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Abstract
Objectives: Certain Canadian subpopulations observe numerous modifiable and nonmodifiable risk factors for diabetes. This study compares immigrants and Aboriginals
(First Nations, Inuit, and Métis) with Canada-born individuals at higher risks for diabetes,
and deciphers the determinant differences between them.
Methods: Pooled Canadian Community Health Survey data (2001-2010) were used.
Time trends for diabetes within each subsample were calculated using individual survey
year prevalence rates; diabetes diagnoses were self-reported (N=33,565). Various risk
factors were also examined using logistic regression.
Results: Diabetes prevalence rates significantly increased from 2001 to 2010 for each
subpopulation, as well as the total sample: Canada-Born individuals (3.9% to 5.7%),
Immigrants (5.0% to 8.5%), Aboriginals (5.4% to 7.4%), and Canadians overall (4.1% to
6.4%).
Conclusions: All Canadians, regardless of risk, experienced and will continue to
experience a rise in diabetes. Future diabetes research involving the impact of race,
culture, and ethnicity in Canadian immigrants should be holistically explored.
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Chapter 1
1

Introduction

1.1 Diabetes Mellitus
As a chronic disease, diabetes mellitus has emerged as a worldwide epidemic. In 2010,
the global diabetes prevalence rate (age- and sex- adjusted) was approximately 6.4% of
adults aged 20 to 79 (285 million).1 It has been estimated that this rate will reach 7.7%
(approximately 439 million) within the next 17 years;1 a growth of 69% in developing
nations and 20% growth in first-world nations, such as Canada, has also been predicted.1
Approximately 6.8% (2.4 million) Canadians aged one year and older are currently
diagnosed with diabetes; 200,000 being diagnosed for the first time in 2008/2009 (6.3
diabetes cases/1000 individuals).2 Over the next seven years, another 1.2 million people
are expected to be diagnosed in Canada, increasing the total prevalence of the disease
from 4.2% in the year 2000 to approximately 9.9% in the year 2020.2 While diabetes can
be managed effectively through dedicated treatment regimens, it still presents a large
economic burden on the Canadian healthcare system. In 2010, the cost of diabetes on the
healthcare system and the overall economy was approximately $11.7 billion; by 2020,
this figure is expected to rise towards $16 billion per year.3,4
Diabetes mellitus will manifest either as type 1 (less than 10% of all disease cases), type 2
(approximately 90% of all disease cases), or gestational (approximately 3-5% of all
successful pregnancies). Type 1 diabetics are typically diagnosed prior to lateadolescence (hence the former name “juvenile” diabetes) and are insulin dependent (the
pancreas is unable to produce insulin); causes for this type of diabetes are not exactly
known, but are considered to be autoimmune in origin. Type 2 diabetics are often
diagnosed during later adulthood (hence the former name “adult-onset” diabetes), and are
not normally insulin dependent during the earlier stages of the disease (the body either
has difficulties utilizing the insulin that is produced by the pancreas, or the pancreas is
unable to produce sufficient amounts of insulin); causes for this type of diabetes are
multiple but strongly correlated with genetic, lifestyle, and/or environmental factors.
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Gestational diabetes is a specific type that is diagnosed in females during pregnancy and
is associated with an increased risk for developing type 2 diabetes (T2DM) in the future.
Diabetes mellitus may be more generally defined as an inability to effectively produce or
use insulin; thus, leading to increased levels of glucose in the blood.5 The human body
requires insulin to metabolize glucose as an energy source; without the proper ability to
complete this process, our bodies are inherently at risk for developing other serious
complications that are either microvascular or macrovascular in nature.5 For example,
hyperglycemic-specific cardiovascular disease (CVD) has been identified as the highest
cause of mortality in people with diabetes mellitus.6 In Canada, CVD (heart disease or
stroke) accounts for approximately 80% of deaths in individuals with diabetes; roughly
41,500 diabetes related deaths occur in Canada each year.7 However, attempting to
control one’s glucose levels via lifestyle modification, such as increased physical activity
and/or improved diet, may help to reduce the risk of diabetes and its associated
complications. For instance, the Diabetes Control and Complications Trial (DCCT) found
that significant glucose control reduced the risk of eye disease (retinopathy) by ~76%,
kidney disease (nephropathy) by ~50%, and nerve disease (neuropathy) by ~60%.8 The
follow-up study, aptly named the Epidemiology of Diabetes Interventions and
Complications (EDIC), found that intensive plasma glucose control significantly reduced
the risk of a CVD occurrence by 42%.8
In order to effectively manage diabetic complications, glucose control targets have been
established to delay progression and to minimize the level of morbidity and mortality
among individuals living with diabetes. Given the gradual onset of T2DM, diagnoses may
not occur until after glucose levels have risen; long-term complications are therefore
developed prior to these diabetes diagnoses.5,8 Clinically, this issue may be of even
greater concern for higher-risk Canadian subpopulations. This thesis will limit discussion
of diabetes mellitus specifically to T2DM, high-risk Canadian subpopulations, and the
differences that exist between them.
Previous longitudinal research has examined the powerful impact that lifestyle choices
may have on the neuroendocrine and inflammatory responses which lay the foundation
for T2DM within the body; these risk factors are typically modifiable in nature.9,10
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Individuals who do not engage in regular physical activity, do not consistently follow a
healthful diet, smoke heavily, or abuse alcohol are at much higher risks for obesity and
the subsequent physiological consequences that may lead to T2DM, particularly insulin
resistance: cells within the body become resistant to the metabolizing effects of
insulin.11,12, Once insulin resistance and the successive impairment of glucose uptake have
occurred, the risk of developing T2DM is then increased.13,14

1.1.1

Impact as a Chronic Disease

Depending on the variable combination of one’s genetics and personal lifestyle choices,
chronic illness may be dealt with at any stage of the life cycle. Whether it is an arthritic
condition, hypertension, or diabetes mellitus, by the age of 65 at least 77% of men and
85% of women will be managing at least one chronic health condition.15 Several chronic
illnesses are found to be co-morbid in nature, with one condition frequently being
indicative of the presence of another.16 The reality for most diabetic patients is that if left
untreated or unmanaged, their diabetes may lead to any number of the possible
complications associated with the condition; CVD, retinopathy, nephropathy, and
neuropathy have been previously mentioned. Other risks for type 2 diabetics include oral
disease, arthritic conditions, cancer, and even a lowered perception of ones’ own quality
of life.17,18,19,20 Moreover, diabetes has even been linked with higher rates of certain
mental illnesses, such as depression (this disease relationship has been noted as bidirectional in nature).21,22
While modifiable risks for T2DM may be clinically reduced through the adjustment of
lifestyle behaviours and/or therapeutic treatments, other risk factors for T2DM are not as
easily altered. This thesis will focus not only on the modifiable risk factors previously
mentioned, but on non-modifiable risk factors as well; for example, racial/cultural origin,
country origin, and intrinsically, ethnicity. Genetic predispositions, behavioural choices,
cultural differences, or diverse combinations of all of the above may explain the
observable disparities among high-risk Canadian subpopulations.
Overall, certain subpopulations observe increased risks for T2DM. Individuals with a
family history of the disease, Aboriginals (First Nations, Inuit, and Métis), individuals of
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South or East Asian, Latin American, or African descent, immigrants, and refugees are
examples of groups with unique characteristics that lead to higher susceptibilities.23,24 Of
specific interest to this study are Canadian-immigrants and Aboriginals (First Nations,
Inuit, and Métis).

1.2 Immigrant Health
Immigrant health is of a particular relevance to the Canadian healthcare system. Canada
has a uniquely high rate of immigration that accounts for over 60% of the country’s
population growth and about 20% of the overall population.25 Canadian-immigrants are
predominantly unique in that many are of ethnicities that observe higher risks for T2DM.
For instance, previous research has shown that long-term Canadian immigrants from
South Asia, the Caribbean, sub-Saharan Africa, North Africa, the Middle East, and Latin
America have experienced significantly higher rates of T2DM when compared to longterm Canada-born residents.26 These individuals also experience the often-taxing process
of immigration.
Migration can be quite demanding, and poor social or economic adjustment may result in
adverse health outcomes (both physically and mentally).27 In the past, researchers have
argued that immigrants are generally healthier than the Canada-born population upon
arrival; however, rates of diabetes, hypertension, and most cancers are found to be quite
similar after years of settlement.28,29 The concept of “acculturation” (an adaptation of
Canadian socio-health related behaviours) has been proposed as a mediating factor that
contributes to these eventual similarities.30
While immigrants may have better health than those born in Canada upon arrival, the
longer that they choose to live and settle in Canada, the more their overall health begins
to resemble that of the Canada-born population. Researchers refer to their initial benefits
in health as the “healthy immigrant effect”.31 In summary, immigrants may be
additionally prone (in comparison to Canada-born individuals) to a number of chronic
conditions, especially T2DM, as a result of a “negative acculturation effect”.32 The
stressful process of migration, social or economic maladjustment, and acculturation over
time could synergistically contribute to this excess risk.

5

Immigrant communities also face unique barriers to their health when compared to the
Canada-born population.33,34 Lower levels of either national language (English or French)
competency or general health literacy may cause certain racial/cultural groups to be
inherently marginalized, especially if they are recent immigrants;35,36 it has been
suggested that this marginalization may cause wide variations in subsequent socio-health
behaviours and outcomes following settlement.35,36 Moreover, certain migrant populations
may innately differ in their approach to, and utilization of healthcare services and/or
disease treatments.33,34,36 Inequities in healthcare usage can have substantial implications
for preventative care programs and how they tailor to the specialized needs of various
subpopulations in Canada.37
Immigrant health is becoming increasingly important to the overall wellbeing of
Canadians;37 thus, their risks for diseases like T2DM require increasingly scrutinized and
comparative research.

1.3 Aboriginal Health
In Canada, Aboriginal groups consist of three unique identifications that are recognized
constitutionally: First Nations, Métis, and Inuit.38 The distinct cultural practices and
historical beliefs of each group not only differentiate them from the non-Aboriginal
population, but from each other as well.39 For instance, languages and geographic roots
will differ greatly among these Aboriginal groups.38
National prevalence statistics tend to underline significant disparities in health between
Aboriginal and non-Aboriginal Canadian populations. When examining diabetes mellitus
estimates in particular, the crude and age-adjusted prevalence rates among Aboriginals
well exceeds that of non-Aboriginals; previous research has shown that First Nations,
Inuit, and Métis individuals typically have age-adjusted diabetes rates that are three to
five times that of non-Aboriginal individuals in Canada.40,41,42,43
Aboriginals are also known to have the highest risk of diabetic complications and comorbidities.44 For example, notably high prevalence rates of chronic kidney disease
(CKD),45 amputation due to lower limb neuropathy,46 retinopathy,47 and both micro-45
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and macro-vascular disease have been observed in this subpopulation.48 One theory
suggests that the reason for these increased complications from diabetes stems from
Aboriginal Canadians receiving more frequent diagnoses at younger ages than any other
Canadian subpopulation.40,49,50 Aboriginal youth have also been noted as having higher
risks for developing T2DM when compared to youth of all other racial/cultural or ethnic
origins in Canada.50
Important sex differences also exist between Aboriginals and non-Aboriginal Canadians.
In particular, Aboriginal females are known to have significantly higher rates of
gestational diabetes than non-Aboriginal females.51 Furthermore, Aboriginal sex
differences in the rates of diabetes are uncharacteristically the reverse of what is seen in
the non-Aboriginal Canadian population. Aboriginal females tend to have greater diabetes
rates than males, and the opposite trend is seen in non-Aboriginals.52
It has been posited that Aboriginals possess a unique genetic risk factor that may be
responsible for increased diabetes diagnoses, via physiology. The “thrifty gene effect”
theory states that as a protective mechanism, individuals of Aboriginal descent will
naturally conserve more calories (leading to greater chances for obesity) because of their
historic hunting-and-gathering lifestyles.53 This hypothesis is based on the fact that
culturally, food security was once considered to be extremely minimal. While the theory
itself is contentious, if true, it would most likely be (etiologically) a fragment of a larger
combination of behavioural, cultural, and genetic risk factors.54
Geographic inequities also exist among Aboriginal communities and are of particular
interest when evaluating diabetes in this high-risk subpopulation. Healthcare systems and
living conditions will differ considerably depending on whether or not an Aboriginal
individual is on-reserve or off-reserve, living in a large city, or living in a small rural
community. Reserve communities are often located in remote areas where access to
affordable foods, quality education, or even general healthcare services may be
increasingly scarce or expensive; these factors may impede overall Aboriginal healthcare
utilization.55 Poor health surveillance, substandard chronic disease management systems,
and low retention of healthcare service staff have been identified as unique barriers to
healthcare systems that are tailored to Aboriginals.55 Studies have also shown that
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culturally catered healthcare services are few and far between for the Aboriginal
population.56,57
Comparable to immigrants, Aboriginals have unique risk factors for chronic diseases,
specifically T2DM. Further exploration into this subpopulation’s distinctive diabetes
burden will further enrich our knowledge concerning national surveillance, comparable to
that of other high-risk Canadians.

1.4 Aim of the Present Study
Prevalence rates for diabetes tend to vary widely depending upon the data source and
methodologies that are used in Canadian research. Self-reported data that is provided by
single iterations of the Canadian Community Health Survey (CCHS) differ significantly
when compared to the information collected and produced by the Canadian Chronic
Disease Surveillance System (CCDSS), for instance.1,3 The Public Health Agency of
Canada states that while each source (and methodology) are valid and reliable, any single
source may under- or over-estimate the actual rates and recent trends of diagnosed
diabetes in Canada;1 this is of particular importance when attempting to gauge the rising
epidemic of diabetes, and the differential impact of certain risk factors for diabetes among
Canadian subpopulations. In particular, Canadian-immigrants and Canadian-Aboriginals
experience unique risks for diabetes that require further investigation.
Self-reported health survey data tends to underestimate the actual rate of diabetes mellitus
and diabetes related complications in the population.1 Nevertheless, large-scale health
surveys (most of which rely on self-report) such as the National Population Health Survey
(NPHS), CCHS, Aboriginal Peoples’ Survey (APS), First Nations Regional Longitudinal
Health Survey (FNRLHS), provide useful and accessible health data at several different
points in time; the CCHS is particularly useful because of its national-level representation
of the Canadian population, inclusivity of both immigrants and Aboriginals (off-reserve),
and its cross sectional iterations that are available from 2001 to 2010 (when diabetes
prevalence rates have reportedly increased considerably2).
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This thesis seeks to add to the current body of literature by using pooled methodology
with several cycles of the CCHS. By combining all available iterations of the CCHS, this
thesis will characterize Canadians with diabetes from 2001 to 2010, and compare
Canadian subpopulations at higher risks for diabetes. Diagnosed diabetes trends for
immigrants and Aboriginals will be assessed from 2001 to 2010, and the differences
between these subpopulations, according to a relevant set of modifiable and nonmodifiable risk factors, will be interpreted.
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Chapter 2
2

Literature Review

This thesis examined Canadian subpopulations at higher risks for diabetes mellitus;
immigrants and Aboriginals (First Nations, Métis, Inuit) were of pertinent interest to the
literature search. Three separate literature reviews were conducted in the areas of type 2
diabetes mellitus (T2DM) risk factors, immigrant health, and Aboriginal health. The key
words identified for this study include “Type 2 Diabetes”, “Risk Factor”, “Immigrant”,
and “Aboriginal”. Each key word allowed for various inclusions of medical subject
heading (MeSH) terms that summarized the pertinent literature within each relevant area
of the study. PubMed and Social Sciences Abstract were used as primary and secondary
literature sources, respectively.
The following table lists the individual MeSH term strategies used for each review:

Table 1: MeSH Term Search Strategies
T2DM
Risk Factors

Immigrants

Risk Factor
Immigrant
Diabetes Mellitus,
Diabetes Mellitus,
Type 2
Type 2
Non-Modifiable
Healthy Immigrant
Narrow
Risk Factor
Effect
Race
Acculturation
Search
Ethnicity
Barrier
*All terms were inclusive for each keyword and alternate suffixes.
Broad Search

Aboriginals
Aboriginal
Diabetes Mellitus,
Type 2
First Nations
Métis
Inuit

The use of both broad and narrow search strategies allowed for an exhaustive and
comparative investigation of the significant literature; six different variations of searches
were conducted in total. The broad searches initially generated literature that was specific
to T2DM risk factors, immigrant T2DM, and Aboriginal T2DM. The narrow searches
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were useful in exploring the applicable topic discussions identified by the broad T2DM
literature.
Broad Searches:
1. [Diabetes Mellitus, Type 2] AND [Risk Factor]
2. [Diabetes Mellitus, Type 2] AND [Immigrant]
3. [Diabetes Mellitus, Type 2] AND {[Aboriginal] OR [Indigenous]}
Narrow Searches:
1. [Diabetes Mellitus, Type 2] AND {{[Risk Factor] AND [Non-Modifiable]} AND
{[Race] AND [Ethnicity]}}
2. [Diabetes Mellitus, Type 2] AND [Immigrant] AND {[Health Immigrant Effect]
AND [Acculturation] AND [Barrier]}
3. [Diabetes Mellitus, Type 2] AND {[Aboriginal] OR [Indigenous]} AND {[First
Nations] AND [Métis] AND [Inuit]}
Broad searches revealed a wealth of literature for search 1 (12574 items), search 2 (102
items), and search 3 (12652 items). Narrow searches also revealed a great deal of
literature for search 1 (1941 items without including “Risk Factor AND Non-Modifiable”
(the inclusion of this term resulted in an additional 9 items)), search 2 (138 items), and
search 3 (67 items). All literature searches were additionally filtered for items with full
free text and abstracts available, as well as by date (January 1990 to Present). Relevancy
was initially determined by scanning item titles, then abstracts, followed by an in-depth
analysis of each appropriate article and its reference list.

2.1 Modifiable Risk Factors for T2DM and Diabetes Related
Complications
The rising epidemic of diabetes mellitus is multi-faceted and complex in nature.58 Several
different causal pathways have been proposed in numerous patient populations that differ
by risk factor type, and diagnosis;58 a significant proportion of the at-risk population
(worldwide) is believed to be undiagnosed for prediabetes and T2DM.58
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Assessment instruments for detecting T2DM risk in the population have been extensively
developed for standard use in primary health care.59 The complexity of the cumulative
risk factors that are considered by these instruments is generally considered two-fold:
assessments will make use of multi-variable models that operationalize risk factors as
either modifiable (lifestyle), or non-modifiable (genetic).59 Common measurements will
combine both types of risk factors into an aggregate absolute risk score that is used to
predict T2DM in individuals and/or population subgroups.60,61,62,63,64 These scores have
been comprehensively validated in the literature using prospective cohorts. The
Framingham clinical model,65 the German Diabetes Risk Score,66 the Cambridge Diabetes
Risk Score,67 the Finnish Diabetes Risk Score,68,69,70,71 and many others72 are examples of
measurements that accurately assess propensities for T2DM using similar and
standardized variables. One of the most recently validated assessment tools available in
Canada is the Canadian Diabetes Risk Assessment Questionnaire (CANRISK), one that is
publically available on the Internet for anyone to determine if they have a higher risk of
developing prediabetes or T2DM.73,74 Higher risk populations typically flagged using the
CANRISK assessment tool include those of Aboriginal, African, Asian, Latino, or South
Asian descent, having a first-degree relative with T2DM, having a history of gestational
diabetes mellitus, being 40 years of age or older, being overweight, having high
cholesterol, and many more.75
Modifiable variables generally include measures of obesity (body mass index (BMI),
waist circumference, and waist-to-hip ratio), physical activity level, diet, smoking status,
and alcohol use.60,76,77 More specifically, the presence of high BMI, physical inactivity,
poor nutrition, daily cigarette smoking, and heavy alcohol usage have all been associated
with increased risks for T2DM.78,79,80,81,82
Indicative measures for obesity such as BMI, waist circumference, and waist-to-hip ratios
have been extensively studied in relation to T2DM.83 Larger waist-to-hip ratios and
increased amounts of adipose fat located around the abdominal area have both been
particularly linked to increased risks for T2DM in both men and women.80,83,84 Cassano et
al. reported that within their prospective cohort, men in the top tertile for waist-to-hip
ratios had a 2.4 greater risk of developing T2DM than men in the lowest category.85

12

Moreover, Snijder et al. indicated that women in their own prospective cohort study had a
2.66 greater risk of T2DM associated with each standard deviation increase in waist
circumstance.86 According to currrent literature, increased modifiable risks for T2DM that
are linked with being obese (excess body weight, clinically defined as a BMI > 30kg/m2)
are traditionally mediated by insulin resistance (or impaired glucose tolerance).83,85,86,87
While the precise causes for insulin resistance are not completely understood, it is
believed that this physiological state is brought on and exacerbated by the aforementioned
modifiable risk factors.88 Insulin resistance occurs when the body produces sufficient
amounts of insulin but does not efficiently use it to absorb plasma glucose.88 Plasma
glucose levels will then begin to rise, while pancreatic β-cells simultaneously compensate
by secreting increased levels of insulin (to combat the developing insulin resistance).89,90
Eventually, β-cells will fail to meet the body’s increased needs for insulin, and plasma
glucose levels will heighten to a detectable level;88-90 prediabetes and/or T2DM diagnoses
will typically follow, dependent upon the severity and duration of insulin resistance.88-90
Individuals that are clinically obese, overweight, or those that carry excess abdominal fat
tend to pass through the initial stage of prediabetes via insulin resistance (referred to as a
“reference range”).91 Prediabetes is frequently used as a clinical indicator for an increased
modifiable risk of developing T2DM.88,92 The growing rate of prediabetes (as well as
T2DM) in Canadian children as a result of modifiable risk factors has become
increasingly alarming;92 the childhood rates of hyperglycemic disorders (like prediabetes)
in Canada is greater today than ever before.89,92 One study notes that children and
adolescents experiencing insulin resistance and prediabetes are extremely vulnerable
during times of pubertal growth.93 Increased insulin needs will subsequently lead to more
T2DM diagnoses in individuals under the age of 18, leading to longer durations of these
children

living

with

the

disease

and

increased

risks

for

diabetes

related

complications.89,92,93 T2DM is the only type of nonautoimmune diabetes mellitus that is
increasing in the pediatric Canadian population.94
T2DM is the leading co-morbidity associated with obesity next to CVD.87,95 Lengthy
durations of either (diagnosed or undiagnosed) obesity or T2DM also leave individuals
particularly vulnerable to coronary heart failure.78-82,88 Research has shown that the
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detection and prevention of obesity and T2DM with lifestyle modifications has led to
improved overall health outcomes, as well as a decreased economic burden for the
individual and the healthcare system.88,96 In 2011, approximately 34% and 11% of adults
(over the age of 19) in the United Sates were clinically obese or had diabetes,
respectively.97 In Canada, self-reported rates of adult obesity and diabetes have risen in
the past 13 years;98 the Public Health Agency of Canada reports that the actual rate of
adult obesity and diabetes in Canada is roughly 25% and 6.8%, respectively.2,98 Of
particular note when discussing obesity and T2DM is that they have the potential for
mutual exclusivity, but more significantly, higher rates of potential inclusivity;87-90 not all
individuals with T2DM are obese, nor are all obese individuals diabetic. However, the
potential insulin resistance that accompanies either condition may facilitate compounded
risks that are both modifiable and non-modifiable in nature.99
Eckel et al. summarizes three known mechanisms that have linked obesity to T2DM via
insulin resistance (the mediating condition).100,101,102 Firstly, increased adipokines or
‘cytokines’ within the body (as a result of obesity) will induce physiological insulin
resistance;

these
100,103

adiponectin.

cytokines

include

tumour

necrosis

factor-α

and

reduced

Secondly, organ fat deposition within the liver, musculoskeletal

system, and the “dysmetabolic sequelae” has also been shown to facilitate a
predisposition to T2DM.100,104,105,106,107 Thirdly, decreased functional activity of an
individual’s mitochondria has been show to negatively impact insulin sensitivity and
subsequently degrade the productivity of β-cells in obese individuals.100,108 The
potentially deleterious effects of obesity and insulin resistance are often difficult to
reverse;108 however, regular physical activity has been shown to provide therapeutic
effects for obese individuals and/or those who are becoming insulin resistant at increased
risks of developing T2DM.100,109,110 Studies have shown that a reduction in the
circumference of one’s waist has been linked to improved adipose tissue secretion factors
that circulate within the blood, lowering the risk of successive β-cell malfunction.88,100,108110

