
Falin Esdih, 230 Inl 95 0 51-7,

[

Carmrbsion oo Sod 1 Deermnnare af Healh
" rwin 2 the Gapin & e orc Tealth Tapne
g Acion on e Saczl Desemmenams of
Lieahin - ') el of the Domimiz=m ar
Sesial Delrriinianks of Bedih, Whol! Healls
Crparrzaten (S 4] 1008,

Welnaess: CH, F Wikdne 3, Walsac
ML, [oome SlpTries 1 e k- adpased e
cpmkansy B Sonad i el 1000 e 2540
D JO0d0: Erasdos Conada: IH9 Saes
1w Carmawdy Dhaclis Fepeare, Moz 2O 3500

Zren B, Tihehran B Bonwinas meshisd
for slandanl e |t||l'|c PLERTI™ S
aded clleEr inesiineg of & al ey

B alS] Al 19sh B L)

-

A adal o, AT envaden
Jan gL

. Lin 1, ooz T, Zomaa B, Hame 5B

Cormelly P

anley AL Lifestile car-
rd canllovenlar ek

ET. Eaka 2K Rlple-Canolaedl K. Fohar £ Sing

54,

- Huml B, Ressraker 30, T

O, Lobicuzan CE Tk EL Hgh raees o i
metabobc symdiome In o Tios Mapons
SRRy 1 AR S et preelence
ard deermirans in aduks od cholcrer
2t ) Urcarrpader Veakh, 2000 e
S

s KW, Hall-
sl SRl Sian ML M [ea [L
EACCAIon PIOframl versis Wocll Hed
Cwggeniieation Mogbeles Seadicme & oods
dar. e allsazse anc codizeolas ear
maby ie |hr san -\.rmll'\- IINF L ThYS

Trezhibey B3, Will

GE iR by inds
Arenn, LA SN R LR

Frsa s, Ao nd Maacior

° Heskh Preewd b aad Thonke oo Passss i ion i Coasds

Unfilad Motes Paze 1

52



A0 Burbe Y Belin J, S £
by rmues ar an
vek e

Asuraveaku

AT

Iretme dar

i repiri fmm
Feath ageney of Caneda and e Cang
Inciiee tor Weslih Inb-imaian o

TR0,

e, Luwncbhs BB Belhop! DHL Thaskon 5O

SockeErommls dispacine:
R T
®IIARES 1L Ant 1y =l

gTla I, Cotnd I, i o d
Firermainedd l1ememe I amncsed =k the
riks i merabslic spmerme inon sesepesiie

marret. Dlabars Cope 2005 R 28 2408

Healb Froweies aw (Freek Mlene Prevendias B Saoda

Eranan, Ao a0 A Wl 16, Na 2 Fabeuny 3016

Unfiled Hotes Page 1



5.2. Estimating pre-obesity epidemic waist circumference reference values for
Canadian children 6-10 years using reference datafrom the 1981 Canada Fitness
Survey, the National Health and Nutrition Examination Survey, and the
Canadian Health Measures Survey

Authors References: Miranda MacPherson (1,2), Margaret de Groh (1), Ron Wall (1), Denis
Prud’homme (3), XiaoHong Jiang (1), Lise Dubois (4)

1. Social Determinantsand Science Integration Directorate, PublicHealth Agency of Canada,
Ottawa, Ontario, Canada

2. Faculty of Health Sciences, University of Ottawa, Ottawa, Ontario, Canada
Institut de recherche de I’H6pital Montfort, Ottawa, Ontario, Canada; Faculty of Health
Sciences, University of Ottawa, Ottawa, Ontario, Canada

4. School of Epidemiology, PublicHealth and Preventive Medicine, Faculty of Medicine,
University of Ottawa, Ottawa, Ontario, Canada

This manuscript will be submitted for publication in the Health Promotion and Chronic Disease
Prevention Journalin January 2017.

54



ABSTRACT

Objectives: This ecological study was designed to establish pre-obesity epidemic waist
circumference 90" percentile reference valuesfor 6-10 year olds using national anthropometric
reference data from Canada and the United States.

Methods: The analysis was based on reference data from a study of the 1981 Canadian Fitness
Survey (CFS) (11-18 years; n=3064). Reference data from a study usingthe United States’
National Health and Nutrition Examination Survey (NHANES) (1988-1994) (6-18 years; n=9713)
and data from the Canadian Health Measures Survey (CHMS) (2007-2009, 2010-2011, 2012-
2013)(6-18 years; n=5922) were also applied. Consistent with our studies of reference,
abdominal obesity was defined as 2 90" age- and sex- specificpercentile. The slopesof the 90"
waist circumference by age were plotted for both NHANES and CHMS for ages 6-18 years with
application of linear, logarithmicand quadratic trend lines to examine reliability of fit.
Regressionwas performed usinglinear, logarithmic and quadratic functions to extrapolate
waist circumference values for ages 6-18 years for the NHANES and CHMS and for 11-18 years
for the CFS. The degree of error (%) between the measured and predicted values was calculated
to determine and compare the predictive performance of each function.

Results: The logarithmic function had the strongest predictive poweras its extrapolated values
had the smallestdegree of error, particularly for the NHANES and CHMS, as compared to the
linearand quadratic functions.

Conclusions: The age- and sex- specificcut-offs predicted by the logarithmicfunction, using
national reference data established priorto the surge in obesity rates, will facilitate

measurement of abdominal obesity among childrenin Canada at the national level.
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INTRODUCTION

The prevalence of obesity among Canada’s children and adolescentsis unprecedented. Nearly
10% of these youth are classified as obese, a prevalence that has more than doubled since
1978-79.(1,2) This alarming increase mirrors an almost-global epidemicof obesity worldwide
with the prevalence of obesityincreasingfrom 5%-9% (ages 2-19 years) in developed countries
since 1980.(3,4) Children with obesity have an elevatedrisk of the development, and early
onset, of chronic diseasessuch as cardiovascular diseases, diabetes and the metabolic
syndrome.(4—6) Some studies suggest that abdominal obesityisa stronger predictor for cardio-
metabolicdiseasesthan body mass index (BMI) for both adult and pediatric populations.(7-11)
Further, the presence of abdominal obesityisan absolute requirementforthe International
Diabetes Federation’s definitions for Metabolic Syndrome.(6,12) Among adults, the inclusion of
abdominal obesity, using waist circumference (WC) thresholds specificto BMI categories, has
beenshown to strengthenthe measured association between obesity and cardiovascular

disease risk versus BMI alone.(13,14)

Measured WC and BMI are the most prominentindicators for estimating body fatness. BMl is
an efficient, inexpensive indicatorthatis easily applied at the population level, however, asitis
not a direct measures of adiposity, it does not distinguish between lean muscle and body
fat.(15,16) Measurement of the WC offersa more direct estimate of abdominal adiposity and
overall estimation of body fatness.(17) Weight classification estimates from both measures
have beenshownto be highly correlated with estimates using dual emission x-ray
absorptiometry (DXA) which recognized as the ‘gold standard’ measurementtechnique for

producing very accurate and reliable body fatness estimates for paediatricand adult
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populations.(18-20) Through comparison by DXA estimates, BMI estimates have been shown to
have a moderate sensitivity, meaning a moderate propensity to misclassify overweight or obese
children as normal weight, and high specificity, meaning BMl is very unlikely to misclassifyinga

child with low body fat as obese, for children 8-12 years.(21-23) Estimates using WC have been
shown to have a high sensitivity and high specificity even among children and adolescents by

comparison with DXA estimates.(24)

In 2004, Katzmarzyk published WC percentiles forages 11-18 years usingthe 1981 Canada
Fitness Survey.(25) The study offersimportant insight regarding the age-and sex- body
composition as well as growth pattern of Canadian adolescents priorto the obesity epidemic
that has emerged over the past 30 years. To our knowledge, comparable, national, measured
WC percentilesforCanadian children from this time period, for the purposes of estimating
abdominal obesity, are absent. Further, WC percentiles calculated using the Canadian Health
Measures Survey, our current source for measured anthropometric data, as the reference
population would underestimate the prevalence of abdominal obesity given the substantial

increase in overweightand obesity inthe past thirty years.(2,26)

Our primary objective with this ecological study was to establish pre-obesity epidemic WC
reference valuesfor children ages 6-10 years using established, national, anthropometricdata
from Canada and the United States. To achieve thisoutcome, our meth odological objectives
were to determine: (1) whetherregression of linear, logisticand quadratic functions of
adolescent WC would extrapolate reference data for children that were statistically sound; and

(2) which of these functions predicted reference values that were closest to the measured WC.
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We hypothesize that the logarithmic slope will generate reference datawith the least degree of
error. A linearand quadratic function would suggest a continual increase or an eventually
decrease, respectively, neither of which are applicable to WC progression by age over the life
span. From a mathematical and theoretical perspective, the logarithmictransformation is
widely applied where non-linear data violate the assumption of linearity for ordinary regression
analysisin order not to bias estimation.

METHODS

Subjects: Our ecological analysis was completed using subjects from three data sources:

1981 Canada Fitness Survey (CFS) - a nationally representative survey designed to collect
fitnesslevels, activity patterns and anthropometric measures on Canadians aged 7-69 years
from 13,400 households.(27) The survey’s 88% participation rate resultedin data collection
from 11,844 households across Canada.(27) The survey was funded by Fitness Canada and
conducted by Statistics Canada. The CFS was comprised of demographicand lifestyle questions
(ages 10-69 years only) and a physical measures assessmentfor all participants. For the physical
measures assessment, the exact ages of participants under 10 years cannot be determined due
to the methodological challenges of obtaining accurate self-reported age and date of birth from
participants of that age group.(25,28) We based our ecological analysison a study of 1981 CFS

participants aged 11-18 years (n=3064) that was publishedin 2004.(25)

Canadian Health Measures Survey (CHMS) - a nationally-representative survey designed to
collectinformation on the health of Canadians.(29-31) Conducted by Statistics Canada, the
CHMS consists of an in-home interview, focused on demographic, socio-economic, family

history and general healthinformation, and a physical assessment which captures measures of
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anthropometry, spirometry, blood pressure, fitness, oral health and biological specimens.(29-
31) The survey covers Canadians livingat home and residingin the 10 provincesand three
territories; in total this represents 96.3% of the Canadian population.(29-32) Peoplelivingon
reserves and other Aboriginal settlements, ininstitutions, in certain remote regions and full-
time members of the Canadian Forces are excluded.(29-31) Data on participants aged 6-18
years from the CHMS Cycles 1 (2007-2009), 2 (2009-2011) and 3 (2012-2013) were includedin
our study, excludingthose who were pregnant, for a total of n=5922 participants.

National Health and Nutrition Examination Survey (NHANES) - a series of studiesthat examine
the health and nutritional status of children, adolescents and adults inthe United States. (33)
The surveyis led by the National Center for Health Statistics withinthe Centers for Disease
Control and Prevention.(33) Data collection for the NHANES program commenced in the 1960s
and became a continuous program in 1999.(33) NHANES datais collected through an interview
and physical examination with the former collecting socio-demographic, dietary and health-
related information and the latter collecting medical, dental and laboratory information.
NHANES collects data on approximately 5000 persons each year to create a nationally
representative sample of all ages.(33) We used reference data from a study based on NHANES
11 (1988-1994) that had calculated WC profilesforages 2-18 years (n=9713).(34)
Anthropometric Variables:

Waist Circumference - Consistent with our reference studies, abdominal obesity was defined as
>90™ percentile age- and sex- specific WC.(25,34) For each of these sources, WC was measured
in millimetres by a trained technician and reportedin cm.(35,29-31,36) The 1981 CFS obtained

WC measurements with a non-rigid tape measure at the narrowest part of the waist.(35) The
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CHMS followed the World Health Organization (WHO) protocol in Cycles 1-2 and the United
States’ National Institutes of Health (NIH) protocol in Cycles 2-3 to obtain WC
measurements.(29-31,37) With the WHO Protocol, the mid-point between the bottom of the
rib cage and the top of theiliac crest is measured whereas with the NIH Protocol, the
uppermost pointof the iliaccrest is measured.(29-31,36,38) The NHANES Il measured WC in
accordance with the NIH Protocol.(36) We applied a prediction equation developed by Statistics
Canada to adjust the CHMS Cycle 1 WC to align with the CHMS Cycles 2-3 WC.(39) We also
chose to apply this prediction equation to the 1981 CFS data, as its measurement procedure
was comparable to the WHO protocol, to facilitate comparisons across the CFS, CHMS and

NHANES data.

Body Mass Index - Statistics Canada derived BMI using measured of weightand height (weight
(kg)/height (m?)) and classified BMI using growth charts prepared by the Centers for Disease
Control and Prevention forages 6-17 years and the international body weight classification

systemrecommended by Health Canada and the WHO for ages 218 years.(29-31,40-42)
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h . . .
Table 1. 90" percentile waist-circumference measurements from the reference data

08 A 088-1994 007-20

Age (y) | Male | Female Male Female Male Female
6 66.1 62.5 61.6 61.0
7 POINTS OF 69.0 68.4 69.5 66.3
8 INTEREST 70.9 69.0 71.7 73.3
9 78.0 80.8 80.2 76.5
10 80.0 79.0 82.5 76.5
11 72.7 70.6 84.2 80.9 83.0 82.3
12 74.0 72.3 85.9 81.2 91.9 84.9
13 75.9 74.7 90.0 89.5 89.1 87.3
14 78.8 76.9 96.0 91.9 93.2 88.6
15 81.6 78.7 95.9 89.0 94.8 91.2
16 83.3 79.8 90.2 92.1 96.2 92.8
17 84.6 81.4 98.0 94.6 95.8 96.5
18 85.7 83.6 97.6 92.8 106.9 97.3
Notes:
Abbreviations: cm, centimetres; CFS, Canada Fitness Survey; CHMS,
Canadian Health Measures Survey; NHANES, National Healthand
Nutrition Examination Survey

Statistical Analysis: The 90™ WC values by age were plotted for both NHANES and CHMS data
for ages 6-18 years. Linear, logarithmic and quadratic trend lines were imposed and the
reliability of fit (R%) was calculated to verify that each function was appropriate for further
study. For each data series, regression was performed using linear, logarithmicand quadratic
functions using measured WC for 11-18 years to extrapolate predicted WC for ages 6-18 years
from the NHANES and CHMS, and 11-18 years from the CFS, respectively. Error values were
calculated to reflectthe % difference between measured and predicted WC to determine the
predictive powerof each functionfor all three data series. Next, regression usingthe three
functions was performed on measured WC for 11-18 year olds from the 1981 CFS to
extrapolate WC values for ages 6-10. Prevalence estimates of abdominal obesity were

calculated for CHMS participants using the extrapolated WC values (6-10 years) and the




reference values (11-18 years) from the CFS. Sensitivity and specificity analyses were performed
to compare the predictive accuracy of the linear, logarithmicfunction extrapolated WC values.
The estimated prevalence of abdominal obesity was examined against BMI using the CHMS.

The sensitivity and specificity of the prevalence of abdominal obesity for CFS reference data

(11-18 years) was also established as a point of reference.

RESULTS

The predicted WC for 6-10 years generated usingregression which applied linear, logarithmic
and quadratic functions to WC measurementsfor 11-18 years from the NHANES and CHMS,
respectively, are presentedin Tables 2 and 3. Also presented are comparisons of relative errors
regarding predictive performance of regressions estimated forages 11-18 years for ages 6-10
for NHANES and CHMS. Errors exceeding 10% were deemed as unacceptable and those under
3.0% as acceptable. For both data series, the logarithmic function extrapolated WC values were
the most accurate, withlinearand quadratic functions having several error values greater than
10% for the younger ages. Table 4 presents the predicted WC valuesfor 6-10 years olds based
on 11-18 year olds for the CFS, as well as the corresponding degrees of error. As compared to
the NHANES or CHMS predictions, the errors are much smallerwith none greater than 3.0%.
For the CFS, all three regression functions exhibit good fit though there are greater deviations
in predictions by the linearand quadratic regressions versus the logarithmicregression. Overall,
the logarithmicfunctional form fits all three data series for both malesand females. Figures 1-4
graphically display WC versus age for malesand femalesfor the three data series, individually

and collectively.
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The predicted age- and sex—specific90th percentile references points forages 6-10 years using
linear, logarithmicquadratic and logarithmicregression are presentedin Table 5. The
prevalence of abdominal obesity among CHMS participants’ aged 6-10 years was calculated
using the predicted reference values. The weighted prevalence of abdominal obesity calculated
using the linear predictions was the lowest (M: 17.00%, F: 19.21%), followed by quadratic (M:
26.17%, F:23.25%) with the logarithmic valuesresultingin the highest prevalence (M: 30.71%,

F:32.05%)(Tables 6 and 7).

Table 8 presentsthe sensitivity and specificity of reference points using the CHMS. For all three
functions, the specificity was very high (>99%) with no statistical significance between them.
These findings indicate that it would be extremely unlikely forthese WC reference valuesto
classify a non-obese child or adolescentas obese. Among children (6-10 years), the sensitivity
among the functionswas lower-moderate and statistically significant with logarithmic, followed
by quadratic, followed by linear having the lowest specificity, respectively. These results
indicated that the reference values predicted by the logarithmicfunction would be significantly
more likely to classify an overweight or obese child or adolescentas normal weight. Among
adolescents (11-18 years), the specificity between the functions, as well as a compared to the
established reference valuesfor 1981 CFS, were not statistically significantand all between
lowerto moderate levels (29-45%). Overall, the proposed logarithmic cut-offs have equivalent

or greater sensitivity and specificity as the reference values forthe 1981 WC.
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DISCUSSION

Our primary aim with this ecological study was to establish pre-obesity epidemic WCreference
valuesfor children ages 6-10 years using national, anthropometric data from Canada and the
United States. As an initial step, we established that regression of adolescent WC
measurements usinglinear, logisticand quadratic functions would extrapolate predicted WC
values for childrenthat were statistically sound within reasonable degree of error for the
NHANES, CHMS and CFS. To our knowledge, thisisa novel approach to generating proposed
cut-offsfor abdominal obesity, though this extrapolation technique has been applied to derive
reference values for pediatric populations from adults in other contexts, such as clinical
neurology and laboratory studies regarding medical devices.(43,44)

Subsequently, we determined whetherthe linear, logistic or quadratic function predicted
reference valuesthat were closest to the measured WC by comparing the degrees of error,
examiningthe theoretical basis of each mathematical functionand conducting a sensitivity and
specificity analysis. Compared to the linearand quadratic functions, the logisticfunction
extrapolated WC values that were closestto the measured values and with a degree of error
that was consistentlyinan acceptable range. The predicted valuesfrom both linearand
guadratic functions increasingly deviated from the measured values as the regression moved
further away from age 11 years with unacceptably high errors for ages 6-8 years for the
NHANES and CHMS data series.