Previous research has demonstrated a synergistic interaction concerning the combination
of obesity and physical inactivity related to risks for T2DM.111 Physical inactivity
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(coupled with obesity) may accelerate harmful pathophysiology towards co-morbidity
and early mortality.112 However, much like the relationship between obesity and TD2M,
the co-existence of both physical inactivity and obesity do not always predict T2DM.100
Physical inactivity is independently associated with insulin resistance, obesity, and
T2DM.87-90,100 Interestingly, even though regular physical activity has been proven to
minimize the modifiable risk for T2DM in most individuals, the beneficial effects have
also been shown to vary widely by BMI category.113,114,115,116 Several studies have
indicated little therapeutic benefits of physical activity in obese individuals, relative to a
reduction in insulin resistance or T2DM risk.117,118,119,120 Preventative benefits are most
observed in those who are in the normal weight range.119 This research demonstrates that
while exercise may be helpful for improving insulin sensitivity, without a great deal of
initial weight loss or reduced waist circumference, plasma glucose regulation in the short
term is minimal.121,122 These findings also highlight the importance of long-term weight
loss interventions that aim to modify T2DM risks that are generally associated with
increased BMI, waist-to-hip ratios, and waist circumference.
In addition to physical inactivity, poor diet (high intakes of saturated fat, refined
carbohydrates, and/or overall calories) has also been shown to increase one’s risk of
T2DM.123,124,125,126 The healthful combination of dietary changes (increased protein and
dietary fibre, decreased fat and refined carbohydrates, decreased overall caloric intake,
etc.) and increased amounts of exercise have proven to be successful as preventative and
remedial measures for obese and overweight adults and children at risk for T2DM.123-126
In some cases, bariatric surgery may be required to help obese individuals surmount an
initial significant weight loss.127
Nicotine, the highly addictive ingredient used in cigarettes, has been proven to reinforce
negative behaviours that are relevant to compulsive drug use, diet, and physical
activity;128 cigarette smoking has been linked to T2DM via these mechanisms.60,72,77,129
Several different prospective cohort studies have observed that the presence of daily
cigarette smoking increases the modifiable risk for T2DM.130,131,132,133 After controlling
for the presence of other relevant risk factors among cohorts ranging from 2312 men133 to
114,247 women,130 those who smoked experienced greater relative risks (1.42-1.94) for

15

T2DM in comparison to individuals who had never smoked, over time.130-133 These
longitudinal studies have suggested that cigarette smoking aggravates insulin resistance,
reduces metabolic control, and subsequently raises plasma glucose levels via increased
abdominal adipose fat distribution.130-134 One drug that is frequently and compulsively
associated with addictive smoking behaviour is alcohol.129 Independently, heavy alcohol
use (or abuse) has been associated with an increased risk for T2DM.135 Moderate use of
alcohol is known to decrease the risk for T2DM via cardiovascular benefit;136 however,
exceeding the daily or weekly recommended servings for low-risk consumption have
been shown to negatively impact insulin resistance in the same manner as cigarette
smoking.135,136 Alcohol has also been shown to raise triglyceride levels and even cause
weight gain when consumed in excessive amounts;137,138,139 thus, provoking and/or
aggravating insulin resistance, and predisposing the body to T2DM.
Socioeconomic status (SES) has also been linked to the development of T2DM; this
economic and sociological measure typically constitutes income earnings, previous
education, and/or occupation.140,141,142 Nevertheless, the increased risk of TD2M that is
associated with SES is mediated by complexities involved with other modifiable risk
factors.140-142 In wealthier or more developed countries, low SES (age- and sex-adjusted)
has been correlated with limited accessibility to healthful dietary choices, locations for
physical

exercise,

healthcare

services,

and

prosperous

economic

opportunity.141,142,143,144,145,146 Concurrently, in poorer or less developed countries, higher
SES has been associated with decreased levels of physical activity, obesity, and sedentary
lifestyles.146,147,148 SES is commonly measured by a proxy variables (level of education,
occupation status, type of diabetes, and address/postal code);141-146 this tends to
complicate its consistency across the research literature.140-142,145 Moreover, the
psychosocial factors that are negatively associated with low SES are inherently quite
difficult to measure and to investigate in relation to T2DM.149,150 Research has shown that
depression (independent of, as well as in combination with low SES) in adults has been
associated with an increased risk for T2DM;150,151 the relevant literature also indicates
that this relationship is bi-directional.152,153,154 An extensive review of several longitudinal
cohort studies has specified that adults who are suffering from depression are at a 37%
greater risk for developing T2DM.152-155 This relationship is typically mediated by the
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behaviours brought on by depression, or associated with T2DM.152-156 Sedentary activity,
poor diet, cigarette and/or alcohol abuse, and more specifically, insulin resistance, have
all been linked to either condition.152-156
Several of the aforementioned modifiable risk factors also independently increase risks
for diabetes related complications in individuals already diagnosed with T2DM.157 If left
unmanaged or untreated, T2DM (and its modifiable risks) may lead to a whole host of
related health difficulties.158,159 As a leading cause of CVD, mortality due to CVD among
diabetics is roughly 60-80%.6,7 Additionally, diabetic retinopathy has been noted as a
major cause of blindness in the Canadian population, in addition to a reduction in the
overall quality of life for those with T2DM.157,160 Approximately 27% of US adults over
the age of 75 with T2DM were burdened with varying levels of diabetic retinopathy in
2005.161 Diabetic nephropathy, such as CKD, is also frequent in individuals with T2DM
and is correlated with an increased risk for renal failure and end-stage renal disease
(ESRD);157-159,162,163 diabetes mellitus is the leading cause of ESRD.162,163,164 One of the
most common complications associated with all types of diabetes mellitus is neuropathy
of the central and peripheral nervous system;165,166,167,168 damage to the brain, numbness,
or amputation of the extremities occurs in 30-50% of individuals with diabetes
mellitus.142-145 While the primary risk factor for diabetic neuropathy is raised plasma
glucose levels (hyperglycemia), which typically accompany prediabetes and T2DM
disease states, lengthier disease durations (diagnosed and undiagnosed), daily cigarette
smoking, elevated triglycerides from poor diet, increased BMI, and excessive alcohol
consumption have all been independently found to incite this complication.157,165-166

2.2 Non-Modifiable Risk Factors for T2DM and Diabetes
Related Complications
The literature concerning variables that are virtually unchangeable or genetic is vast, and
relative to a wide range of Canadian subpopulations. The diversity among non-modifiable
risk factors is just as complex and multiplicative as those that are modifiable.40-46 One of
the most intriguing issues that surfaces when examining the non-modifiable risk factor
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literature is the inevitable genetic hypotheses concerning T2DM predispositions in
specific population groups.41,42
Common risk factors include older age, a family history of diabetes mellitus (type 1 or 2),
sex (male or female, depending upon the population being examined), a history of
gestational diabetes (in women), and certain racial/cultural origins and/or ethnicities
(those of Aboriginal, African, Asian, Latino, or South Asian descent, for
example).41,169,170 One of the most established predictors of future T2DM in individuals is
a family history of the disease;148 landmark studies such as the Framingham Offspring
Study,148,171,172 the Health Professionals Follow-up Study,173 and the Rotterdam Study174
are but a few prospective cohort examples that have demonstrated this link. Additionally,
organ transplantation (most frequently kidney transplantation) has also been linked to the
sudden and/or gradual development of T2DM (in small numbers, however).175,176
Following a transplantation procedure, some individuals may experience a sudden or
gradual onset of severe insulin resistance (and eventually T2DM), usually in the first few
months.175-177 However, risk factors for this unusual development are similar for
individuals who do not undergo organ transplantation (mostly non-modifiable): older age,
certain ethnicities (African American and Hispanic kidney recipients observe much
higher risks), daily cigarette smokers, increased BMI, and a family history of T2DM as
well.177,178,179
Sex differences for diabetes mellitus (inclusive of type 1 and type 2) rates have been
noted in the Canadian population.180 According to 2008/2009 data provided by the
Canadian Chronic Disease Surveillance System (CCDSS), approximately 6.4% of all
Canadian females over the age of one year have diabetes mellitus, while 7.2% of all
Canadian males over the age of one year have diabetes mellitus.180 In addition to higher
prevalence rates, Canadian males also experience higher incident rates for diabetes. From
2008 to 2009, among the average 6.3 new cases per 1000 individuals diagnosed
(approximately 200,000), males constituted 6.8 cases per 1000, while females constituted
5.7 cases per 1000.180 The tendency for males to be more prone to diabetes has been noted
in the literature;41,42,169,170 however, certain ethnicities experience a reversal of this trend,
and will be discussed later on in this review.41,169,170
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Older age has long been associated with a higher risk for developing T2DM.40-46,171,172 As
we age, the healthy function of pancreatic β-cells deteriorates, and so does our body’s
ability to metabolize glucose.104-107,171,172 Using the same dataset from the CCDSS
described above, the Public Health Agency of Canada reports that the proportion of
diagnosed diabetes mellitus (inclusive of type 1 and 2) sharply rises with increasing age,
most specifically after the age of 40.180,181 The highest Canadian proportions are seen
between the ages of 75 and 79, with approximately 23.1% of females having diabetes,
and 28.5% of males.180,181 Age (in general) is also of particular concern as a nonmodifiable risk factor for T2DM because of the associated propensity for all-cause
mortalities.181 Individuals that have been diagnosed in young adulthood (ages 20 to 39
years old) observe all-cause mortality rates that are 4.2 to 5.8 times higher than those in
the same age group who do not have T2DM.181 Similarly, individuals diagnosed in older
adulthood (ages 40 to 74 years old) observe all-cause mortality rates that are 2 to 3 times
higher than those in the same age group who do not have T2DM.181
Risk factors, both modifiable and non-modifiable, are applicable to every ethnicity;40-42
yet, there are disparities between certain ethnicities that are notable when examining
obesity, T2DM, and diabetes related complication rates.40-46 The following portions of the
literature review will focus primarily on the observed differences in risks associated with
racial origin and ethnicity.

2.2.1

The Definition of Ethnicity in Epidemiological Research

At best, ethnicity does not have a standardized definition in the T2DM literature; this due
to the conflicting interests of researchers that are driven by the operationalization of
context surrounding various ethnicities, and those that are focused on the
,

conceptualization of the definition.182 183,184 Clarke et al. reviews the definition of
ethnicity by comparing two different perspectives that are typically observed in the
literature: the “fixed primordialist” view,185,186 and the “social constructivist” view.187
Clarke et al. speak in favour of the social constructivist view of ethnicity by saying that
ethnicity itself not only involves the “sharing of a common culture, but also language,
religion, national identity, social and/or political position within a country’s social
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system.”188,189 Two additional features of ethnicity are proposed by Clarke et al.:
“identity,” which refers to one’s self identification in cultural groups, and “origin,” which
refers to one’s ancestral classification of ethnic or cultural populations.161,188,189
Relevant to the present study, Clarke et al. states that Canada’s national health surveys
(such as the CCHS) characteristically use racial, cultural, and ethnic origin variables that
attempt to capture both identity and origin via multiple choice categorization.188-190,191,192
Subsequently, the groups that are identified by these self-report variables acknowledge
multiethnic groups, self-identified cultural origins, and the various ancestries of
respondents (integral to ethnic comparisons of health outcomes in epidemiology).193
Based on Clare et al.’s review, the racial, cultural, and ethnicity variables formulated by
the CCHS (and used this thesis) will be deemed as appropriate proxies and synonyms for
ethnicity and/or ethnic origin.

2.2.2

Ethnic Origin and Obesity

Obesity is an increasingly important modifiable risk factor for T2DM, as discussed
previously. Concerning non-modifiable risk factors, ethnic differences in the propensity
for obesity (and subsequently, T2DM) have been recorded in the literature.40-45 Relative
to adiposity distribution and abdominal obesity, ethnic/racial differences accounted for a
47.8% excess risk of obesity observed in African-American women in one United States
study,194 and a 39.9% excess risk reported by the American Diabetes Association.195
Other United States investigations have noted a greater prevalence of obesity in HispanicAmericans196,197 (as well as African-Americans) at the time of T2DM diagnoses.198,199 In
the United Kingdom, non-Caucasian British-South Asians, British-Africans, and BritishCaribbean individuals have a greater propensity for abdominal obesity,200,201,202,203 and
significantly high rates of self-reported sedentary lifestyles.204 Studies in both the United
States205 and the United Kingdom206 have additionally confirmed that the Indian ancestry
population (a large majority of those whose ancestry is from the South Asian continent)
reports higher levels of obesity (measured by abdominal fat, waist-circumference, or
waist-to-hip ratio) at every BMI category when compared to the Caucasian and African
(ancestral) population in either country.
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2.2.3

Ethnic Origin and Insulin Resistance

T2DM pathophysiology involves the variable combination of β-cell malfunction and
insulin resistance.88-90,207 Studies in the United States have confirmed an interesting
paradox in the African-American population: African-American children show increased
rates of insulin resistance when compared to Caucasian children (this effect is even
greater for female children),208,209 while rates of insulin resistance are fairly similar in the
adult population.210 Moreover, the differences seen in the pediatric population were
observed even after controlling for dietary intake and physical activity level.187,211
Additional studies have shown that West African descendants (African Americans and
Ghanaian Americans, in particular) have higher rates of insulin resistance when compared
to Caucasians.212,213 The Insulin Resistance Atherosclerosis Study suggests that the
physiological mechanism responsible for the higher rates of insulin resistance observed in
African Americans and Hispanic Americans is probably due to an altered hepatic insulin
clearance.214 It is important to note that their results also suggest genetic linkages for
specific ethnicities even after adjusting for age, sex, BMI, physical activity level, and
waist-to-hip ratios.214 Studies in the United Kingdom have similarly suggested genetic
propensities for insulin resistance in the British-South Asian population.200-203,206

2.2.4

Findings from Canada: Ethnic Origin and T2DM

Canadian research has previously highlighted important ethnicity differences in
modifiable risk factors (such as obesity, physical activity level, and cigarette smoking) for
T2DM.217 Based on data from a single iteration of the Canadian Community Health
Survey (2010), some studies found that Chinese and South Asian Canadians had the
smallest rates of obesity (3.3% and 9.5% prevalence rates, respectively) when compared
to Caucasian, African, Filipino, and Latin American Canadians (19.7%, 18.7%, 12.5%,
15.7%, respectively).180,181,215 Concurrently, these studies also found that Chinese and
South Asian Canadians had the highest rates of physical inactivity (61.9% and 60.5%,
respectively) when compared to Caucasian, African, Filipino, and Latin American
Canadians (45.8%, 57.5%, 54.8%, 54.9%, respectively).217 Inversely, Caucasian
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Canadians were found to have higher rates of daily cigarette smoking than any other
ethnic origin group (17.5%; no other ethnic origin’s prevalence rate was above 9.5%).217
Currently, the Public Health Agency of Canada reports that certain ethnic subgroups have
higher T2DM prevalence rates in Canada.180,181 Compared to Canadians of European
descent, individuals of South Asian, Hispanic or Latino American, Aboriginal, Chinese,
and African descent are at much higher risks for developing T2DM.180,181 Furthermore,
these groups experience diagnoses at younger ages, and at lower BMI values than those
of European descent.216,217 The majority of these ethnicity findings, however, was
gathered either from research conducted in the United Kingdom, United States, or
provincially-specific surveillance projects.180,217 Reliance on data from the United
Kingdom and the United States is most likely due to the similar ethnicity distributions
that exist among the three nations.203,206 Nevertheless, T2DM research that explicitly
investigates ethnic-origin differences at the national level in Canada, is currently lacking.

2.2.5

Findings from the United Kingdom: Ethnic Origin and T2DM

Comparable with Canada, the United Kingdom has an extremely diverse population with
similar chronic disease burdens.218 Since the mid-1990’s, the United Kingdom has
notably observed extremely high rates of T2DM, hypertension, and renal failure in the
South Asian, African, and Caribbean descendant subpopulations, especially when
compared to Caucasians.219,220 In particular, these ethnicities (collectively) have T2DM
rates almost five times greater than Caucasians adults aged 40 to 69 (20% and 5%,
respectively).221,222 Issues of early onset diagnoses and lengthier disease durations tend to
appear for various ethnicity subpopulations in the United Kingdom as well.223,224 Findings
from several cardiovascular risk factor investigations have determined that British-South
Asians are particularly prone to reporting habitual physical inactivity;225 this may also
contribute to British-South Asians’ non-modifiable risk for T2DM.225
One study in the United Kingdom attempts to explain ethnic differences in T2DM
prevalence

rates

by

examining

specific

components

of

insulin

resistance

pathophysiology;226 in particular, insulin-like growth factor 1 (IGF1).226 IGF1, integral to
glucose metabolism, is comprised of various IGF binding proteins.226 In low plasma
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concentrations, IGF binding protein 1 (IGFBP1) has been associated with insulin
resistance;226,227,228 these concentrations reportedly vary by ethnic origin.206,227,228 Even
though dietary intake was found to be strongly linked to these ethnic differences in IGF
binding protein concentration, ethnicity alone still significantly influenced concentrations
after diet was adjusted for.229
Ethnic differences in diabetes related complications have also been extensively
researched in the United Kingdom.230-233 General nephropathy and renal failure has been
observed in much higher frequencies among the South Asian, African, and Caribbean
descendent diabetes mellitus population when compared to Caucasian individuals with
diabetes.230 Moreover, mortality from diabetes mellitus (both type 1 and 2) is nearly 3.5
times the overall rate in the United Kingdom for South Asians (both men and women)
and for those of African or Caribbean descent (men).231 One study has noted a decreased
risk of amputation (as a result of peripheral neuropathy) in African and Caribbean
descendent men,232 suggesting a possibly protective interaction effect between these
ethnicities and sex, relevant to this complication.232 Concurrently, one study concerning
cardiovascular risk factors found that mortality from CVD among individuals with T2DM
was 3 times greater for South Asian descendants, and that mortality from stroke was 3.5-4
times greater for African and Caribbean descendants.233

2.2.6

Findings from the United States: Ethnic Origin and T2DM

In the United States, Hispanic-234 and African-American235 subpopulations consistently
observe higher rates of T2DM when compared to other ethnicities within the country.
Hispanic Latinos experience remarkably high rates of poverty in addition to high T2DM
rates when compared to other American ethnicities.236,237 In the year 2000, the Centers for
Disease Control and Prevention reported that the Hispanic Latino population in the
United States had a 100% increased risk (age- and sex-adjusted) of developing T2DM
when compared to non-Hispanic or Latino Caucasians (prevalence rates of 11.7% and
4.8%, respectively), and were twice as likely to be hospitalized for diabetes related
complications.238,239 Hispanic Latinos also report the lowest rates of healthcare utilization
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(relative to the management of T2DM) when compared to any other ethnicity in the
United States.240
African Americans (of black racial and ethnic origin) have T2DM diagnosis rates well
above the rates observed by Caucasians.241 The prevalence of T2DM in African
Americans is approximately 1.4 to 2.3 times higher than Caucasians in the United
States.241 Moreover, this ethnic subpopulation has higher rates of peripheral neuropathic
amputation,242 diabetic retinopathy,243 fatal diabetic nephropathy,244 and diabetes related
morality235 in comparison to Caucasians. Interestingly, studies have shown that low SES
impacts the black African American population more so than any other ethnicity in the
United States;245,246 even after adjusting for SES, these studies have demonstrated that the
interethnic differences between African Americans and other ethnicities concerning
T2DM prevalence remain.245,246 It has been suggested that increased African American
and Hispanic Latino American propensities for T2DM are the combined result of a G6PD
genetic deficiency and the typical “American” or “Western” diet (otherwise classified as a
poor diet); the basis for this association stems from the theoretical “thrifty gene”
effect.247,248

2.2.7

The Thrifty Gene Effect

Once accepted as a legitimate pathophysiological explanation for obesity in certain
ethnicities, the thrifty gene effect theory has been suggested as a causal hypothesis for
linking a ‘thrifty gene’ to the development of T2DM;247,248,249 this has since been
contentiously debated in the literature.247-249 The theory proposes that, based on historical
interpretations of human survival patterns, certain ethnicities have been genetically
programmed with specific traits relevant to their metabolism.247-249 When food was
previously considered to be unavailable, these genes provided a ‘thrifty’ metabolic
advantage that led to the efficient storage of energy (and subsequently, fat).249 In times of
hunting and gathering, these genes would have provided an advantage;247-249 however, the
typical “Western” diet and lifestyle (in the present era) have apparently negated the
historically ‘thrifty’ benefits.234 While the theory may be considered as a plausible
mechanism for increased propensities for obesity, the legitimacy of its argument as an
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explanation for T2DM is flawed.250 Dr. Samuel Dagogo-Jack from the University of
Tennessee argues, “Obesity ensured survival by making available stored energy during
starvation; diabetes, on the other hand, reduces survival by a full decade and
compromises quality of life through its numerous complications.”250 The complete
comparative logic behind the theory may be found in the following figure:250

Figure 1: Thrifty Hypothesis Schema
Two theoretical alternatives for explaining ethnic variations in T2DM risk are the
“Antagonistic Pleiotropic” theory251 and the “Genetic Trash Can” theory.252

First,

antagonistic pleiotropy involves a genetic tradeoff between younger age survival security,
and older age T2DM predisposition.250,251 Genetically, pleiotropy involves one gene
controlling for the expression of more than one trait in an individual; antagonistic
pleiotropy occurs when one gene controls for a trait that may be beneficial (ensuring
survival security at younger ages, for instance) and another trait that may be detrimental
(in this case, higher risks for T2DM at older ages).250,251 The latter theory posits that
multiple gene mutations (individually considered neutral) will confer adverse risks when
condensed in a given ethnic subgroup.250,252,253 The theory also suggests that these
“diabetogenes” would recessively be retained in ethnic populations where frequent
migration, interbreeding, and other ethnic dilution does not commonly take place.250,254
The origins of ethnicity differences in T2DM are evidently modulated by certain nonmodifiable (possibly pathophysiological) risk factors. Social, cultural, and modifiable
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lifestyle risk factors are also present in this association by varying degrees (as a
modulation of the possible T2DM expression). Of particular importance to several ethnic
subpopulations’ health in Canada, the United States, and the United Kingdom, are the
unique risk factors that are associated with migration;25 a large portion of the Canadian
population (20%) are immigrants.25,26 Understanding the complexities and impact that
immigration may have on immigrants’ health is integral to the rationale of this thesis, and
our understanding of T2DM in various ethnic origin groups.25

2.3 Migration, Health, and Birth Origin
The historical study of migration and population health was previously rooted in attempts
to discover and control epidemic threats, believed to be migrant-imported.255 Infectious
diseases were initially associated with the arrival of foreigners;255 investigations of
immigrant health were thought of as safety precautions for the health and well-being of
non-immigrant citizens.255 Nevertheless, as health policy began to change, so did the
understanding that immigrants were typically burdened with more noninfectious/chronic
disease conditions than infectious ones.255 As a result, research interests concerning
migration became much more diverse.25,255
As cited previously in this thesis, nearly 20% of Canadian citizens were born outside of
Canada.25,26,256 Concurrently, approximately 12% of Americans were born outside of the
United States.257 Migration and birth origin have become increasingly important when
investigating ethnic differences in health.254-256 Unfortunately, insufficient sample size
has been linked to numerous immigrant health investigations that are chiefly relevant to
the Canadian population;258,259 these studies were unable to effectively assess the effect of
birth origin on health and disease outcomes at the national level. Rather, they were
limited to considerably general comparisons of immigrants vs. non-immigrants due to a
lack of sufficient subpopulation granularity.258,259 However, these types of studies are
useful for generating literature that focuses on the systematic barriers to immigrants and
their health.
Immigrant health may vary by global region of birth, and more specifically, by the
duration of time that immigrants spend in country.260 The growing diversity of the North
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American population necessitates the need for an immigrant perspective when surveying
both health and disease outcomes.258,259
A 2011 report from Statistics Canada summarizes the observed immigrant paradoxes
concerning overall health.260 In some instances, immigrants have been found to report
poorer overall health in comparison to Canada-born citizens.254 Other studies have
suggested the existence of a “healthy immigrant effect”: immigrants observing and
reporting better health upon arrival in Canada when compared to Canada-born citizens,
especially regarding chronic disease.261,262,263,264 Research into the healthy immigrant
effect, acculturation effects, and the time duration that immigrants spend in-country will
allow for a more complete assessment of the potential disparities that exist between
immigrant Canadian citizens and Canada-born citizens relevant to healthcare utilization
barriers, and overall health.264

2.3.1

The Healthy Immigrant Effect and Acculturation in North
America

The health of newly arrived immigrants is a product of social, cultural, economic, and
genetic determinants.261-264 Immigrant health is also heavily influenced by time.264
Overall, immigrants appear to report better health upon arrival in Canada.265 Above 90%
of Canadian immigrants have been shown to self-report ‘good’ to ‘excellent’ overall
health, even more so than Canada-born citizens (in the first to fifth years following
arrival);266,267,268,269,270,271,272 this observation has been confirmed across studies using data
from the National Population Health Survey, the Canadian Community Health Survey,
the Longitudinal Survey of Immigrants linked with health service administrative data, and
with Canadian landed immigrant databases.266-272 The capability of movement to another
country (and preparing oneself physically and mentally) may be an indicator of the
already pervasive strength in health that this subpopulation observes.262 Gushulak et al.
believe that while this data proposes positive scenarios for Canadian immigrants, these
findings only capture one-third of the immigrant health product.265 Inline with the idea
that immigrants’ well-being is determined by a multitude of factors, Gushulak et al.
summarizes these factors in a three-stage, timeline sensitive perspective: pre-migration,
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migration, and post-migration.265 Gushulak et al.’s perspective suggests that the initial
health benefits that we see in the immigrant population are only representative of the brief
amount of time immediately following migration.265,272
The potential reasons for the healthy immigrant effect have been discussed in the
literature.261-268 Social and cultural aspects relevant to modifiable risk factors for chronic
diseases may be very different from what is expected or considered standard in Canada
and the United States.272,273 For example, immigrants from less developed regions of the
world typically do not demonstrate lifestyle behaviours that are associated with obesity or
T2DM.255,256 Likewise, attitudes towards various food products, alcohol, and/or cigarettes
will differ not just in the various social/cultural contexts of different countries, but also by
the health policies and governance regarding marketing, distribution and availability of
said products in these different countries.274,275 Additionally, Canada’s immigration
policies are known to be stringent.265,274,275
Certain aspects of immigration law prioritize young, educated individuals for admittance,
and frequently deny unhealthy individuals entrance into the country.276,277 Immigrant
legislation in Canada and other developed countries requires a complete medical
examination upon arrival.242 These examinations are in place to determine if one’s health
status meets the standard for admittance into the country;265 an unhealthy migrant will not
be considered a productive or contributing member of society.265 This type of selective
entry practice will bias the health of the entering immigrant population towards a much
healthier overall group upon arrival.265,276,277 Still, some studies have found that certain
immigrant populations do not experience the initial healthy immigrant effect in
Canada.278 A 2011 health report from Statistics Canada found that immigrants from the
United States (male and female) who chose to settle in one of Canada’s three largest
metropolitan city areas (Vancouver, Toronto, and Montreal) did not experience any
beneficial immigrant effects relative to most health outcome measures.278 A similar, but
less significant rate was observed in Sub-Saharan African immigrants who settled in the
same metropolitan areas.278 Nevertheless, this study did confirm a national-level healthy
immigrant effect for all other immigrant groups concerning all-cause mortality.278
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Unfortunately, the healthy immigrant effect is not pervasive over time.265,275-277 Several
studies have found that after lengthier periods of residency in North America,
immigrants’ health typically declines toward similar levels seen in the North Americanborn population, if not worse.265,275-277,279 The combination of behavioural, environmental,
and cultural changes have been proposed as mechanisms for this degradation, being
summarized as negative “acculturation” effects.279,280 Over time, changes in physical
activity level, dietary intake, alcohol, tobacco, or drug use, as well as healthcare service
utilization, may lead to increased rates of obesity, insulin resistance, T2DM, and other
adverse health conditions in immigrants.265,275-277,279,280 Previous studies have also
investigated the aforementioned modifiable variables in relation to increased risk in
immigrants.281,282 Overall, the effects of acculturation differ by the country of
investigation (emigrant destination), birth origins of the immigrants being studied, and the
varying levels of change associated with each modifiable risk factor.283,284 Other studies
have attempted to investigate the specific cultural impact that living in North America has
on new immigrants over time (both the United States and Canada).285-286 This research
has shown that components of Western culture are correlated with increased risks for the
development of hypertension,285 obesity,286 and T2DM.287 Similar research has also found
that traditional or culturally specific health behaviours that accompany initial (positive)
health

benefits

upon

arrival

predictably degrade

over

time

with

increased

acculturation.288,289
The unique concept of acculturation has been questioned in the literature concerning its
operationalization and measurement.288,289 Proxy measures are frequently used across
datasets in order to decipher the relationship between what is believed to be acculturation,
and the health status of immigrant individuals.279-289 While a crude definition of
acculturation has been generally agreed upon as “an indication of the cultural change of
minority individuals to the majority culture,”290 the applicable construct is consistently
more contentious. Primarily, it is a “process of adjustment and adaptation to a new culture
involving instances of cultural learning, maintenance, and synthesis.”291,292,293 Given the
inherent sampling design limitations of many health surveillance systems and national
health survey questionnaires, proxy variables are not only useful, but are often used as the
only feasible method for assessing acculturation in the immigration population.294
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Immigrant generation status, language proficiency and/or preference, time since
immigration, and age at immigration are just a few examples of suitable proxy variables
for measuring acculturation.294,295,296,297,298 However, Chun et al. (2011) details a slight
problem with attempting to research acculturation either by proxy variables or self-report:
sociopolitical and family contexts that shape changes in both cultural and health
behaviours are unfortunately lost in the course of research, and are frequently
understudied.291 The entire process of acculturating is inherently dynamic and will vary in
degree, dependent upon the acculturative demands of the destination country over
time.291,294
The various demands of immigrants subgroups are what lead to the disparities we see in
adverse health outcomes that are relative to the present study.294,298 Certain immigrant
ethnic origins will be more easily acculturated than others.299,300,301 For instance, some
studies have shown that Japanese and Chinese immigrants to the United States have a
more consistent relationship between acculturation and eventual T2DM diagnoses when
compared to other United States immigrant populations.299-301

2.3.2

Potential

Barriers

to

Immigrant

Health,

Diabetes

Management, and Healthcare Utilization
The process of migration is known to be difficult;291 for some immigrants, the transition
to North America may lead to social and economic maladjustment.291,294,295
The influence of SES on increased risks for adverse health outcomes (like T2DM) has
been well established in the North American and Australian immigrant populations.276302,303,304

Among immigrant subgroups, SES indices will vary dependent upon pre-

migration education level, occupation, and a host of other SES factors.291,301-304 Many
immigrants find themselves in a vulnerable SES position upon arrival in a new country;305
occupational instability and cultural unawareness has been associated with high levels of
precarious employment for many newly arrived individuals.305
One of the largest potential barriers to immigrants, their health, and their use of healthcare
services (both preventative and remedial) is inadequate language competency
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(occasionally associated with a lack of acculturation).294-298 In 2005, approximately 36%
of newly arrived immigrants to Canada had reported no competency in, or knowledge of
English or French (our country’s national languages).261,306 Less acculturated immigrants
have been shown to report higher levels of communication difficulties with healthcare
service providers when compared to more acculturated immigrants or North Americanborn citizens.307,308,309 Subsequently, this communication barrier has been associated with
a lack of reported healthcare service use.306-308 One study in particular found that
relatively acculturated immigrants often report high levels of perceived health, chronic
disease screening, and access to healthcare services.310 Individuals who tend to underuse
healthcare services typically have higher rates of adverse health outcomes, including
T2DM.295,309
Other possible barriers to immigrant health, as well as T2DM management, include
negative perceptions of service usage (cultural or social), gender expectations, perceived
isolation, abandonment, or even loneliness from leaving home-country communities
behind.311,312,313,314 Various approaches to diabetes management and treatment in the
immigrant population must incorporate immigrants’ cultural views concerning
“autonomy, authority, and self-efficacy”315,316,317 in addition to considering the stressful
psychosocial factors that are attributed to migration.318 Each of these aspects will
contribute to immigrants’ attitudes and receptiveness towards the healthcare system.264,218
Thabit et al. illuminates the importance of health literacy in immigrants with T2DM.318 If
immigrant individuals have poor English language competency or specific cultural beliefs
that do not coincide with traditional Western medicine, their ability to understand, accept,
or interpret warnings and/or instructions from healthcare providers (concerning plasma
glucose levels, treatment dosages, etc.) may be impeded, hence increasing the potential
for unfavorable patient outcomes.318 Effective healthcare and diabetes management is
challenging for both care providers and North American immigrants.319,320 The diversity
and complexity of this patient population is extremely relevant in Canada.
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2.4 T2DM in Immigrants and Migration in Canada
Inline with the acculturation findings detailed previously, research has shown that
incident T2DM in immigrants increases over time, since immigration;288 this has been
specifically observed in immigrants following 15 years of Canadian residency.30 In a
2005 Ontario study, long-term immigrants from South Asia, the Caribbean, sub-Saharan
Africa, North Africa, the Middle East, and Latin America showed significantly higher
rates of T2DM when compared to long-term Ontario residents.321 After stratifying by
time since immigration, it was also confirmed that these Ontario immigrants experienced
the highest prevalence rates of T2DM following 15 years of residency when compared to
immigrants who had been in Canada for 5 to 9 years (odds ratios of 1.40 (95% CI 1.36–
1.44) for females, and 1.52 (95% CI 1.48–1.56) for males).321 Furthermore, when
compared to immigrants from Western Europe and the United States, long-term Ontario
immigrants from South Asia reported triple the (age, sex, and time since immigration
adjusted) risk of T2DM, while immigrants from the Caribbean and sub-Saharan Africa
reported twice the risk of T2DM.318 Specific research concerning ethnic or racial origins,
T2DM, and their associated rates by immigration status is limited at the national-level.
Broadly speaking, however, current evidence has shown that recent immigrants (1 to 5
years) tend to be limited in their access to healthcare services and have lower overall
employment income than the general Canadian population.322 These issues may
contribute the (eventual) longer-term rises in T2DM cases that are diagnosed in the
immigrant subpopulation.
Canada’s immigrant population grows by approximately 225,000 to 250,000 per year.265
Gushulak et al. compares the proportionate differences between Canada’s average
immigration rate to similarly developed countries like the United States (1,000,000 legal
permanent residents per year for a population that is approximately 10 times the size of
Canada) and Australia (about 192,000 new immigrants each year for a population of
approximately 22 million), citing the importance of Canada’s comparative diversity.265
Yet, even with remarkable rates of accepted immigrants, some 200,000 are living in the
Canada without formal citizenship, and are subsequently limited in their access to
healthcare services.323
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Immigration to Canada has changed dramatically over the past 30 years.265 Changes to the
national immigration policy (away from country preferences and towards a universal
point system in 1967)324 began to alter the diversity of immigrants arriving in Canada
each year, beginning in the 1970’s.324 Prior to 1986, 95% of the Canada’s incoming
immigrants were from Britain, Europe, and the United States.324,325 Since the 1980’s,
representation from Africa, Asia, the Caribbean, Latin America, and the Middle East has
surpassed any other country origin group (as seen in Table 2324,325).265,325 Approximately
78% of recent immigrants (the large majority of which come from Asia, Africa, the
Caribbean, Latin America and the Middle East) choose to settle in either Vancouver,
Toronto, or Montreal;326,327 occupational opportunities in these cities are perceived
prosperously in comparison to other locations in Canada.326,327

Table 2: Country Origin of Recent Immigrants by Canadian Census Year
RANK
1

2

2006
People’s
Republic of
China

2001
People’s
Republic of
China

India

India

1996

1991

1981

Hong Kong

Hong Kong

United
Kingdom

People’s
Republic of
China

Poland

Vietnam
United
States of
America
India
Philippines

3

Philippines

Philippines

India

4

Pakistan
United
States of
America

Pakistan

Philippines

People’s
Republic of
China
India

Hong Kong

Sri Lanka

Philippines

5
6

South Korea

Iran

Poland

7

Romania

Taiwan

8

Iran

Taiwan
United
States of
America

9

United
Kingdom

10

Colombia

Vietnam

South Korea

United
States of
America

Sri Lanka

United
Kingdom

United
Kingdom
Vietnam
United
States of
America

Jamaica
Hong Kong
Portugal

Lebanon

Taiwan

Portugal

People’s
Republic of
China
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While the growing diversity of Canada’s population necessitates an immigrant
perspective when discussing ethnicity disparities, it is important to review the unique
considerations that are relevant to native, Canada-born ethnicities as well. The next
portion of this review will describe Canadian Aboriginals (First Nations, Métis, and Inuit)
and the distinctive risk factors that are applicable to their health.

2.5 Canadian Aboriginals: Unique Characteristics
The Public Health Agency of Canada reports that according to 2006 Census data,
Aboriginals constituted approximately 3.8% of the Canadian population (59.5% First
Nations, 33.2% Métis, and 4.3% Inuit).328 In particular, First Nations encompass
approximately 615 different communities and speak 60 different languages.328 Using the
same dataset, it has been reported that Canadian Aboriginals are also the youngest
subpopulation in Canada with 47.8% under the age of 25 (comparable with 31.7% for
non-Aboriginal Canadians).329
When examining health outcomes associated with Aboriginals in Canada, important
historical influences must be taken into consideration. Centuries ago, Aboriginal
populations were subject to European colonization.330 Culturally traditional lands were
dispossessed, assimilation policies like the Indian Act were put into place, and Aboriginal
reserve communities were eventually formed.331,332 Policies, rights, and government
practices have since changed;331-332 yet, economic, social, and health disparities between
the Aboriginal population and the non-Aboriginal population persistently exist today.333
Cultural barriers, environmental conditions, jurisdictional issues, and community
determination are just a few examples of the many determinants that differentiate
Aboriginals from other subpopulations concerning their health outcomes.331-334
Currently, federal and provincial governments are responsible for Aboriginal health, as
well as some community-based bodies.335 Nevertheless, there has been a growing effort
from reserve communities that demands the direction of physician and hospital services
be allocated to more culturally receptive community-based authority, especially in remote
or isolated regions of Canada.335 Potential barriers to health are exceptionally pronounced
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in this subpopulation due to the geographic isolation of many Aboriginal communities,
and the subsequent complexities surrounding their healthcare systems and services.336,337
Similar to many immigrant communities, the cultural and language differences that exist
in this population have also been linked to communication difficulties between healthcare
providers and Aboriginal patients (both on- and off-reserve).338,339 As a result, First
Nations, Métis, and Inuit populations have habitually low rates of healthcare utilization
when compared to the non-Aboriginal Canadian population.340 Moreover, high rates of
poverty, substandard housing, and unemployment are also reported for Aboriginals.341,342
Many of the unique SES barriers to Aboriginals are systemic, typically leading towards
poorer access to post-secondary education and non-precarious or gainful employment.343
As mentioned previously, low SES has often been linked to adverse health outcomes.141143

2.5.1

Modifiable Risk Factors for T2DM in Canadian Aboriginals

The complex risk factors (both modifiable and non-modifiable) for T2DM in the
Aboriginal population are cumulative, stemming from rapid social/cultural and
environmental changes, as well as adaptation.344,345,346 Even though risk factors are similar
to those in the overall Canadian population, Aboriginals experience these risks in greater
magnitude.344-346 Across Canada, many potential detriments to Aboriginal health have
been linked to high rates of obesity, insulin resistance, and T2DM;344 harsh environmental
conditions, widespread physical inactivity and unhealthy eating habits, high rates of
obesity, and high rates of daily cigarette smoking have all been noted in the literature.344346

Certain Aboriginal communities face environmental factors that prevent regular physical
activity;347 an absence of recreation facilities, loose dogs in many reserve communities,
poor roads, and a lack of overall safety have been identified as detriments to positive
health behaviours in reserve Aboriginals.347,348 According to 2009 data analyzed from the
Aboriginal Peoples Survey and the Canadian Community Health Survey, only 26.0%
(95% CI: 24.5-27.5%) of on-reserve First Nations adults reported sufficient physical
activity during leisure time, and 51.8% (95% CI: 48.0-55.5%) of off-reserve First Nations
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adults reported physical inactivity during leisure time, comparable to non-Aboriginal
adults (49.7% (95% CI: 49.2-50.3%)).349 These findings suggest very different tendencies
for physical activity dependent upon geographic residency (associated with the
aforementioned barriers on reserve communities). Métis adults similarly reported high
levels of physical inactivity during leisure time (46.7% (95%CI: 42.8-50.6%)), while
Inuit adults reported the highest rates of physical inactivity during leisure time (59.6%
(95% CI: 50.5-68.6%)). One study notes that in 2004, approximately 82% of Inuit adults
did not meet the recommended daily or weekly levels of physical activity.350
Aboriginals residing on reserves are also subject to incredibly high food costs, which
severely limits their choices of healthful foods (this barrier is compounded by pervasively
low rates of SES in these communities).343,351 In particular, one study found that the
majority of Aboriginals living on the Six Nations reserve (the largest First Nations
community in Canada, found in Ontario) purchased groceries off of the reserve due to
decreased food availability and high food costs.352 Moreover, Aboriginals also reported
spending approximately $151.00 per week on food, in comparison to $140.00 per week
reported by the general Ontario population.339,353
Aboriginals (on-reserve in particular) have grown increasingly dependent on prepared
foods.344-346,352,353 Consistent consumption of these foods typically results in higher
intakes of saturated fat, low dietary fiber, refined carbohydrates (that are high on the
glycemic index), and overall calories (a diet that has been proven to cause weight gain
and insulin resistance).123-126,354 Traditional Aboriginal diets characteristically consist of a
high amounts of protein and low amounts of carbohydrates;355,356,357 research has found
that this type of diet reduces the risk of obesity and T2DM.358 Acculturation of Aboriginal
communities, their diets, and less frequent dependence on hunting and fishing has
reportedly led to an overall decrease in the amount of energy expenditure observed in
these individuals (as described by the physical inactivity rates stated previously);355-358
this results in a surplus of calories that was previously metabolized.355 Data gathered from
the Aboriginal Peoples Survey and the Canadian Community Health Survey have
observed this transitional trend for First Nations, Métis, and Inuit populations across
Canada.345,359
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Rates of obesity in Canadian Aboriginals are significant higher than in nonAboriginals.344 According to self-reported BMI data from the Aboriginal Peoples Survey
and the Canadian Community Health Survey, 74.4% of on-reserve First Nations adults,
62.5% off-reserve First Nations adults, 60.8% of Métis, and 58.3% of Inuit were either
overweight or obese (in comparison to 51.9% of the non-Aboriginal population).344,360,361
Tobacco use has been traditionally practiced by many Aboriginal cultures.362 Across
Canada in 2009, Aboriginal adults (on-reserve First Nations, off-reserve First Nations,
Métis, and Inuit) reported prevalence rates of daily smoking that ranged from 2.2 (Métis)
to 2.8 (on-reserve First Nations) times the non-Aboriginal daily smoking rate for
adults.344,359 Nevertheless, the lack of tobacco regulation policies on Aboriginal reserves,
the expansion of tobacco production in these areas, and the increased ease of access to
cigarettes on reserves has led to amplified numbers of Aboriginal adults becoming
addicted to cigarettes.362

2.5.2

Non-Modifiable

Risk

Factors

for

T2DM

in

Canadian

Aboriginals
Non-modifiable risk factors for T2DM, such as sex and age, differ in Aboriginals when
compared to the non-Aboriginal population in Canada.359
The literature concerning the health of Aboriginal women has suggested a reversal of the
T2DM sex trend that is normally observed in the non-Aboriginal Canadian
population.52,363 Typically, females have lower rates of T2DM than men;52 however, in
Aboriginals, females often report higher rates of T2DM than males.52,363 This sex trend
has been identified by studies conducted in Ontario,356 Alberta,364 and in
Saskatchewan.341 For example, Albertan Métis females were found have a T2DM
prevalence of 7.8% while Albertan Métis males reported a T2DM prevalence of 6.1%.364
In addition to the peculiar T2DM risk that Aboriginal females evidently possess, they also
report the highest rates of gestational diabetes when compared to all other Canadian
females.365,366,367,368,369,370,371,372 Some studies have observed Aboriginal gestational
diabetes prevalence rates that are nearly triple that of the gestational diabetes rates seen in
non-Aboriginals.361,365 One recent study on First Nations women in Ontario found that
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prevalence rates for gestational diabetes (6.5% compared to 4.2% of non-Aboriginal
females) and pre-pregnancy diabetes mellitus (3.9% compared to 1.8% of non-Aboriginal
females) were higher for Aboriginal females, and that the Aboriginal females were
generally younger at the time of pregnancy and diagnosis (average age of 28.76 years old
compared to 32.79 years old for non-Aboriginal females).371
Overall, Aboriginals are younger than the non-Aboriginal Canadian population and
characteristically report the highest rates of T2DM among youth (under the age of
18);373,374 all three identification groups are regularly diagnosed at younger ages when
compared to the non-Aboriginal population.375 A 2010 study of children under the age of
18 that were recently diagnosed with T2DM found that approximately 44% cases were
Aboriginal, far surpassing the proportions of other ethnically identified groups.376 While
some researchers have commonly cited the thrifty gene effect (Section 2.2.7) as a causal
explanation for the high rates of obesity and T2DM seen in Aboriginals,248,249 this claim
remains contentious.377 Though, researchers have discovered a polymorphism of the
hepatic nuclear factor (HNF), called 1-α transcription factor, that has not only been linked
to reduced insulin secretion in the First Nations people of Oji-Cree ancestry (of Manitoba
and Ontario), but has also been proposed as an underlying cause of earlier-onset T2DM in
Aboriginals;378,379,380 the relative importance of these isolated communities may play a
role in future investigations of gene-dose dependent effects.378-380 The presence of this
transcription factor has been associated with T2DM development following only mild
insulin resistance, indicating a decreased ability to secrete insulin in those that carry the
polymorphism.378

2.5.3

Canadian Aboriginals: Diabetes Burden and Diabetes
Related Complications

Prior to the 1950’s, diabetes mellitus was rarely, if ever observed in Canadian Aboriginal
populations;344 however, Aboriginal T2DM prevalence rates have increased rapidly in the
past 60 years toward near epidemic proportions.349,359
Prevalence rates of T2DM in some Canadian Aboriginal groups well exceeds the rates
seen in the non-Aboriginal population.349,359,371 Based on Public Health Agency of
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Canada data (2008/2009) collected from single cycles of the Canadian Community
Healthy Survey, the Aboriginal Peoples Survey (APS), and the First Nations Regional
Longitudinal Health Survey (FNRLHS), on-reserve First Nations adults aged 18 years or
older reported a 15.3% crude prevalence rate of diabetes diagnoses, followed by First
Nations off-reserve individuals aged 12 years or older at 8.7%, Métis individuals aged 12
years or older at 5.8%, and Inuit individuals aged 15 years or older at 4.3%.381 Ageadjusted results showed similar patterns at 17.2%, 10.3%, 7.3%, and approximately 6.0%,
respectively.381,382 It had been previously believed that the Inuit ethnicity was protective
against T2DM (more so than any other Canadian ethnicity).383,384 Nevertheless, recent
age-adjusted data has indicated that diagnoses in Inuit are relatively comparable to the
non-Aboriginal population.383,384 The majority of these figures are considerably larger
than the overall national diabetes rate of 6.8%,1 underlining the importance of
investigating the T2DM epidemic in the overall Aboriginal population.
Other research has illuminated increasingly high propensities for diabetes related
complications385,386,387 and mortality388 in Canadian Aboriginals. The tendency for
Aboriginals to be diagnosed at younger ages is thought to be the reason why diabetes
related complications (in particular, nephropathy such as CKD and ESRD) are quite
common in the Aboriginal community.389,390 Younger individuals with T2DM will
inherently experience longer durations of exposure to the physiological and metabolic
burden of diabetes, leaving them with increased risks for complications.386,391,392 For
instance, retinopathy is also exceedingly prevalent in certain Aboriginal communities
with T2DM.393
Overall,

mortality rates

are

significantly

higher

for

Aboriginals

than

non-

Aboriginals.383,384 More specifically, Aboriginals are 2 to 4 times more likely to die from
diabetes related complications than the general Canadian population.384 Aboriginal
mortality from CVD is also twice the rate seen in the non-Aboriginal population.394

2.6 Summary
Prevalence rates for diabetes vary widely depending upon the data source and
methodology; moreover, rates of diabetes tend to fluctuate with varying racial, cultural,
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ethnic, and country origins. A lack of consensus concerning diabetes prevalence is
observed when comparing one or two iterations of the Canadian Community Health
Survey (CCHS), information collected and produced by the Canadian Chronic Disease
Surveillance System (CCDSS), previous cohort investigations, and racial, cultural, ethnic,
or country origin data from the United Kingdom and the United States. While each source
(and methodology) are valid and reliable, any single source may under- or over-estimate
the actual prevalence rates and most recent trends of diagnosed diabetes in certain
Canadian subpopulations. In order to comparatively gauge the rising epidemic of diabetes
in Canada and the differential impact of certain risk factors for diabetes among Canadian
subpopulations, holistic data sources must be used.
Cross-sectional Canadian health surveys provide the necessary time-relevant data for an
investigation of diabetes time trends and risk factors for diabetes, especially in
immigrants and Aboriginals; recent longitudinal health data for these subpopulations are
either unobtainable or not conducive to comparing risk factor differences for diabetes
across subgroups.
Recent Canadian research has found exceedingly high prevalence rates for
diabetes,349,359,371 diabetes related complications395,396,397 and mortality398 in Aboriginals;
however, no previous study has examined these rates using all available iterations of the
CCHS (spanning 2001 to 2010). The national representativeness of the CCHS, especially
for off-reserve Aboriginals, will help to address the increasing need for knowledge
regarding Aboriginal health and the extent to which this subpopulation is experiencing the
rising epidemic of diabetes.1,2,349,359 Conversely, immigrants possess unique health
determinants that necessitate a consideration of immigrant status when investigating
ethnicity disparities and diabetes. A gap currently exists in the literature concerning
Canada’s growing immigrant population and the extent to which they are experiencing
the rising epidemic of diabetes, especially at the national-level.30,288,321
An additional 1.2 million people are expected to be diagnosed with diabetes in Canada
over the next seven years, raising the total prevalence of the disease from 4.2% (in 2000)
to approximately 9.9% (in 2020).2 By assessing diabetes trends and period prevalence
rates of diabetes from 2001 to 2010 (using a comprehensive dataset), population health
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surveillance systems may be better able to assess the validity of this prediction for the
overall Canadian population, as well as high-risk Canadian subpopulations. As described
in this review, immigrants and Aboriginals possess unique risks for diabetes that require
increased scrutiny and research at the national-level; differential increases in diabetes
trends across subpopulations may indicate informational or systemic barriers to diabetes
care. These potential disparities have important policy implications for prevention and
health promotion systems that may cater to the complex determinants of health in
Canadian subpopulations.
This thesis will add to the current body of diabetes surveillance literature by using
pooling methodology with several cycles of the CCHS. By combining seven different
iterations of the CCHS, this thesis will characterize Canadians with diabetes from 2001 to
2010, and compare high-risk Canadian subpopulations using an extremely large
representative sample. Diabetes period prevalence rates and time trends for all Canadians,
Canada-born individuals, immigrants, and Aboriginals will be presented from 2001 to
2010. As well, the modifiable and non-modifiable risk factor differences between these
subpopulations (from 2001 to 2010) will be interpreted. Due to CCHS survey limitations
(a lack of explicit distinction between T1DM and T2DM in the survey questionnaire),
T2DM will now be referred to, analyzed as, and discussed more generally as diabetes
(mellitus).
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Chapter 3
3