Furthermore, the logarithmicfunction isthe most suitable as it is destined to level off over
time, which is consistent with WC reference values across the life span with established WC

cut-offsfor adults. Presently, multiple WC cut points exist for adulthood, ranging from lower
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thresholds (male:>94.0cm, female: 280.0cm)(4) to higherthresholds (male:2102.0cm, female:
>88.0 cm)(42), with a rich, ongoinginternational discourse regarding appropriate modifications
for application to various races and ethnicities, and furtherresearch required to reach
consensus of the optimal thresholds for predicting relative cardio-metabolicrisk.(38)

Multiple large scale studies of childrenand adolescents which have applied a linearslope to
report age- and sex- specific WC percentiles have noted that a non-linear function may be more
suitable. Ina landmark paper that established WCpercentilesfor American childrenand
adolescents of various ethnicities using NHANES Ill, Fernandez (2004) applied complex
regressionto model WC such that the resulting percentiles are linear.(45) Fernandez (2004)
also noted that WC increased as function of age and sex at “non-constant rates” which is
consistent with the 90™ percentiles generated fromthe raw data presentedin our reference
study for NHANES I111.(34,45) In a report by the Centers for Disease Control and Prevention,
McDowell (2008) presented national WC percentiles using NHANES 2003-2006.(46) The slope
of WC overage is consistent with our other data series of reference showingthat, while a linear
slope could be applied, anon-linearfunctionis more suitable to model the growth pattern.
Cook (2009) established WC smoothed sex-specificpercentile curves usingthe Lamba, Mu and
Sigma method (LMS method) for the combined 9o™ percentilesfromthe NHANES IlIl, NHANES
(1999-2006), Bogalusa Heart Study (1992-1994) and the Fels Longitudinal Study (1976-1996)
which are also appear best suited for non-linearfunction.(47) Taken together, these studies
consistently show that WC growth during childhood and adolescence progresses at non-linear,

sex-specificfunction of age.
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A sensitivity and specificity analyses was performed to further test the accuracy of the
predicted WC values. All extrapolated WC values had a very high specificity, meaningthat the
likelihood of misclassifyinga child with low body fat as havingabdominal obesity was very low
for the values extrapolated by all three functions. The extrapolated WC values exhibited low -
moderate sensitivity, meaningthat the values would misclassify many overweight or obese
children as normal weight. In fact, of the three functions, the logarithmic function generated
WC values with the lowersensitivity which was small, but significantly different. However, the
extrapolatedvalues by logarithmicfunction predicted as well, orslightly better, than the
established, measured reference values forages 11-18 years.

Strengths, Limitations and Future Research

Our study offersa comparative analysis of three national, anthropometric data series of WC at
three different pointsin time over the past 40 years. The CFS data represents national norms
prior to the obesity epidemic,(2,25) whereas the NHANES (1988-1994) was taken as obesity
rates began to increase and the CHMS (2007-2013) taken over 30 years later.(2,25) Yet, all data
series show a relatively similarslope, suggesting that the pattern of WC among children and
adolescentis relatively consistent, although interceptincreased overtime due to emerging
obesity epidemic, which supports our approach. The predicted CFS measurements had the
smallest degree of error compared to the NHANES or CHMS. Much of this can be attributed to
our CFS reference study’s age standardization of the WC measures to representvalues at the
half way pointbetween each age (i.e. 11 years refersto exact 11.5 years of age). Thus, for the
CFS data, age isa stronger predictor for WC than itis for NHANES or CHMS. Application of a

prediction equation facilitated alignment and comparability across the data series. Researchers
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have noted that challenges existwhenstrivingto compare WC reference values across
populations and to make international comparisons due to variations in the site of
measurement as dictated by varying measurement protocols. A study comparing measurement
of WC following four protocols concluded that the magnitude of WC differed by protocol in a
sex-specificmannerand that measured WC was highly correlated with body fat mass ina sex-
specificmanner.(48) Overall, that comparison between measurements that have been taken by
different protocolsis not recommended.(48)

Extrapolatingreference valuesis subjectto a degree of uncertainly. Withoutthe raw data of the
CFS, we are limited in the statistical techniques, prediction and power with which to analyse the
data. Furthermore, the relative contribution of intra-abdominal fat mass to total body fat is
influenced by sex, age, race-ethnicity, physical activity, total adiposity and puberty, however,
age and sex were the onlyavailable predictorsin our case. Fortunately, studies have shown that

age and WC are highly correlated for both male and female children and adolescents.(49)

These WC reference valuesfor children ages 6-10 years, representing Canada’s pre-obesity
epidemic population, offera starting point from which future studies can continue to examine
and refine these estimates, particularly for ethnically-specificsubpopulations. The 2006
Canadian Clinical Practice Guidelines on the Managementand Prevention and Obesity in Adults
and children call for research effortsto establish Canadian-specificWCreference data that is
associated with measured health outcomes.(50) Thus, studies which perform data linkages
between measured WC and health outcomes over time will be essential towards establishing

reference valuesto serve as medical diagnostictools.
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CONCLUSION

In conclusion, the regression of the logarithmic function extrapolated usable age- and sex-
specificWC reference values for measuring and studying abdominal obesity among childrenin
Canada. We hope to inspire furtherstudy of these reference valuesto support the
establishment of ethnically-specific WC cut points that are predictive of health outcomes for

childrenin Canada.
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TABLES AND FIGURES

Table 2: Predicting waist circumference for ages 6-10 years using trend for ages 11-18 years,
NHANES

NHANES Predicted Error (%)
Age Measured WC (cm) Predicted vs Measured
(y) | WC€lem) | in | N | aF [ Ln | N | aF
Males
6 66.1 76.6 69.0 59.1 15.8 4.4 -10.6
7 69.0 78.4 73.1 65.1 13.6 5.9 -5.7
8 70.9 80.2 76.7 70.5 13.2 8.1 -0.5
9 78.0 82.1 79.8 75.5 5.2 2.3 -3.2
10 80.0 83.9 82.6 79.9 4.9 3.3 -0.1
11 84.2 85.8 85.2 83.9 1.9 1.2 -0.4
12 85.9 87.6 87.5 87.3 2.0 1.9 1.6
13 90.0 89.5 89.6 90.1 -0.6 -0.4 0.2
14 96.0 91.3 91.6 92.5 -4.9 -4.6 -3.6
15 95.9 93.1 93.5 94.3 -2.9 -2.5 -1.6
16 90.2 95.0 95.2 95.7 5.3 5.5 6.1
17 98.0 96.8 96.8 96.5 -1.2 -1.2 -1.6
18 97.6 98.7 98.3 96.8 1.1 0.8 -0.9
Females
6 62.5 73.3 65.6 50.3 17.3 | 4.9% -19.5
7 68.4 75.1 69.7 57.7 9.9 1.9% -15.7
8 69.0 77.0 73.3 64.3 11.6 | 6.3% -6.8
9 80.8 78.8 76.5 70.3 2.4 | -5.3% -13.0
10 79.0 80.7 79.3 75.5 2.1 0.4% -4.4
11 80.9 82.5 81.9 80.1 2.0 1.2% -1.0
12 81.2 84.4 84.2 84.0 3.9 3.8% 3.5
13 89.5 86.2 86.4 87.2 -3.7 | -3.5% -2.5
14 91.9 88.1 88.4 89.8 4.2 | -3.8% -2.3
15 89.0 89.9 90.3 91.6 1.0 1.4% 2.9
16 92.1 91.8 92.0 92.8 -0.4 | -0.1% 0.7
17 94.6 93.6 93.6 93.3 -1.0 | -1.0% -1.4
18 92.8 95.5 95.2 93.0 2.9 2.6% 0.3
Notes:
Abbreviations: Cm, centimetres; Lin, linear; LN, Naturallogarithm;
NHANES, National Health and Nutrition Examination Survey; QF,
Quadratic function; WC, Waist circumference; Y, Years.
Colours: green, error <3.0%; ; red, error>10% unacceptable range




Table 3: Predicting waist circumference for ages 6-10 years using trend for ages 11-18 years,
CHMS

CHMS Predicted S ()
Age Predicted vs
(y) AIEETICL, WC (cm) Measured
WC (cm)
in | IN | aF | un | IN | aF
Males
6 61.6 72.6 63.2 81.1 17.9 2.5 31.6
7 69.5 75.1 68.6 81.5 8.1 -1.3 | 17.3
8 71.7 77.6 73.3 82.3 8.3 2.3 14.8
9 80.2 80.1 77.5 83.3 -0.1 | -3.4| 3.8
10 82.5 82.6 81.2 84.5 0.2 -1.6 2.4
11 83.0 85.1 84.6 86.0 2.6 1.9 3.6
12 91.9 87.6 87.6 87.7 -4.7 -4.6 -4.5
13 89.1 90.1 90.5 89.7 1.1 1.5 0.7
14 93.2 92.6 93.1 92.0 -0.6 -0.1 | -1.3
15 94.8 95.1 95.5 94.5 0.3 0.7 -0.3
16 96.2 97.6 97.8 97.2 1.5 1.7 1.1
17 95.8 100.1 99.9 100.2 4.5 4.3 4.6
18 106.9 102.6 101.9 103.5 -4.0 -4.6 -3.2
Females
6 61.0 71.7 63.3 71.4 17.5 3.8 17.1
7 66.3 73.9 68.1 73.6 11.4 2.7 11.1
8 73.3 76.0 72.2 75.9 3.7 -1.5 3.5
9 76.5 78.2 75.8 78.1 2.2 -0.9 2.1
10 76.5 80.4 79.1 80.3 5.0 3.3 5.0
11 82.3 82.5 82.0 82.5 0.3 -0.4 0.2
12 84.9 84.7 84.7 84.7 -0.2 -0.3 -0.3
13 87.3 86.9 87.1 86.9 -0.5 -0.2 -0.5
14 88.6 89.0 89.4 89.0 0.5 0.9 0.5
15 91.2 91.2 91.6 91.2 0.0 0.4 0.0
16 92.8 93.4 93.5 93.4 0.6 0.8 0.6
17 96.5 95.5 95.4 95.5 -1.0 -1.1 -1.0
18 97.3 97.7 97.2 97.7 0.4 -0.1 0.4
Notes:
Abbreviations: CHMS, Canadian Health Measures Survey; Cm,
centimetres; Lin, linear; LN, Natural Logarithm; QF, Quadratic
function; WC, Waist circumference; Y, Years.
Colours: green, error £3.0%; ; red, error210% unacceptable range
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Table 4: Predicting waist circumference for ages 11-18 years by regressing linear, logarithmic
and quadratic functions based on 11-18 years, CFS

CFS Predicted Errp r (%)
Predicted vs
Age | Measured WC (cm) Measured
(y) | WC(cm) - -
in | N | aF | tn | N | aF
Males
11 72.7 72.5 72.0 72.0 -0.2 | -0.9 | -1.0
12 74.0 74.5 74.5 74.5 0.8 0.7 0.7
13 75.9 76.6 76.8 76.8 0.8 1.1 1.1
14 78.8 78.6 78.9 79.0 -0.3 0.1 0.2
15 81.6 80.6 80.9 81.0 -1.3 | -0.9 | 0.8
16 83.3 82.6 82.8 82.8 -0.9 | -0.7 | -0.6
17 84.6 84.6 84.5 84.5 0.0 -0.1 | -0.1
18 85.7 86.6 86.2 86.1 1.1 0.6 0.5
Females
11 70.6 70.9 70.4 70.5 0.3 -0.4 | -0.2
12 72.3 72.7 72.7 72.6 0.5 0.5 0.5
13 74.7 74.5 74.7 74.7 -0.2 0.1 0.0
14 76.9 76.3 76.7 76.6 -0.8 | -0.3 | -0.5
15 78.7 78.2 78.5 78.4 -0.6 | -0.3 | -0.4
16 79.8 80.0 80.2 80.1 0.2 0.4 0.4
17 814 81.8 81.7 81.8 0.6 0.4 0.5
18 83.6 83.7 83.2 83.3 0.0 -0.5 | -04
Notes:
Abbreviations: Cm, centimetres; CFS, Canada Fitness Survey; Lin,
linear; LN, Naturallogarithm; NHANES, National Healthand
Nutrition Examination Survey; QF, Quadratic function; WC, Waist
circumference; Y, Years.
Colours: green, lowest error; orange, error21%




Table 5:90" percentile waist circumference reference values for ages 6-10 years, 1981
Canadian Fitness Survey

Linear Logarithmic Quadratic (cm)

Age Predicted Predicted Predicted

(y) (cm) (cm) (cm)
Males

6 62.5 54.6 57.2

7 64.5 59.0 60.5

8 66.5 62.9 63.6

9 68.5 66.2 66.5

10 70.5 69.3 69.3
Females

6 61.7 54.6 58.6

7 63.6 58.6 61.2

8 65.4 62.1 63.7

9 67.2 65.2 66.0

10 69.0 67.9 68.3
Notes:

Abbreviations: Cm, centimetres; Y, Years.




Table 6: Prevalence of abdominal obesity among males, Canadian Health Measures Survey

Cycles 1 (2007-2009), 2 (2010-2011) and 3 (2012-2013) in CHMS (2007-2013)

Prevalence of Abdominal Obesity

% (95% Cl)

Male
Age (y) Linear Logarithmic Quadratic
6 F 39.92 (26.96-52.89 21.80%(12.84-30.77)
7 19.60%(10.34-28.86) 33.20 (23.31-43.09 29.20%(18.58-39.82)
8 14.63%(8.54-20.73) 25.15 (17.69-32.62 23.89 (16.72-31.07)
9 21.93 (14.6-29.27) 28.06 (18.85-37.27 28.06 (18.85-37.27)
10 24.20(17.20-31.32) 27.65 (19.96-35.34) 27.65 (19.96-35.34)
Total 6-10 y
17.00 (13.95-20.06) | 30.71 (26.39-35.02) 26.17 (22.44-29.90)
(n=1280)
Age (y) Measured
11 23.35(16.45-30.24)
12 32.27 (22.18-42.35)
13 36.15% (23.79-48.50)
14 33.03%(20.09-45.97)
15 33.44 (22.57-44.30)
16 27.66 (18.50-36.82)
17 33.34 (23.91-41.78)
18 42.00 (30.83-53.16)
Total 11-18 y
32.67 (28.39-26.96)
(n=1727)
Notes:

Abbreviations: Cl, Confidence Interval; Cm, centimetres;; Y, Years.

Prevalenceforages 6-10years was calculated using references points established from
the 1981 CanadianFitness Survey using linear, logarithmicand quadraticslopes (reference

points from Table5)

Prevalenceforages 11-18 years was calculated using references points established from

the 1981 Canadian Fitness Survey

R denotes figures are being published withreservationas 0.16 < Coefficient of Variation

(CV)20.33

F denotes figures may not be published dueto CV>0.33
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Table 7: Prevalence of abdominal obesity among females, Canadian Health Measures Survey

Cycles 1 (2007-2009), 2 (2010-2011) and 3 (2012-2013) in CHMS (2007-2013)

Prevalence of Abdominal Obesity

% (95% Cl)

Female
Age (y) Linear Logarithmic Quadratic
6 8.53%(3.34-13.72) 43.15 (33.37-52.94) 16.40" (9.98-22.82)
7 12.83%(6.70-18.96) 31.29 (21.48-41.10) 18.72%(11.26-26.19)
8 25.98 (18.19-33.78) 35.30(28.28-42.33) 28.37 (21.37-35.36)
9 24.29 (17.03-31.54) 26.49 (18.67-34.31) 26.09 (18.23-33.94)
10 22.06%(14.39-29.72) 26.49 (18.62-34.37) 25.20(17.50-32.90)
Total 6-10 y
19.21 (16.00-22.41) 32.05(27.60-36.47) 23.25(19.79-26.71)
(n=1250)
Age (y) Measured
11 32.11 (24.83-39.38)
12 45.32 (34.06-56.57)
13 40.87 (29.82-51.93)
14 28.12 (18.96-37.28)
15 34.90 (23.93-45.86)
16 26.20(18.48-33.91)
17 36.89 (27.02-46.76)
18 23.60 (15.96-31.25)
Total 11-18 y
33.08 (29.00-37.16)
(n=1665)
Notes:
Abbreviations: Cl, Confidence Interval; Cm, centimetres;; Y, Years.
Prevalenceforages 6-10years was calculated using references points established from the
1981 Canadian Fitness Survey using linear, |l ogarithmicand quadratic slopes (reference
points from Table5)
Prevalenceforages 11-18years was calculated using references points established from the
1981 CanadianFitness Survey
R denotes figures are being published withreservationas 0.16<CV>0.33




Table 8. Sensitivity and Specificity of the reference values

% True Positive (95% Cl)

Specificity

% True Negative (95% Cl)

Children 6-10 years (n=2530)

Males - Linear

69.62 (63.33-75.41)

98.18 (97.17-98.90)

Males — LN

46.53 (41.49-51.63)

99.66 (99.02-99.93)

Males — Quadratic

53.55 (48.07-58.96)

99.68 (99.07-99.93)

Females - Linear

43.65 (37.44-50.2)

99.30 (98.56-99.72)

Females — LN

27.82 (23.57-32.39)

99.88 (99.33-100.0)

Females — Quadratic

43.65 (37.44-50.02)

99.30 (98.56-99.72)

Adolescents 11-18 years (n=3392)

Males - Linear

42.91 (38.65-47.25)

100.0 (99.96-100.0)

Males — LN

42.81 (38.65-47.25)

100.0 (99.69-100.0)

Males — Quadratic

44.31 (39.98-48.76)

100.0 (99.70-100.0)

Males — 1981 CFS

42.91 (38.65-47.25)

100.0 (99.69-100.0)

Females - Linear

31.85 (27.94-35.97)

99.91 (99.51-100.0)

Females - LN

31.85(27.94-35.97)

99.91 (99.51-100.0)

Females - Quadratic

29.30(25.65-33.17)

99.91 (99.48-100.0)

Females — 1981 CFS

31.85 (27.94-35.97)

99.91 (99.51-100.0)

Notes:

Abbreviations: Cl, Confidence Interval; Lin, Linear; LN, naturallogarithm; QF, quadratic function
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Figure 1. Waist circumference measurements and regression predictions for males and

females, CFS
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Figure 2. Waist circumference measurements and regression predictions for males and

females, CHMS
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Figure 3. Waist circumference measurements and regression predictions for males and
females, NHANES
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Figure 4. Waist circumference measurements and regression predictions for NHANES, CHMS
and CFS, Males
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ABSTRACT

Introduction: Our objectives were to determine the prevalence of cardiometabolic risk (CMR)
factors among Canadian children and adolescents and to quantify the association between CMR
and obesity, using three indexes of obesity: body mass index (BMI), waist circumference (WC)
and a novel combination of BMI and WC.

Methods: Nationally representative sample of Canadians (6-18 years) based on Canadian
Health Measures Survey Cycles 1-3 participants (n=2679). Participants were dichotomized as
having ‘no CMR factors’ or ‘CMR factors’, defined as the presence of 1 or more CMRs: fasting
triglycerides (21.25mmol/L), high-density lipoprotein cholesterol (participants aged 6-15 years
and males 16-18 years: <1.03mmol/L and females 16- 18 years <1.3 mmol/L), fasting glucose
(=25.6mmol/L) and/or the presence of diabetes, insulin resistance usingthe homeostasis model
assessment, and elevated blood pressure (6-17 years: age-, sex and height-specificreference
data; 18 years: 2130mm Hg systolicblood pressure and/or a 285 mm HG diastolicblood
pressure). Statistics Canada derived and classified BMI usingthe Centers for Disease Control
and Prevention’s growth charts (6-17 years) and the Canadian GuidelinesforBody Weight
Classification (18 years). Abdominal obesity was definedasa WC 2 90" age-and sex- specific
percentile based on data from the 1981 Canada Fitness Survey. Physical activity was measured
using Actical activity monitors and assessed against guidelines established by the Canadian
Society for Exercise Physiology. Multivariate logisticregression was applied to calculate odds of

CMR across age groups, weight status, physical activity and socio-economicprofiles.

Results: One quarter (25%) of childrenand 40% of adolescents were classified as having CMR

factors. Among the obesity indexes, in multivariate models adjusting forage, the combined
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BMI-WC index ‘BMI Obese with Abdominal Obesity’ (OR: 8.5) had the highest association with
CMR factors followed by BMI Obesity (OR: 7.5) and then abdominal obesity (OR: 4.6), although
further testingis required to determine whetherthese ORs are significant different. Over 95%
of participants did not meet the age-appropriate physical activity guidelines, whichwas a
significant predictorfor CMR (OR: 5.8) as was an average daily moderate to vigorous physical
activity (MVPA) of 29 minutesor less (OR: 2.0), in multivariate models adjusting for age and
combined BMI-WC. There was no statistically significantly difference between participants who
averaged 30-59 minutesor 60 minutes or more MVPA per day in multivariate models. In
univariate models, participants who averaged 30-59 minutes of MVPA/day have a higher
association with CMR (OR: 1.7) versus participants who averaged 60 minutes or more
MVPA/day.

Conclusions: These findings highlight the importance of measurementand monitoringthe CMR
factors among children and adolescents, especially those with obesity and abdominal obesity
and those identified as having a CMR factor. Policiesto facilitate physical activity among

Canadian youth may contribute to reduce the incidence of CMR factors.

Keywords: Canada, Child, Adolescent, Obesity, Waist Circumference, Canadian Health
Measures Survey, CHMS, Health surveys, Cardio-metabolicrisk factors
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INTRODUCTION

The presence of cardiometabolicrisk factors facilitates early recognition of potential onset of
metabolicabnormalities and cardiovascular diseases.(1) These risk factors are both traditional,
such as hypertension, smoking, physical inactivity, dyslipidemia, impaired fasting glucose and
diabetes, and non-traditional risk factors, such as insulin resistance, genetic predisposition and
inflammatory markers, such as high sensitivity c-reactive protein.(1) The cluster of these
cardiometabolicrisk factors, which increases absolute risk for type 2 diabetesand
cardiovascular diseases, isgenerally attributedto insulin resistance associated with obesity,
especiallyabdominal obesity, underpinned by complex pro-inflammatory and pro-thrombotic
mechanisms.(1,2) While coronary heart events are generally experienced in adulthood,
atherosclerosis begins during childhood and adolescence and isrelated to the presence of

cardiometabolicrisk factors.(3)

Evidence pointsto a complex association between body fat, abdominal fat and cardiometabolic
risk factors among children and youth.(4,5) Children or adolescents with obesity have an
elevatedrisk of presentingone or more cardiometabolicrisk factor(s); studiesreported a
prevalence ranging between 28%-78.5% among youth with overweightor obesity depending
on age group, populationand indicator of obesity.(6-9) Studies comparing body mass index
(BMI) and waist circumference (WC), the key indicators of body composition and abdominal
obesity, respectively, for population-level studies, show that even though they are highly
correlated they are yet distinct. Studies have shown that WC as an index of adiposityis more
predictive of prevalence of cardiometabolicrisk factors than BMI among childrenand

adults.(10,11) In 2004, Zhu developed several combined indicators using BMI and WC and
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concluded that combining BMI and WC indicator, using existing BMI and WC cut-points had the
strongest association with cardiometabolicrisk factors than using BMI or WC alone among
white men. Inspired by Zhu’s (2004) results, we propose a ‘Combined BMI-WC Obesity’ index to
study the association between combinations of BMI and WC measurements with
cardiometabolicrisk factors. To our knowledge, this proposed approach and application of
combining BMI and WC indexes to predict the prevalence of cardiometabolic risk factors in

childand adolescent populationsisunique.(12)

Health risk behaviours, such has smokingand physical inactivity, are associated with clustering
of cardiometabolicrisk factors as well as with type 2 diabetes and cardiovascular disease. (3)
These behaviours are particularly pronounced among individuals with a low socio-economic
status (SES), as measured by household income and education.(13—15) SES is a significant
predictor for cardiometabolicrisk factors, cardiovascular events, type 2 diabetesand
mortality.(12-16) Yet, among children and adolescents, the association between
cardiometabolicrisk factors and cardiovascular disease and SES status varies between studies

and warrants further investigation.(1,16-18)

The objective of this study was firstto determine the prevalence of cardio-metabolicriskin a
representative sample of Canadian children and adolescents with overweight or obesity by age
group, sex and SES. Second, to identify which obesity indicator (BMI versus WC) is the strongest
predictor of the prevalence of cardio-metabolicriskin children and adolescents, and to
investigate if the generation of a new obesityindicator,a ‘Combined BMI-WC’ index, isa

superior predictor than each traditional obesity index. We hypothesize that the proportion of
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respondents with cardiometabolicrisk factors will increase with increasing BMI, WC or
‘Combined BMI-WC’ and that these relationships are associated with demographic, behavioural
and social factors (physical activity, age, SES, smoking status and sleep). This study builds on
previous national analyses of cardiometabolicrisk among Canadian children and adolescents by
using three cycles of the Canadian Health Measures Survey (CHMS); by calculating cardio-
metabolicrisk in a dichotomous form; by using Canadian age- and sex- specific WC reference
data to define abdominal obesity; by using a combined BMI-WC obesity index and by examining
the association between cardiometabolicriskand measured moderate to vigorous physical

activity.(8,9,19)

METHODS

Data Source: The Canadian Health Measures Survey (CHMS) isa comprehensive, nationally -
representative survey designedto collectinformation on the health of Canadians.(20-23) Data
from CHMS Cycles 1 (2007-2009), 2 (2009-2011) and 3 (2012-2013) were used in this study.
Study Population: All CHMS respondents aged 6-18 years who provided fasting blood samples
wereincluded (n=2679). There were no pregnant participants. Sample weights specificto the
fasting subgroup were provided by Statistics Canada to ensure appropriate representativeness
at the populationlevel.(20-22) We stratified our analyses by age to examine children (6-11
years) and adolescents (12-18 years) separately. We obtained ethics approval for this project
from the University of Ottawa’s Research Ethics Board.

Cardio-Metabolic Risk: Participants were dichotomized as having ‘no cardio-metabolicrisk
factors’ or ‘cardio-metabolicrisk factors’, defined asthe presence of adverse levels of one or

more of the following cardiometabolicrisk factors: elevated fastingtriglycerides (21.25mmol/L),
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low high-density lipoprotein cholesterol (males and females 6-15 years: <1.03mmol/L; males
16-18 years: <1.03mmol/L; females 16-18 years: <1.3 mmol/L), impaired fasting glucose
(=25.6mmol/L) and/or the presence of diabetes, insulin resistance and elevated blood pressure
(BP).(1,3,7,24-27) Insulin Resistance was calculated usingthe homeostasis model assessment
of insulin resistance (fastinginsulin concentration (LU/mL) x fasting glucose concentration
(mmol/L)/22.523.16).(28) ConcerningBP, for participants aged 6-17 years, elevated BP was
defined using age-, sex and height-specificreference data by the National High BP Education
Program Working Group on High BP for Children and Adolescents; participants with pre-
hypertensionwere included.(24) Elevated BP among participants aged 18 years were defined as
systolicBP>130mm Hg and/or a diastolicBP>85 mm HG.(29) Participants who reported taking
medication for high BP were also classified as having elevated BP.

Behaviours: Physical activity was assessed using Actical activity monitors which participants
were requested to wear for a 7 day period.(20-22) Only participants who wore the activity
monitors for a minimum of 4 days for at least 10 hours each were includedin analyses focused
on physical activity (n=2067).(20-22) A participant’saverage daily moderate-to- vigorous
physical activity (MVPA) was derived by Statistics Canada usingan intensity cut-pointwhichis
equivalentto approximately >3 metabolicequivalents.(20-22) Participants aged 6-17 years
were determined to meetthe Canadian Physical Activity Guidelines(2003) if they accumulated >
60 minutes of MVPA at least 6 days per week and to meetthe Canadian 24 Hour Movement
Guidelinesifthe achieved an average MVPA of > 60 minutes per day, which we termed ‘very
active’.(31) For comparison purposes, we also established two other activity categories:

‘inactive’ (0-29 minutes of MVPA/day) and ‘active’ (30-59 minutes of MVPA/day). Participants
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aged 18 years were determined to meet the Canadian Physical Activity Guidelines for Adults if
they accumulated > 30 minutes of MVPA at least 5 days a week.(20-22,30,31) Sleepduration
per 24 hour period was ascertained by self-reportor, for participants aged 6-11 years, by proxy
report.(20-22) Consistentwith the Canadian 24 Hour Movement Guidelinesfor Childrenand
Youth and the United States’ National Sleep Foundation’s Updated Sleep Duration
Recommendations, we defined adequate sleep as 9-11 hours for ages 6-13 years, 8-10 hours for
ages 14-17 years and 7-9 hours for 18 years.(31, 32) Smokingstatus was determined using self-
reported smoking behaviour, available for participants aged 12-18 years).(20-22) We re-
categorized participants into two groups: eversmoked, which included all past and present
smokers, and neversmoked, which included all participants who had neversmoked.
Demographic and Socio-Economic Profile: A participant’s demographicand socio-economic
profile was assessed by self-report. Parents or guardians responded to questions about their
children (6-11 years) by proxy and adolescents (12-17yrs) responded in private, with
parental/guardian consent. Participants were identified as having an Aboriginal origin or
identity or beingan immigrant by self-report or proxy self-report. SES was captured through
household educational attainment and household income adequacy variables. Education and
income are key determinants of health and the most frequently used indicators of SES. (33—-35)
Statistics Canada calculated income adequacy by classifying each participant into categories
based on total householdincome from all sources and the number of people livinginthe
householdfor CHMS Cycles 1-2.(20,21) We applied thisapproach to generate income adequacy
for CHMS Cycle 3. Household educational attainment was derived by Statistics Canada as the

highestlevel of education attained by any member of the household. For participants not living
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with parents or guardians (5.1%), theirresponses pertained to their current household. To
allow for greater statistical power and comparability across CHMS Cycles 1-3, we re-classified
the householdincome adequacy and household educational attainmentvariables. Forincome
adequacy, the categories of ‘lowestincome’ and ‘lower middle income’ were combined
resultinginthree categoriesforincome adequacy (lowestand lower middle income, upper
middle and highest). For household educational attainment, the categories of ‘le ssthan
secondary school graduation’, ‘secondary school graduation’ and ‘some post-secondary’ were
combined resultingin two categories (secondary school graduation or less and post-secondary
graduation).

Anthropometry: Three indexes of obesity were used in the present population study: BMI, WC,
and a ‘combined BMI-WC’ index. Statistics Canada derived BMI using measured of weightand
height (weight (kg)/height (m?)) and classified BMI using growth charts prepared by the Centers
for Disease Control and Prevention forages 6-17 years and the international body weight
classification system recommended by Health Canada and the World Health Organization for
ages 18 years.(20-22,36-38) We applied a prediction equationto CHMS Cycles1 and 2 to the
WC data (collected following protocol by the World Health Organization) to alignit to the CHMS
cycle 3 WC data (collected following protocol from the United States’ National Institutes of
Health).(39) Abdominal obesity was defined as measured WC > 90" age- and sex- specific
percentile forages 11-18 years based on reference data from the 1981 Canada Fitness
Survey.(40) For ages 6-10 years, national reference data from the same time period was

unavailable. We generated age- and sex- specificreference points using data from the 1981
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Canada Fitness Survey and supplemented with trend lines from the CHMS Cycles1-3 WC
measurements (sex- and age- specific90th percentile reference points). The methodology for
this back-casting approach to generatingreference data is elaborated upon ina separate
paper.(41) We derived the combined BMI-WC indicator into 4 categories usingthe following
cut-offs: (1) Normal weight (BMI< 85" and WC< 90”‘); (2) BMI Normal and Abdominal Obesity
(BMI< 85™ and WC= 90™); (3) BMI Overweightand Abdominal Obesity (85"< BMI< 95" and
WC= 90™) and (4) BMI Obese with Abdominal Obesity (BMI> 95" and WC= 90"). The CHMS
User Guidesfor Cycles 1, 2, and 3 provide more detailed descriptions of the measurement

procedures for all variablesin this study.(20-22)

Statistical Methods: The prevalence of cardio-metabolicrisk factors, as a dichotomous variable,
as well the individual prevalence of each cardiometabolicrisk factor was determined and
expressed asa percentage with a 95% confidence interval (Cl). The associations between
cardiometabolicrisk and obesity indicators were estimated using X? tests, univariate and
multivariate regression. Statistical significance was set at a p value of lessthan .05. The analyses
were conducted using the bootstrap method with 35 degrees of freedom.(20-22,42) Results
with 16.6 < Coefficient of Variation (CV) < 33.3 were published with reservation and results with
a frequency of< 10 ora CV > 33.3 were not included and represented with an F. We conducted
statistical analyses using SAS version 9.3 (SAS Institute Inc., Cary, NC, USA).

RESULTS

Over 80% of participants were from households with post-secondary educational attainment.
The study population’s SES and cardiometabolicrisk factors profile is prese ntedin Table 1.

Approximately 23% of participants reported inadequate sleep with another 2.3% reporting
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excessive sleep (datanot shown); 93.5% of childrenand 96.5% of adolescents did not meet
Canadian physical activity guidelines; and 10% of adolescents reported some level of past or
presentsmoking. Females were significantly less likely to meet Canadian physical guidelines
than males (data not shown). Based on BMI, 14% of childrenand 16% of adolescents were
classified as having overweight and additional 11% of children and 13% of adolescents as having
obesity. Based on WC, 26% of children and 40% of adolescents, with a significantly higher
prevalence among females (data not shown), were classified as having abdominal obesity. By a
combined BMI-WC index, 11% of children and 13% of adolescents were classified as having BMI
obesity with abdominal obesity. The most prevalent cardiometabolicrisk factors were elevated
fastingtriglycerides (16%), insulin resistance (16%) and low HDL-C (13%). A quarter (25%) of
childrenand 41% of adolescents were classified as having ‘cardio-metabolicrisk factor(s)’
meaningthat they had at least one cardiometabolicrisk factor. Females had a significantly
higher prevalence of elevated fasting triglycerides, low HDL-Cand cardiometabolicrisk (data

not shown).

For all three indicators of obesity, the weighted prevalence of cardio-metabolicriskincreased
withincreasing in each obesityindex and from childhood to adolescence. Table 2 presentsthe
association between cardiometabolicrisk factors and indexes of obesity. The weighted
prevalence of obese participants with cardiometabolicrisk factor(s) progressed from
approximately half during childhood to a range of 65-85% for adolescents for all three indexes

of obesity.
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Tables 3 and 4 presentunivariate and multivariate associations between cardiometabolicrisk
factors and obesity index, respectively. The odds of having cardio-metabolicrisk factor(s)
increased with increased of all three indexes of obesity. Forthe obesityindexes, the age-
adjusted odds for cardiometabolicrisk factor(s) was highest for the combined BMI-WC index
‘BMI Obese with Abdominal obesity’ (OR: 8.5), followed by BMI Obesity (OR: 7.5) and then
abdominal obesity (OR: 4.6), though furtherstatistical testingis required to determine if these
differences are statistically significant. Physical activity was also a strong predictor for
cardiometabolicrisk factor(s). In multivariate models adjusted for age and combined BMI-WC,
non-adherence to physical activity guidelines was a significant predictor for cardiometabolic
risk (OR: 5.8), as was an average daily moderate to vigorous physical activity (MVPA) of 29
minutesor less (OR: 2.0).

In univariate models, the odds of cardiometabolicrisk among participants who averaged 30-59
minutes of MVPA/day was significantly higher (OR: 1.7) than those who averaged 60 minutesor
more, however, afteradjusting for age and weight status, the difference was not statistically
significantly different. Age was a significant covariate in all regression models, with adolescents
having significantly higher odds of cardiometabolicrisk than children. Sex, SES, Aboriginal origin
or identity, immigrant status, amount of sleep or smoking status did not significantly affectthe

association between cardiometabolicrisk factor(s), obesity index and physical activi ty.
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DISCUSSION

This study investigated the associations between cardiometabolicrisk factors and different
obesity indexes among children and adolescents to identify which obesityindexis the strongest
predictor of the prevalence of cardiometabolicrisk factor(s) as well as how othertraditional risk
factors, such as physical inactivity, contribute to this relationship. The prevalence of
cardiometabolicrisk factors, defined as having 1 or more risk factors was 25% for children and
40% for adolescents. These findings are staggering giventheirequivalence to approximately
533,277 and 1,194,454 Canadian childrenand adolescents have at less one cardiometabolicrisk
factor, respectively. Two previous studies from Canada studied the prevalence of
cardiometabolicrisk factors individually without calculating a dichotomous cardiometabolicrisk
variable, thus not enabling a direct comparison to our study.(8,9) Yet, despite varying
methodological approaches, studies found that the prevalence of cardiometabolicrisk factors
increased with weightstatus as established by measured BMI category.(6,8,9)

We used three indexesto assess obesity: BMI, WC, and a combined BMI-WC index. We chose
to apply multiple indexes of obesity given that they each have their strengths and limitations.
BM is an efficient, cost-effective method to estimate weight status, particularly at the
populationlevel giventhe minimal technique required for measurementand calculation. (43)
Studies have shown BMI results to be strongly associated with dual emission x-ray
absorptiometry (DXA) results, which is recognized as a highly precise and reproducible
measurements method for estimating body fat mass in clinical settings (44), even among
childrenand adolescents.(45,46) A limitation ofthe BMI index s that it does not precisely

differentiate results by the body’s overall composition of fat mass and fat free mass. (47)
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Conversely, WCindexisa good proxy of body fat distribution, especially of abdominal
adiposity.(48) Among children and adolescents, evidence indicates that the WC index has high
sensitivity and specificity forabdominal fat estimatesin comparison with results using DXA. (49)
In a consensus statementon WC and cardio-metabolicrisk, Shaping America's Health:
Association for Weight Management and Obesity Prevention; NAASO, The Obesity Society; and
the American Diabetes Association concluded that “WC provides a unique indicator of body fat
distribution, which can identify patients who are at increased risk of obesity-related
cardiometabolic diseases, above and beyond the measurement of BMI”.(50) Using a
representative sample of adults from United States, Zhu (2004) reported that a combined BMI
and WC index, had a stronger association with cardiometabolicrisk factors than using BMI or
WC index alone for men, with the optimal BMI-WC index composed usingthe relative weight of
68% BMI and 32% WC.(12) Similarly, Janssen (2005) determined thatthe combinations of BMI
and WC index among 5-18 year olds provided the strongest predictive powerfor coronary
artery disease risk factors.(51)

In our Canadian sample, the prevalence of obesity among children and adolescents,
respectively, ranged from 13%-28% and 11%-37%, dependingof the obesityindex applied.
Further, among the three obesity indexes, ‘BMI Obese with Abdominal Obesity’ defined using
the combined BMI-WC index had a significant association with the prevalence of
cardiometabolicrisk factor(s). These findings support epidemiological approachesin applying
the combined BMI-WC index to measure the association between weight status and
cardiometabolicdiseases. We suggest that furtheranalyses using this combined BMI-WC index

be pursuedto comprehensively quantify the relationship between thisindex and
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cardiometabolicdiseasesand other health outcomes. Our results also support the
recommendations from the American Society for Clinical Nutrition that, “the use of BMI-specific
WC cut-points may be useful tool to better understanding a patient’s health risk and
recommend treatment”(50) as well as the 2006 Canadian Clinical Practice Guidelines onthe
Management and Prevention of Obesityin Adultsand Children that “Future research should be
directed at determining the clinical utility of waist circumference in the identification of health
risk among children and youth, independently or in combination with BMI.” (52) Further, as Zhu
(2004) noted, calculating combined BMI-WC index requires little additional effort from the
clinician once BMI and WC have been measured.(12) Thus, consistent with the aforementioned
recommendation, we suggest that both BMI and WC be measured in clinical settingsto
accurately ascertain a children and adolescent’s body weight status and fat distribution (52)
and that all patients presentingas BMI overweight or obese or having abdominal obesity should

be screened for each cardiometabolicrisk factor.