Objectives

Chapter 2 reviewed the current state of diabetes research and identified certain gaps and
inconsistencies in the literature that are relative to data methodology and investigations of
certain subpopulations’ health. Concerning all Canadians, there is a need for surveillance
research at the national-level which evaluates the predicted rise in diabetes prevalence
rates from the year 2000 onward.2 Furthermore, immigrant and Aboriginal subpopulations
have unique health determinants, as well as distinctive barriers to their health; there is
currently a need for comparative surveillance research to specifically assess diabetes
prevalence rates and recent diabetes trends among these subpopulations. Using all
available iterations of the CCHS (seven in total, spanning the years 2001 to 2010), the
present study aims to address these gaps.
There are two primary objectives for this thesis. Firstly, this thesis will characterize
Canadian diabetics and examine the period prevalence rates of diabetes, as well as the
diabetes time trends among all Canadians, Canadian-immigrants, Canadian-Aboriginals
(First Nations, Inuit, and Métis), and Canada-born (non-immigrant, non-Aboriginal
population) individuals from the year 2001 to 2010. Secondly, this thesis will assess the
differential impact of modifiable and non-modifiable risk factors for diabetes among
Canadian-immigrants, Canadian-Aboriginals (First Nations, Inuit, and Métis), and
Canada-born (non-immigrant, non-Aboriginal population) individuals from 2001 to 2010.
Differences between the subpopulations of main interest will then be discussed using
comparable and current statistics provided by national-level population health
surveillance programs.
Objective One
1. Characterize the distribution of modifiable and non-modifiable risk factor
variables for the total sample of Canadians (aged 12 and above, as sampled by the
CCHS) with diabetes from 2001 to 2010;
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2. Determine the period prevalence rates of diabetes among all Canadians, Canadianimmigrants, Canadian-Aboriginals (First Nations, Inuit, and Métis), and Canadaborn (non-immigrant, non-Aboriginal population) individuals from 2001 to 2010;
3. Determine the period time trends for diabetes among all Canadians, Canadianimmigrants, Canadian-Aboriginals (First Nations, Inuit, and Métis), and Canadaborn (non-immigrant, non-Aboriginal population) individuals from 2001 to 2010
Objective Two
1. Assess the differential impact of modifiable risk factors for diabetes among
Canadian-immigrants, Canadian-Aboriginals (First Nations, Inuit, and Métis), and
Canada-born (non-immigrant, non-Aboriginal population). These risk factors
include: smoking status, alcohol consumption frequency, BMI, socioeconomic
status (income and education level), diet, and national language competency;
2. Assess the differential impact of non-modifiable risk factors for diabetes among
Canadian-immigrants, Canadian-Aboriginals (First Nations, Inuit, and Métis), and
Canada-born (non-immigrant, non-Aboriginal population). These risk factors
include: age, sex, racial/cultural origin, and ethnic origin. Risk factors that are
specific to immigrants include: time since immigration, age at immigration, and
country origin.
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Chapter 4
4

Methodology

The present study compiled and analyzed data from all available cycles of the Canadian
Community Health Survey (CCHS); this incorporated seven different iterations from the
year 2001 to 2010. The CCHS is a cross-sectional national population health survey that
was previously conducted biennially (2001 to 2005), and is now conducted annually
(2007 to present). While some of the CCHS questionnaire’s content modules have
changed over time, the modules, outcome measure, and explanatory variables used in this
study have remained consistent from 2001 to 2010. Detailed materials concerning
sampling design and weighting procedures have been provided by Statistics Canada (the
survey’s administrator) in order to ensure that valid and reliable health data is available
for national population surveillance research. This chapter will specifically describe the
dataset, outcome measures, variables, and methods used for analyses. Information
regarding survey design and methodology has been collected from a combination of user
guides, provided by Statistics Canada.

4.1 Data Source and Sampling Design
The CCHS aims to collect pertinent information that is relative to Canadians’ “health
status, healthcare utilization and health determinants…” and has done so using extremely
large samples from the population; on average, approximately 65,000 are surveyed each
year.399,400,401,402,403,404,405 As its main use, the CCHS supports population surveillance
projects and programs that wish to use multiple levels of health data (national, provincial,
or smaller health regions). The survey has been formulated to be a flexible tool that can
be catered to emergent or developing issues relative to the Canadian population at the
time of administration; as the population changes, so do some parts of the CCHS content.
Since 2001, the CCHS target population has included all Canadians aged 12 years old and
older, and has maintained geographic sampling consistency (all provinces and territories
are included in each iteration). Exclusions include full-time members of the Canadian
Armed Forces, individuals living on-reserve or Aboriginal settlements, individuals living
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on Crown Lands, members of institutionalized groups, and certain (extremely) isolated
regions in Nunavut and Quebec. In total, these excluded groups encompass less than
approximately 3% of the total Canadian target population.374-380 Given the nature of the
CCHS exclusion criteria, any conclusions made pertaining to identified CanadianAboriginals (First Nations, Inuit, and Métis) will be specific to off-reserve community
populations.
Participation in the cross-sectional CCHS is completely voluntary, and all responses are
recorded via self-report during facilitated interviews (details below). CCHS cycle data
collection typically runs from January to December of the iteration year (for instance,
January 2010 to December 2010 for the 2010 cycle); however, certain cycles have varied
in the timing of administration prior to 2007. Cycle 1.1 (2001) data collection ran from
September 2000 – November 2001, Cycle 2.1 (2003) data collection ran from January
2002 – December 2003, Cycle 3.1 (2005) data collection ran from January 2004 –
December 2005, and Cycle 4.1 (2007) data collection ran from January 2006 – December
2007.
Content structure for the CCHS includes three components. First, common content
includes questions that are asked of respondents regardless of province or territory, and is
separated into two types: annual (questions that are asked of all respondents, regardless of
year or cycle) and one or two-year content (previously known as ‘theme content’)
involving queries that are periodically presented. Second, the CCHS survey contains
optional content that addresses issues relevant to specific provinces or health regions;
these questions are normally requested based on regional public health priorities. Last, the
rapid response component includes inquiries made by organizations that wish to obtain
explicit national population health estimates. These parameters are measured using
distinctive topic or content areas, such as nutrition or mental health. In order to ensure
geographic and temporal consistency across the cycles used, only annual common content
(typically including demographics, height, weight, overall health, healthcare utilization,
and other general health information) used for this study; thus, allowing for valid
conclusions to be made about Canadians at the national level, across the designated time
period (2001 to 2010).
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Given that this thesis uses all available iterations of the CCHS, it is important to take into
account any major changes to the survey, its administration, its content, or sampling
design. Below is a summary of annual content modifications over time (Table 3406), taken
directly from the Statistics Canada website. It should be noted that across time, no major
changes have been made to the annual common content; any variables or outcome
measures used for this study were unaffected by CCHS changes.
Table 3: Summary of CCHS Annual Content Modifications from Cycle to Cycle

2000-2001,
Cycle 1.1

2003, Cycle 2.1

2005, Cycle 3.1

2007, Cycle 4.1

2009
2011

Since 2000/01, this survey includes the National Population Health
Survey - Household Component (number 3236), which contains
data at the provincial level for 1994/95 to 1998/99.
Since 2000/01, this survey includes the National Population Health
Survey - North Component (number 5004), which contains data at
the territorial level for 1994/95 to 1998/99.
Since 2003, this survey includes the Health Services Access Survey
(number 5002), which contains data at the provincial level for
2001. Please refer to its description under the Documentation
section.
The data release of December 21, 2005 covers data collected over
the first 6 months (January to June 2005) of the CCHS Cycle 3.1. At
that time, the survey had collected information from about 69,000
individuals, aged 12 and older.
Only part of the data collected with the CCHS Cycle 3.1
questionnaire has been processed and finalized for this release.
Data covering the entire 12 months collection period (January to
December 2005) were released on June 13, 2006.
Until 2005, the CCHS data were collected every two years over a
one year period and released every two years, about six months
after the end of the collection period. In 2007, the CCHS was
redesigned to address two main points: the needs of partners to
increase the survey's content and the frequency of data releases,
and to ensure better use of operational resources. For these
reasons, the proposed changes to the CCHS design focused on
improving the survey's efficiency and flexibility through ongoing
data collection.
Instrument design - As of the 2009 reference period, the theme
content was removed from the questionnaire.
Imputation - Beginning with the 2011 reference year, the household
income variable is imputed.

As mentioned previously, the CCHS divides the target population into smaller geographic
regions: firstly by province, then by health region (see Figure 2407). In order to obtain a
large enough sample with sufficient statistical power to generate reliable estimates for
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each health region, a minimum required sample size is calculated for each cycle. Given
that the number of health regions has slightly changed from year to year, the minimum
sample size has also varied from year to year (especially once survey administration
began annually in 2007) (see Table 4395-401).

The CCHS uses three sampling frames to derive the required sample of households: an
Area frame, a List frame (of telephone numbers), and a Random Digit Dialing (RDD)
frame. The amount of households per frame varies from cycle to cycle (proportions by
cycle are listed in Table 4395-401). Proportional geographic allocation is ensured by
initially assigning provincial sample quotas based on population size and number of
health regions (within each province). Next, health regions are allocated their own sample
quotas based on the square root of the population in their province. Lastly, clusters within
each health region are then allocated sample quotas based on the number of households
within their health region. While sampling frame proportions remain fairly consistent
across cycles, certain health regions (a very small amount) exclusively use one or two of
the three sampling frames. As well, the sampling frame proportion used in the 2000-2001
cycle initially resembled that of the National Population Health Survey (NPHS); during
this year, the NPHS ceased cross-sectional data collection in favour of the CCHS
collecting health survey data in a similar fashion.395-401 Sampling frame proportions and
health region numbers were reallocated following the initial 1.1 cycle in order to equalize
the probably of sampling from all possible health regions (Table 4).
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Figure 2: Example of Southern Ontario Health Region Divisions for Cycle 1.1 (2001)
Table 4: Number of Health Regions and Sample Sizes Required by CCHS Cycle

CCHS Cycle

2001, Cycle 1.1
2003, Cycle 2.1
2005, Cycle 3.1
2007, Cycle 4.1
2008
2009
2010

Number
of
Health
Regions
(HRs)
136
133
122
121
121
121
117

Minimum
Sample
Size
Required
133,300
130,000
130,000
65,000
65,000
65,000
65,000

Amount of
Sample
Derived
from Area
Frame
83%
48%
49%
49%
49%
49%
49.5%

Amount of
Sample
Derived
from RDD
Frame
7%
2%
1%
1%
1%
1%
1%

Amount of
Sample
Derived
from List
Frame
10%
50%
50%
50%
50%
50%
49.5%

Within each of the individual sampling frames, different forms of stratification enable
proportionate household numbers across the provinces and territories. For instance, both
the telephone list and RDD frames use health region stratification, then randomly sample
within each health region stratum. The area frame is stratified primarily by population
density, and then by geography; median household income is secondarily taken into
account. Within each stratum of the area frame, clusters are made and households are
selected within each cluster.395-401
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4.2 Data Collection
CCHS data collection is comprised of numerous computer-assisted interviews (CAI);
each of the required respondents in a selected household is interviewed. CAI is
administered in two separate fashions, dependent upon the type of sampling frame.
Computer-assisted personal interviewing (CAPI) (approximately half of all interviews) is
conducted in person, and households are generally selected via the area frame. Field
interviewers are trained to effectively establish initial contact with each potential
dwelling. Computer-assisted telephone interviewing (CATI) (approximately half of all
interviews) is conducted via the telephone, and households are selected from the
telephone and RDD frames. Centralized call centers are used to train interviewers and to
facilitate data collection using the CATI method. In all household dwellings that are
chosen for interview (regardless of the method), a single household member is asked to
submit basic demographic information for all household residents. As well, an additional
individual (who could also be the original household member) is asked to take part in an
in-depth, health-specific interview. An advantage of using CAI data collection methods is
that interviewers are able to conduct custom interviews according to respondents’
individual characteristics, survey answers, and demographics. As well, interviewers are
immediately notified if responses are considered to be out-of-range or invalid during
survey completion. Respondents and interviewers must correct these inconsistencies in
order to proceed with the questionnaire; thus, helping to ensure the validity of
respondents’ self-report by accounting for consistent responses throughout the entire
interview.
In order to minimize household nonresponse, CCHS interviewers are instructed (and
properly trained concerning how) to initially send out introductory letters, bridge early
contact with households prior to scheduling an interview, encourage participation from
reluctant respondents, minimize refusal, cater to language barriers, offer youth interviews,
and even proxy interviews.
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4.2.1

Nonresponse and Data Quality

Partial nonresponse (a respondent choosing not to answer one or even several questions)
has not been a major issue during CCHS data collection; however, imputation methods
are used for certain modules included in the annual content in order to ensure data quality.
Data is typically imputed from the ‘nearest neighbour’, based on a distance function that
incorporates surrounding neighbourhood demographics for both proxy and non-proxy
interviews. For modules that are strictly self-report in nature, or where imputation is not
possible, partial nonresponses are coded as missing values. Missing data for any of the
variables used in the analytical models were included and tested for significance through
the use of an additional dummy variable.
Complete nonresponse is adjusted for with proper weighting (strategies are provided by
Statistics Canada) and by increasing the desired sample size during the data collection
process (ensuring the representativeness of the sample by offsetting the amount of nonresponders). Without weighting, CCHS data would be subject to nonresponse bias (those
who choose to respond to the survey could be considered statistically or clinically
different from those who chose to not respond to the survey).
Minimizing the number of proxy interviews conducted during data collection has also
ensured data quality. Across all cycles, no more than approximately 7% (on average) of
all interviews were conducted using a proxy.395-401

4.2.2

Self-Reporting Bias and Interview Mode Effects

Concerns for reporting biases inherently result from CCHS data collection methods. A
pertinent limitation of the survey is the potential for self-reporting bias and interview
mode effects. Certain measures that are calculated using self-reported answers involve a
slight risk of under- or over-estimating the actual magnitude of the variables used.408
Health-related estimates that have been found to be most prone to this risk are smoking
status, BMI (height and weight), and certain physical activity indices.409,410 Unfortunately,
some CCHS respondents may be prone to under- or over-estimating their smoking
behaviour, height, weight, and/or level of physical activity because of social desirability
during in-person interviews; thus, suggesting the possibility of interview mode effects.411
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The influence of social desirability has been found to be particularly relevant for inperson interviews.404 For instance, smoking is generally perceived to be an example of
negative health behaviour; perceiving potential judgment from interviewers, certain
respondents may be more likely to answer dishonestly about their smoking status when
they are not provided with anonymity (such as during telephone interviews). Equally,
interviewer variability may also lead to some variation in responses across interview
modes.407 It has also been found that certain chronic disease diagnoses, like diabetes
mellitus, tend to be under-reported by older respondents in health-related surveys.412
However, despite the possibility (or presence) of under- or over-reporting or interview
mode effects in CCHS data, the present study is modestly robust in three ways.
First, even though BMI and smoking status are included as modifiable risk factor
variables in the analyses for this thesis, their relevant inclusion is based on welldocumented co-variation (and are not pertinent to the exclusively comparative nature of
the objectives); it is assumed that any under- or over- estimation of smoking status or
behaviour, height, and weight will be consistent across the subpopulations of interest.
Given the difficulty of gauging various types and levels of physical activity, in
combination with the lack of measurement consistency across iterations of the CCHS,
physical activity (as a risk factor variable) is excluded from the analyses in this thesis.
Secondly, the magnitude of any possible self-report bias that is relative to diabetes
mellitus diagnoses is considered constant across time. Essentially, randomized sampling
within CCHS frames provides the same level of potential self-reporting bias across cycles
(since the method of random sampling has remained consistent from CCHS cycle to
CCHS cycle within the time period used for analyses). Therefore, no single year or
iteration will be subject to more or less bias than any other year or iteration. Lastly, a
dummy variable for interview mode was created and used in all analytic regression
models (using phone interviews as the reference group). By controlling for this dummy
variable, all parameter estimates reflect an average interview mode; thus, the possibility
of parameters being representative of CCHS respondents who were interviewed using one
method or another is minimized.
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4.3 Weighting
In order to ensure that each CCHS sample is representative of the actual Canadian
population, respondents must ‘represent’ several other individuals that are not in the
sample. This ‘weight’ essentially corresponds to the number of persons in the target
population that are represented by each individual respondent. In a simple random 2%
sample of the Canadian population, the CCHS strives for each person in that sample to
represent approximately 50 persons, overall. Using this terminology, it can be said that
each person in the CCHS sample has a weight of 50. Effective weighting strategies
account for the rather complex sampling design used by the CCHS, non-response rates,
and unequal probabilities of selection across iterations.395-401
In order to generate appropriate person-level weights for each cycle, a number of steps
are completed. First, the telephone list and RDD frames are combined, leaving only 2
sampling frames to calculate weights for (Telephone and Area). The CCHS weighting
strategy treats each frame independently, generating separate household-level weights for
each. After household weights are created, they are combined via integration. Following
integration, the weights are adjusted using person-level selection formulae; thus, creating
a final person-level weight.

4.3.1

Area Frame Weight

Area frame calculations are comprised of five different levels, beginning with an initial
weight that is obtained from the Labour Force Survey (LFS).413 LFS sampling design
consists of selecting household dwellings within clusters from area strata similar to those
that are used in the CCHS (CCHS area frame sampling is based on LFS design). The
initial weight is then adjusted in order to account for health regions, sub-sampling within
clusters, and eventually stabilization. Stabilization corrects for some health regions
having larger sample sizes than others, and will attenuate the sample size to a desired
level by randomly sub-sampling dwellings within clusters; this produces an adjustment
factor that is multiplied by the initial weight. The adjusted weight is then altered to
account for the removal of out-of-scope units (households that are demolished or vacant,
institutions, etc.) and for household nonresponses (the weights of these households are
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redistributed to responding households), creating a final (household-level) area frame
weight.

4.3.2

Telephone Frame Weight

Telephone frame calculations are also comprised of five different levels, beginning with
an initial weight that is derived from the inverse of the probability of selection within
both the telephone list and RDD frame. The value of this initial weight is essentially a
ratio. For the telephone list frame: the number of sampled units, to the number of
telephone numbers on the list within each health region. For the RDD frame: the ratio
between the number of sampled units and one hundred times the number of random digit
banks within each RDD stratum.395-401 It is important to note that for the telephone list
frame, only listed telephone numbers are used and cell phone numbers are not included.
The CCHS attempts to adjust for changes in listed numbers by using an external
administrative telephone list frame that is updated twice per year.395-401
Next, the timing of CCHS data collection must be considered. Area frame households are
sampled entirely at the beginning of each cycle year, and telephone frame households are
sampled every two months. Therefore, each two-month telephone frame sample carries its
own initial weight. Each of these weights is first reduced to ensure that the total sample is
counted only once, and then multiplied by an adjustment factor. Then, like the area frame,
out-of-scope numbers and household nonresponses are corrected for, producing a final
(household-level) telephone frame weight.

4.3.3

Final Weight Integration

During integration, household-level weights (generated from each individual frame) are
converted to person-level weights. First, person-level nonresponses are corrected for
using the same method as household nonresponses, followed by “winsorization”.395401

After multiple adjustments, some units may be generated with extreme weights;

winsorization involves attenuating outlier weights downward (as a trimming approach) so
that they may be calibrated for final CCHS person-level weights. The calibrated master
weights are found in the data file associated with each cycle under specific variable
names (WTSA_M for 2001, WTSC_M for 2003, WTSE_M for 2005, and WTS_M for
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2007 and onward). Final calibrated weights are provided in order to scale estimates that
are generated from the sample level, towards the population level. As a result, each of
these weights were rescaled (by a factor of αi=1/k) prior to computing any analyses;
individual sampling weights were divided by mean sampling weights for each CCHS
iteration, then combined for the total sample (thus, ensuring that the total weighted
sample was equal to the actual total sample from 2001 to 2010). All analyses were
conducted using these rescaled weights.

4.4 Combining CCHS Cycles
When investigating a rare population or disease, a single cycle of the CCHS may not
provide enough data to generate the sample size or disease cases required for valid and
reliable parameter estimates. Statistics Canada states “combining cycles yields larger
sample sizes for analysis, and the resulting estimates are of higher quality than those from
one cycle alone.”414 For the present study, this was indeed the case. Multiple cycles were
required in order attain a sufficient sample for each subpopulation, and subsequent
stratums within each covariate of interest. Nevertheless, certain aspects of the survey, its
data collection, and the parameter estimates that have been generated must be taken into
consideration. Essentially, changes to the survey and its administration over time
(questionnaire content, geographic coverage, etc.) must be acknowledged and accounted
for. Fortunately, all variables included in this thesis are taken strictly from annual
modules that have remained unchanged in terms of content wording and coverage across
all iterations used. Any potential for biased responses due to changes in interview mode
(method of data collection) have been acknowledged in Section 4.2.2.
A key concern for researchers when combining CCHS cycles is that the Canadian
population is naturally evolving over time. Parameter estimates that are computed based
on a combined sample are therefore not directly representative of the Canadian population
at each individual cycle year; rather, they are representative of an average population
garnered over the period of time used for the study.415 Statistics Canada warns that
changes in the population occurring between cycles may actually reflect variations in the
outcome variables (parameters) used in one’s study. Statistics Canada also notes that
interpretations of time trends are slightly obscured when combining multiple cycles;
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single year estimates must be considered as part of an overall period estimate when
describing parameters.411 Nevertheless, certain methodological approaches are offered in
order to account for any discrepancies that may emerge in the population from year to
year. For instance, by incorporating a distinct ‘time’ variable into trend analyses,
regression models may be used to assess fluctuations in parameter estimates regardless of
the contextual change that may have occurred. Statistics Canada recommends that if the
time variable is found to be significant, it may be controlled for; thus, creating
comparable trend results across multiple cycles.
Two techniques are presented when combining multiple CCHS cycles: the “separate”
approach, and the “pooled” approach.410 The separate approach involves conducting
analyses and generating estimates for each individual cycle independently, followed by
combination. The pooled approach differs in that the combination step is done prior to
any analyses being conducted. The combined data set is then treated as a new total sample
that may be analyzed. Both methods are considered to be statistically valid. Ultimately,
the choice between the two techniques depends on the objectives of the study. The two
approaches do not always produce identical parameter estimates, however. The separate
approach is considered to be a simple average of two ratios (a/b and c/d, for instance),
while the pooled approach generates period estimates ((a/b + c/d) ≠ (a + c)/(b + d)).410
Statistics Canada states “using a Canadian estimate as an example, some researchers may
choose to study the average of provincial estimates, which gives equal weight to each
province (separate approach), while others are interested in the national estimate (pooled
approach), which is influenced more by larger provinces.” Essentially, the separate
approach provides researchers with an average of estimates using multiple CCHS cycle
iterations. These average estimates can be time consuming to compute and often quite
difficult to interpret. Given the aim of the present study (to generate national level
estimates) and the planned analytical framework, the pooled approach was employed.
A large advantage of using the pooled approach is that it lends itself very well to complex
and/or detailed regression models.401 When regression parameters (meaningful
proportions or probabilities) are sought as nationally representative estimates of the
outcome measure, the pooled approach has been shown to be the more appropriate
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alternative.389 The primary goal of this study was to describe nationally representative
differences that are observed between large subpopulations that are spread out across
Canada, and in variable numbers (depending on the province or territory). Inline with the
pooled approach example provided in the previous paragraph, this technique was much
more conducive to this goal and subsequent framework.
Pooling methodology not only provides an increase in statistical power, but it also allows
for simpler interpretation of the parameter estimates. By rescaling master weights (in
addition to the inclusion of a time variable), resultant odds ratios, probability proportions,
and distribution frequencies may be described as meaningful period estimates as well as
year-specific trend statistics.