‘Metabolically Healthy Obesity’ (MHO) is broadly defined asa phenomenoninwhich a subset
of individuals with obesity presentat the evaluation with a normal metabolicprofile.(53,54) At
present, thereis ongoing discourse and debate regardingthe accuracy and utility of the ‘MHO’
or ‘metabolically normal obese’ phenotype and the importance of weightloss to future health
outcomes. In a recent study, Fabbrini (2016) found that adults with MHO are resistantto the
expected cardiometabolicconsequences of excess weight gain.(55) In our study, the prevalence
of participants with obesity that did not have cardio-metabolicrisk factor vary between 43% to
54% in childrenand 15% to 35% in adolescents, dependingof the obesityindex. In a previous

study among 8-17 year olds with overweight or obesity (BMI 285™) enrolledina weight
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managementclinicin Canada, Prince (2014) reported a prevalence of MHO of 21.5% and 31.5%,
defining MHO using dichotomous definitions of cardiometabolicrisk factors orinsulin
resistance, respectively.(7) Studies of female adults with obesity have shown that those with
MHO have significantly lowerlevels of abdominal fat, suggesting that the distribution of body
fat may influence the overall impact of excess body fat on health.(56,57) Yet, despite reports of
the prevalence of MHO and potential explanations, studies regarding the relationship between
weight status and the metabolicsyndrome among children and adolescents consistently
reporting that the prevalence of metabolicsyndrome increased significantly withincreasing
weight status.(27,58) Some researchers positthat the MHO phenotypeisa preliminary step
towards the inevitable transition to unhealthy obesity during one’s lifetime. Following a
systemicreview of the emerging MHO phenotype and its association with mortality, Robertson
(2014) concludedthat this phenotype in adults presentsa risk for cardiovascular disease that is
lowerthan metabolically unhealthy obesity but greaterthan the risk for healthy individuals with
a normal weight.(59) The results of our study, evenif cross-sectional, contribute to this
discourse by illustratinga lower prevalence of MHO phenotype in adolescentsthan in children.
These findings are consistent with existing evidence that the effects of excess adiposity on
health may simply take years to present.(60,61)

Robertson (2014) positsalso that healthy behavioural and lifestyle factors, notably regular
physical activity, may help to explainthe absence or slower progression of cardiometabolicrisk
factor(s) among people with obesity.(59) Substantial evidence indicates that regular physical
activityand moderate fitness levels are associated with a lowertotal and abdominal adiposity,

independently of BMI.(62,63) Regardless of weight status, physical inactivity and smokingare
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well-established risk factors for poor health outcomes, including cardiovascular diseases. (64)
Blair and colleagues has repeatedly shown that adults with even moderate levels of
cardiorespiratory fitness have a statistically significant lower mortality rate, evenin the
presence of risk factors for cardiovascular diseases, such as smokingor elevated BP. (65,66) An
inverse relationship physical activity, as well as cardiorespiratory fitness, and the presence of
cardiometabolicrisk factors has been demonstrated among children and adolescent
populations.(67,68)

Yet, despite this overwhelmingevidence, only 5% of participants in our sample metthe
Canadian physical activity guidelinesand over 10% of adolescents reported some degree of
smokingin our study. Non-adherence to the physical activity guidelines was a significant
predictor for cardio-metabolicrisk. Given the low adherence to the guidelines, we chose to
study average daily physical activity as well. We found that participants who were physically
active for lessthan thirty minutes on most days were significantly more likely to have cardio-
metabolicrisk, as compared to those who were active for thirty minutesto over an hour.
Overall, our findings suggest that, though adherence to the physical guidelineswould be ideal,
evenlevelsthataccord with approximately half the recommended level of activity are
associated with reduced cardiometabolicrisk.

Disadvantaged SES tend to be associated with unhealthy behaviours, such as smoking, and
reduced health outcomes.(69) In our study, the household education and income adequacy
variables were not significant predictors for the prevalence of cardiometabolicrisk factors,
although previous studiesin Canada and the United States have found varying associations

between SES and some individual cardiometabolicrisk factors.(6,19) Our approach to apply a
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dichotomous cardiometabolicrisk factor(s) variable may have impacted the non-significant SES

findings due to varying relationships between SES and each cardiometabolicrisk factor(s).

Future national studies regarding cardiometabolicrisk factor(s) among youth would be well
served to pursue more detailed analyses by combining more cycles of the CHMS as the data
becomes available. This may allow for more specificdisaggregation by age and sex, and a more
in-depth analysis of the associations between SES and health behaviours, risks and outcomes.
The effect of dietand puberty were not considered for this study due to data limitations but
would also be valuable factors to examine. Finally, performing data linkages between national
surveys and administrative datawould be invaluable towards assessing the health care impacts
(e.g. use and cost) relative to the differentobesityindex.

This study was conducted using government survey data that is of high quality and
representative of 96% of Canadians. Abdominal obesity was defined using age - and sex-specific
WC cut-offs established from the Canadian population fromthe time period prior to emerging
of arapid increase inoverweightand obesity rates.(40,70) The CHMS isa cross-sectional
survey, thus interpretation of results does not allow for causal inference. With an overall
response rate between 51-55% per CHMS cycle, the survey results may have some bias due to
selective participation by selected respondents even with the use of survey weights. Finally, as
the accelerometeris unable capture such as activities as bicyclingand swimming, the
prevalence of children and adolescents adheringto Canadian physical activity guidelines may be

underreported.(71)
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CONCLUSIONS

Based on the CHMS, we found that 25% of children and 40% of adolescents have at least one
cardiometabolicrisk factor, 12% have obesity and over 95% do not achieve the Canadian
physical activity guidelines of 60 minutes of moderate-to-vigorous physical activity at least 6
days per week. Our novel Combined BMI-WC index of obesity had a higher association with
cardiometabolicrisk factors as compared to BMI or WC index measured individually, afinding
which warrants further investigationinto the epidemiological and clinical utility of thisindex.
Clinical guidelines should be develop to ensure that children and adolescents with BMI or WC
index at risk of presentinga cardiometabolicrisk factor be properly screened and monitored.
Complementary policiesto facilitate increased daily physical activity among children and their

families would supportlong-term health outcomes improvementamong Canada’s youth.
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Table 1: Study population socio-demographic, weight status and cardio-metabolic profiles,

Canadian Health Measures Survey Cycles 1 (2007-2009), 2 (2010-2011) and 3 (2012-2013)
Children (6-11 years)

Total Sample

Adolescents (12-18 years)

(n=2679)

Socio-Demographic Profile

(n=1369)

(n=1310)

n | % (95% Cl) [ n | % (95% Cl) | n | % (95% Cl) [ p*
Household Income Adequacy
Lower-Middle 23.7(20.3-27.1) 25.6 (21.2-30.0) 22.3(18.6-26.1)
Upper-Middle 2619 | 26.4(23.1-29.7) | 1355 | 27.4(22.3-32.4) 1264 25.7 (22.675-28.8) 0.21
Highest 49.9 (45.4-54.4) 47.1(41.6-52.6) 52.0 (47.0-57.0)
Household Educational Attainment
Secondary Graduation or Less 2599 17.5(14.3-20.7) | 1333 15.4 (12.3-18.6) 19.0(14.6-23.5) <0.05
Post-secondary 82.5(79.3-85.7) 84.6 (81.4-87.7) 1266 81.0(76.5-85.4)
Ethnic Origin
Aboriginal 2565 4.5(3.0-6.0) 1321 3.4 (1.9-4.9) 1244 5.4 (3.4-7.3)" 0.26
Immigrant 2679 | 11.9(8.0-15.9) 1369 [ 10.6(7.3-13.9) 1310 12.9 (7.6-18.2)° 0.28

Weight Status Profile

n | %(95%C) | n [ %(95%cC) | n | % (95% Cl) [ b
Body Mass Index (BMI)
Underweight (BMI<5 ) 4.5 (3.1-6.0) 5.6 (3.5-7.8)" 3.7 (2.0-5.4)R <0.05
Normal weight (5" '<BMI<85"") 68.0 (64.7-71.2) 69.9 (66.4-73.5) 66.5 (62.3-70.8)

- ™ ™ 2679 1369 1310
Overweight (85 '<BMI<95™) 15.3 (13.0-17.5) 13.7 (10.8-16.5) 16.4 (13.0-19.8)
Obese (BMI=95™) 12.3 (10.3-14.3) 10.8 (8.2-13.3) 13.3(9.7-17.0)
Waist Circumference (WC)
No Abdominal Obesity (WC<90") 5679 |_65:7(62569.0) | . | 73.8(70.0-77.6) 1310 59.8 (55.4-64.3) <0.0001
Abdominal Obesity (WC290 ) 34.2 (31.0-37.5) 26.2 (22.4-30.0) 40.0 (35.7-44.6)
Combined BMI-WC Index
Normal weight (BMI<85" and WC<90™) 64.9 (61.4-68.3) 72.8 (68.9-76.7 59.3 (54.8-63.8) <0.0001
BMI Normal with Abdominal Obesity 8.9 (7.6-11.0) 5.7 (4.1-7.2) 11.9(9.1-14.7)
(BMI<85™ and wc=90"™)
BMI Overweight with Abdominal 2613 13.4(11.1-15.7) 1321 10.7 (8.0-13.3 1291 15.3(11.9-18.8)
Obesity (85"<BMI<95" and Wc90™)
BMI Obese with Abdominal Obesity 12.4 (10.3-14.5) 10.8 (8.2013.5 13.4(9.8-17.1)
(BMI295" and Wc=90")
Risk Profile
n % Adverse (95% n % Adverse (95% n % Adverse (95% Cl)
cl) cl)

Canadian Physical Activity Guidelines 1919 95.2(93.4-97.0) 1007 93.5(91.1-96.0) 912 96.5(94.7-98.2) <0.05
(2003) < 60 mins MVPA/6 days/week
Canadian 24 Hour Movement 1919 60.5(56.1-64.9) | 1007 53.7 (47.6-59.8) 912 66.4 (61.8-71.1) <0.05
Guidelines (2016) <60 mins MVPA/day
Sleep per 24 hrs (hrs) 2679 24.5(21.3-27.6) 1369 15.5(12.1-18.9) 1310 31.0(26.8-35.3) <0.0001
Ever Smoked | e | | e | e 1292 12.3(9.4-15.1) | -
Fasting Triglycerides (mmol/L) 2679 16.2(13.7-18.7) | 1369 12.2(9.7-14.6) 1310 19.1(15.3-23.0) <0.0001
Low HDL-C (mmol/L) 2679 | 15.8(14.1-17.6) | 1369 8.1(5.7-10.4) 1310 21.5 (18.8-24.2) <0.0001
Fasting Glucose (mmol/L) 2679 2.5(1.6-3.5)" 1361 1.6 (0.65-2.5)" 1308 3.2(1.1-4.7)" <0.01
Elevated Blood Pressure (mm Hg) 2679 2.5(1.8-3.2) 1369 4.1(2.7-5.5) 1310 1.3(0.5-2.1)° <0.0001
Insulin resistance 2495 16.3(13.7-18.9) 1229 9.2 (6.5-11.9) 1266 21.1(21.116.7-25.6) | <0.0001
Cardio-metabolic risk 2679 34.1(30.9-37.4) 1369 25.0(21.4-28.6) 1310 40.9 (36.1-45.7) <0.0001

Notes:
Based on weighted data

*P value denotes the statistical significance between children and adolescents
R: Published with Reservation due to a 16.6<CV<33.3, estimate must be interpreted with caution

Abbreviations: HDL-C, high density lipoprotein cholesterol; WC, waist circumference; TG, triglycerides; BMI, Body Mass Index; Cl, Confidence
Interval; MVPA, Moderate to Vigorous Physical Activity
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Tables 2: Tabular Analysis between Participants with Cardio-Metabolic Risk by Indicator of

Obesity and by Adherence to Physical Activity Guidelines, Canadian Health Measures Survey
Cycles 1 (2007-2009), 2 (2010-2011) and 3 (2012-2013)
Participants with Cardio-Metabolic Risk

Total Sample

| Children (6-11 years)
Proportion with cardio-metabolic risk by Indicators of Obesity

Adolescents (12-18 years)

| % (95% Cl) | Pvalue | %(95%Cl) | Pvalue | %(95%Cl) [ Pvalue
Body Mass Index (BMI)
Underweight or Normal weight 24.1 (20.9-27.3) 17.9(14.4-21.5) 29.0(24.0-33.9)
(BMI<85™) <0.0001 <.0001 <.0001
Overweight (85"<BMI<95™) 51.5 (43.6-58.7) 41.9(30.0-53.7) 56.8 (46.2-67.4)
Obese (BMI>95™) 72.5 (66.0-78.9) 53.0 (42.3063.7 84.0(76.4-91.6)
Waist Circumference (WC)
No Abdominal Obesity (WC<90") | 22.0 (19.2-24.9) 17.9(14.6-21.2) 25.8(21.5-30.1)
Abdominal Obesity (WC>90™) 57.4 (52.4-62.4) | <0.0001 | 45.0(36.1-54.0) | <0001 | 63.3(57.1-69.6) | <.0001
Combined BMI-WC Index
Normal weight 21.4(18.1-24.1) | <0.0001 [ 16.3(12.7-19.9) | <0.0001 | 25.4(21.0-29.7) [ <0.0001
(BMI<85™ and WC<90™)
BMI Normal and Abdominal 44.9 (32.3-57.5) 38.8 (23.5- 46.9 (32.8-61.1)
Obesity (BMI<85™ and WC90™) 54.0)°
BMI Overweightand Abdominal | 51.5 (42.4-60.7) 39.6 (26.1- 57.5(46.3-68.7)
Obesity (85"<BMI<95" and 53.1)"
WwWC=90"™)
BMI Obese with Abdominal 73.3 (66.7-80.0) 53.7 (42.6-64.7) 84.5(76.7-92.3)
Obesity
(BMI295" and WC=90")
Proportion with cardio-metabolic risk by Physical Activity levels
| % (95% Cl) | Pvalue | %(95%Cl) |[Pvalue | %(95%Cl) | Pvalue

Adherenceto Canadian Physical Activity (PA) Guidelines
Meet PA Guidelines 11.1 (5.4-16.8)° | <0.0001 | 6.3 (1.7-10.7)F | <0.0001 | 17.8(5.8-30.0)% | <0.0001
(6-17 years>60min/day;

18 years>30mins/day)
Do not meet PAGuidelines 34.9 (31.6-38.2) 30.0(21.6-30.3) 41.6 (36.3-46.9)
(6-17 year<60 min/day;

18 years<30mins/day)
Average daily Moderate-to-Vigorous Physical Activity as per Canadian 24 Hour Movement Guidelines
60 or more minutes/day 24.0 <0.0001 16.6 0.0004 33.0 0.0105
30- 59 minutes/day 34.7 31.2 37.2
Less than 30mins/day 48.6 32.6 54.1

Notes:
Based on weighted data

days per week)

Activity; PA, Physical Activity;

R: Published with Reservation dueto a 16.6<CV<33.3, estimate must beinterpreted with caution
F: Estimateis notvalid and cannot be published dueto CV>33.3 ora cell size<10
Adherenceto Physical Activity Guidelines: Ages 6-17 years 260 min/dayatleast 6 days/week; 18 years>30mins/dayatleast5

Abbreviations: WC, waist circumference; BMI, Body Mass Index; Cl, Confidence Interval; MVPA, Moderate to Vigorous Physical
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Table 3: Odds Ratio of cardio-metabolic risk based on univariate models of obesity index,

physical activity and age

Model 1

Model 2

Model 3

Model 4

Model 5

Model 6

OR(95%Cl)

OR(95% Cl)

OR(95%Cl)

OR(95%Cl)

OR(95% Cl)

OR(95%Cl)

Age

Children 1.0 (Ref)

Adolescents 2.1(1.5-2.9)*

Body Mass Index (BMI)

Under or Normal weight
(BMI1<85™)

1.0 (Ref)

Overweight
(85"<BMI<95™)

3.9(2.7-5.5)*

Obese (BMI295™)

7.0(5.0-10.0)*

Waist Circumference (WC)

No Abdominal Obesity
(WC<90™)

1.0 (Ref)

Abdominal Obesity
(WC=90")

4.6 (3.5-6.0)*

Combined BMI-WC Index

Normal weight
(BMI<85"™ and WC<90™")

1.0 (Ref)

BMI Normal with
Abdominal Obesity
(BMI<85™and WC>90")

2.9(1.6-5.1)*

BMI Overweight with
Abdominal Obesity
(85"<BMI<95" and
€290")

456(3.1-6.7)

BMI Obese with
Abdominal Obesity
(BMI1295" and WC=90™)

8.5(6.1-11.9)*

Average daily Moderate-to-Vigorous Physical Activity as per Canadian 24 Hour Movement Guid

elines

60 or more minutes /day

1.0 (Ref)

30- 59 minutes/day

1.7 (1.14-2.50)*

Less than 30mins/day

3.0(1.9-4.9)*

Adherence to Canadian Physical Activity G

uidelines

Meet PA Guidelines

1.0 (Ref)

Do not meet PA
Guidelines

43(2.3-8.0)*

Notes:
Based on weighted data

* Statistically significantat p <0.0001

For each model, the reference for the weight status variable was normal weight
Do not meet Physical Activity Guidelines referredto: 6-17 year<60 min/day; 18 years<30 mins/day)
The following variables were not significantin any of the regression models: sex, household Income, household education,
Aboriginal origin or identity, immigrant status, sleep or smoking(among adolescents only)

Abbreviations: BMI, Body Mass Index; Cl, Confidence Interval; OR, Odds Ratio; SE, Standard Error; MVPA, Moderate to Vigorous
Physical Activity; PA, Physical Activity; Ref, Reference Category; WC, waist circumference;
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Table 4: Odds Ratio of cardio-metabolic risk based on multivariate models of obesity index,

physical activity and age

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9
OR OR OR OR OR OR OR OR OR
(95% CI) (95% Cl) | (95% C1) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
Age
Children 1.0 (Ref) 1.0 (Ref) 1.0 (Ref) 1.0 (Ref) 1.0 (Ref) 1.0 (Ref) 1.0 (Ref) 1.0 (Ref) 1.0 (Ref)
Adolescents 2.3 1.9 2.2 2.1 1.7 2.0 2.3 1.9 2.2
(1.7-3.2)° (1.4-2.7)% | (1.6-3.1)° (1.5-2.8)° (1.22.4)° | (1.42.8)° (1.7-3.1)° (1.4-2.6)° (1.6-3.0)°
Body Mass Index (BMI)
Under or 1.0 (Ref) 1.0 (Ref) 1.0 (Ref)
Normal weight
(BMI<85")
Overweight 4.1 3.9 4.3
85"<BMI<95'™") | (2.95.8)° (2.9-5.4)° (3.0-6.0)°
Obese 7.5 7.1 8.1
(BMI295™") (5.0-10.7)° (4.9-10.2)° (5.8-11.4)°
Waist Circumference (WC)
No Abdominal 1.0 (Ref) 1.0 (Ref) 1.0 (Ref)
Obesity
wc<90™)
Abdominal 4.6 4.1 4.7
Obesity (3.5-6.0)° (3.1-5.5)° (3.5-6.2)°
(wc290")
Combined BMI-WC Index
Normal weight 1.0 (Ref) 1.0 (Ref) 1.0 (Ref)
BMI Normal 2.9 2.2 2.52
with Abdominal (1.6-5.1)" (1.2-4.1)° (1.4-4.5)"
Obesity
BMI Overweight 4.6 4.3 4.8
with Abdominal (3.2-6.7)° (3.1-6.1)° (3.3-7.1)°
Obesity
BMI Obese with 8.5 8.3 9.6
Abdominal (6.1-11.9)° (5.8-11.9)° (6.9-13.3)°
Obesity
Average daily Moderate-to-Vigorous Physical Activity as per Canadian 24 Hour Movement Guidelines
60 or more 1.0 (Ref) 1.0 (Ref) 1.0 (Ref)
minutes/day
30-59 1.4 1.4 1.3
minutes/day (0.9-2.1) (1.0-2.1) (0.9-2.0)
Less than 2.2 2.0 2.0
30mins/day (1.33.5)° | (1.23.4)° | 1.23.3)°
Adherence to Canadian Physical Activity Guidelines
Meet PA 1.0 (Ref) 1.0 (Ref) 1.0 (Ref)
Guidelines
Do not meet PA 6.2 5.0 5.8
Guidelines (2.4-16.6)° | (2.2-11.1)* | (2.2-15.2)°
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Notes:
Based on weighted data
Abbreviations: BMI, Body Mass Index; Cl, Confidence Interval; OR, Odds Ratio; SE, Standard Error; MVPA, Moderate to Vigorous Physical Activity;
PA, Physical Activity; Ref, Reference Category; WC, waist circumference;
® Statistically significant at p <0.0001; b Statistically significant at p <0.05
For each model, the reference for the weight status variable was normalweight
Do not meet Physical Activity Guidelines referredto: 6-17 year<60 min/day; 18 years<30 mins/day)
Combined BMI-WC Index categories: Normalweight (BMI<85th and WC<90th); BMI Normal with Abdominal Obesity (BM|<85th and WCZQOth); BMI
Overweight with Abdominal Obesity (85thsBM|<95th and WC290th); and BMI Obese with Abdominal Obesity (BMI295th and WC290th)
The following variables were not significant in any of the regression models: sex, household Income, household education, Abo riginal origin or
identity, immigrant status, sleep or smoking (among adolescents only)
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ABSTRACT

Introduction: C-reactive protein, a marker of inflammation, isa non-traditional risk factor for
cardio-metabolicriskamong adults. Our objective was to quantify the association between c-
reactive protein and a dichotomous cardio-metabolicrisk variable to determine if high CRP was
a significant predictor of cardiometabolicrisk ina representative sample of Canadian children
and adolescents.

Methods: The study population was a nationally representative sample of Canadians (6-18
years) based on Canadian Health Measures Survey Cycles 1 (2007-09), 2 (2009-11) and 3 (2012-
13) participants (n=1831). High levels of c-reactive protein were defined as 275" age- and sex-
specificpercentile. Participants were dichotomized as having ‘no cardio-metabolicrisk’ or
‘cardio-metabolicrisk’, defined as the presence of adverse levels of 1 or more risks: fasting
triglycerides (21.25mmol/L), high-density lipoprotein cholesterol (males and females 6-15
years: <1.03mmol/L; males 16-18 years:<1.03mmol/L; females 16-18 years: <1.3 mmol/L),
fasting glucose (=5.6mmol/L) and/or the presence of diabetes, insulin resistance usingthe
homeostasis model assessment, and elevated blood pressure (6-17 years: age-, sex and height-

specificreference data; 18 years: 2130mm Hg and/or a 285 mm HG).

Results: Approximately half of participants with high levels of c-reactive protein, 43.6% of
childrenand 62.0% of adolescents, were classified as having cardio-metabolicrisk, significantly
higherthan those with normal c-reactive protein levels. In univariate models, obesity was a
significant predictorfor high CRP (Odds Ratio (OR): 2.79-6.65) and high CRP was a significant
predictor for cardiometabolicrisk (OR: 2.37). In multivariate models adjusting for age and high-

CRP, obesity remained a significant predictors for having cardiometabolicrisk (OR: 4.27-8.33).
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Conclusions: High c-reactive protein concentration, an indicator of inflammation, is a strong,

significant predictorfor cardiometabolicrisk, and significantly associated with obesity among

the pediatricpopulation.

Keywords: Canada, Child, Adolescent, Obesity, Canadian Health Measures Survey, CHMS,
Health surveys, Cardio-metabolicrisk factors, c-reactive protein, inflammation
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INTRODUCTION

Rationale

Inflammationis now understood as a critical component of the progression of atherosclerosis,
the hardeningand narrowing of the arteries.(1,2) In conjunction with behavioural,
environmental and geneticrisk factors, chronic low grade inflammation can leadto an
increased absolute risk of cardiovascular diseases.(2,3) Inflammationisalso considered a factor
in the pathosis of metabolicabnormalities, such as insulin resistance, diabetes and metabolic

syndrome.(4,5)

The concept of cardio-metabolicrisk facilitates early recognition of predicted risk for
cardiovascular diseases and metabolicabnormalities through a comprehensive list of traditional
risk factors, such as hypertension, dyslipidemia, glycemia, excess body fatand smoking.(6) The
measurement of inflammation, asa complementto these traditional cardio-metabolicrisk
factors, may provide an enhanced absolute risk and support an earlier diagnosis for

cardiovascular diseases.(2,6)

High-sensitivity c-reactive protein (CRP) is an acute phase reactant that is increasedin
inflammatory states.(2) In a joint scientificstatement, the United States’ Centersfor Disease
Control and Prevention and the American Heart Associationrecommended CRP be appliedin
clinical practice as the marker forinflammation as a predictor for cardio-metabolicrisk for the
purposes of risk stratificationin the presence of traditional cardiovascular disease risk
factors.(2) Population-level studies regarding inflammatory markers and cardio-metabolicrisk

among adults in Canada and the United States have found that participants with the Metabolic
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Syndrome are significantly more likely to have high levels of CRP.(7,8) While considered a non-
traditional marker for cardio-metabolicrisk, CRP levelsare includedin some risk prediction

models for cardio-metabolicrisk for adults.(6)

National studies of Canadian children and adolescents have found that 18% of participants
presented with high CRP levels, with significantly higher mean CRP levels among those with a
higherweight status, older participants,(9) and adolescentgirls (versus adolescent boys).(10)
Similarresults have beenshown ininternational studies on children and adolescents, witha
positively linearrelationship between CRP and age (11), weigh status (12-15), and sedentary

behaviours.(16)

Objectives

In a recentanalysis, we quantified the relationship between cardio-metabolicrisk and obesity
and found that the odds of having cardio-metabolicrisk was 8.3 times higheramong
participants with obesity,(17) building on previous studies which show a strong association
between obesity and cardio-metabolicrisk in children and adolescents.(9,18) In the present
study, our primary objective is to quantify the associations between CRP, an inflammatory
marker, with a dichotomous cardio-metabolicrisk variable, ina representative sample of
Canadian childrenand adolescents, to determine if high CRP is a significant predictorfor
cardiometabolicrisk. We hypothesize asignificantassociation between cardio-metabolicrisk

and high levels of CRP.
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METHODS

Data Source

The CHMS is a comprehensive, nationally-representative survey designed to collectinformation
on the health of Canadians.(19-22) The surveyis conducted by Statistics Canada in partnership

with Health Canada and the PublicHealth Agency of Canada. The CHMS consists of an in-home

interview, a physical assessment conducted at a mobile examination centre and a laboratory
analysis of physical specimens. The interview collects demographic, socio-economic, family
history and general health information. The physical assessmentincludes measures of
anthropometry, spirometry, blood pressure, fitness, oral health and biological specimens.(19-

22)

The laboratory analysis of blood and urine was performed to calculate estimates of disease and

markers for disease, nutrition and environmental toxins.(19-21) For the collection of these
physical samples, the CHMS team were instructed to follow the detailed protocols for
centrifuging, aliquoting, storage and shippingoutlinedin the Blood/Urine Processing
Procedures Manual for protocols regarding.(40) A phlebotomist collected the blood samples
followingastandardized venipuncture technique.(19-22) The volume of blood collected
increased with increasing age as more laboratory analyses were completed for older
participants.(19-21) Followingcollection, the phlebotomist broughtthe sample to the lab for
processingas soon as possible then stored the sample as appropriate.(19-22) The blood
specimens dedicated for CRP measurement were shipped weekly to the Health Canada
Laboratory, a federal governmentlaboratory that specializesin the analysis of nutritionand

chronic disease markers.(40) For quality control purposes, members of the CHMS laboratory
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team would visit the Health Canada laboratory to review the laboratory data for errors.(40) The
CHMS sampling frame, data collection process and standardized procedures for obtainingand
analyzing blood samples have been precisely describedinthe CHMS User Guidesand peer
reviewed journals.(19-23,40)

Study Population

All CHMS respondents aged 6-18 years who provided fasting blood samples for CHMS Cycles 1
(2007-2009), 2 (2009-2011) or 3 (2012-2103) were included (n=2679). Due to missing data for
CRP (n=848), resultingfromthe limited blood volume collected for children and adolescents,
the final sample was n=1831. There were no pregnant participants. Sample weights specificto
the fasting subgroup were provided by Statistics Canada to ensure appropriate
representativeness atthe population level. We stratified our analyses by age to examine
children (6-11 yrs) and adolescents (12-18 years) separately. We obtained ethics approval for

this project from the University of Ottawa’s Research Ethics Board.

Measures

Cardio-Metabolic Risk and Inflammatory Marker: We dichotomized participants as having ‘no
cardio-metabolicrisk’ or ‘cardio-metabolicrisk’, defined asthe presence of adverse levels of
one or more of the following cardio-metabolicrisk factors: elevated fastingtriglycerides
(21.25mmol/L); low high-density lipoprotein cholesterol (males and females 6-15 years:
<1.03mmol/L; males 16-18 years: <1.03mmol/L; females 16-18 years: <1.3 mmol/L); impaired
fastingglucose (=5.6mmol/L) and/or the presence of diabetes;insulin resistance and elevated
blood pressure (BP).(6,24—30) Insulin resistance was calculated usingthe homeostasis model

assessment of insulin resistance (fastinginsulin concentration (uU/mL) x fasting glucose
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concentration (mmol/L)/22.5>3.16).(30) Regarding BP, for participants aged 6-17 years,
elevated BP was defined using age-, sex and height-specificreference data by the National High
BP Education Program Working Group on High BP for Children and Adolescents; participants
with pre-hypertension were included.(25) Elevated BP among participants aged 18 years were
defined as systolicBP>130mm Hg and/or a diastolicBP>85 mm HG.(31) Participants who
reported taking medication for high BP were also classified as having elevated BP.(30) High
serum levels of CRP were defined as>75" (mg/L) age- and sex-specific percentiles calculated
using the study population data.(9)

Socio-Demographic Profile: A participant’s demographicand socio-economicprofile was
assessed by self-report. Parents or guardians responded to questions about their children aged
6-11 years (by proxy) and adolescents (12-17yrs) respondedin private, with parental/guardian
consent. The children and adolescents were identified as having an Aboriginal origin or identity
or beingan immigrant by self-report or proxy self-report. Socio-economicstatus was captured
through household income adequacy and educational attainment variables. Statistics Canada
calculated income adequacy by classifying each participant into categories based on total
householdincome from all sources and the numberof peoplelivinginthe household for CHMS
Cycles 1-2.(19,20) We appliedthisapproach to generate income adequacy for CHMS Cycle 3.
Household educational attainment was derived by Statistics Canada as the highestlevel of
education attained by any member of the household. For participants not living with parents or
guardians (5.0%), theirresponses pertained to their current household regardless of theirage.
To allow for greater statistical power and comparability across CHMS Cycles 1-3, we re-

classified the household income adequacy and educational attainment variables. For income
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adequacy, the categories of ‘lowestincome’ and ‘lower middle income’ were combined
resultinginthree categoriesforincome adequacy (lowestand lower middle income, upper
middle and highest). For household educational attainment, the categories of ‘lessthan
secondary school graduation’ and ‘secondary school graduation’, as well as ‘some post-
secondary’ and ‘post-secondary graduation’, were combined resultingintwo categories
(secondary or less and post-secondary).

Anthropometry: Three indicators of obesity were applied to our study population: Body Mass
Index (BMI), Abdominal Obesity and a combination of BMI and abdominal obesity titled
‘Combined BMI-Abdominal Obesity’. Statistics Canada derived BMI using measured heightand
weight (weight (kg)/height (m?)) and classified BMI using growth charts prepared by the Centers
for Disease Control and Prevention forages 6-17 years and the international body weight
classification system recommended by Health Canada and the World Health Organization for
ages 18 years.(19-21,32-34) We applied a prediction equationto CHMS Cycles 1 and 2 waist
circumference (WC) data (collected following protocol by the World Health Organization) to
alignit to the CHMS cycle 3 WC data (collected following protocol from the United States’
National Institutes of Health).(35) Abdominal obesity was defined as measured WC 2 90" age-
and sex- specificpercentile forages 11-18 years based on reference data from the 1981 Canada
Fitness Survey.(36) For ages 6-10 years, national reference data from the same time period was
unavailable. We generated age- and sex- specificreference points using data from the 1981
Canada Fitness Survey and supplemented with trend lines from the CHMS Cycles 1-3 WC
measurements (sex- and age- specific90th percentile reference points). The methodology for

this approach to generatingreference datais elaborated upon in a separate paper.(37) We
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derived the combined BMI-Abdominal Obesity indicator into 4 categories using the following
cut-offs: (1) Not Obese (BMI<85™ and WC<90™); (2) BMI Overweight or Obese (BMI>85™ and
WC<90"™)); (3) Abdominal Obesity (BMI<85™ and WC=90"); and (4) BMI Obese with Abdominal
Obesity(Bl\/II295th and WC290th). The CHMS User Guidesfor Cycles 1, 2, and 3 provide more
detailed descriptions of the measurement procedures for all variablesin this study. (19-21)
Statistical Methods: The prevalence of cardio-metabolicrisk as a dichotomous variable, the
individual risk factors for cardio-metabolicrisk and highlevels of CRP were estimated and
expressed as a percentage with a 95% confidence interval (Cl). We calculated weighted means
and standard error for CRP. The associations between cardio-metabolicriskand the
inflammatory and metabolicmarkers were estimated using X? tests, independent t-tests,
univariate and multivariate regression. Pearson correlation coefficients were calculated to
examine the relationship between each individual cardio-metabolicrisk factor with CRP.
Statistical significance was setat a p-value of lessthan .05. The analyses were conducted using
the bootstrap method with 35 degrees of freedom.(19-21,38) Results with 16.6<Coefficient of
Variation (CV) £33.3 were published with reservation and results with a frequency of <10 or a
CV233.3 were not included and represented with an F. We conducted statistical analyses using
SAS version 9.3 (SAS Institute Inc., Cary, NC, USA). Sampling weights were applied to produce

weighted estimates that are representative of Canadians 6-18 years
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RESULTS

Descriptive

The study population’s socio-demographicand cardio-metabolicrisk profile is presentedin
Table 1. Mean levels (*Standard Error (SE)) of CRP were 1.29 + 0.66 mg/L among children and
1.50 + 0.076 mg/L among adolescents (data not shown).

A tabular analysis between obesity and high CRP (Table 2) shows a significant positive
relationship between weight class and high CRP for all three indicators of obesity. Tables 3 and
4 presenttabular analyses between the dichotomous cardio-metabolicrisk variable and CRP.
Participants with high levels of CRP presented with a significantly higher prevalence of cardio-
metabolicrisk, with 43.6% of childrenand 62.0% of adolescents with high levels of CRP
classified as having cardio-metabolicrisk (Table 3). Mean concentration levels of CRP were
significantly higheramong participants classified as having cardio-metabolicrisk versus
participants without cardio-metabolicrisk for both children and adolescents (Table 4).
Significant correlations were observed between CRP and age, elevated fastingtriglycerides, low
HDL-C, elevatedfastinginsulin, presence of insulin resistance, presence of cardio-metabolic
risk, obesity (defined by either BMI, waist circumference, or a combination of both measures)
(Table 5).

Regression

Logistic regression was applied to verify associations between obesity, CRP and cardio-
metabolicrisk (Tables 6 and 7). Table 6 presentsthe univariate associations between high levels
of CRP and obesity. The odds of high CRP were significantly greateramong participants with

obesity for all three indicators of obesity: BMI Obesity (Odds Ratio (OR):5.77), Abdominal
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Obesity (OR: 2.79), and a BMI Obese with Abdominal obesity (OR: 6.65). Table 7 presentsthe
univariate associations between cardiometabolicrisk and high CRP. The odds of
cardiometabolicrisk were significantly greateramong participants with high levels of CRP (OR:
2.37)

Table 8 shows the multivariate associations between cardio-metabolicrisk, high CRP, obesity
and age. In a multivariate models, we found that the age and high-CRP adjusted-odds of having
cardio-metabolicrisk was significantforall indicators of obesity (BMI Obese OR: 6.70;
Abdominal obesity OR: 3.87; and BMI Obese with Abdominal obesity OR: 8.33). Sex and other
socio-demographicfactors did not significantly affect the association between high CRP, age,
obesity and cardio-metabolicrisk.