4.5 CCHS Data Access
Following the completion of a confidentially oath (required by Statistics Canada), all
analyses were computed using master data files and screened by an appointed analyst in
the Research Data Centre located at the University of Western Ontario.

4.6 Outcome Variable and Total Sample
In order to effectively assess the probability of diabetes mellitus among all CCHS
respondents according to the subpopulations of interest, individual cycles (2001, 2003,
2005, 2007, 2008, 2009, and 2010) were pooled, generating a total combined sample of N
= 656,884. This extremely large sample provided more than enough power to generate
(valid) odds for the disease (from 2001 to 2010).
The dependent (outcome) variable for the present study was simply whether or not a
CCHS respondent had indicated that they have diabetes at the time of survey completion.
When completing the CCHS annual content questionnaire, respondents answered the
following question related to diabetes mellitus:416 ([Do/Does] [you/FNAME] have:)
Diabetes? Yes or No. The variable was therefore binary, and coded as 0 = No Diabetes,
and 1 = Has Diabetes. A total of n = 41, 807 diabetes mellitus cases were found within
the total combined sample, and n = 40, 596 diabetes cases were found excluding
gestational diabetes (n = 1211). Approximately n = 7, 031 respondents with diabetes
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mellitus did not provide ethnic/racial/cultural origin or citizenship status data, leaving n =
33, 565 diabetes mellitus cases within the total sample used for the analyses.
Unfortunately, the CCHS does not make the distinction between whether or not a
respondent has T1DM or T2DM. As well, the CCHS uses non-specific diagnosis during
pregnancy as a proxy for determining whether or not a respondent’s diabetes mellitus was
explicitly gestational. This eliminated the possibility of calculating exact frequencies for
either T1DM or T2DM within the sample; however, the number of T2DM cases will be
inferred based on previous statistics concerning its proportion in population
(approximately 90%).1 Moreover, gestational diabetes mellitus was effectively controlled
for using the provided CCHS proxy question.

4.7 Conceptual Framework
Various conceptual frameworks have been proposed in the literature relative to the
outcome of diabetes mellitus, especially within the Canadian context. Previous research
has pinpointed a number of influential factors that contribute to an increased risk for
T2DM (several modifiable and non-modifiable risk factors, as detailed previously in this
thesis). In order to effectively formulate a conceptual framework that encompassed each
area of the present study’s objectives, as well as the current literature, diverse models and
studies were taken into consideration. Much of this section provides a brief elaboration of
the rationale for pertinent factors derived from the literature review (Chapter 2), and
detailed in the study objectives (Chapter 3).
Previous research into T2DM risks has been inclusive of both modifiable and nonmodifiable risk factors.41 Risk score models that have monitored this dichotomy
frequently incorporate elements of both risk areas when examining T2DM.42,59-64,148,171-172
In addition to these considerations, immigrant-specific literature has detailed the
importance of acculturation (time), and racial/cultural/ethnic origin,264,417 while
Aboriginal-specific literature highlights the distinctive influences that are understood in
reserve communities. By using CCHS data, however, the present study’s framework is
limited to analyses of off-reserve Canadian-Aboriginals (First Nations, Inuit, and Métis).
Still, according to Statistics Canada approximately 60% of First Nations people lived off-
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reserve in 2006 (increasing from 58% in 1996);418 therefore, it is assumed that analyses of
this population using the CCHS are still fairly representative.
Relative to immigrants, the variation in immigrant country origins across the study period
(referenced in Table 2) must also be taken into consideration. Over time (from 2001 to
2010), the picture of immigration has changed. In order to assess the relative changes in
immigrant country origins among CCHS participants across time, frequency distributions
for immigrants with diabetes across the survey iterations are provided (Appendix A).
Two particular Canadian studies have provided useful suggestions for formulating the
present study’s conceptual model, especially concerning immigrant-specific factors for
inclusion. Creatore et al. modeled their investigation of diabetes mellitus in Ontario
immigrants by combining demographic variables, immigrant-specific variables (time incountry), modifiable risk factor variables (physical activity level, BMI, etc.), and nonmodifiable risk factor variables (specifically, world region of birth) from provincial
administrative health databases.321 Similarly, Liu et al. also examined several of these
influences (excluding immigrant-specific factors, however) in their investigation of
cardiovascular risk factors by ethnicity (at the national level) using three cycles of the
CCHS (2001, 2003, and 2005); nevertheless, these researchers chose to exclude
comparisons of specific ethnic origins.419
The present study attempts to combine these previous models by incorporating
comparisons of racial/cultural and ethnic origins, country origins, immigrant-specific
factors, and variables that have been cumulatively designed to assess diabetes mellitus
risks, as well as differences between subpopulations. Variables included in the conceptual
framework were organized into two main groups according to objective two, as described
in Chapter 3: modifiable and non-modifiable (inclusive of immigrant-specific health
determinants) risk factor variables (see Figure 3). All covariates provided an appropriate
structure for the descriptive frequencies and regression analyses computed in this thesis,
and also provided a framework for the comparative discussions detailed in Chapter 6.
Specific coding for each variable is found in Table 5.
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MODIFIABLE
RISK FACTORS:
Smoking Status
Alcohol Consumption
Frequency
BMI
Diet
Household Income ((SES)
Personal Income (SES
SES)
Household Education ((SES)
Personal Education ((SES)
National Language
Competency (Conversational)

NON
NONMODIFIABLE
RISK FACTORS:
Age
Sex
Racial/Cultural Origin
Ethnicity (Ethnic
Origin)
Time Since
Immigration
Age at Immigration
Country Origin

DIABETES
MELLITUS
(T2DM)

Figuree 3: Conceptual Framework
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Table 5: Variable Coding
VARIABLE

Smoking Status

Alcohol
Consumption
Frequency

Body Mass
Index

Household
Income*

Personal
Income

Household

CODING FOR ANALYSES










































MODIFIABLE RISK FACTORS
Never Smoked
Daily Smoker
Former Daily Smoker
Occasional Smoker
Always an Occasional Smoker
Former Occasional Smoker
Less Than Once a Month
Once a Month
2 to 3 Times a Month
Once a Week
2 to 3 Times a Week
4 to 6 times a Week
Everyday
Normal Weight
Underweight
Overweight
Obese
No income
Less than $5000
$5000 to $9999
$10000 to $14000
$15000 to $19999
$20000 to $29999
$30000 to $39999
$40000 to $49999
$50000 to $59999
$60000 to $79999
$80000 or More
No income
Less than $5000
$5000 to $9999
$10000 to $14000
$15000 to $19999
$20000 to $29999
$30000 to $39999
$40000 to $49999
$50000 to $59999
$60000 to $79999
$80000 or More
Less than Secondary School Education
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Education*

Personal
Education
Diet (Meets full
servings of
Fruits and
Vegetables)
National
Language
Competency
(Conversational)

Age

Sex

Racial/Cultural
Origin

Ethnicity
(Ethnic Origin)*












Secondary School Graduation
Some Post-Secondary Education
Post-Secondary Education
Less than Secondary School Education
Secondary School Graduation
Some Post-Secondary Education
Post-Secondary Education
Less than 5 Servings per Day
5 to 10 Servings per Day
10 or More Servings per Day









English Only
Neither English or French (Other)
French Only
English and French Only
English and French and Other
English and Other (Not French)
French and Other (Not English)
NON-MODIFIABLE FACTORS
12-19 years old
20-29 years old
30-39 years old
40-49 years old
50-59 years old
60-69 years old
70-79 years old
80 years old and above
Male
Female
White
Black
Korean
Filipinos
Japanese
Chinese
South Asians
Southeast Asians
Arabs
West Asians
Latin Americans
Other Racial Origins
Multiple Racial Origins
Canadian
French
English
German
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Scottish
Irish Italian
Ukrainian
Dutch (Netherlands)
Chinese
Jewish
Polish
Portuguese
South Asian
Aboriginal
Non-Aboriginal (non-Immigrant) Citizen
Aboriginal (First Nations, Inuit, and Métis) Citizen
Status
Other North America (United States)
South, Central America and Caribbean
Europe
Country Origin
Africa
Asia
Oceania
IMMIGRANT-SPECIFIC RISK FACTORS
Immigration
 Non-Immigrant (non-Aboriginal) Citizen
 Immigrant Citizen
Status
 0-9 years
 10-19 years
Time Since
 20-29 years
Immigration
 30-49 years
 40 years or more
 0-19 years old
 20-29 years old
 30-39 years old
Age at
 40-49 years old
Immigration
 50-69 years old
 70 years old or above
Notes: (1) Reference groups are bolded for each variable. (2) Given the luxury of a
large sample size, variables noted with an asterisk (*) were included to capture similar,
but separate domains of risk factor variables encompassed in the conceptual
framework. (a) All regression analyses controlled for the linear effect of time.


















4.8 Statistical Analyses
All statistical analyses were carried out using SAS version 9.3, and were conducted at the
University of Western Ontario’s Research Data Centre. In order to ensure that the
computed parameter estimates and trends were appropriate for discussion at the national
level (inclusive of all provinces and territories), variables were limited specifically to the
data collected from the annual component questionnaire (as mentioned previously), the
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CCHS datasets (from 2001 to 2010) were pooled, and all analyses were weighted
appropriately (accounting for the unequal probability of selection inherent in the CCHS
sampling design). Statistical significance was determined for all (logistic) regressions at
an alpha (α) type 1 error probability rate of 0.05, and parameter estimates were
interpreted as crude and adjusted odds ratios.

4.8.1

Objective One

Firstly, the total sample of Canadians with diabetes from 2001 to 2010 was calculated
using cross tabulations of the diabetes outcome variable and the time variable. Next, in
order to determine the number of diabetes cases by each subpopulation, the sample was
stratified into the desired groups. In order to stratify the sample, two binary variables
were created. For immigrant status, the original CCHS variable was recoded to
encompass the entire weighted portion of the sample, excluding Canadian-Aboriginals
(First Nations, Inuit, and Métis). To account for this exclusion, non-immigrant/nonAboriginals were coded as the reference group for this variable, and CanadianAboriginals were re-coded into a separate binary variable.
Prior to the 2005 cycle of the CCHS, Canadian-Aboriginals were able to select their
descendent origin as an option from the racial/cultural origin question: “People living in
Canada come from many different cultural and racial backgrounds. Are you:…?”395-397
However, since the 2005 cycle iteration, Canadian-Aboriginals have been identified by a
specific, separate question: “Are you an Aboriginal person that is First Nations, Inuit, and
Métis? A binary variable for Aboriginal status was created and coded to encompass not
only the entire weighted portion of the sample that excluded Canadian-immigrants, but
also to adjust for the changing method of identification. The creation of these recoded
binary variables allowed for Canada-born, non-immigrant, non-Aboriginal citizens to be
used as the reference group for frequency calculations and regression analyses concerning
both Canadian-immigrants, and Canadian-Aboriginals. Sensitivity analyses were
conducted using all three subpopulations as the reference group; these options yielded
nearly identical statistical results. Stratified sample totals and diabetes cases were then
calculated for each subpopulation by using cross tabulations of the diabetes outcome
variable and the time variable. Period prevalence rates were found by dividing the total
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number of diabetes cases within each subpopulation (from 2001 to 2010) by the
associated total frequency (of each respective subpopulation).
In order to characterize the distribution of modifiable and non-modifiable risk factor
variables for the total sample of Canadians with diabetes from 2001 to 2010, cross
tabulations of the diabetes outcome variable and each risk factor variable were computed.
All variables used for the analyses were categorical; age, time since immigration, and age
at immigration were initially continuous but were recoded categorically in order to
capture a great deal of data spread, and to better depict the effect of older age on diabetes
outcomes. Period prevalence rates were calculated for each category of every variable,
depicting the relative distribution of characteristics among the total (pooled) diabetic
sample. Period prevalence rates were found by dividing the number of diabetes cases
within each single category (of all variables) by the associated total frequency (from the
total sample).
Period time trends for Canadian-immigrants, Canadian-Aboriginals (First Nations, Inuit,
and Métis), and Canada-born (non-immigrant, non-Aboriginal population) individuals
from 2001 to 2010 were calculated by dividing the number of diabetes cases within each
subpopulation by the total subpopulation size per CCHS cycle year; these individual
prevalence rates were then depicted collectively over time (Figure 4). A period time trend
for all Canadians was calculated in the same manner using the total number of diabetes
cases and the total sample size per CCHS cycle year.

4.8.2

Objective Two

In order to assess the differential impact of modifiable and non-modifiable risk factors for
each subpopulation, bivariate logistic regressions (providing crude results) were
conducted for each variable, and for each subpopulation. Multivariable logistic
regressions (providing adjusting results) were then conducted for each subpopulation,
inclusive of all risk factors. For immigrants, additional variables were included (for both
bivariate and multivariable regressions) in order to account for immigrant-specific health
determinants such as time since immigration, age at immigration, and country origin. As
stated previously, statistical significance was determined for all regressions at an alpha
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(α) type 1 error probability rate of 0.05, and parameter estimates were interpreted as
crude and adjusted odds ratios.
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Chapter 5
5

Results

This chapter begins with a description of the overall diabetes mellitus sample
characteristics (from 2001 to 2010), focusing on the relative distributions of modifiable
risk factors, non-modifiable risk factors, and immigrant-specific risk factor variables
(Section 5.1). The diabetes period prevalence rates (as well as diabetes cases by CCHS
survey year) among all Canadians (ages 12 and above), Canadian-immigrants, CanadianAboriginals (First Nations, Inuit, and Métis) and Canada-born (non-immigrant, nonAboriginal) individuals from 2001 to 2010 will then be presented. Prevalence rate time
trends will then be depicted graphically in order to assess the differences associated with
each subpopulation from 2001 to 2010. The comparative impact of each risk factor for
diabetes among Canadian-immigrants, Canadian-Aboriginals (First Nations, Inuit, and
Métis) and Canada-born (non-immigrant, non-Aboriginal) individuals from 2001 to 2010
will then be described using the crude bivariate (Section 5.3, Table 8) and adjusted
multivariable logistic regression results (Section 5.4, Table 9).

5.1 Diabetes Mellitus Sample Characteristics
The following data descriptions pertain specifically to the period prevalence rates within
variable categories (for diabetics), as well as overall period prevalence rates (for the total
sample, inclusive of both diabetics and non-diabetics); these results are found in Table 6.
A distribution of variables that is broken down by CCHS survey year (2001 to 2010) is
provided in the Appendix (Appendix 1).
To begin, diabetics most frequently indicated that they were either non-smokers (31.8%)
or former daily smokers (38.2%); yet, diabetic non-smokers comprised only 4.1% of all
non-smokers, while diabetic former daily smokers comprised 8.5% of all former daily
smokers.
Moderate alcohol consumption from as low as once per month to as high as four-to-six
times per week ranged from 2.7% to 8.6% among diabetics, while low alcohol
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consumption of less than once per month was considerably more prevalent at 21.1%.
Those with diabetes who consumed alcohol less than once per month comprised 6.3% of
all individuals who reportedly consumed the same amount, while those with diabetes who
consumed alcohol everyday comprised 5.3% of all individuals who consumed alcohol in
the same frequency; any reported alcohol consumption of more than ‘less than once per
month’ and ‘less than everyday’ ranged from of 2.9% to 4.5% period prevalence rates
within the associated variable categories (see Table 6).
Among those who provided their height and weight, calculated BMIs in the normal
(20.8%), overweight (30.0%), and obese (36%) categories comprised the majority of the
diabetic sample; these figures represented 2.7%, 5.9%, and 11.4% of their associated
variable categories (period prevalence rates).
Concerning both household and personal income, individuals with diabetes who reported
earnings for either variable between $5,000 and $9,999 upwards of $20,000 and $29,999
had the highest period prevalence rates among their respective earnings categories
(ranging from 8.4% to 9.8% for household income, and 5.9% to 8.6% for personal
income, respectively).
Approximately 55.2% of diabetics indicated that the highest level of education obtained
by an individual in their household was post-secondary, while 41.3% indicated that they
had personally completed post-secondary education. However, each of these variable
categories comprised only 4.2% and 4.3% of their respective education category.
Conversely, 19.2% of diabetics had indicated that the highest level of education obtained
by an individual in their household was less than secondary school, while 33.9% had
indicated that they had personally not completed secondary school; each comprised
11.7% and 7.1% of their respective education categories (the highest period prevalence
rates between the two variables).
Among those with diabetes, 50% consumed less than 5 servings per day of fruits and
vegetables, 32.1% consumed 5-10 servings per day, and 2.8% consumed more than 10
servings per day; these constituted 5.0%, 5.0%, and 3.8% of their associated diet
categories, respectively (period prevalence rates).
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The majority of diabetics indicated that they were only able to converse in English
(47.6%), while 3.8% reported that were not able to converse in English or in French at all
(3.8%); however, English-only speaking diabetics constituted 5.2% of all English-only
speaking participants while diabetics who spoke neither English or French comprised
6.9% of all participants that could not converse in either language.
The majority of the diabetic sample were aged 50 to 59 (23.5%), 60 to 69 (26.4%) and 70
to 79 (21%); the age categories with the largest period prevalence rates were those aged
50 to 59 (7.6%), 60 to 69 (13.0%), 70 to 79 (15.7%), and 80 or Above (14.3%). Males
and females comprised 54% and 46% of all diabetes cases, with period prevalence rates
of 5.6% and 4.6%, respectively.
The vast majority of the diabetics from 2001 to 2010 were White (79.1%); this accounted
for 5.1% of all Whites in the total sample. South Asians (7.2%), Latin Americans (6.3%),
and Japanese (6.12%) individuals were found to have the highest representative period
prevalence rates of diabetes in their respective racial/origin category. Inversely,
individuals who were Arab (2.9%) or Chinese (3.6%) had the lowest representative period
prevalence rates of diabetes. Concerning ethnic origin, South Asians were (again) found
to have the highest prevalence rate of diabetes when compared to any other ethnic origin
category (7.0%). Polish (3.7%) and Chinese (3.8%) individuals had the lowest period
prevalence rates of diabetes.
Most diabetics who provided country origin data were originally from Europe (38.2%) or
Asia (28.6%). Individuals from South, Central America, the Caribbean (7.4%), and
Europe (7.2%) had the highest period prevalence rates among immigrants.
Immigrants who had been in Canada from 0 to 9 years had remarkably lower rates of
diabetes (2.3%) when compared to those who had been in Canada for 30 to 39 years
(10.0%) or 40 or more years (11.3%). Conversely, those who were 12 to 19 years of age
upon arrival in Canada had the lowest period prevalence rate of diabetes (3.6%) among
immigrants. Those who immigrated to Canada at 50 to 69 years of age (16.4%) or 70 and
Above years of age (16%) had the highest period prevalence rates of diabetes among
immigrants.
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Table 6: Distribution of Variables for the Total Sample (2001 to 2010 Inclusive)
Number of
Diabetes Cases
(Percentage of Total Sample
Variable
Column Total)

Period
Prevalence
(number of
diabetes cases
divided by the
total sample)

1. MODIFIABLE RISK FACTOR VARIABLES
Smoke Status
Is Not a Smoker
Occasional Smoker
Former Daily Smoker
Always an Occasional Smoker
Former Occasional Smoker
Daily Smoker
Not Available/Applicable

Alcohol Consumption
Frequency
Less than Once per Month
Once per Month
Two to Three Times per
Month
Once per Week
Two to Three Times per
Week
Four to Six Times per Week
Everyday
Not Available/Applicable

10688
(31.8%)
4088
(12.3%)
12826
(38.2%)
239
(0.7%)
622
(1.9%)
4895
(14.6%)
205
(0.6%)

258783

4.1%

96968

4.2%

150232

8.5%

13120

1.8%

18565

3.4%

116136

4.2%

3080

6.7%

7089
(21.1%)
2496
(7.4%)
2247

112278

6.3%

55021

4.5%

69940

3.2%

89419

3.1%

99156

2.9%

28474

3.2%

44262

5.3%

158335

8.1%

(6.7%)
2811
(8.4%)
2885
(8.6%)
906
(2.7%)
2363
(7.0%)
12766
(38.0%)
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Body Mass Index
Underweight
Normal
Overweight
Obese
Not Available/Applicable

322
(1.0%)
6988
(20.8%)
10058
(30.0%)
12074
(36.0%)
4122
(12.3%)

19839

1.6%

254610

2.7%

170208

5.9%

105653

11.4%

106573

3.9%

1715

3.9%

3195

5.2%

8347

8.4%

21801

9.8%

22224

9.8%

51994

8.7%

57095

6.5%

54226

5.3%

53908

4.6%

85355

3.8%

160271

2.9%

199236

4.3%

30001

2.9%

31310

2.8%

40329

6.7%

Household Income
No Income
Less than $5,000
$5,000 to $9,999
$10,000 to $14,999
$15,000 to $19,999
$20,000 to $29,999
$30,000 to $39,999
$40,000 to $49,999
$50,000 to $59,999
$60,000 to $80,000
$80,000 and Above
Not Available/Applicable

71
(0.2%)
167
(0.5%)
703
(2.1%)
2129
(6.3%)
2168
(6.5%)
4517
(13.5%)
3721
(11.1%)
2892
(8.6%)
2463
(7.3%)
3252
(9.7%)
2859
(8.5%)
8625
(25.7%)

Personal Income
No Income
Less than $5,000
$5,000 to $9,999

1243
(3.7%)
864
(2.6%)
2698
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$10,000 to $14,999
$15,000 to $19,999
$20,000 to $29,999
$30,000 to $39,999
$40,000 to $49,999
$50,000 to $59,999
$60,000 to $80,000
$80,000 and Above
Not Available/Applicable

Household Education
Less than Secondary School
Education
Secondary School Graduation
Some Post-Secondary
Education
Post-Secondary Education
Not Available/Applicable

Personal Education
Less than Secondary School
Education
Secondary School Graduation
Some Post-Secondary
Education
Post-Secondary Education

(8.1%)
4499
(13.5%)
3076
(9.3%)
4627
(13.9%)
3607
(10.9%)
2285
(6.9%)
1736
(5.2%)
1543
(4.6%)
1291
(3.9%)
5764
(17.3%)

6458
(19.2%)
4099
(12.2%)
1805
(5.4%)
18529
(55.2%)
2674
(8.0%)

11386
(33.9%)
5126
(15.3%)
1935
(5.8%)
13846
(41.3%)

52473

8.6%

40728

7.6%

78949

5.9%

73205

4.9%

54893

4.2%

40227

4.3%

43906

3.5%

39147

3.3%

123328

4.7%

55328

11.7%

71089

5.8%

38450

4.7%

445045

4.2%

46971

5.6%

160248

7.1%

106989

4.8%

52929

3.7%

321543

4.3%

71

Not Available/Applicable

Dietary Consumption of Fruit
and Vegetables
Consumes Less than 5
Servings per Day
Consumes 5 to 10 Servings
per Day
Consumes More than 10
Servings per Day
Not Available/Applicable

National Language
Competency (Conversational)
English Only
French Only
English and French Only
English and French and
Other
English and Other (Not
French)
French and Other (Not
English)
Neither English or French
(Other)
Not Available/Applicable

1271
(3.8%)

15174

8.4%

16766

336736

5.0%

(50.0%)
10775

217501

5.0%

(32.1%)
933

24310

3.8%

78337

6.5%

306169

5.2%

70311

5.7%

107951

3.8%

34777

3.8%

(3.8%)
5646

106742

3.7%

(16.8%)
306

4416

5.3%

(0.9%)
1272

12848

6.9%

13670

7.1%

(2.8%)
5091
(15.2%)

15962
(47.6%)
4010
(11.9%)
4123
(12.3%)
1281

(3.8%)
965
(2.9%)

2. NON-MODIFIABLE RISK FACTOR VARIABLES
Age
12 to 19
20 to 29

282
(0.8%)
748

80381

0.4%

104975

0.7%
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30 to 39
40 to 49
50 to 59
60 to 69
70 to 79
80 and Above
Not Available/Applicable

(2.2%)
1697
(5.1%)
4050
(12.1%)
7873
(23.5%)
8866
(26.4%)
7054
(21.0%)
2994
(8.9%)
N/A

108978

1.6%

125712

3.2%

103001

7.6%

68028

13.0%

44815

15.7%

20994

14.3%

N/A

N/A

18121
(54.0%)
15443
(46.0%)
N/A

323700

5.6%

333184

4.6%

N/A

N/A

26561
(79.1%)
766
(2.3%)
127
(0.4%)
354
(1.1%)
78
(0.2%)
791
(2.4%)
1457
(4.3%)
256
(0.8%)
133
(0.4%)
129
(0.4%)
240
(0.7%)

529761

5.0%

12766

6.0%

2444

5.2%

7178

4.9%

1275

6.1%

21775

3.6%

20181

7.2%

5330

4.8%

4554

2.9%

2920

3.8%

6329

6.3%

Sex
Male
Female
Not Available/Applicable
Racial/Cultural Origin
White
Black
Korean
Filipino
Japanese
Chinese
South Asian
Southeast Asian
Arab
West Asian
Latin American
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Other
Multiple
Not Available/Applicable

Ethnicity (Ethnic Origin)
Canadian
French
English
German
Scottish
Irish
Italian
Ukrainian
Dutch (Netherlands)
Chinese
Jewish
Polish
Portuguese
South Asian
Not Available/Applicable

421
(1.3%)
250
(0.7%)
2001
(6.0%)

6988
(20.6%)
4400
(13.0%)
6321
(18.6%)
2240
(6.6%)
4037
(11.9%)
3481
(10.3%)
1446
(4.3%)
841
(2.5%)
782
(2.3%)
872
(2.6%)
257
(0.8%)
556
(1.6%)
310
(0.9%)
1404
(4.1%)

6690

4.4%

5673

4.4%

30007

6.7%

148378

4.7%

89396

5.5%

114919

4.3%

51834

4.3%

82193

4.9%

71242

4.9%

24936

5.8%

20564

4.1%

17662

4.4%

22994

3.8%

4643

5.5%

15108

3.7%

7040

4.4%

20005

7.0%

34030a

3. IMMIGRANT-SPECIFIC RISK FACTOR VARIABLES
Country Origin
362
8001
4.5%
Other North America
(3.6%)
1129
15241
7.4%
South, Central America and
the Caribbean
(11.2%)
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Europe
Africa
Asia
Oceania
Not Available/Applicable

Time Since Immigration to
Canada
0 to 9 Years Since
Immigration
10 to 19 Years Since
Immigration
20 to 29 Years Since
Immigration
30 to 39 Years Since
Immigration
40 or More Years Since
Immigration
Not Available/Applicable

Age at Immigration to Canada
12 to 19
20 to 29
30 to 39
40 to 49
50 to 69
70 and Above
Not Available/Applicable

3846
(38.2%)
440
(4.4%)
2877
(28.6%)
71
(0.7%)
1338
(13.3%)

53555

7.2%

8213

5.4%

51315

5.6%

1105

6.4%

20219

6.6%

904

38754

2.3%

(2.7%)
1466

31605

4.6%

(4.4%)
1341

20533

6.5%

(4.0%)
2022

20289

10.0%

(6.0%)
3064

27016

11.3%

518687

4.8%

49835

3.6%

44358

6.7%

27444

7.4%

10394

9.6%

5591

16.4%

575

16.0%

518867

4.8%

(9.1%)
24767
(73.8%)

1804
(5.4%)
2952
(8.8%)
2035
(6.1%)
999
(3.0%)
915
(2.7%)
92
(0.3%)
24651

75

(73.8%)
Notes: (1) All results were calculated using rescaled master weights (see Section
4.3.3); (2) aMultiple options available; number represents total respondents with
more than one ethnicity option selected.
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5.2 Period Prevalence of Diabetes Mellitus (2001 to 2010)
Overall, the period prevalence rate of diabetes for all Canadians from 2001 to 2010 was
5.3%. The period prevalence of diabetes was found to be lowest among Canada-born
(non-immigrant, non-Aboriginal) individuals (5.0%), followed by Aboriginals (First
Nations, Inuit, and Métis) (6.5%). Immigrants were found to have the highest period
prevalence rate of diabetes among the three Canadian subpopulations at 6.7% (see Table
7).
The prevalence of diabetes among all Canadians ranged from 4.1% in 2001 (2000/2001
inclusive) to 6.4% in 2010 (2009/2010 inclusive).
The prevalence of diabetes in Canada-born individuals ranged from 3.9% in 2001
(2000/2001 inclusive) to 5.7% in 2010 (2009/2010 inclusive).
The prevalence of diabetes in Aboriginal individuals ranged from 5.4% in 2001
(2000/2001 inclusive) to 7.4% in 2010 (2009/2010 inclusive).
The prevalence of diabetes in immigrant individuals ranged from 5.0% in 2001
(2000/2001 inclusive) to 8.5% in 2010 (2009/2010 inclusive).
Overall, there were generally upward linear trends for diabetes among all subpopulations
(see Figure 4). Both Aboriginals and immigrants remained consistently above the linear
trend for Canada-born individuals from 2001 to 2010, while Canada-born individuals
remained consistently below the linear trend for all Canadians. Immigrants had the
highest prevalence rate of diabetes almost consistently across time from 2001 to 2010.
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Table 7: Diabetes Mellitus Period Prevalence Rates
Diabetes Cases by CCHS Survey Year
Total
Diabetes
Cases
(Period
Prev.)

Total
Sample

CanadaBorn (NonImmigrant, 4042 4428 4759 2672 2621 2552 2675
NonAboriginal)

23749
(5.0%)

479659

Immigrant

2001 2003 2005 2007 2008 2009 2010

Aboriginal
(First
Nations,
Inuit, and
Métis)

1339 1573 1507
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107

154

993

1123 1033 1229

8797
(6.7%)

129295

148

131

910
(6.5%)

14164

149

146

33565
656354
(5.3%)
Notes: (1) All results were calculated using rescaled master weights (see Section 4.3.3);
(2) Overall response rates (%) varied slightly across the years: 84.7, 80.7, 79.0, 77.6,
75.2, 73.2, 71.5 (from 2001 to 2010, respectively).
Total

5423 6238 6493 3825 3876 3682 4028
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Figure 4: Diabetes Time Trends from 2001 to 2010
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5.3 Comparative Impact of Diabetes Risk Factors - Crude
Results
Statistical tests for differences between subpopulations according to each risk factor were
not conducted in order to avoid multiple comparisons/testing across the groups of main
interest. Instead, odds ratios (likelihood of diabetes) were generated for each
subpopulation according to the outlined set of variables found in Table 5 (crude bivariate
logistic regression results are found in Table 8).

5.3.1

Smoking Status

Smoking was found to be strongly associated with diabetes, but in varying degrees among
the subpopulations of interest.
Crude results revealed that Canada-born individuals who were former-daily smokers were
most likely to have diabetes when compared to Canada-born non-smokers (OR 2.58, 95%
CI 2.50, 2.67).
Aboriginals who were daily smokers (OR 1.6, 95% CI 1.32-1.93), former daily smokers
(OR 2.67, 95% CI 2.19-3.24), and former occasional smokers (OR 1.76, 95% CI 1.22.48) were most likely to have diabetes when compared to Aboriginal non-smokers.
Conversely, immigrants who were daily smokers (OR 0.84, 95% CI 0.78-0.91) or former
occasional smokers (OR 0.54, 95% CI 0.44-0.66) were less likely to have diabetes when
compared to immigrant non-smokers.

5.3.2

Alcohol Consumption Frequency

Alcohol consumption of once per month or more was not found to be significantly
associated with diabetes among the subpopulations of interest. When compared to those
who consumed alcohol less than once per month, all subpopulations were less likely to
have diabetes at every increased level of alcohol consumption.
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5.3.3

Body Mass Index

BMI was found to be strongly associated with diabetes in all three subpopulations.
Overall, the likelihood of diabetes increased with BMIs higher than normal. On the other
hand, the likelihood of diabetes decreased with BMIs lower than normal in the Canadaborn and immigrant subpopulations.

5.3.4

Household and Personal Income

Household and Personal income were found to be fairly associated with diabetes. Crude
results indicated that all three subpopulations were most likely to have diabetes if their
reported household or personal income ranged from $5,000 to $29,999 when compared to
individuals who reported household or personal income above $80,000.

5.3.5

Household and Personal Education

Household and Personal education were found to be slightly associated with diabetes in
all three subpopulations. Overall, as education level increased (for either variable), the
likelihood of diabetes decreased.

5.3.6

Diet

Dietary consumption of fruit and vegetables was not strongly associated with diabetes;
however, significant results were found in the Canada-born and immigrant
subpopulations. Crude results indicated that both Canada-born and immigrant individuals
who consumed less than 5, or 5 to 10 servings of fruits and vegetables per day were
marginally more likely to have diabetes than those who consumed more than 10 servings
per day.

5.3.7

National Language Competency

National language competency (conversational) was found to be slightly associated with
diabetes in certain subpopulations. When compared to individuals who were only able to
converse in English, crude results indicated that Canada-born (OR 1.87, 95% CI 1.123.14) and immigrant (OR 2.96, 95% CI 1.61-5.44) individuals who could not speak either
English or French but could converse in another language were more likely to have
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diabetes. Crude results also indicated that Aboriginal individuals who spoke English and
another language other than French (OR 2.05, 95% CI 1.73-2.43), as well as Aboriginals
who spoke French and another language other than English (OR 4.22 95% CI 1.71-10.43)
were considerably more likely to have diabetes when compared to Aboriginals those who
only spoke English.

5.3.8

Age

Age was found to be robustly associated with diabetes in all three subpopulations. The
likelihood of diabetes significantly increased with older age; this was especially true for
the immigrant subpopulation.

5.3.9

Sex

Sex was found to be strongly associated with diabetes in the Canada-born and immigrant
subpopulations. Crude results showed that Canada-born and immigrant females were less
likely to have diabetes when compared to males, respectively. However, while not
statistically significant, Aboriginal females were found to be slightly more likely than
Aboriginal males to have diabetes.

5.3.10

Racial/Cultural and Ethnic Origin

Racial/cultural origin was strongly associated with diabetes in the Canada-born and
immigrant subpopulations.
For the Canada-born subpopulation, those who were Japanese, and those who did not
provide racial/cultural origin data were most likely to have diabetes when compared to
White Canada-born individuals.
For the immigrant subpopulation, Black immigrants, and immigrants with ‘Other’
racial/cultural origins were most likely to have diabetes when compared to White
immigrants. Latin American immigrants were least likely to have diabetes when
compared to White immigrants.
Concerning ethnic origin, Italian and South Asian immigrants had the highest likelihood
of diabetes when compared to those who ethnically identified as Canadian. Conversely,
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Portuguese Canada-born individuals had the smallest likelihood of diabetes when
compared to those who identified ethnically as Canadian.

5.3.11

Immigrant-Specific Risk Factors

Country origin, time since immigration, and age at immigration were all found to be
strongly associated with diabetes in the immigrant subpopulation.
Crude results showed that immigrant respondents from any country origin outside of
North America had greater odds of reporting diabetes. Immigrants from South, Central
America, and the Caribbean (OR 1.77, 95% CI 1.55-2.01), as well as Europe (OR 1.72,
95% CI 1.53, 1.94) had the highest likelihoods.
Crude results revealed that longer periods of time in Canada were linked to higher
likelihoods for diabetes. When compared to immigrants who had been in Canada for 0 to
9 years, immigrants who had been in Canada for 10 years and above were more likely to
have diabetes; this likelihood increased exponentially with lengthier periods of time in
Canada.
Overall, when compared to immigrants who arrived in Canada at ages 70 and above,
immigrants who arrived at younger ages had noticeably decreased likelihoods of having
diabetes.
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Table 8: Results from Bivariate Logistic Regression Models (Crude)
Canada-Born (NonImmigrant, NonImmigrant likelihood of
Aboriginal) likelihood of
Diabetes
Diabetes
Odds Ratios
Odds Ratios
(95%
(95%
P-Value
P-Value
Confidence
Confidence
Intervals)
Intervals)
1. MODIFIABLE RISK FACTOR VARIABLES

Aboriginal (First
Nations, Inuit, and
Métis) likelihood of
Diabetes
Odds Ratios
(95%
P-Value
Confidence
Intervals)

Smoke Status
Is Not a Smoker
Occasional Smoker
Former Daily Smoker
Always an Occasional Smoker
Former Occasional Smoker
Daily Smoker
Not Available/Applicable

1.01
(0.92, 1.11)
2.58
(2.50, 2.67)
0.45
(0.38, 0.53)
1.17
(1.12, 1.22)
1.22
(1.17, 1.27)
1.89
(1.43, 2.50)

0.847
<.0001*
<.0001*
<.0001*
<.0001*
<.0001*

Alcohol Consumption Frequency
Less than Once per Month
Once per Month

0.69
(0.65, 0.73)

<.0001*

Reference Group
0.89
0.0009*
(0.82, 0.95)
1.75
<.0001*
(1.66, 1.84)
0.46
<.0001*
(0.37, 0.58)
0.54
<.0001*
(0.44, 0.66)
0.84
<.0001*
(0.78, 0.91)
0.96
0.8867
(0.53, 1.74)

1.03
(0.77, 1.37)
2.67
(2.19, 3.24)
0.67
(0.40, 1.15)
1.76
(1.25, 2.48)
1.6
(1.32, 1.93)
4.08
(1.52, 10.98)

Reference Group
0.76
<.0001*
(0.69, 0.83)

0.8
(0.61, 1.07)

0.8574
<.0001*
0.1442
0.0013*
<.0001*
0.0054*

0.1311
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Two to Three Times per Month
Once per Week
Two to Three Times per Week
Four to Six Times per Week
Everyday
Not Available/Applicable

0.49
(0.46, 0.51)
0.46
(0.43, 0.48)
0.44
(0.42, 0.46)
0.46
(0.43, 0.50)
0.77
(0.72, 0.81)
1.34
(1.29, 1.38)

<.0001*
<.0001*
<.0001*
<.0001*
<.0001*
<.0001*

0.53
(0.47, 0.59)
0.62
(0.57, 0.68)
0.52
(0.47, 0.57)
0.67
(0.58, 0.78)
1.03
(0.94, 1.12)
1.2
(1.13, 1.28)

<.0001*
<.0001*
<.0001*
<.0001*
0.521
<.0001*

0.38
(0.28, 0.52)
0.55
(0.42, 0.74)
0.61
(0.46, 0.81)
0.66
(0.41, 1.06)
0.74
(0.49, 1.11)
1.6
(1.34, 1.91)

<.0001*
<.0001*
0.0005*
0.0879
0.1501
<.0001*

Body Mass Index
Normal
Underweight
Overweight
Obese
Not Available/Applicable

0.66
(0.57, 0.76)
2.42
(2.33, 2.52)
5.37
(5.18, 5.58)
1.58
(1.51, 1.66)

<.0001*
<.0001*
<.0001*
<.0001*

Reference Group
0.54
<.0001*
(0.45, 0.65)
1.83
<.0001*
(1.73, 1.94)
4.00
<.0001*
(3.77, 4.24)
1.72
<.0001*
(1.59, 1.85)

0.42
(0.16, 1.09)
1.89
(1.53, 2.34)
4.81
(3.96, 5.83)
0.77
(0.58, 1.01)

0.85
(0.58, 1.25)
1.47
(1.14, 1.90)
1.93

0.71
(0.12, 4.13)
0.9
(0.39, 2.08)
2.04

0.0738
0.0013*
<.0001*
0.0614

Household Income
No Income
Less than $5,000
$5,000 to $9,999

1.6
(1.16, 2.21)
1.84
(1.49, 2.26)
3.48

0.0045*
<.0001*
<.0001*

0.4141
0.0034*
<.0001*

0.7019
0.81
0.0009*
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$10,000 to $14,999
$15,000 to $19,999
$20,000 to $29,999
$30,000 to $39,999
$40,000 to $49,999
$50,000 to $59,999
$60,000 to $80,000

(3.16, 3.84)
4.1
(3.84, 4.39)
4.02
(3.76, 4.30)
3.56
(3.37, 3.77)
2.56
(2.41, 2.71)
2
(1.88, 2.13)
1.67
(1.57, 1.78)
1.34
(1.26, 1.42)

<.0001*
<.0001*
<.0001*
<.0001*
<.0001*
<.0001*
<.0001*

$80,000 and Above
Not Available/Applicable

1.4
(1.33, 1.47)

<.0001*

(1.61, 2.32)
2.27
<.0001*
(2.01, 2.56)
2.42
<.0001*
(2.15, 2.71)
2.08
<.0001*
(1.89, 2.28)
1.62
<.0001*
(1.47, 1.79)
1.44
<.0001*
(1.30, 1.60)
1.32
<.0001*
(1.18, 1.47)
1.2
0.0003*
(1.09, 1.33)
Reference Group
1.43
<.0001*
(1.31, 1.55)

(1.34, 3.11)
2.21
(1.56, 3.12)
1.92
(1.34, 2.75)
1.66
(1.18, 2.32)
1.42
(1.01, 2.00)
1.2
(0.82, 1.73)
0.99
(0.68, 1.45)
1.37
(0.97, 1.93)

1.38
(1.20, 1.58)
0.91
(0.77, 1.09)
2.21
(1.93, 2.52)
2.83
(2.50, 3.21)
2.2
(1.93, 2.51)

0.93
(0.57, 1.51)
0.52
(0.31, 0.89)
1.79
(1.19, 2.71)
1.7
(1.13, 2.54)
2.34
(1.55, 3.53)

0.99
(0.73, 1.35)

<.0001*
0.0004*
0.0033*
0.0451*
0.3471
0.9574
0.075

0.9549

Personal Income
No Income
Less than $5,000
$5,000 to $9,999
$10,000 to $14,999
$15,000 to $19,999

1.11
(1.01, 1.22)
0.8
(0.72, 0.88)
2.03
(1.88, 2.19)
2.66
(2.48, 2.85)
2.4
(2.23, 2.58)

0.0322*
<.0001*
<.0001*
<.0001*
<.0001*

<.0001*
0.2985
<.0001*
<.0001*
<.0001*

0.7564
0.0177*
0.0057*
0.0106*
<.0001*
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$20,000 to $29,999
$30,000 to $39,999
$40,000 to $49,999
$50,000 to $59,999
$60,000 to $80,000

1.8
(1.68, 1.93)
1.51
(1.41, 1.62)
1.22
(1.13, 1.32)
1.29
(1.19, 1.40)
1.09
(1.01, 1.19)

<.0001*
<.0001*
<.0001*
<.0001*
0.0314*

$80,000 and Above
Not Available/Applicable
Household Education
Less than Secondary School
Education
Secondary School Graduation
Some Post-Secondary Education

1.25
(1.17, 1.34)

3.31
(3.20, 3.43)
1.48
(1.42, 1.54)
1.21
(1.14, 1.28)

<.0001*

<.0001*
<.0001*
<.0001*

Post-Secondary Education
Not Available/Applicable
Personal Education
Less than Secondary School
Education
Secondary School Graduation

1.23
(1.16, 1.30)

1.67
(1.62, 1.72)
1.1
(1.06, 1.14)

<.0001*

<.0001*
<.0001*

1.75
<.0001*
(1.55, 1.98)
1.45
<.0001*
(1.27, 1.64)
1.36
<.0001*
(1.19, 1.56)
1.39
<.0001*
(1.20, 1.61)
1.02
0.8393
(0.88, 1.18)
Reference Group
1.55
<.0001*
(1.37, 1.75)

1.43
(0.95, 2.15)
1.3
(0.85, 1.97)
1.04
(0.65, 1.64)
1.11
(0.69, 1.80)
0.81
(0.49, 1.34)

2.5
<.0001*
(2.34, 2.66)
1.31
<.0001*
(1.22, 1.40)
0.97
0.5597
(0.87, 1.08)
Reference Group
1.25
<.0001*
(1.15, 1.37)

1.93
(1.63, 2.29)
0.78
(0.62, 0.99)
0.78
(0.59, 1.02)

2
(1.90, 2.10)
1.21
(1.14, 1.29)

1.03
(0.89, 1.20)
0.6
(0.47, 0.77)

<.0001*
<.0001*

0.81
(0.54, 1.20)

0.72
(0.56, 0.93)

0.0862
0.2238
0.8857
0.6704
0.4158

0.2895

<.0001*
0.043*
0.0706

0.0127*

0.7178
<.0001*
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Some Post-Secondary Education

0.86
(0.82, 0.91)

<.0001*

2.02
(1.81, 2.26)

<.0001*

Post-Secondary Education
Not Available/Applicable
Dietary Consumption of Fruit and
Vegetables
Consumes Less than 5 Servings per
Day
Consumes 5 to 10 Servings per Day

1.29
(1.20, 1.40)
1.29
(1.19, 1.40)

<.0001*
<.0001*

Consumes More than 10 Servings
per Day
Not Available/Applicable

English and French Only
English and French and Other
English and Other (Not French)
French and Other (Not English)

0.65
(0.49, 0.85)

0.0015*

1.95
(1.23, 3.07)

0.0041*

1.35
(1.19, 1.54)
1.29
(1.12, 1.47)

1.13
(0.77, 1.64)
1
(0.68, 1.48)

<.0001*
0.0002*

0.5327
0.9832

Reference Group
1.78
(1.64, 1.94)

<.0001*

National Language Competency
(Conversational)
English Only
French Only

0.84
0.001*
(0.75, 0.93)
Reference Group
2.12
<.0001*
(1.82, 2.47)

1.15
(1.11, 1.20)
0.76
(0.73, 0.78)
0.53
(0.48, 0.58)
0.81
(0.77, 0.86)
0.76
(0.51, 1.13)

<.0001*
<.0001*
<.0001*
<.0001*
0.1792

1.63
(1.41, 1.88)

<.0001*

Reference Group
0.66
0.002*
(0.51, 0.86)
0.51
<.0001*
(0.43, 0.59)
0.66
<.0001*
(0.61, 0.72)
0.78
<.0001*
(0.74, 0.83)
1.02
0.7584
(0.90, 1.16)

1.19
(0.79, 1.78)

1.5
(1.05, 2.14)
1.02
(0.83, 1.25)
1.02
(0.66, 1.57)
2.05
(1.73, 2.43)
4.22
(1.71, 10.43)

0.3996

0.0279*
0.8771
0.9226
<.0001*
0.0018*
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Neither English or French (Other)
Not Available/Applicable

1.87
(1.12, 3.14)
1.41
(1.16, 1.73)

0.0175*
0.0007*

2.96
(1.61, 5.44)
1.48
(1.37, 1.60)

0.0005*
<.0001*

3.34
(0.39, 28.80)
0.4
(0.12, 1.36)

0.2730
0.1426

2. NON-MODIFIABLE RISK FACTOR VARIABLES
Age
12 to 19
20 to 29
30 to 39
40 to 49
50 to 59
60 to 69
70 to 79
80 and Above
Not Available/Applicable

2.06
(1.79, 2.37)
4.19
(3.67, 4.79)
8.33
(7.34, 9.44)
19.78
(17.49, 22.38)
38.4
(33.95, 43.42)
48.36
(42.72, 54.73)
43.22
(38.00, 49.16)
N/A

<.0001*
<.0001*
<.0001*
<.0001*
<.0001*
<.0001*
<.0001*
N/A

Reference Group
2.53
0.0019*
(1.41, 4.55)
8.98
<.0001*
(5.20, 15.48)
24.85
<.0001*
(14.5, 42.6)
66.53
<.0001*
(38.9, 113.8)
101.88
<.0001*
(59.6, 174.3)
123.25
<.0001*
(72.0, 210.9)
113.6
<.0001*
(66.2, 195.0)
N/A
N/A

2.81
(1.62, 4.85)
5.54
(3.29, 9.34)
10.33
(6.24, 17.1)
29.06
(17.8, 47.6)
51.26
(31.13, 84.4)
62.04
(36.7, 104.9)
56.61
(30.3, 105.9)
N/A

Reference Group
0.81
<.0001*
(0.78, 0.85)
N/A
N/A

1.13
(0.98, 1.29)
N/A

0.0002*
<.0001*
<.0001*
<.0001*
<.0001*
<.0001*
<.0001*
N/A

Sex
Male
Female
Not Available/Applicable

0.82
(0.80, 0.84)
N/A

<.0001*
N/A

0.0873
N/A
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Racial/Cultural Origin
White
Black
Korean
Filipino
Japanese
Chinese
South Asian
Southeast Asian
Arab
West Asian
Latin American
Other
Multiple
Not Available/Applicable
Ethnicity (Ethnic Origin)

0.46
(0.36, 0.57)
0.62
(0.37, 1.03)
0.13
(0.06, 0.28)
1.62
(1.24, 2.13)
0.34
(0.27, 0.44)
0.22
(0.16, 0.31)
0.41
(0.26, 0.63)
0.09
(0.03, 0.27)
0.04
(0.00, 0.51)
0.22
(0.12, 0.42)
0.59
(0.46, 0.75)
0.61
(0.51, 0.74)
1.35
(1.26, 1.44)

<.0001*
0.0621
<.0001*
0.0004*
<.0001*
<.0001*
<.0001*
<.0001*
0.0128*
<.0001*
<.0001
<.0001*
<.0001*

Reference Group
1.1
0.0218*
(1.01, 1.20)
0.86
0.1166
(0.71, 1.04)
0.83
0.0012*
(0.74, 0.93)
0.59
0.0194*
(0.38, 0.92)
0.59
<.0001*
(0.54, 0.64)
1.3
<.0001*
(1.22, 1.39)
0.81
0.0025*
(0.71, 0.93)
0.48
<.0001*
(0.40, 0.58)
0.71 (0.59,
0.0002*
0.85)
0.61
<.0001*
(0.54, 0.70)
1.23
0.0003*
(1.10, 1.38)
1.06
0.5285
(0.89, 1.26)
1.07
0.5923
(0.83, 1.39)