DISCUSSION

Key Findings

Our primary objective was to quantify the association between cardio-metabolicrisk, asa
dichotomousvariable, and CRP, an inflammation marker, in a nationally representative sample
of Canadian children and adolescents.

Inspired by Maximova (2011), we similarly chose to define high CRP using >75™" age- and sex-
specificcut-offs establishing using our study population given the absence of established
reference data for children and adolescents.(9) Some studies examining high CRPin child
populations have also defined high CRP using adult criteria; howeverevidence suggests that
CRP concentrations increase with age.(9,11) Ford and Giles (2003) examinedthe mean CRP
distribution for children and adolescentsin United States and found a gradual increase by age,

with females 16-19 years having significantly highermeanlevelsthantheirmales
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counterparts.(11) Overall, the authors concluded that the mean CRP levelsin pediatric
populations are lowerthan adult populations. In our study, we found that children had
significantly lower mean CRP levelsthan adolescents, with female adolescents having
significantly higher meanlevelsthan male adolescents. For femalesaged 17 and 18 the cut-off
for high CRP was 3.000mg/L which correspondentsto the adult cut-off.(2)

As expected, participants with high levels of CRP presented with a significantly higher
prevalence of cardio-metabolicrisk. The age-adjusted odds of having cardio-metabolicrisk were
2.37 times higher for participants with high CRP levels. Previous national studies have shown a
significant, positive relationship between the number of metabolicsyndrome componentsand
CRP for adults in Canada and the United States.(8,7) Notably, the prevalence of participants
with high CRP and cardio-metabolicrisk was higher among adolescents (62%) than among
children (43%). These findings may point to the potentially negative impacts of low-grade
inflammation on health over time, although a causal relationship cannot be inferred given the
cross-sectional nature of the CHMS data. Yet, these findings are consistentwith evidence
indicatingthat precursors for cardio-metabolicdiseases, including low-grade inflammation, may

begin developingin childhood.(39)

Consistent with previous national and international findings, we found mean CRP levels were
significantly higherin overweight or obese participants versus those at a normal body
weight.(9,13,14) Further, the individual associations between obesity and cardio-metabolicrisk,
as well as CRP and cardio-metabolicrisk, are both reduced when examined togetherin

multivariate models. Concisely, itis theorized that fat tissue produces cytokines which, in turn,
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leadsto liverto manufacture CRP.(6) Roh (2007) identified asignificantassociation between

high CRP and early subclinical stage atherosclerosisin adolescents with obesity.(14)

The alarming levels of both obesity and high CRP indicate that Canadian childrenand
adolescents are at riskfor developing cardio-metabolicdisease intheirfuture. From a policy
perspective, strategiesand interventions to promote and maintain healthy weights are
important towards reducing risk for metabolicand cardiovascular diseases. From a clinical
perspective, we suggest that CRP adds value in predicting cardio-metabolicriskin conjunction
with traditional cardio-metabolicrisk factors for pediatric populations. Roh (2007) concluded
that serum CRP provides a cost-effective, relativeto ultrasound technology, estimate of
atherosclerosis.(14) Further, measurement, monitoring and treatment for both traditional and
non-traditional risk factors, such as inflammation, are critically important towards addressing
and treating cardio-metabolichealth. These recommendations are consistent with the
recommendations from the CardiometabolicRisk Working Group in Canada and a joint position
statement from the Centersfor Disease Control and Prevention (CDC) and the American Heart
Association (AHA) that measurement of CRP can contribute to overall cardio-metabolicrisk
prediction for adults and that pharmacological treatment for high levels of CRP should be
initiate to reduce cardio-metabolicrisk.(2,6)

Strengths and Limitations

Our study was performed using the Government of Canada’s CHMS data, which is of high
quality and representative of 96% of Canadians. Our sample population of fasting 6-18 years
was missing n=788 data reference pointsfor the CRP variable. This resulted from the limited

blood drawn from younger participants (the blood volume drawn increased with increasing
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age) and the correspondingly lower blood analyses performed for children and
adolescents.(19-21) Using survey weights, 1831 participantsis equivalentto 3,568,140
Canadians. Three cycles of CHMS data were also not available for inflammatory markers
fibrinogen and homocysteine, although a joint scientificstatement from the CDC and AHA
recommended CRP as the best marker for inflammation against a number of criteria.(2) Itis
important to note that elevated levels of inflammation can also be indicative of acute medical
issues, such as infections, thus not all elevated CRP scores may be attributable to
atherosclerosis.(2) Consequently, the CDC and AHA also recommended that two measures of
CRP be taken at least 2 weeks apart to procure more accurate estimations of actual CRP.(2)
Giventhe cross-sectional nature of this survey, the results cannot be interpreted as causal
inference.

Future Research

Future studies may build on this work by continuing to establish age -and sex- specific cut-offs
for defining high CRP. Prospective studiesthat measure the implications forlow-grade
inflammation and weight status in childhood and adolescents on cardio-metabolicrisk over a
long-term period would be helpful.

CONCLUSIONS

In conclusion, this study presented novel findings regarding the relationships between obesity,
low grade inflammation and cardio-metabolicrisk in children and adolescents. Overall, we
found CRP to be a significant predictor for cardio-metabolicrisk for childrenand adolescents

and suggest that CRP isa useful indicatorfor cardiometabolicrisk for the pediatric population.
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TABLES

Table 1: Description of study population — socio-demographic and risk profile, Canadian
Health Measures Survey Cycles 1 (2007-2009), 2 (2010-2011) and 3 (2012-2013)

Total Sample

Children (6-11 years)

Adolescents (12-18 years)

(n=1831) (n=863) (n=968)
Socio-Demographic Profile
| n | % (95% Cl) | n | % (95% Cl) | n | % (95% Cl) | p*
Household Income Adequacy
Lower-Middle 23.8 (20.20-27.4) 26.7 (21.5-32.0) | 931 | 22.0(18.3-25.6)
Upper-Middle 1787 26.0 (22.5-29.5) 856 | 25.7(20.4-30.9) 26.2 (22.5-30.0) 0.12
Highest 50.2 (45.9-54.5) 47.6 (42.2-53.0) 51.8 (46.9-56.7)
Household Education
Secondary or Less 1772 17.8 (14.6-21.0) 838 | 16.9(13.2-20.66) | 934 | 18.3(13.8-22.9) 0.58
Post-secondary 82.2 (79.0-85.4) 83.1 (79.4-86.7) 81.7 (77.1-86.3)
Ethnic Origin
Aboriginal 1753 5.1(3.2-7.0F 834 4.0-1.9-6.0)F 919 5.8(3.5-8.1) 0.56
Immigrant 1831 12.7 (8.4-17.0)F 863 | 12.6(8.4-16.9)F | 968 12.8 (7.5-18.1) 0.24
Risk Profile
| n | %Adverse (95%Cl) | n | %Adverse(95%Cl)| n | % Adverse (95%Cl) | p*
Obesity indicators
BMI Obese (BMI1295™) | 1831 15.4 (12.9-17.8) 863 | 14.1(10.1-18.0) | 968 | 16.2(10.0-20.3) <0.05
Abdominal Obesity 41.7 (38.1-45.3 33.1(27.7-38.4) 46.9 (42.1-51.8) <0.0001
(WC=90™)
BMI Obese with 15.5(12.9-18.1) 14.3 (10.1-18.3 16.2 (12.1-20.4) <0.0001
Abdominal Obesity
(BMI1295"and
W(C=90")
Cardio-metabolic Risk Factors
Fasting Triglycerides | 1831 18.7 (15.3) 863 15.1(11.8-18.4) 968 21.0 (16.1-25.8) 0.0095
(mmol/L)
Low HDL-C (mmol/L) | 1831 14.8 (12.6-17.0) 863 | 11.2(7.8-14.6) 968 | 17.0(14.1-19.7) | <0.0001
Fasting Glucose 1826 2.5(1.3-3.7)F 860 F 966 29(1.9-4.6)° | -
(mmol/L)
Elevated Blood 1831 2.6 (1.8-3.5) 863 4.8 968 e
Pressure (mm Hg) (3.1-6.5)"
Insulinresistance 1729 19.4 (16.1-22.7) 795 11.8 (8.4-15.1) 934 23.9 (18.7-29.1) <0.0001
Cardio-metabolicrisk | 1831 39.2 (34.8-43.7) 863 30.7 (26.0-35.4) 968 44.4 (38.2-50.7) <0.0001

Notes:

Based on weighted data
R: Published with Reservation dueto a 16.6<CV<33.3, estimate must beinterpreted with caution

Abbreviations: BMI, Body Mass Index; Cl, Confidence Interval; HDL-C, high density lipoprotein cholesterol
*p-value denotes the statisti cal significance between childrenandadolescents
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Table 2: Tabular analysis between obesity and high levels of c-reactive protein, Canadian
Health Measures Survey Cycles 1 (2007-2009), 2 (2010-2011) and 3 (2012-2013)

Indicators of Obesity

Total % (95% Cl) (SE)

Participants with [Jifllj CRP
Children % (95% Cl) (SE)

Adolescents % (95% Cl) (SE)

BMI

Underweight or Normal weight
(BMI<85™)

18.4 (15.3-21.4) (1.5)

18.4 (14.1-22.7) (2.1)

18.3 (14.0-22.7) (2.1)

Overweight (85"<BMI<95™)

20.6 (14.5-26.7) (3.0)

28.1(17.5-38.6) (5.2)%

16.2 (10.4-21.9) (2.8)%

Obese (BMI>95™)

56.4 (48.6-64.4) (3.9)

48.2 (34.4-62.0) (6.8)

60.9 (51.1-79.7) (4.8)

p*

<0.0001

<0.0001

<0.0001

Abdominal Obesity

Normal (WC<90™)

16.6 (13.5-19.8) (1.5)

17.1(12.9-21.3) (2.1)

16.3 (11.5-21.1) (2.4)

Abdominal Obesity (WC=90™)

35.6(29.2-42.3) (3.2)

39.0(29.3-48.6) (4.8)

34.4(26.7-42.1) (3.8)

p*

<0.0001

<0.0001

0.0004

Combined BMI-Abdominal Obesity

Normal weight
(BMI<85™ and WC<90™")

16.5 (13.1-19.8) (1.6)

17.4 (13.0-21.8) (2.2)

15.8 (10.8-20.8) (2.5)

BMI Normal and Abdominal
Obesity (BMI<85" and WC=90™)

28.2 (15.8-40.5) (6.1)"

28.1(13.6-42.6) (7.1)"

28.2 (12.3-44.0) (7.8)"

BMI Overweight and Abdominal
Obesity (85"<BMI<95" and
WC=90™)

21.0 (14.4-27.7) (3.3F

33.8(20.0-47.7) (6.9

15.1(9.4-20.9) (2.8)F

BMI Obese with Abdominal
Obesity (BMI295™ and WC=90™")

56.8 (48.6-64.9) (4.0)

49.2 (35.1-63.3) (7.0)

60.6 (50.8-70.5) (4.9)

p*

<0.0001

<0.0001

<0.0001

Notes:
Based on weighted data

Abbreviations: BMI, Body Mass Index; Cl, Confidence Interval; SE, Standard Error

*p-value denotes the statistical significance betweenthe weight status categories for each of the obesity indicators
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Table 3: Tabular analysis between cardio-metabolic risk and c-reactive protein

Total sample with
Cardio-metabolic Risk

Children with

Cardio-metabolic Risk

Adolescents with
Cardio-metabolic Risk

% (95% Cl)

| p

I

% (95% Cl) %(95%Cl) | pr
C-reactive protein (mg/L)
Normal 34.1 (28.8-39.3)1 <0.0001 | 26.6 (20.5-32.8) 0.0105 | 38.7 (31.8-45.5) 0.0003
High 55.1 (47.4-62.7) 43.4 (33.6-58.2) 62.0 (51.6-72.5)
Notes:

Based on weighted data
Abbreviations: Cl, Confidence Interval

p* denotes the statistical significance between normal and high levels of c-reactive protein among

participants with cardio-metabolicrisk

Table 4: Tabular analysis between cardio-metabolic risk and mean levels of c-reactive protein

Total sample Children Adolescents

Normal Risk p* Normal Risk p* Normal | Risk p*
C-reactive
protein 1.07 £ 1.97 <0.0001 1.08 + 175 % <0.0001 1.05+ 2.11 + | <0.0001
(mg/L) 0.05 0.10 0.08 0.14 0.08 0.14
Mean
+ SE
Notes:

Abbreviations: SE, Standard Error; Risk, Cardio-metabolicrisk

p* denotesthe statistical significance of mean c-reactive levels between participants dichotomized as

‘normal’ or having ‘cardio-metabolicrisk’
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Table 5: Correlations between individual cardio-metabolic risk factors and c-reactive protein

Demography and Cardio-

Inflammatory Marker

Based on weighted data

*Significant at p<0.0001

metabolic n c-reactive protein (mg/L)
Risk Factors r
Sex 1831 0.0335
Age 1831 0.0808*
Elevated Blood Pressure 1831 0.0192
Elevated Fasting Triglycerides 1831 0.1417*
Low HDL-C 1831 -0.1207*
Elevated Fasting Glucose 1826 -0.0019
Elevated Fasting Insulin 1733 0.2509*
Insulin Resistance 1733 0.2307*
Cardio-metabolic Risk 1831 0.2013*
BMI Obese 1831 0.2302*
Abdominal Obesity 1831 0.1898*
BMI Obese with Abdominal 1381 0.2678*
Obesity

Notes:

Abbreviations: BMI, Body Mass Index; HDL-C, high density lipoprotein
cholesterol; r, correlation coefficient
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Table 6: Odds Ratio of high c-reactive protein based on univariate models of age, sex and
obesity, using three indexes of obesity

Model1

Model 2

Model3

Model4

Model5

OR (95% Cl)

OR (95% Cl)

OR (95% Cl)

OR
(95% Cl)

OR
(95% Cl)

Age

Children

1.0 (Ref)

Adolescents

1.03 (0.73-1.44)

Sex

Male

1.0 (Ref)

Female

1.05(0.76-1.45)

Body Mass Index (BMI)

Under or Normal
weight (BMI<85™)

1.0 (Ref)

Overweight
(85™"<BMI<95™)

1.16(0.77-1.73)

Obese (BMI1295™)

5.77°(9.98-8.38)

Waist Circumference (WC)

No Abdominal Obesity
(WC<90™)

1.0 (Ref)

Abdominal Obesity
(WC290™)

2.79°
(1.91-4.08)

Combined BMI-WCIndex

Normal weight
(BMI<85™ and WC<90"™)

1.0 (Ref)

BMI Normal with
Abdominal Obesity
(BMI<85™ and WC=90™")

1.99
(0.98-4.02)

BMI Overweight with
Abdominal Obesity
(85"<BMI<95" and
C=90")

1.35
(0.82-2.22)

BMI Obese with
Abdominal Obesity
(BMI295" and WC=90™")

6.65°
(4.33-10.22)

Notes:

Based on weighted data
Abbreviations: BMI, Body Mass Index; ClI, Confidence Interval; CRP, c-reactive protein (mg/L); OR, Odds

Ratio

? Statistically significant at p < 0.0001; ° Statistically significant at p < 0.05
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Table 7. Odds Ratio of cardiometabolic risk based on univariate models of age and c-reactive
protein

Model 1 Model 2 Model3
OR (95% Cl) OR (95% Cl) OR (95% Cl)
Age
Children 1.0 (Ref)
Adolescents 1.81%(1.33-2.46)
Sex
Male 1.0 (Ref)
Female 0.92(0.66-1.22)
C-reactive protein
Normal 1.0 (Ref)
High 2.37°(1.64-3.43)
Notes:
Based on weighted data
Abbreviations: BMI, Body Mass Index; Cl, Confidence Interval; CRP, c-
reactive protein (mg/L); OR, Odds Ratio
For each model, the reference for the weight status variable was normal
weight
? Statistically significant at p < 0.0001; ° Statistically significant at p < 0.05
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Table 8: Odds Ratios of cardiometabolic risk based on multivariate models of age, c-reactive

protein and obesity

Model 1

Model 2

Model 3

Model 4

Model 5

Model 6

Model 7

OR
(95% C1)

OR
(95% C1)

OR
(95% C1)

OR
(95% C1)

OR
(95% C1)

OR
(95% C1)

OR
(95% CI)

Age

Children

1.0 (Ref)

1.0 (Ref)

1.0 (Ref)

1.0 (Ref)

1.0 (Ref)

1.0 (Ref)

1.0 (ref)

Adolescents

1.84°
(1.35-2.50)

1.88°
(1.37-2.56)

1.90°
(1.38-2.59)

1.56°
(1.15-2.12)

1.59°
(1.19-2.17)

1.80°
(1.30-2.48)

1.83°
(1.32-2.53)

C-reactive protei

n

Normal CRP

1.0 (Ref)

1.0 (Ref)

1.0 (Ref)

1.0 (Ref)

Adverse CRP

2.40°
(1.67-3.46)

1.68°
(1.8-2.39)

1.83°
(1.25-2.69)

1.56°
(1.07-2.27)

Body Mass Index

(8MI)

Under or
Normal weight
(BMI<85™")

1.0 (Ref)

1.0 (Ref)

Overweight
(85"<BMI<95™)

3.11°
(2.34-4.14)

3.11°
(2.32-4.17)

Obese
(BMI295™)

7.92°
(5.17-12.14)

6.70°
(4.35-10.30)

Waist Circumference (WC)

No Abdominal
Obesity
(Wc<90™)

1.0 (Ref)

1.0 (Ref)

Abdominal
Obesity
(wc290™)

4.27°
(3.41-5.33)

3.87°
(3.04-4.93)

Combined BMI-WC Index

Normal weight
(BMI<85™" and
wc<90™)

1.0 (Ref)

1.0 (Ref)

BMI Normal
with Abdominal

Obesity
(BM|<85th and
wc90™)

2.44°
(1.40-4.25)

2.32°
(1.34-4.02)

BMI
Overweight
with Abdominal
Obesity
(85"<BMI<95™"
and 290"

3.63°
(2.63-5.01)

3.58°
(2.57-5.00)

BMI Obese with
Abdominal
Obesity
(BMI295"" and
wcx90™)

9.74°
(6.49-14.62)

8.33
(5.52-12.58)

Notes:

Based on weighted data

Abbreviations: BMI, Body Mass Index; Cl, Confidence Interval; CRP, c-reactive protein (mg/L); OR, Odds Ratio

For each model, the reference for the weight status variable was normalweight
“Statistically significant at p <0.0001; b Statistically significant atp <0.05
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6. DISCUSSION

The overarching objective of this research endeavourwas to contribute towards an improved
understanding of the current state of health and risk for onset of cardio-metabolicdiseasesin
Canadian children and adolescents. Through a series of four research projects, | have estimated
the prevalence of traditional and emergingrisk factors for cardio-metabolicdiseases; quantified
the associations between these risk factors and several anthropometric, behavioural,
demographic and socio-economicfactors; and proposed novelindicators and reference data for

measuring obesity and inflammationin the pediatric population.
6.1. Discussion of Key Findings

6.1.1. Key Findings per Hypothesis

Paper 1 Metabolic Syndrome: The prevalence of MetS will be approximately 4% with a
significantly higher prevalence among female, Aboriginal and older participants, as well as
those with obesity and/or a lower socio-economic status.
e Only2.1% of Canadians aged 10-18 years were classified as having the Mets using the
International Diabetes Federation consensus definition for children and adolescents (10-
15 years) and worldwide adult definition (> 16 years). Participants from households with
the highestincome adequacy and educational attainment levels had the lowest
prevalence of one or more MetS risk factors, abdominal obesity and low HDL-C. Due to
the low prevalence of MetS, disaggregation by sex, age, Aboriginal status or SES was not

statistically possible.
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Paper 2 Waist Circumference Cut-Offs: Regression of linear, logarithmic and quadratic
functions will generate sound reference data that is consistent with trends observed from the
Canadian Health Measures Survey and National Health and Nutrition Examination Survey. As
compared to linear and quadratic functions, the logarithmic function will generate reference
data with the smallest degree of error and highest degree of sensitivity and specificity.

e The logarithmicfunction had the strongest predictive poweras its extrapolated values
had the smallest degree of error, particularly for the NHANES and CHMS, as compared
to the linearand quadratic functions.