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A
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Canadian
French
English
German
Scottish
Irish
Italian
Ukrainian
Dutch (Netherlands)
Chinese
Jewish
Polish
Portuguese
South Asian
Not Available/Applicable

1.05
(1.01, 1.09)
1.16
(1.12, 1.20)
0.82
(0.78, 0.87)
1.03
(0.99, 1.07)
1.04
(1.00, 1.09)
0.55
(0.50, 0.61)
0.84
(0.78, 0.91)
0.76
(0.70, 0.84)
0.35
(0.28, 0.44)
1
(0.84, 1.18)
0.69
(0.62, 0.77)
0.23
(0.17, 0.33)
0.27
(0.20, 0.36)
1.56
(0.94, 5.66)

0.0185*
<.0001*
<.0001*
0.1588
0.0532
<.0001*
<.0001*
<.0001*
<.0001*
0.9519
<.0001*
<.0001*
<.0001*
0.9776

Reference Group
0.96
0.7555
(0.72, 1.27)
1.26
0.0665
(0.98, 1.62)
1.4
0.009*
(1.09, 1.81)
1.17
0.2446
(0.90, 1.52)
0.92
0.5668
(0.70, 1.22)
2.71
<.0001*
(2.12, 3.47)
1.04
0.7950
(0.76, 1.43)
1.54
0.0016*
(1.18, 2.01)
0.84
0.1668
(0.66, 1.08)
1.44
0.0195*
(1.06, 1.94)
0.91
0.4753
(0.69, 1.19)
1.38
0.0172
(1.06, 1.81)
1.7
<.0001*
(1.33, 2.17)
1.24
0.3477
(0.87, 3.34)

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A
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3. IMMIGRANT-SPECIFIC RISK FACTOR VARIABLES
Country Origin
Other North America
South, Central America and the
Caribbean

N/A

N/A

Europe

N/A

N/A

Africa

N/A

N/A

Asia

N/A

N/A

Oceania

N/A

N/A

Not Available/Applicable

N/A

N/A

Time Since Immigration to Canada
0 to 9 Years Since Immigration
10 to 19 Years Since Immigration

N/A

N/A

20 to 29 Years Since Immigration

N/A

N/A

30 to 39 Years Since Immigration

N/A

N/A

40 or More Years Since
Immigration

N/A

N/A

Not Available/Applicable

N/A

N/A

Age at Immigration to Canada

Reference Group
1.77
<.0001*
(1.55, 2.01)
1.72
<.0001*
(1.53, 1.94)
1.21
<.0012*
(1.04, 1.41)
1.30
<.0001*
(1.15, 1.46)
1.50
<.0004*
(1.14, 1.98)
1.44
<.0001*
(1.36, 1.53)

Reference Group
2.04
<.0001*
(1.87, 2.22)
2.92
<.0001*
(2.68, 3.19)
4.64
<.0001*
(4.28, 5.02)
5.36
<.0001*
(4.96, 5.78)
2.1
<.0001*
(1.96, 2.25)

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A
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0.2
<.0001*
N/A
N/A
(0.16, 0.25)
0.37
N/A
N/A
<.0001*
N/A
N/A
20 to 29
(0.30, 0.47)
0.42
N/A
N/A
<.0001*
N/A
N/A
30 to 39
(0.33, 0.53)
0.56
N/A
N/A
<.0001*
N/A
N/A
40 to 49
(0.44, 0.70)
1.02
N/A
N/A
0.8478
N/A
N/A
50 to 69
(0.81, 1.29)
70 and Above
Reference Group
0.26
N/A
N/A
<.0001*
N/A
N/A
Not Available/Applicable
(0.21, 0.33)
Notes: (1)*Result was statistically significant at the 0.05 level (based on a chi-square test statistic); (2) All models
controlled for time/survey year and interview mode; (3) All results were calculated using rescaled master weights (see
Section 4.3.3).
12 to 19

N/A

N/A

93

5.4 Comparative Impact of Diabetes Risk Factors
Adjusted Results

-

Odds ratios (likelihood of diabetes) were generated for each subpopulation according to
the outlined set of variables found in Table 5 (adjusted multivariable logistic regression
results are found in Table 9).

5.4.1

Smoking Status

Overall, results persisted in the adjusted multivariable model with some modest
attenuation of the odds ratios. Mixed results were noted for the association between
smoking status and reporting diabetes. Compared to non-smokers, former daily smokers
had greater odds of having diabetes, an effect noted in all three subpopulations. However,
for the Canada born and immigrant subpopulations, compared to non-smokers, all the
other categories (former/occasional/daily smokers) had lower odds of diabetes; this effect
was not seen in the Aboriginal subpopulation.

5.4.2

Alcohol Consumption Frequency

Following adjustment for modifiable and non-modifiable risk factors, the initial trend
observed in the crude results continued. When compared to those who consumed alcohol
less than once per month, those who consumed alcohol more frequently were less likely
to have diabetes; this was true for each of the three subpopulations.

5.4.3

Body Mass Index

Overall, increasing BMI was still associated with increased likelihoods of diabetes for all
three subpopulations following adjustment. For example, obese BMI Aboriginals had
nearly 4.85 times greater odds of having diabetes when compared to normal BMI
Aboriginals (OR 4.85, 95% 4.21-4.56). For the obese BMI category, this was the highest
odds ratio amongst the subpopulations.

5.4.4

Household and Personal Income

Following adjustment for other covariates, associations between lower income levels and
increased likelihoods of diabetes were seen only for the Household income variable.
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Broadly speaking, for the Canada-born and immigrant subpopulations, higher household
income was associated with lower odds of reporting diabetes. The difference was most
stark between the high-income range ($80,000 and above) and the low-income range
($5,000 to $29,999), where there was a two-fold difference in odds. Household income
was not associated with diabetes in the Aboriginal subpopulation.
For Personal income, adjusted results revealed that Canada-born individuals who reported
incomes in the $50,000 to $59,999 range had the highest likelihood of diabetes (OR 1.21,
95% CI 1.04-1.40) when compared to Canada-born individuals who reported personal
incomes of $80,000 or more; this result was similarly observed in the immigrant
subpopulation (OR 1.6, 95% CI 1.22-2.09).

5.4.5

Household and Personal Education

A mixed picture was seen for the effects of Household and Personal education on
diabetes. For the Canada-born population, a trend of lower household education being
associated with greater odds of reporting diabetes was seen. For example, compared to
those with post-secondary education, Canada-born respondents from households with less
then a secondary school education had 29% greater odds of reporting diabetes (OR 1.29,
95% CI 1.15-1.42). On the other hand, for the immigrant subpopulation, respondents
from households with some post-secondary education had 32% lower odds of reporting
diabetes (OR 0.68, 95% CI 0.54-0.85) compared to respondents from households with
post-secondary education. In contrast, no association was noted between household
education and diabetes in the Aboriginal subpopulation.
For personal education, a similar trend (i.e. lower education being associated with greater
odds of reporting diabetes) was noted for all three groups.

5.4.6

Diet

Lower consumption of dietary fruits and vegetables was associated with 12% lower odds
of diabetes in the Canada-born subpopulation (OR 0.88, 95% CI 0.78-1.00), but was
associated with greater odds of diabetes in the immigrant group (OR 1.36, 95% CI 1.071.71).
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5.4.7

National Language Competency

After controlling for other risk factors, language competency associations revealed by the
crude results were no longer significant. Compared to English-only speakers, all other
language groups/combinations had lower odds of reporting diabetes, both in the Canadaborn and immigrant populations.

5.4.8

Age

Both crude and adjusted results showed a similar pattern of successively greater odds of
reporting diabetes with increasing age; this was noted for all three subpopulations.

5.4.9

Sex

Both crude and adjusted results showed that females were less likely to report having
diabetes when compared to males in both the Canada-born and immigrant subpopulation.
Adjusted results demonstrated a slightly increased likelihood of diabetes in Aboriginal
females when compared to Aboriginal males; however, this result was not statistically
significant.

5.4.10

Racial/Cultural and Ethnic Origin

For the Canada-born subpopulation, Blacks, Southeast Asians and those with multiple
racial/cultural origins had significantly greater odds of reporting diabetes when compared
to Whites. For the immigrant subpopulation, all racial/cultural groups had greater odds of
reporting diabetes, compared to Whites.
Concerning ethnic origin, adjusted results showed that respondents with German,
Ukrainian, and Polish ethnicities had lesser odds of reporting diabetes than ethnically
identified Canadians in the Canada-born subpopulation. Among immigrants, those
reporting Italian, Jewish, South Asian, and Portuguese ethnicities had greater odds of
reporting diabetes.
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5.4.11

Immigrant-Specific Risk Factors

When compared to immigrants from other North American countries, immigrants from
South, Central America, and the Caribbean (29% greater odds), Africa (20% greater
odds), and Asia (19% greater odds) had increased likelihoods for reporting diabetes.
Following adjustment, greater length of stay in Canada was strongly associated with
greater odds of reporting diabetes. For instance, immigrants who had been in Canada for
40 years or more were most likely to have diabetes when compared to immigrants who
had been in Canada for 0 to 9 years (OR 11.97, 95% CI 11.01-13.02).
The association between age at immigration and diabetes was also found to be significant
both before and after controlling for other risk factors; immigration at older ages was
strongly linked to increased likelihoods for diabetes. For instance, immigrants who
arrived in Canada between the ages of 12 and 19 were drastically less likely to have
diabetes when compared to immigrants who arrived in Canada at ages over 70 (OR 0.05,
95% CI 0.04-0.06).
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Table 9: Results from Multivariable Logistic Regressions (Adjusted)
Canada-Born (NonImmigrant, NonImmigrant likelihood of
Aboriginal) likelihood of
Diabetes
Diabetes
Odds Ratios
Odds Ratios
(95%
(95%
P-Value
P-Value
Confidence
Confidence
Intervals)
Intervals)
1. MODIFIABLE RISK FACTOR VARIABLES

Aboriginal (First
Nations, Inuit, and
Métis) likelihood of
Diabetes
Odds Ratios
(95%
P-Value
Confidence
Intervals)

Smoke Status
Is Not a Smoker
Occasional Smoker
Former Daily Smoker
Always an Occasional Smoker
Former Occasional Smoker
Daily Smoker
Not Available/Applicable

1.06
(0.99, 1.15)
1.92
(1.81, 2.03)
0.54
(0.41, 0.70)
0.97
(0.84, 1.13)
0.93
(0.87, 1.00)
1.6
(1.20, 2.14)

0.1177
<.0001*
<.0001*
0.7172
0.0422*
0.0013*

Alcohol Consumption Frequency
Less than Once per Month
Once per Month

0.74
(0.69, 0.80)

<.0001*

Reference Group
0.82
0.0017*
(0.72, 0.93)
1.44
<.0001*
(1.31, 1.58)
0.33
<.0001*
(0.21, 0.52)
0.82
<.0001*
(0.72, 0.93)
0.42
<.0001*
(0.29, 0.59)
0.87
0.6579
(0.47, 1.60)

0.91
(0.54, 1.52)
1.7
(1.16, 2.49)
0.84
(0.36, 1.95)
0.97
(0.50, 1.89)
1.22
(0.84, 1.76)
3.39
(1.14, 10.04)

Reference Group
0.8
0.0007*
(0.71, 0.91)

0.68
(0.47, 0.99)

0.7167
0.0065*
0.6806
0.9235
0.3024
0.0279*

0.0419*
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Two to Three Times per Month
Once per Week
Two to Three Times per Week
Four to Six Times per Week
Everyday
Not Available/Applicable

0.51
(0.48, 0.55)
0.51
(0.47, 0.54)
0.51
(0.48, 0.55)
0.59
(0.53, 0.66)
0.74
(0.68, 0.80)
1.48
(1.43, 1.54)

<.0001*
<.0001*
<.0001*
<.0001*
<.0001*
<.0001*

0.5
(0.43, 0.58)
0.73
(0.65, 0.83)
0.52
(0.45, 0.59)
0.62
(0.50, 0.77)
0.82
(0.73, 0.94)
1.23
(1.15, 1.31)

<.0001*
<.0001*
<.0001*
<.0001*
0.0029*
<.0001*

0.37
(0.24, 0.55)
0.44
(0.30, 0.66)
0.37
(0.24, 0.55)
0.91
(0.51, 1.62)
0.4
(0.21, 0.73)
1.87
(1.55, 2.27)

<.0001*
<.0001*
0.0020*
0.7392
0.0032*
<.0001*

Body Mass Index
Normal
Underweight
Overweight
Obese
Not Available/Applicable

0.75
(0.65, 0.87)
1.85
(1.78, 1.92)
4.38
(4.21, 4.56)
2.02
(1.91, 2.13)

0.0002*
<.0001*
<.0001*
<.0001*

Reference Group
0.73
0.0009*
(0.59, 0.88)
1.42
<.0001*
(1.34, 1.51)
3.25
<.0001*
(3.04, 3.47)
1.58
<.0001*
(1.45, 1.71)

0.56
(0.21, 1.47)
1.46
(1.16, 1.82)
4.02
(3.26, 4.95)
1.97
(1.39, 2.78)

1.14
(0.55, 2.34)
2.09
(1.28, 3.40)
3.1

3.76
(0.49, 29.08)
0.7
(0.16, 3.03)
1.45

0.2374
0.0011*
<.0001*
0.0001*

Household Income
No Income
Less than $5,000
$5,000 to $9,999

1.7
(1.00, 2.87)
1.76
(1.27, 2.44)
2.76

0.0483*
0.0007*
<.0001**

0.7285
0.0031*
<.0001*

0.2046
0.6337
0.3252
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$10,000 to $14,999
$15,000 to $19,999
$20,000 to $29,999
$30,000 to $39,999
$40,000 to $49,999
$50,000 to $59,999
$60,000 to $80,000

(2.30, 3.31)
2.14
(1.87, 2.44)
2.61
(2.29, 2.97)
2.35
(2.13, 2.59)
1.91
(1.74, 2.10)
1.69
(1.54, 1.85)
1.32
(1.21, 1.45)
1.18
(1.09, 1.28)

<.0001*
<.0001*
<.0001*
<.0001*
<.0001*
<.0001*
<.0001*

$80,000 and Above
Not Available/Applicable

1.36
(1.28, 1.43)

<.0001*

(2.25, 4.28)
1.99
<.0001*
(1.58, 2.50)
2.25
<.0001*
(1.79, 2.82)
2.05
<.0001*
(1.73, 2.42)
1.55
<.0001*
(1.31, 1.83)
1.11
0.2188
(0.94, 1.32)
1.15
0.0858
(0.98, 1.36)
1.24
0.0027*
(1.08, 1.43)
Reference Group
1.47
<.0001*
(1.34, 1.61)

(0.69, 3.05)
1.49
(0.77, 2.89)
0.93
(0.48, 1.80)
1.11
(0.62, 2.00)
1
(0.57, 1.76)
1.25
(0.71, 2.22)
0.69
(0.38, 1.25)
1.25
(0.75, 2.08)

0.87
(0.63, 1.19)
0.72
(0.51, 1.02)
0.84
(0.62, 1.15)
1.21
(0.92, 1.61)
0.93
(0.69, 1.24)

2.6
(0.47, 14.54)
2.79
(0.51, 15.28)
3.41
(0.65, 17.97)
2.42
(0.46, 12.71)
3.85
(0.74, 20.04)

1.19
(0.85, 1.67)

0.2415
0.8362
0.7188
0.9992
0.4389
0.2220
0.3955

0.3073

Personal Income
No Income
Less than $5,000
$5,000 to $9,999
$10,000 to $14,999
$15,000 to $19,999

0.74
(0.61, 0.89)
0.63
(0.52, 0.76)
0.8
(0.68, 0.95)
0.99
(0.85, 1.16)
0.87
(0.75, 1.02)

0.0018*
<.0001*
0.0089*
0.9207
0.0946

0.3746
0.0652
0.2710
0.1733
0.6052

0.2768
0.2366
0.1485
0.2948
0.1088
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$20,000 to $29,999
$30,000 to $39,999
$40,000 to $49,999
$50,000 to $59,999
$60,000 to $80,000

0.92
(0.80, 1.06)
0.97
(0.84, 1.12)
0.94
(0.81, 1.09)
1.21
(1.04, 1.40)
1.04
(0.89, 1.20)

0.2589
0.6536
0.4141
0.0130*
0.6437

$80,000 and Above
Not Available/Applicable
Household Education
Less than Secondary School
Education
Secondary School Graduation
Some Post-Secondary Education

1.04
(0.97, 1.12)

1.29
(1.17, 1.42)
1.06
(0.97, 1.16)
1.01
(0.91, 1.13)

0.2843

<.0001*
0.1751
0.8226

Post-Secondary Education
Not Available/Applicable
Personal Education
Less than Secondary School
Education
Secondary School Graduation

1.12
(1.04, 1.20)

1.37
(1.26, 1.49)
0.98
(0.90, 1.06)

0.0019*

<.0001*
0.5776

1.3
0.0481*
(1.00, 1.70)
1.1
0.4736
(0.85, 1.43)
1.22
0.1367
(0.94, 1.59)
1.6
0.0006*
(1.22, 2.09)
0.81
0.1447
(0.61, 1.08)
Reference Group
1.16
0.0262*
(1.02, 1.32)

2.66
(0.52, 13.66)
2.54
(0.49, 13.03)
1.61
(0.31, 8.43)
2.67
(0.51, 14.09)
1.22
(0.22, 6.89)

0.9
0.0797
(0.76, 1.08)
0.96
0.6571
(0.82, 1.13)
0.68
0.0008*
(0.54, 0.85)
Reference Group
1
0.9977
(0.90, 1.12)

1.26
(0.79, 2.00)
1.31
(0.80, 2.14)
1.09
(0.61, 1.96)

1.81
(1.57, 2.10)
0.98
(0.84, 1.13)

1.24
(0.82, 1.89)
0.47
(0.27, 0.80)

<.0001*
0.7295

1.08
(0.70, 1.67)

1.19
(0.85, 1.67)

0.2421
0.2655
0.5742
0.2474
0.8244

0.7322

0.3281
0.2783
0.7757

0.0886

0.3107
0.0054*
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0.98
(0.88, 1.09)

0.7128

Not Available/Applicable

1.45
(1.26, 1.66)

<.0001*

Dietary Consumption of Fruit and
Vegetables
Consumes Less than 5 Servings
per Day
Consumes 5 to 10 Servings per
Day
Consumes More than 10 Servings
per Day

0.88
(0.78, 1.00)
1.03
(0.91, 1.17)

Not Available/Applicable

1.36
(1.24, 1.48)

Some Post-Secondary Education
Post-Secondary Education

0.0483*
0.6013

English and French Only
English and French and Other
English and Other (Not French)
French and Other (Not English)

0.86
(0.48, 1.52)

0.5979

3.21
(1.80, 5.73)

<.0001*

1.23
(0.98, 1.55)
1.36
(1.07, 1.71)

1.16
(0.58, 2.33)
1.3
(0.64, 2.65)

0.0797
0.0111*

0.6831
0.4740

Reference Group
<.0001*

National Language Competency
(Conversational)
English Only
French Only

1.11
0.3394
(0.90, 1.36)
Reference Group
1.69
<.0001*
(1.39, 2.04)

0.93
(0.88, 1.00)
0.93
(0.88, 0.99)
1.03
(0.90, 1.18)
0.83
(0.75, 0.92)
0.89
(0.43, 1.86)

0.0368*
0.0232*
0.6491
0.0005*
0.7598

1.41
(1.22, 1.64)

<.0001*

Reference Group
0.47
0.0050*
(0.28, 0.80)
0.74
0.0201*
(0.58, 0.95)
0.65
<.0001*
(0.56, 0.76)
0.88
0.0071*
(0.80, 0.97)
0.76
0.0293*
(0.59, 0.97)

1.01
(0.66, 1.55)

1.12
(0.58, 2.15)
1.21
(0.86, 1.70)
1.66
(0.85, 3.26)
0.9
(0.62, 1.30)
1.78
(0.42, 7.65)

0.9566

0.7398
0.2873
0.1381
0.5727
0.4355
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1.7
0.84
0.0541
0.0539
(0.99, 2.91)
(0.70, 1.00)
0.94
2.19
0.7705
0.0153*
Not Available/Applicable
(0.60, 1.46)
(1.16, 4.13)
2. NON-MODIFIABLE RISK FACTOR VARIABLES

Neither English or French (Other)

0.22
(0.01, 3.91)
2.11
(0.22, 19.84)

0.2992
0.5136

Age
12 to 19
20 to 29
30 to 39
40 to 49
50 to 59
60 to 69
70 to 79
80 and Above
Not Available/Applicable

2.02
(1.74, 2.34)
4.21
(3.67, 4.83)
8.46
(7.42, 9.64)
20.14
(17.71, 22.90)
39.67
(34.90, 45.09)
51.13
(44.94, 58.17)
46.97
(41.09, 53.69)
N/A

<.0001*
<.0001*
<.0001*
<.0001*
<.0001*
<.0001*
<.0001*
N/A

Reference Group
2.42
0.0032*
(1.35, 4.37)
9.25
<.0001*
(5.36, 15.95)
27.26
<.0001*
(15.91, 46.72)
81.28
<.0001*
(47.51, 139.06)
134.92
<.0001*
(78.84, 230.90)
180.09
<.0001*
(105.15, 308.43)
178.01
<.0001*
(103.60, 305.85)
N/A
N/A

2.8
(1.62, 4.84)
5.54
(3.28, 9.33)
10.3
(6.23, 17.05)
29.06
(17.76, 47.56)
51.18
(31.08, 84.26)
61.67
(36.48, 104.24)
56.14
(30.03, 104.97)
N/A

0.0002*
<.0001*
<.0001*
<.0001*
<.0001*
<.0001*
<.0001*
N/A

Sex
Male
Female
Not Available/Applicable
Racial/Cultural Origin

0.73
(0.71, 0.75)
N/A

<.0001*
N/A

Reference Group
0.78
<.0001*
(0.74, 0.81)
N/A
N/A

1.11
(0.96, 1.27)
N/A

0.1676
N/A
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White
Black
Korean
Filipino
Japanese
Chinese
South Asian
Southeast Asian
Arab
West Asian
Latin American
Other
Multiple
Not Available/Applicable

1.48
(1.16, 1.88)
0.84
(0.50, 1.41)
0.76
(0.35, 1.68)
1.08
(0.82, 1.43)
0.9
(0.70, 1.15)
1.18
(0.86, 1.63)
1.94
(1.23, 3.05)
0.38
(0.13, 1.12)
0.24
(0.02, 2.85)
1.09
(0.57, 2.08)
1.21
(0.93, 1.56)
1.4
(1.15, 1.70)
2.07
(1.93, 2.21)

0.0016*
0.5044
0.4994
0.5810
0.3855
0.3011
0.0041*
0.0778
0.2597
0.7969
0.1496
0.0009*
<.0001*

Reference Group
2.52
<.0001*
(2.31, 2.76)
2.19
<.0001*
(1.78, 2.68)
1.93
<.0001*
(1.71, 2.17)
1.11
0.6484
(0.71, 1.75)
1.05
0.2435
(0.97, 1.14)
2.86
<.0001*
(2.67, 3.06)
1.94
<.0001*
(1.68, 2.23)
1.31
0.0052*
(1.08, 1.57)
1.82
<.0001*
(1.51, 2.20)
1.74
<.0001*
(1.51, 2.01)
2.48
<.0001*
(2.20, 2.80)
2.29
<.0001*
(1.90, 2.75)
1.68
0.0002*
(1.28, 2.21)

Ethnicity (Ethnic Origin)
Canadian

Reference Group

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A
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1.02
1.15
0.3648
0.3667
(0.98, 1.06)
(0.85, 1.56)
1.01
1.03
0.5350
0.8155
English
(0.98, 1.05)
(0.80, 1.34)
0.92
1.09
0.0027*
0.5576
German
(0.87, 0.97)
(0.82, 1.43)
1.01
0.97
0.7388
0.8424
Scottish
(0.97, 1.05)
(0.73, 1.29)
1.03
0.79
0.2774
0.1195
Irish
(0.98, 1.07)
(0.59, 1.06)
0.96
2.34
0.4372
<.0001*
Italian
(0.87, 1.06)
(1.77, 3.09)
0.9
1.14
0.0127*
0.4510
Ukrainian
(0.83, 0.98)
(0.81, 1.62)
1
1.15
0.9139
0.3426
Dutch (Netherlands)
(0.90, 1.09)
(0.86, 1.54)
1.39
0.83
0.1940
0.5075
Chinese
(0.85, 2.28)
(0.48, 1.44)
0.87
1.45
0.1348
0.0287*
Jewish
(0.73, 1.04)
(1.04, 2.01)
0.78
1.2
<.0001*
0.2643
Polish
(0.70, 0.88)
(0.87, 1.66)
0.77
1.73
0.1442
0.0003*
Portuguese
(0.54, 1.09)
(1.29, 2.32)
1.19
1.43
0.5973
0.1839
South Asian
(0.63, 2.22)
(0.85, 2.41)
1.2
0.9
0.077
0.0455*
Not Available/Applicable
(0.71, 1.72)
(0.81, 1.02)
3. IMMIGRANT-SPECIFIC RISK FACTOR VARIABLES
Country Origin
French

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A
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Other North America
South, Central America and the
Caribbean

N/A

N/A

Europe

N/A

N/A

Africa

N/A

N/A

Asia

N/A

N/A

Oceania

N/A

N/A

Not Available/Applicable

N/A

N/A

Time Since Immigration to Canada
0 to 9 Years Since Immigration
10 to 19 Years Since Immigration

N/A

N/A

20 to 29 Years Since Immigration

N/A

N/A

30 to 39 Years Since Immigration

N/A

N/A

N/A

N/A

N/A

N/A

12 to 19

N/A

N/A

20 to 29

N/A

N/A

40 or More Years Since
Immigration
Not Available/Applicable

Reference Group
1.23
<.0028*
(1.09, 1.52)
1.04
<.5855
(0.91, 1.18)
1.20
0.0428*
(1.01, 1.44)
1.19
0.0408*
(1.01, 1.40)
1.24
0.1625
(0.92, 1.66)
1.45
<.0001*
(1.21, 1.67)

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

<.0001*

N/A

N/A

<.0001*

N/A

N/A

Reference Group
2.36
<.0001*
(2.16, 2.57)
4.1
<.0001*
(3.75, 4.48)
8.35
<.0001*
(7.66, 9.09)
11.97
<.0001*
(11.01, 13.02)
N/A
N/A

Age at Immigration to Canada
0.05
(0.04, 0.06)
0.11
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(0.08, 0.13)
0.18
N/A
N/A
<.0001*
N/A
N/A
30 to 39
(0.14, 0.23)
0.34
N/A
N/A
<.0001*
N/A
N/A
40 to 49
(0.27, 0.43)
0.7
N/A
N/A
0.0039*
N/A
N/A
50 to 69
(0.56, 0.89)
70 and Above
Reference Group
N/A
N/A
N/A
N/A
N/A
N/A
Not Available/Applicable
Notes: (1)*Result was statistically significant at the 0.05 level (based on a chi-square test statistic); (2) All models controlled for
modifiable, non-modifiable risk factors, time/survey year, and interview mode; (3) All results were calculated using rescaled
master weights (see Section 4.3.3).
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Chapter 6
6

Discussion

This thesis aimed to characterize Canadian diabetics from 2001 to 2010, estimate the
associated period prevalence of diabetes among all Canadians, Canadian-immigrants,
Canadian-Aboriginals (First Nations, Inuit, and Métis), and Canada-born (non-immigrant,
non-Aboriginal population) individuals, as well as assess the changes in diabetes
prevalence rates in Canada from 2001 to 2010. This thesis also aimed to illuminate the
comparative impact of modifiable, and non-modifiable (immigrant-specific inclusive) risk
factors among Canadian subpopulations. This chapter begins with an overview of the
study results and how they compare to the current body of diabetes surveillance research
(Section 6.1). A discussion of the challenges associated with subpopulation research will
follow (Section 6.2). Lastly, a summary of the present study’s strengths, limitations,
implications and conclusions will then be described (Section 6.3, Section 6.4, and Section
6.5, respectively).