Paper 3 Cardio-Metabolic Risk: The prevalence of cardio-metabolic risk among children and
adolescents will be approximately 30% with a significantly higher prevalence among
adolescents and smokers, as well as those with obesity, low levels of physical activity,
insufficient sleep and with low socio-economic status. All three obesity indicators (BMI, WC,
Combined BMI-WC) will be positively associated with cardio-metabolic with the ‘combined BMI-
WC’ being the strongest predictor for cardio-metabolic risk.

e The prevalence of cardio-metabolicrisk was 35% with significantly higherlevelsamong
those classified as having obesity and those who did not achieve physical activity targets
established by the Canadian Society for Exercise Physiology. Sleep, SESand smoking
status (available foradolescents only) were not significant predictors for cardio-
metabolicrisk. The ‘Combined BMI-WC’ had the strongest association with cardio-
metabolicamong the three indicators of obesity, although BMI and WC both had strong,

significant associations with cardio-metabolicrisk.
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Paper 4 Inflammation Marker: High levels of CRP, a blood marker for inflammation, will be a
significant predictor for cardio-metabolic risk.
e The relationship between cardio-metabolicrisk and high levels of CRP was significant
with 43.6% of childrenand 62.0% of adolescents with high levels of CRP classified as

having cardio-metabolicrisk.

6.1.2. Key Findings Overall

Overwhelming, Canadian childrenand adolescents presented with good health overall. Less
than 3.0% of participants had MetS, diabetes, impaired fasting glucoses, or hypertension.
Further, perhaps contrary to the significant societal discourse regarding childhood obesity,

between 65%-72% of participants were classified asunder or normal weight.

Yet, the substantial prevalence of multiple risk factors which predict premature onset of chronic
disease foreshadows potential years of morbidity in adulthood. Notably, the percentage of
children (6.5%) and adolescents (3.5%) that achieve the physical activity guidelines was
astonishingly low, while over 12.0% of adolescents reported some degree of smoking
behaviour. Approximately 20% of participants live in households with low income or low

parental educationlevels.

Dependingon the obesity indicatorapplied (BMI, WC or Combined BMI-WC), between 12%-
35% of participants were classified as having obesity. Regardingthe three indicators of obesity,
both BMI and WC performed well as predictors for cardio-metabolicrisk which is consistent

with previous studies. However, the Combined BMI-WC had the strongest associations signaling

143



the potential value of collective consideration of both overall body fat, as well as type of body

fat, in assess cardio-metabolicrisk.

Non-attainment of the recommended levels of physical activity was significantly associated with

weight status and a significant predictorfor cardio-metabolicrisk regardless of weight status.

Although only 2.1% of participants were defined as having MetS, 25% of childrenand 40% of
adolescents have at least one risk factor for cardio-metabolicdiseases. These figures are
particularly striking when the evidenced propensity for these cardio-metabolicrisks to increase
with age and withincreasing weight status is taken into account.(145,147,148)

Disconcertingly, the presence of MetS indicates a twofoldincreased risk for cardiovascular
disease and a fivefoldincreased risk for type 2 diabetes.(85,101,149,150) Thus, considered
together, the prevalentrisks of obesity, smoking, insufficient physical activity and traditional
and emergingrisk factors for cardio-metabolic diseases point to substantial risk for future onset

of chronic diseases for this generation’s child and adolescent population.
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6.2. Interpretation of Findings and Policy Implications

6.2.1. Metabolic Syndrome and Cardio-Metabolic Risk

*  Which concept is more suitable for estimating the future chronic disease risks of youth?
The evolution of focus from Mets to cardio-metabolicrisk was predicated on two factors:

(1) Cardio-metabolicrisk offers a broader assessment of the known risk factors

Cardio-metabolicrisk offersa more inclusive approachto assessing future risk for
cardiovascular and metabolicdiseases than does MetS. The risk factors includedin the
diagnosis of cardio-metabolicrisk can include both traditional risk factors, such as
hypertension, smoking, physical inactivity, dislipidemia (low-density lipoprotein cholesterol,
HDL-C, triglycerides, apolipoprotein B), glycaemia (diabetes and impaired fasting glucose), as
well as emergingrisk factors, such as insulin resistance, genetic predisposition, inflammation
(CRP, fibrinogen), homocysteineand prothrombic profile.(104,151,152) Conversely, MetSis
limited tofive risk factors and only diagnosed with the presence of 3 or more risk
factors(89,143), despite evidence that having even one of these risk factors elevatesones
relative risk for cardiovascular disease and diabetes.(104) Thus, the benefit of the cardio-
metabolicconcept approach, over MetS, is that itfacilitatesa more comprehensive assessment
of cardio-metabolicrisk.(104) Furthermore, cardio-metabolicrisk allowsfor statisticallyrich
analysesto examine the associations between cardio-metabolicrisk and obesity. Thisis
important as, though evidence generally identifies a positive relationship between cardio-
metabolicrisk and obesity (124,145,153,154), not all those with obesity are classified as having

cardio-metabolicrisk.(155-157) Studying the relationship between MetS and obesityis less
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meaningful as abdominal obesity is one of the five risk factors that constitute a diagnosis for
MetS, and insome cases, must be presentfor a MetS diagnosis.(89,143)

(2) CRM allows for greater statistical power

Furthermore, until data from additional CHMS data collection cycles becomes available, there
are an insufficientnumber of Canadian children and adolescents with the MetS to achieve the
statistical power necessary to reliably assess the associations between MetS and other health,
behavioural and socio-economicfactors. With data from three CHMS cycles, there were only 21
participants with MetS. Conversely, cardio-metabolicrisk, particularly as a dichotomous
variable, offersa larger sample from which to study this phenomenon.
For these two overarchingreasons, studying cardio-metabolicrisk isa more appropriate
measure at the national level to estimate risk for cardiovascular disease and diabetes.

* What information does a diagnosis of ‘having cardio-metabolic risk’ provide?
Itis understood that the presence of cardio-metabolicrisk factors increasesone’s relative risk
for cardiovascular and metabolicdiseases. However, more evidence is required to compare the
relative risks associated with each cardio-metabolicrisk and risk factor clusters to determine
theirdistinct predictive strengths for the various health outcomes. (104) For adults, several risk
assessmenttools, such as the Framingham Risk Assessment Tool, are available to calculate
absolute risk for cardiovascular diseases based on select demographic information and select
risk factors for cardiovascular disease.(104,158) Valid risk assessment calculations to determine
absolute cardio-metabolicdisease risk for pediatric populations are unavailable.(104,159) In

time, more evidence regardingthe relative risks associated with each pattern of cardio-vascular
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risk factors could contribute towards further strengthening the predictive capabilities of
existingrisk assessment tools.(104)

Yet, evenfor children and adolescents, the concept of cardio-metabolicrisk offers much value.
From a clinical perspective, identification of any cardio-metabolicrisk factor should initiate
lifestyle, medical and, potentially, pharmaceutical interventionsto treat the risk factor, screen
for the presence of other risk factors, and initiate prevention efforts to deterother risk factors
from presenting.(151,160)

From a research perspective, measuring cardio-metabolicrisk facilitates an improved
understanding of the complex etiology of cardio-metabolicdisease which should support policy,
behavioural, medical and pharmaceutical progress overtime. Recently, Huang (2015) studied
evidence regarding the pathways through which cardio-metabolicrisks persist from childhood
to adulthood, informed by the Developmental Origins for Health and Disease theory.(160) She
concludedthat “cardio-metabolic risk can be both an outcome and also a mediator towards
ultimate cardiovascular diseases”.(160)

How does inflammation contribute to pediatriccardio-metabolicrisk assessment?

Cardio-metabolicrisk factors may presentuniquely althoughtheytend to cluster as their
pathologies are intertwined. In 2008, the American Diabetes Association and American College
of Cardiology Foundation released a consensus conference report which included visual
presentation of the heterogeneous pathways through which cardio-metabolicrisk factors
present (Figure 1).(141) It istheorized, with some supporting evidence, thatinsulin resistance,
obesity, atherosclerosis, and inflammation, phenomenathat are related yet distinct, are the key

featuresthat drive cardio-metabolicrisk factor clustering.(104)
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Figure 2. Factors contributing to cardio-metabolic risk (151)
Reprinted and included with permission from Elsevier (Licence: 3916580434773)

Evidence indicates that the presence of high levels of CRP, the most suitable blood marker for
measuring systemic low grade inflammation, is associated with the presence of atherosclerosis
and cardio-metabolicrisk among children.(154,161,162) It is theorized that the presence of
excess body fat produces elevated levels of cytokines which can contribute to insulinresistance
and cardiovascular diseases.(104) Although classified as an emergingrisk factor but not
commonly includedinrisk assessmenttools, the presence of high levels of CRP may increase
relative riskand treatmentis recommended to reduce CRM risk. Age-, sex- and ethnically-
specificcut-offs for high levels of CRP are neededto precisely measure associations between
low grade inflammation and cardio-metabolicrisk. The findings from the fourth paper,
Inflammation Marker, aim to contribute towards this need and suggest that CRP is a meaningful

risk factor for cardio-metabolicrisk for pediatric populations.
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6.2.2. Obesity

= Indicators of obesity: Does the ‘Combined BMI-WC’ indicator add value?
In the third and fourth papers, Cardio-MetabolicRisk and Inflammation Marker, respectively,
three indicators of obesity were applied to compare the strength of the associations between
cardio-metabolicrisk, inflammation and obesity. Asdiscussed in the Literature Review chapter,
though estimates of body fatness by BMI and WC are both highly correlated with estimates
using DXA (56,71,74), each indicator has distinct strengths and weaknesses. BMl is a fast and
simple indicator of weight class and, although it isa not direct measure of fat, it is strongly
associated with adverse health status.(163) WC is a direct measure of abdominal obesity which,
some evidence suggests, is more strongly associated with diabetes, cardiovascular disease and
mortality than BMI (43,45,164,165), and a key risk factors for the MetS.(89,143) | sought to
compare the associations between these indicatorsand to understand if a combined measure
of BMI and WC would have a stronger association with cardio-metabolicrisk. | concluded that
obesity defined using the ‘Combined BMI-WC’ indicator was more strongly associated with
cardio-metabolicriskas compared to BMI or WC alone.

Should the ‘Combined BMI-WC’ be adopted for widespread clinical or epidemiological use?

Not necessarily. Firstand foremost, BMI performed verywell as an indicator of obesity; after
adjusting for age and physical activity levels, the odds of having cardio-metabolicrisk was 8.13
times higher among those with BMI-obesity (versus 9.58 highertimes for those with obesity
defined usingthe ‘combined BM-WC' indicator). Clearly, those presenting with obesity have a

much elevatedrisk for cardio-metabolicrisk regardless of their WC. Therefore, given BMl’s ease
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of use and speed of calculation, the indicator may be sufficient for estimating body fatness for
many circumstances.

Secondly, accurately estimatingabdominal obesity using measured WC is more technical and
prone to error than using BMI. There are multiple protocols for measuring WC, varying by the
exact location(s) of measurement of the abdomen, with the WHO measurement protocol and
the National institutes of Health method to measure WC beingthe most prominent.(60,166) A
recent literature review spanning 1975-2011 regarding measurementerror of WC estimated
that errors varied between 0.7 cm and 15 cm among measurements.(167) Similarly, a review of
anthropometric measure error found that WC measurements are more prone to error, relative
to heightand weight measurements, even among the same technician following the same
protocol.(168) The authors suggested this challenge may weaken associations between WC and
health outcomes presented inscientificstudiesand recommendedtechnicians adopt a
common protocol and undergo substantial training.(168) Further, particularly for the pediatric
population, age-, sex- and ethnically- specificreference datais required to determine the
appropriate WC cut-offs for establishingabdominal obesity. My second paper, Waist
Circumference Cut-offs, aimed to contribute towards addressingthis challenge by generating
age- and sex-specific WC cut offsfor ages 6-10 years generated using pre-obesity epidemic
population.

Finally, more analysisis required to reach consensusregarding the ideal ‘Combined BMI-WC’
indicator that is most predictive of cardio-metabolicand chronic disease risk. For the third
paper, Cardio-MetabolicRisk, | applied an indicatorthat represented a progressive increase of

both BMI and WC: (1) Normal weight (BMI<85™ and WC<90™); (2) BMI Normal and Abdominal
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Obesity (BMI<85™ and WC=90™); (3) BMI Overweightand Abdominal Obesity (85"<BMI<95™"
and WC=90"); and (4) BMI Obese with Abdominal Obesity (BMI>95" and WC=90"). Prior to
this, | had trieda Combined BMI-WC indicator which aimed to differentiate between obesity by
BMI versus by WC: (1) Normal weight (BMI<85™ and WC<90™); (2) BMI Overweight or Obese
only (BMI>85™ and WC<90"™)); (3) Abdominal obesity only (BMI<g5"™ and WC290"); and (4) BMI
Overweight-Obese with Abdominal Obesity (BMI=85" and WC>90"). We found this indicatorto
be aless effective combined BMI-WC indicator because the sample of respondentsin category
2 “BMI overweight or obese only” were too small to conduct meaningful analysis plus the
association between thisindicator of obesity and cardio-metabolicwas not as strong (data not

shown).

Zhu (2004) derived combinations of BMI and WC to determine the equation most predictive for
cardiovascular disease risk, concluding that 68% BMI and 32% WC constituted the optimal
combinedindicator for predicting risk among adult white males.(169) In a study comparing the
associations of BMI, WC and combination of BMI and WC with risk factors for coronary artery
disease among children and adolescents, Janssen (2005) chose to examine the combination of
BMI and WC by includingthem both inthe models as continuousvariables. He concluded that
the combination of BMI and WC provided the strongest predictive powerfor the risk

factors.(170)

Other studies purport that WC is best suited to differentiate relativerisk for cardiovascular
disease within BMI categories. In a study of adult participants using data from the Third

NHANES (1988-1994) in the United Sates, Sahakyan (2015) reported a higher mortality rate
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among adults with normal BMI and abdominal obesity versus those classified as normal weight,
for example.(165) Guidelines from Health Canada for weight classification among adults state
that while WC is useful for understanding health risks for those classified as under, normal,
overweightor obese class I, WC is “not useful for obese class Il or I1lin distinguishing relative
level of risk”(38). Thus, more research is needed, includinglongitudinal studies or data linkage
studies between epidemiological and hospital administrative databases, to make a final
conclusionregarding the utility and ideal design of a combined BMI-WC measure for children

and adolescents.

6.2.3. Socio-Economic Status

e Why were the associations between socio-economic status and health not more
substantial given the existing evidence?

Our estimates indicate that slightlylessthan one quarter of Canadian children or adolescents

live in households classified as having low SES by eitherlow-middle household income or

educational attainment. As discussedin the Introduction and Literature Review chapters,

substantial evidence suggests that those havinglower SES are more likely to experienceill

health resulting from constrained access to social, economicand physical environments that

are conductive to good health and health promoting behaviours.

Yet, our findings regarding the associations between SES and cardio-metabolicrisk factors were
not as substantial as | had expected. In the first paper, Metabolic Syndrome, a significant
inverse association between one or more MetS risk factors, abdominal obesity and low HDL-C

and SES, both by householdincome and educational, was observed.
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In the third and fourth papers, Cardio-MetabolicRiskand Inflammation Marker, respectively, |
endeavoredto build on these findings by usingregression to identify the predictive power of
SES for cardio-metabolicrisk as a dichotomous variable. However, household income and
educational attainment were not significantin any of the regression models. Comparably, Shi
(2016) examined the social gradient for cardio-metabolicrisk factors individually using
regression among children and adolescents usingthe CHMS.(13) She reported distinct socio-
demographic patterns for blood pressure, HDL-C and obesity.(13) By usinga dichotomous
cardio-metabolicrisk variable, my intention was to generate more powerful, compellingresults
regarding the socio-economicgroups most vulnerable for cardio-metabolicdiseasesin their
future. Unfortunately, it is likely the dichotomous cardio-metabolicrisk variable diluted, rather

than strengthened, the distinct associations between cardio-metabolicrisk factors and SES.

6.2.4. Policy Implications

= How should cardio-metabolic risk be addressed at the policy level?
Canadians should find it disconcerting that 25% of children and 40% of adolescents have at
leastone risk factor for cardio-metabolicdiseases atsuch an early stage intheir life course.
Although clinical assessmentand treatment are critical to preventingand managing cardio-
metabolicrisk, policies are also essential in order to meaningfully address these issues at the
macro-level. Intheir2008 conference consensus report, the American Diabetes Associationand
the American College of Cardiology Foundation advocated for, “A concerted, multifaceted,
public health effort, focused on lifestyle modifications, to reduce mean population levels of
atherogenic lipoproteins to values well below current ones” as keyto addressingcardio-

metabolicrisk across all segments of society.(151) Similarly, the CardiometabolicRisk Working
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Group stated that, “Health behaviourinterventions (weight loss, physical activity, diet, smoking
cessation) in people identified at high cardio-metabolic risk are of critical importance given the
emerging crisis of obesity and the consequentepidemic of type 2 diabetes”. (104) Furthermore,
the group specifically listed restriction of sugar sweetened beverages and moderate to vigorous
activity as important elementstoreducing abdominal obesity and cardio-metabolicrisk.(104)
Thus, support for broad, multi-disciplinary approaches for preventing and managing cardio-
metabolicexists, witha focus on preventingand managing obesity, increasing physical activity,
as well as other risk factors. The specificsuggested policy approaches for obesity and physical

activity will be discussedina subsequentsection.

Critical that policiesreduce, not exacerbate, health disparities

The compellingbody of evidence forthe associations between socio-economicand cardio-
metabolicsignal the critical importance of policies designed toreduce health disparities across
socio-economicgroups.(171) A position statement by the CardiometabolicRisk Working Group
(2011) calledfor “more research on the social determinants of health specifically in the area of
cardiometabolic diseases, (to) help clarify therapeutic strategies and the health policies needed
to minimize risk in this population”.(104) Shi (2016) research signalsthe importance of
interveningduring childhood when the risks for cardiovascular diseases beginto present. (13)
Policies designed toreach vulnerable children and theirfamilies through increased social
benefits, parentsupport and targeted education may provide the early intervention to prevent

these risk factors from presentingin childhood and persistingin adul thood.
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= How should obesity be address at the policy level?
Giventhe prevalence of obesity among children and adolescents, as well as the clear
association between excess body fat and health, policy efforts towards this significant health

problem are important. But what should be done?

Pursuinga comprehensive, multi-pronged approach

Among those who study obesity within a community, national or socio-environmental context,
thereis a general consensus that, given the complexity of factors that are drivingthisissue, a
substantial, multi-pronged approach isrequiredin order to meaningful address this issue.
Canada’s Standing Senate Committee on Social Affairs, Science and Technology recently
released a report describingthe measures needed to address obesity usinga whole -of-society
approach.(79) These measures include:improved nutrition labeling, elimination of food and
beverage marketingaimed at children, taxation of certain processed food items, improved
Canada Food Guide, increased access and affordability of nutritious foods and normalizing
healthy foods insuch environments as schools, sports arenas and hospitals, and health
promotion and publicawareness and education to support a healthy dietand physical
activity.(79) Similarly, the final report of the United Kingdom’s Foresight programme ‘Tackling
Obesities: Future Choices” called for a multi-factorial approach for obesity with many
recommendations that overlap with the Senate’s report.(47) The Foresight programme also
developed aseries of modelsto test and project the potential outcomes of various policies and
concludedthat the following policy responses would generate the most significantimpacts
towards preventing and reducing obesity:

=  “Increasing walkability/cyclability of the build environment;
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= Targeting healthinterventionsforthose at increasedrisk;
= Controllingthe availability of/exposure to obesogenic foods and drinks;
= |Increasing the responsibility of organizations for the health of their employees;and

= Early lifeinterventionsatbirth orin infancy”(47)

The ‘Obesity in Canada’ report, a joint report released by the Canadian Institute for Health
Information and the PublicHealth Agency of Canada (2011), describes Canada’s extensive suite
of social and health policies and programs designed to support Canadians in maintainingand
improving their health and well-being. Briefly, these programsinclude: universal health care;
public primary and secondary education; subsidy programs to support healthy eating among
vulnerable and remote populations; some food labeling; Canada’s Food Guide; structured
voluntary initiative regarding food marketingto children; and financial tax credits to promote
physical activity.(117) The economic analysesincludedinthe report indicate that the estimated
annual costs related to obesity increased by 20% between 2000 and 2008 (S 3.9 billionin 2000
and $4.6 billionin 2008).(117) Clearly, despite the existinginitiativesin place, the increasing

rates and increases costs of obesity command even more attention and resources.

A parallel can be drawn between smoking prevention efforts overthe last 40 years and the
similarurgency for whole-of-society approachesto societal food consumption and physical
activity patterns. Although the percentage of daily smokers has decreased over the past 40
years, young adults (20-34 years) report the highest prevalence of smoking behavioursamong
all age groups.(172) That smoking behaviours persists despite significant effortsto deter

smokingincluding front-of-package labeling, publichealth campaigns, taxation, restrictions on
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tobacco purchasing, and legislated smoking bansin many public places, should give some
insightinto the magnitude and breadth of policy and societal initiatives required to
meaningfully preventand curb obesity.

Reducing weightbias and discrimination

In her research work, Dr. Puhl of the Rudd Centerfor Food Policy & Obesity at the University of
Connecticut, has repeatedly demonstrated the high degree to whichindividuals with obesity
experience discrimination intheireveryday lives andin medical settings(173,174), and that
these experiences are actually associated with worsened health outcomes.(175,176) Thus, itis
important that measures to access obesity serve to reduce, not exacerbate, weightbiasin
society.(177) Dr. Puhl has proposed several policy measures to reduce weight bias and
discriminationincluding: dedicated weight bias training for clinicians, anti-bullying campaigns,
and legislation against weight-based discrimination.(176,178)

Recognizingthat obesityis a ‘sometimes’ modifiable risk factor

There is substantial evidence indicating that maintaining significant weight lossis challenging
with minimal to moderate success over the longterm, attributed to both recidivismto
unhealthy dietand behavioursand complex physiological adaptations following weight
loss.(179,180) Yet, weightlossis regularly listed as a modifiable risk factor in clinical guidelines
and scientificarticles regarding associations between obesity and health outcomes.(151)
However, taking into account the evidence regarding weight regain, the importance and
urgency of preventingobesityis clear, particularly among pediatricpopulations who have a

lower prevalence of overweightand obesity than adults.
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Promoting physical activity as a key elementtowards obesity prevention

In the third paper, Cardio-Metabolic Risk, | reported that over 95% of participants did not meet
the physical activity guidelines established by the Canadian Society of Exercise Physiology, with
adolescents and females significantly less likely than children and males to achieve the
guidelines. Further, alack of physical activity was a significant predictorfor cardio-metabolic
risk and was significantly associated with weight class. Overall, itis well-documented that
regular physical activity is an important element towards maintaining a healthy body weight
and further, regardless of weight, an important factor towards reduced cardio-metabolicrisk.
Policy effortsto promote and support physical activity among children and adolescents are
important to maintainingtheir current health as well as encouragingthem to adopt this health
promoting habit intotheir adultyears. Beyond recessand gym class, whichis generally offered
well-below suggested guideline, there are minimal publically funded opportunitiesinthe school
systemto participate in physical activity.(181) Furthermore, the emphases of physical activity
are largely geared towards the athletic-inclined children and towards competitive sports. More
emphasis on educating children and adolescents the importance of physical activity, on the
range of options available to be active, as well as more support for time spent beingactive,

would serve to positively encourage greater physical activity levelsamongyouth. (181)
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6.3. Strengths and Limitations

6.3.1. Strengths

This doctoral research project addressesimportant and relevant population health concerns
faced by Canadians, such as obesity, risk for chronic disease and health disparities. Research
endeavours that are focused on understanding obesity and chronic diseases, particularly
regarding children who are at a developmentally vulnerable period of life and require age-and
sex- specificmeasurements, are critical for addressingthe growing prevalence of chronic
diseasesin Canada and globally.

A key strength of this research work was the data set, the CHMS, a nationally representative
survey of over 96% of Canadians. The progressive application of three data collection cycles of
the CHMS (2007-2009; 2009-2011; and 2012-13) for papers 3 and four, Cardio-MetabolicRisk

and Inflammation Marker, respectively, generated alarge study sample which allowed for

greater statistical power. Further, this study relied on anthropometric and clinical data that was

collected using direct measures which are more accurate than data collected by self-report.
Evidence from a study using nationally representative datafor Canadians 12 years and older
showedthat direct measurement of heightand weightresultedina prevalence of obesity that
was 6.0-9.0% greater than self-reported measurements.(182) Similarly, for children aged 6-11
years, weightand weight estimates obtained by proxy self-reportresultedinsignificant
misclassifications of weight categories.(183) Finally, physical measures of health status allows
for successful identification of undiagnosed diabetes and hypertension, which were important

risk factors for this work.
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6.3.2. Limitations

Several limitations are presentin this doctoral research endeavour. Most notably, the study
data is cross-sectional thus interpretation of causation is not possible. The research projects
were consistently limited by theirsample size which was particularly challenged by the limited
age range and inclusion of fasting participants only. Unfortunately, comparison across CHMS
cycles was not always possible due to changes inthe collection methods and priorities of each
collection cycle, which furtherlimited sample size and analytical opportunities. For example,
this challenge precluded our ability to meaningfully study nutrition as key factor in these health
issues. Moreover, the low prevalence of MetS among children and adolescents and certain
socio-demographicgroups limited the statistical power with which accurate, disaggregated
estimates could be calculated. Regarding the blood measures, the inclusion of CRP further
reduced our study sample (by n=848). Understandably, Statistics Canada limits the blood drawn
for younger CHMS participants thus a limited range of blood tests are available for those ages.
In addition, as CRP valuesare also influenced by infections and other issues, itis recommended
that blood measures be collected twice, at least two weeks apart, to obtain accurate

results.(104)

As mentionedin Chapter 4 Methodology, the overall response rate for each CHMS cycle is
slightly more than 50%, thus biases may exist for those who selected to participate or declined
participationthe CHMS, though through the use of oversamplingand sample weights, Statistics
Canada aims to correct for these biases. Overall, although the CHMS is representative of more

than 96% of Canadians, the exclusions of individual living on First nations and reserves and
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those infederal prisons, both known for worse health outcomes, these results are not truly

reflective of the health of the entire Canadian population.

There are several limitations associated with combination of multiple cycles of a cross-sectional
dataset, such as the CHMS. Primarily, this combined or ‘pooled’ dataset does not representan
actual populationfrom a specificpointin time, thus thereis the potential for statistical
differences between the findings from each individual cycle and the combined dataset. (184)
Furthermore, due to the potential of procedural variations between each cycle introduced by
changes to the data collectionteam, collection instruments or other shifts related to the
passage of time, there is a possibility that some variables may be different from one cycle to
the next, evenifthe overall collection protocol for the variable was identical in

description.(184)

Longitudinal analyses that compare the performance of the WHO, CDC and IOTF body weight
classification systems among children and adolescents from a health-outcomes perspective are
essential towards reaching global consensus on the optimal classification system. Though this

will take many years, it would eventually enable richer international comparisons.

161



6.4. Innovation and Knowledge Contribution

This doctoral research endeavours makes several contributions of original knowledge to the
field of population health. From a methodological perspective, the regression of multiple of
statistical functions to estimate values for a children based on measured values established on
an adolescent population was novel to population health. This approach had been
demonstratedin selectclinical neurological studies but has the potential for broader
applicationto measured healthindicators. Furthermore, this WC Cut-Offs paper filled a critical
knowledge gap by proposing age- and sex- specific cut-offs from which to establish abdominal
obesityin 6 to 10 years that was established usinga measured, national, pre -obesity epidemic
population. Prior to this paper, investigators seekingto estimate abdominal obesity among 6 to
10 years old in Canada would have had to rely on cut-offs established using a sub-sample of the
Canadian population, a study from the United States using the NHANES data or a more recent
national, measured dataset, such as the CHMS, would be skewed by our current obesity
epidemic. The examination of BMI and WC as a combined measure of obesity also offered a
novel methodological contribution to population health. While furtherresearch would be
requiredto precisely determine the ideal combined BMI-WC, this methodological approach
offersthe potential to capitalize of the strengths of each measure.

The exploration of inflammation, using CRP, as an emerging cardio-metabolicrisk factor for the
pediatricpopulation provided evidence of a strong, significant relationship between
inflammation and cardio-metabolicrisk. This study also contributed towards the discourse of
defining high levels of CRP isan important element of measuring and quantifying cardio-

metabolicrisk factors.
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6.5. Future Research

In their 2008 conference consensus report, the American Diabetes Association and the

American College of Cardiology Foundation postulated that, “the initial presentation of

cardiovascular diseases in up to one-third of patients is sudden death”.(141) One can

extrapolate from that quote the significance of research work that improves our understanding,

ability for early identification and treatment of all risk factors for cardiovascular dise ases. Thus,

given the importance and timeliness of the issues of cardio-metabolicrisk and obesity, more

research is needed to improve our understanding of these issues, and, in particular, focused on

pediatricpopulations. | suggest two complementary research foci for future research

endeavoursto study these phenomena:

(1) CHMS: (i) The continued analysis of the CHMS as the sample size grows through each

(2)

additional CHMS cycle will enable more powerful statistical analysis with which to analyse
the child and adolescent populationsto better measure the implications of SES on cardio-
metabolicrisk factors, with more detailed focus on diabetes, hypertension, MetS, physical
activity and smoking; (ii) The inclusion of technical measures of atherosclerosis, intima
mediathickness or arterial stiffness, as means to calculate the associations between cardio -
metabolicrisk factors and physical measure that predict cardiovascular risk(160); and (iii)
The linkage between CHMS data and hospital administrative databases that would allow,
over time, rich analyses between measured health status and future health outcomes.
Prospective longitudinal studies: Measuring the associations between individual cardio-
metabolicrisk factors, as continuous variables, as well as the patterns of risk factor

clustering, and health outcomes over the lifecourse would help to determine the precise

163



age- and sex- specificcut offs for each cardio-metabolicrisk factor that “predict future
disease risk”(160)

6.6. Conclusions

With this doctoral thesis, | endeavoured to contribute to population health by developing new
knowledge regarding current health status and onset risk for cardio-metabolicdisease among
Canadian children and adolescents. These detailed analyses of risk factors for cardio-metabolic
diseasesand theirassociations with weight status, physical activity and inflammationfostera
betterunderstanding of the precursors for ill health for pediatricpopulations. I strived to
advance the study of obesityin Canada by establishingcriteriato define abdominal obesityin
children ages 6-10 years based on national, pre-obesogenicreference data. Further, these
projects should serve to inspire future research by proposinga novelindicator of obesity as well

as risk cut pointsforinflammation and abdominal obesity for children.

Through a population health perspective, | aimed to foster further understanding of the social
inequities thatleadto disparitiesin health and to propose policy responses that would reduce,
not exacerbate health inequalities. Recognizing that Canadians classified as obese are a
heterogeneous group, a multi-faceted, whole-of-society approach is required to meaningfully
address the physical, environmental and social factors that are drivingincreasingrates of

obesity and chronic diseases.

While this thesis represents a contribution towards better understand and ultimatelyimproving
health in Canada, much more research, policy, clinical and societal effort will be neededto turn

the tide towards lifelong health and wellbeing for our millennial generation.
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APPENDIX A: CHMS Raw and Derived variables

Aboriginal origin or identity (D)

BMI classifications respondents 218 years (measured) (WHO) (D)
BMI Classificationrespondents <18 years (measured) (CDC) (D)
Bootstrap weights

Clinicidentifier

Clinicage

Cycle

Diabetes- has diabetes

Diabetes- insulindependant

Diabetes- non-insulin dependant

Fasting sample weight

Fasting Status

Final prevalence average diastolicblood pressure (mmHg) (D)
Final prevalence average systolicblood pressure (mmHg) (D)
Full sample weight

Glucose (Fasting)

Has High Blood Pressure

High Density Lipoprotein Cholesterol (mmol/L)

High-sensitivity c-reactive protein (mg/L)

Household educational attainment (4 categories) (D)
Householdincome adequacy (4 categories) (D)

Immigrant (D)

Insulin (Fasting)

Measured BMI (D)

Medication high blood pressure — past month

Number of hours sleeping per 24 hours

Pregnant

Probability of accumulating at least 30 minutes of moderate-to-vigorous physical activity
on at least 5 days of the week for adults (18-79 years) (D)
Probability of meeting Canadian Physical Activity Guidelines for children (5-17 years) (D)
Sex

Triglycerides (Fasting) (mmol/L)

Type of smoker (D)

Waist circumference (cm) (Cycles 2-3) (National Institutes of Health protocol)
Waist circumference (cm) (Cycles 1-2) (WHO protocol)

(D) Denotesthat the variable was derived by Statist Canada
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APPENDIX B: Project Derived Variables

Computed Colum

Abdominal obesity Linear

Abdominal obesity Ln

Abdominal Obesity Quadratic

High c-reactive protein (mg/L)

Age group

BMI3

Description

Using age- and sex- specific cut-offs
Cut-offs for ages 6-10 years developed by regression of
a linearfunction

0: Normal

1: Abdominal obesity

Using age- and sex- specific cut-offs

Cut-offs for ages 6-10 years developed by regression of
a logarithmicfunction

0: Normal

1: Abdominal obesity

Using age- and sex- specific cut-offs

Cut-offs for ages 6-10 years developed byregression
of a quadratic function

0: Normal
1: Abdominal obesity
Using age- and sex- specific cut-offs

0: Normal

1: High

Paper 2

1: Children (6-10 years)
2:Adolescent (11-18 years)

Papers3and 4

1: Children (6-11 years)

2: Adolescent(12-18 years)
3 categories ages 6-18 years

1: Under or normal weight
3: Overweight
4: Obese
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BMI4

BMI OBESE

Cardio-metabolicrisk factor score

Cardio-metabolicrisk

Combined BMI-WC Indicator of
Obesity

Elevated blood pressure risk

Elevated fastingtriglycerides

Elevated fastingblood glucose

Elevated high density lipoprotein
cholesterol

Household educational attainment

Household educational attainment

4 categories ages 6-18 years

1: Underweight

2: Normal weight

3: Overweight

4: Obese

0: Not obese

1: Obese

Number of cardio-metabolicrisk factors

0: No

1: Cardio-metabolicrisk (presence of 1 or more cardio-
metabolicrisk factors)

1: Normal: BMI<85"™ and WC<90™

2: BMI Normal with Abdominal Obesity: BMI<85™ and
wc290"

3: BMI Overweight with Abdominal Obesity: BMI>85"
and WC290™

4: BMI Obese with Abdominal Obesity: BMI295™ and
wcC290"

Using age-, sex- and height- specific cut-offs

: Norisk

: Elevated Risk or Pre/Hypertension
: Norisk

: Elevated

: Norisk

: Elevated

= O - O F» O

Using age- and sex- specific cut-offs

0: No risk

1: Elevated

Collapsed 4 categories into 2 categories

1: Secondary school graduation or less
2: Some post-secondary or post-secondary graduation)
Collapsed 4 categories into 3 categories

1: Secondary school graduation or less
2: Some post-secondary
3: Post-secondary graduation
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Household Income Adequacy

Insulin Resistance

Meet physical activity guidelines

Metabolic syndrome

Metabolic syndrome score

Smoker

Sleeprisk

Waist circumference

Collapsed 4 categories into 3 categories

1: Lowest and lower middle

2: Upper middle

3: Highest

0: No

1: Insulin resistance

Using age- and sex- specific cut-offs

0: Meet guidelines

1: Do not meetguidelines

0: No

1: Metabolic syndrome

Number of metabolicsyndrome components

0: Neversmoked

1: Ever smoked
Using age-specific cut-offs

0: Sufficientsleep

1: Insufficientsleep

Cycles1-3

Applieda prediction equationto align the waist
circumference variablesin Cycles 1-2 (obtained using
the WHO protocol) with Cycle 3 variables (obtained
using the NIH protocol))
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