6.1 Overview of the Findings
6.1.1

Main Subpopulation Differences

6.4% of Canadians reported having diabetes in 2010 according to the CCHS; though, the
overall period prevalence of diabetes was found to be 5.3%. This 2010 prevalence finding
was slightly lower than the prevalence rate specified by the CCDSS, which in 2011 (using
2008/2009 health data) stated that individuals diagnosed with diabetes constituted 6.8%
of the Canadian population.1 However, the crude 5.3% period prevalence of diabetes
found in this study was considerably higher than the age-adjusted period prevalence of
diabetes found using 1998-2009 CCDSS data (~4.5%);416 crude period prevalence is not
provided by the CCDSS.
Conversely, the National Diabetes Surveillance System (NDSS), a Health Canada
initiative designed to monitor diabetes prevalence rates and adverse health outcomes
(proposed in part by the Institute for Clinical Evaluative Sciences (ICES)), has reported
findings that are akin to the present study. While the NDSS has not released data beyond
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the year 2009 (using 2006/2007 health data), its most recent report estimated that
approximately 6.2% of Canadians were diagnosed with diabetes.420 The NDSS had also
predicted that by 2012, rates of diabetes would be similar to what was most recently
published by the CCDSS.416 While 6.4% (and 5.3% for the overall study period) may
seem unusually low for such a large sample, three things must be considered.
First, this rate is much more representative of the realistic (crude) population rate of
T2DM (recall that 90% of diabetes mellitus cases are T2DM) as indicated by the
Canadian Diabetes Association.7 Second, diabetes rates that have been presented in this
study demonstrate an average that is calculated from the years 2001 to 2010, which
encompassed a generally upward trend in the rates of reported diabetes (seen in Figure 4);
the prevalence of diabetes (among all three subpopulations) increased from 2001 to 2010
in accordance with CCDSS and NDSS predictions.1,416 Third, slightly lower rates of
diabetes found in this study may also be the result of underestimation due to self-report.
As mentioned previously in this thesis, large health surveys must surmount a great deal of
self-reporting bias when sampling large proportions of the population, especially in
relation to the reporting of chronic diseases like diabetes mellitus.381 If correct, CCHS
diabetes rates may actually be more indicative of self-perceived health status, and could
be useful in arguing for more efficient methods of investigating chronic disease outcomes
in large Canadian samples.
The period prevalence of diabetes from 2001 to 2010 was found to be lowest among
Canada-born (non-immigrant, non-Aboriginal) individuals (5.0%), followed by CanadianAboriginals (First Nations, Inuit, and Métis) (6.5%). Canadian-immigrants had the
highest period prevalence of diabetes among the three Canadian subpopulations at 6.7%.
Immigrants were also found to the have the highest rates of diabetes almost consistently
across the study period when compared to Canada-born and Aboriginal individuals (based
on previous Canadian surveillance literature, Aboriginals were expected to have had the
highest rates of diabetes from 2001 to 2010349,359,371). The difficulty with comparing
specific subpopulation data found in previous studies to the current study’s results is that
the information typically provided by Statistics Canada reports, surveillance systems, and
even ICES publications, make frequent use of provincial data (relative to immigrants) or
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data collected from single cycles of the NPHS, CCHS, APS, or the FNRLHS (relative to
Aboriginals). Nevertheless, comparisons to these findings are still discussed; in particular,
immigrant findings will be later considered in contrast to ICES studies that have made use
of electronic registries/health databases (in order to depict snapshots of recent Canadian
diabetes rates).
The significant (upward) linear trends observed for all three subpopulations, and the
differences seen in their magnitudes, provide an interesting point of discussion.
Regardless of immigrant status or racial/cultural/ethnic origin, a rise in diabetes diagnoses
from 2001 to 2010 was seen among all three groups. Particularly, the rise in diabetes
prevalence rates from 4.1% in 2001 to 6.4% in 2010 among all Canadians in this study is
fairly consistent with the Public Health Agency of Canada’s predicted increase in
prevalence from 4.2% in 2000. Nevertheless, this study adds to the current literature by
providing a distinct stratification of high-risk Canadian subpopulations.
By examining Canada-born, immigrant, and Aboriginal subpopulations independently,
this study found that Canada-born individuals had the lowest prevalence rates of diabetes
overall, ranging from 3.9% in 2001 to 5.7% in 2010 (a 46% increase); this was the only
trend observed in this study that was lower than the overall Canadian prevalence rate
trend. By far, immigrants had the highest prevalence rates of diabetes consistently across
time, ranging from 5.0% in 2001 to 8.5% in 2010 (a 70% increase). The present study is
the first of its kind to demonstrate a diabetes time trend specifically for Canadian
immigrants at the national-level, especially one that is considerably above the overall
Canadian diabetes prevalence trend. This finding inherently poses a unique challenge for
the Canadian healthcare system; when considering future diabetes management strategies,
as well as preventative tactics for dealing with the current diabetes epidemic in high-risk
subpopulations, immigrants must be considered. As mentioned previously, immigrant
health and diabetes will be further discussed in Section 6.1.4.
Concerning Aboriginals, the prevalence rates of diabetes ranged from 5.4% in 2001 to
7.4% in 2010 (a 37% increase). The Public Health Agency of Canada notes that data
sources examining diabetes prevalence rates in First Nations, Métis, and Inuit populations
provide varying estimates of the rise in rates across time periods between 2001 and

110

2010.349 For instance, one study from British Columbia examining the rise in diabetes
prevalence rates in the First Nations population from 2002 to 2007 found an increase of
15.5% (age-adjusted), while another Quebec study found a crude increase of 36% for a
similar time period (2001 to 2005);421 however, both studies did not rely on self-report
data and found prevalence rates that were considerably higher than the ones found in the
present study. Using data from the Aboriginal Peoples Survey, two separate studies have
found that the self-reported prevalence rate of diabetes among Métis Canadians increased
from 5.9% in 2001 to 7.0% in 2006 (an increase of 19%);422,423 these prevalence rates are
much more comparable with the prevalence rate found in this thesis. Nevertheless, a
reliance on self-reported data could account for slightly lower rates of diabetes in the
Aboriginal population found in this study, as well as others.422,423
Unfortunately, the present study was unable to make any conclusions about specific
Aboriginals populations; however, the results from this study are applicable to off-reserve
First Nations, Métis, and Inuit Aboriginal populations. This thesis adds to the CanadianAboriginal diabetes literature by providing an off-reserve time trend for diabetes
prevalence rates in Canada that is generalized to all three Aboriginal groups. The present
study’s findings also help to identify unique risk factor associations that are particular to
the off-reserve Aboriginal population in Canada, regardless of provincial geography or
potential reserve influence.

6.1.2
6.1.2.1

Modifiable Risk Factor Differences
Smoking

The presence of former smoking behaviour was found to be associated with increased
odds of diabetes in all three subpopulations. On the other hand, other smoking behaviour
categories were associated with decreased odds of diabetes in the Canada-born and the
immigrant subpopulations. Overall, the highest period prevalence rate of diabetes was
seen in Canadians who were former daily smokers (8.5%).
The present study’s findings are somewhat consistent with previous prospective cohort
study results that have determined the correlation between cigarette smoking and
increased risks for diabetes;60,72,77,129-133 it is assumed that the physiological mechanisms
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which facilitate increased risks for diabetes (identified in these cohort studies), relative to
smoking, are true for both current and former smokers. One prospective cohort study also
identified an elevated risk associated with smoking cessation in the first 3 years of
quitting; even after adjusting for age, race, sex, education, physical activity and a number
of other health related measures, this elevated risk was significantly higher than nonsmokers’ and current daily smokers’ risks.424 Moreover, CCHS respondents who
indicated that they had quit smoking were not explicitly asked to provide the length of
time since quitting smoking. It is possible that many diabetic former smokers were within
this 3-year window period at the time of their CCHS participation. It is also possible that
many diabetic former smokers had been diagnosed with diabetes while being current
daily smokers; their diabetes may or may not have been the reason for their smoking
cessation.
From 2001 to 2010, Canada-born and immigrant individuals had relatively decreased
odds associated with daily and occasional smoking. Some research has posited that the
nicotine found in cigarettes is able to increase energy expenditure, and decrease
appetite.425,426 Moreover, other cross sectional studies have indicated that the average
BMI of smokers tends to be lower than the average BMI of nonsmokers.427 Nicotine may
be responsible for controlling body weight in some daily or occasional smokers, which
could decrease the risk for diabetes associated with obesity or being overweight. Whether
or not the present study’s findings could be explained by cigarette smoking behaviour and
its effect on metabolic rate or appetite suppression is mostly speculative, however.

6.1.2.2

Alcohol Consumption

Consistent with previous research indicating that moderate alcohol use may decrease the
risk of T2DM (via cardiovascular benefit),135,136 alcohol consumption of once per month
or more was found to be mildly protective (concerning likelihood) in comparison with
alcohol consumption of less than once per month.
There are certain limitations with attempting to gauge alcohol consumption using the
CCHS survey questionnaire. CCHS data does not provide any granularity beyond
consumption occurrences that are less frequent than once per month, or more frequent
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than once per day. It may be assumed that the increased likelihoods seen for those with
missing data was determined primarily by individuals who do not consume alcohol at all,
or who consume more than one serving of alcohol per day; thus, not attaining or
exceeding the usage that is recommended for cardiovascular benefit.136

6.1.2.3

Body Mass Index (BMI) & Diet

As BMI increased, so did the probability of diabetes. Overweight and obese BMI
categories represented the majority of the total diabetes sample; each of these categories
had period prevalence rates of 5.9% and 11.4%, respectively.
Previous literature has stated that increased BMI (>30kg/m2) is a valid indicator of an
increased risk for T2DM.78-82,88 Given the highly co-morbid relationship between obesity
and T2DM,98 it should be expected that rising trends in diabetes (as observed in this
study) would also co-occur with rising trends in self-reported obesity;2,98 the current
study’s findings greatly support the presence of this relationship. However, due to the
cross-sectional design of the CCHS, this study cannot make any claims about the bidirectional relationship between obesity and diabetes. While the crude and adjusted
regression results showed that the two disease states were highly associated, this study
could not decipher whether or not obesity led to diabetes, or vice versa for CCHS
participants. Overall, each subpopulation observed this co-morbid trend with only minor
differences.
Of course, rates of obesity are inherently related to diet. The present study attempted to
gather dietary information by using the quantifiable consumption of fruit and vegetables
(normally said to be indicators of a healthful diet123); this was found to be poorly
associated with diabetes. Nevertheless, mixed results were seen concerning the
association between lower consumption of dietary fruits and vegetables and the odds of
reporting diabetes in the Canada-born and immigrant subpopulations.
Due to the complex nature of the pooling methodology, this study was unfortunately
limited by which dietary variables could be used for analyses. For the future, assessing
holistic dietary influences that are relative to each subpopulation would be advantageous;
the various cultural influences of Canadian subpopulations may considerably impact the
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over- or under- consumption of various macronutrients (that could lead to increased risks
for diabetes). Knowledge of dietary discrepancies, while noticeably difficult to measure
in any health survey,283 will help to evaluate culturally-catered preventative programs that
aim to reduce diabetes rates via recommended dietary adjustments.

6.1.2.4

Socioeconomic
Competency

Status

(SES)

&

National

Language

Individuals with diabetes who reported earnings for either income variable between
$5,000 and $9,999 and upwards of $20,000 and $29,999 had the highest period
prevalence rates among their respective earnings categories (ranging from 8.4% to 9.8%
for household income, and 5.9% to 8.6% for personal income, respectively). Moreover,
lower levels of household income were found to be most strongly associated with
increased risks of diabetes in the Canada-born and immigrant subpopulations. On the
other hand, higher levels of personal income were found to be most strongly associated
with increased risks of diabetes in these subpopulations.
As previously noted in the literature, low SES (with income being used as a proxy
variable) has been linked to the development of T2DM in developed nations like
Canada.140-142 Lower levels of SES have been associated with decreased access to
healthful food, healthcare services, and even economic prosperity.141-146 Though lower
income findings in this study are consistent with previous SES and diabetes research,
increased odds that were observed in higher personal income ranges are not as easily
explained.
Previously, research has shown that in less developed nations, high levels of SES may be
an indicator of decreased physical activity and a sedentary lifestyle, which subsequently
leads to increased risks for diabetes.146-148 Individuals who report higher levels of
personal income in Canada may either be experiencing increased odds of diabetes
because of modifiable risk factor mechanisms, or because of other non-modifiable risk
factors that compound the chances of diabetes.
From 2001 to 2010, 19.2% of diabetics indicated that the highest level of education
obtained by an individual in their household was less than secondary school, while 33.9%

114

of diabetics had indicated that they had personally not completed a secondary school
education; each comprised 11.7% and 7.1% of their respective education categories
(period prevalence). These period prevalence rates were considerably high as indicators
for SES and strongly associated with an increased risk for diabetes. For personal
education in particular, both Canada-born and immigrant individuals had increased
likelihoods of diabetes if they reported having less than a secondary school education
(OR 1.37, 95% CI 1.26-1.49, and OR 1.81, 95% CI 1.57-2.10, respectively). For
household education, this trend was seen only in the Canada-born subpopulation. For
immigrants, respondents from households with only some post-secondary education had
lower odds of reporting diabetes than those from post-secondary educated households.
For Canada-born and immigrant subpopulations, low SES (as indicated by low levels of
personal education) was indeed associated with high risks for diabetes. These findings are
consistent with the previous SES literature that agree upon SES as a mediating construct
for diabetes outcomes.141-146 In essence, low levels of education are thought to lead to less
gainful employment, lower levels of income, and more precarious living situations (that
may facilitate health inequalities).141-146
The immigrant finding concerning household education could be also explained by high
SES (as indicated by high levels of household education) being associated with decreased
physical activity and a sedentary lifestyle, which may lead to increased risks for diabetes
(previously discussed relative to the personal income finding).
Braveman et al. points out that measuring SES can be quite difficult in health surveys
because of the natural variations and perceptions of privacy that exist among
participants.418 Racial and ethnic differences tend to occur systematically for income and
other SES proxies like education;418 by assessing several SES indices, these differences
might be better acknowledged.428 Whether or not SES disparities exist systematically in
relation to diabetes outcomes is worth addressing in the future (especially for Aboriginal
and immigrant populations in Canada). While the correlation between SES and diabetes is
somewhat subjective, the basis of its facilitating mechanisms is rooted in the complexities
of other modifiable risk factors. SES is a concept that encompasses systematic schemas,
which are difficult, in any methodology, to effectively measure or quantify.
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Immigrants face unique barriers to their health when compared to the Canada-born
population, particularly due to acculturative and SES influences.35 Language competency
has been previously established as a useful marker of both acculturation and SES in
immigrant communities.34 Compared to English-only speakers, all other language
groups/combinations had lower odds of reporting diabetes, both in the Canada-born and
immigrant populations.
Previous research has suggested that lower levels of national language (English or
French) competency and/or general health literacy may lead certain racial/cultural groups
to be inherently marginalized, especially if they are longer-term immigrants.429,430,439 It
has also been suggested that marginalization may cause wide variations in subsequent
socio-health behaviours and outcomes following settlement; this could essentially
compound diabetes risks (modifiable and/or non-modifiable) over time.35,36 English-only
speakers may be more inclined to see a physician regarding their health due to a lack of
communication barriers. Increased healthcare service usage in this group may subsequently
lead to more diabetes diagnoses (in comparison to those who may be less inclined to see a
physician because of potential communication difficulties). However, it is difficult to discern
causality regarding healthcare usage and disease outcomes, especially using cross-sectional
data.

Loosely defined as the “language(s), thoughts, communications, actions, customs, beliefs,
values, and institutions of racial, ethnic, religious, or social groups,” the concept of culture

has become more and more prevalent when investigating health disparities in
subpopulations.431,432 If immigrant or Canadian-born communities are gathered collectively
by a shared belief that encourages or discourages (either passively or actively) health service
usage via common tradition, either of these communities may inevitably observe high or low
amounts of diabetes diagnoses in relation to each other.

Incongruities in healthcare usage can have substantial implications for preventative care
programs and how they tailor to the specialized needs of subpopulations in Canada.37
Certain US investigations into perceived discrimination among cultural communities and
patient satisfaction (with local healthcare systems) have determined that language barriers
may deter individuals, and subsequently, close-knit cultural communities from seeking
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medical care.433 These considerations are highly relevant for Canadian research into
health disparities that exist among certain subpopulations; in particular, immigrant or
Aboriginal communities that may hold pervasive (negative or positive) cultural attitudes
towards traditional Canadian healthcare.

6.1.3
6.1.3.1

Non-Modifiable Risk Factor Differences
Age

Those aged 50 to 59 (23.5% of all diabetics), 60 to 69 (26.4% of all diabetics) and 70 to
79 (21% of all diabetics) had the highest period prevalence rates of diabetes; as described
by previous research, older age was strongly associated with an increased risk for diabetes
across all subpopulations. Still, the period prevalence rates in each of the above age
categories fell considerably below the previous (2006/2007/2008/2009) data provided by
the NDSS and the CCDSS: ages 50 to 59 (7.6% compared with ~10.4%), 60 to 69 (13.0%
compared with ~18.7%), 70 to 79 (15.7% compared with ~24.8%) and 80 or Above
(14.3% compared with ~23.1%). These lower rates may be particularly due to an
underestimation of diabetes due to self-report, combined with the inherent nature of the
period prevalence estimates. Underestimation of chronic diseases has been observed in
greater magnitude among older health survey participants, which could explain the
attenuated estimates that are presented in this study.381
Of particular importance was the substantial effect of age found in the immigrant
population. By far, immigrants had the highest odds ratios associated with increasing age
amongst the subpopulations. This result is consistent with the Creatore et al.’s (ICES)
finding that Ontario immigrants experience increased likelihoods of diabetes earlier in life
(more frequently in the 20-40 years of age range) when compared to non-immigrant
Canadians.321 Immigrant health researchers have typically suggested either SES
disparities265,288,289 or genetic variations261-264 among clusters of immigrant communities
as possible explanations for the amplified effect of age. Both perspectives offer useful
insight into the diverse health barriers that exist for Canadian immigrant populations
(financial, informational, etc.), but also into the distinct variants that exist among
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constituent ethnicities. Issues of small sample size and limited ability to investigate age
differences through expansive cohort studies typically arise, nonetheless.418

6.1.3.2

Sex

The present study found that males and females had 5.4% and 4.6% respective period
prevalence rates (from 2001 to 2010). However, Appendix 1 reveals a slight upward trend
in the year-to-year diabetes frequencies for males, and a slight downward trend in the
year-to-year diabetes frequencies for females. This trend finding is somewhat consistent
with 1998-2009 CCDSS data that found age-adjusted prevalence rates of diagnosed
diabetes to be higher among males over time.180 Nevertheless, period estimates and trends
are better assessed with regression analyses. Adjusted results indicated that both Canadaborn and immigrant females were less likely to have diabetes than Canada-born and
immigrant males, respectively. The present study’s findings illuminate the pervasive
nature of sex differences for diabetes, regardless of Canadian subpopulation.
Aboriginals were also found to demonstrate a small reversal of the sex trend observed in
the other subpopulations (consistent with previous research52,341,356,363,364); yet, this result
was not found to be statistically significant. The significance of this finding may have
been affected by the use of only off-reserve Aboriginals for analyses. Primarily, research
into Aboriginal female diabetes has focused on females living on-reserve.361,365,371 By
exploring diabetes outcomes in off-reserve Aboriginals, this study may suggest small sex
differences that are primarily intermediated by SES or acculturation as opposed to genetic
mechanisms.

6.1.3.3

Racial, Cultural, and Ethnic Origin

Race, culture, and ethnicity were found to be strongly associated with diabetes for both
Canada-born individuals and immigrants; however, increased risks were seen in greater
magnitude among immigrants following adjustment for other risk factors. South Asian,
Southeast Asian, Black, ‘Other’ and ‘Multiple’ racial/cultural/ethnic origin identified
immigrants were most likely to report diabetes when compared to White immigrants. In
particular, White immigrants were least likely to have diabetes when compared to any
other racially or culturally identified immigrant group. These findings are comparable
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with high-risk subpopulation data provided by the CCDSS,1,59 and the risk guidelines
used by the CANRISK assessment tool.73,74 However, previously available statistical data
has frequently analyzed racial/cultural/ethnic origin without the stratification of
immigrant status.
This study showed that each of the identified higher-risk immigrant subgroups had larger
odds ratios than their Canada-born counterpart subgroups (Table 9). This comparison
suggests the importance of scrutinizing the immigrant population in national-level
diabetes surveillance systems. At the provincial-level, critically relevant immigrant
research has been very recently generated from the University of Toronto and ICES. At
the national-level, Canada’s health surveillance systems have not publically released an
informational report since 2009 (NDSS) and 2011 (CCDSS), let alone statistical data that
are specific to immigrants. Future Canadian surveillance research should not only focus
on the impact of race, culture, and ethnicity on diabetes, but should also investigate the
important barriers that are presented for immigrants of high-risk races, cultures, and
ethnicities identified in this study. Moreover, it may be beneficial for the Canadian
Diabetes Association’s clinical practice guidelines to consider immigrant-specific
recommendations in the future.

6.1.4

Immigrant-Specific Risk Factors

Immigrants from countries originating in South, Central America, and the Caribbean were
found to have the highest likelihoods of diabetes when compared to other North
American immigrants from the United States. Similarly, immigrants from Africa and Asia
had relatively high likelihoods of diabetes in comparison to other North American
immigrants.
Prior studies have also identified immigrants from South, Central America, and the
Caribbean as having increased risks for diabetes;202,203,205 however, several of these
studies have been conducted in the United States and United Kingdom, or have not
examined all the potential spheres that may influence immigrant diabetes (such as age at
immigration and time since immigration). Using the Ontario Diabetes Registry and the
Longitudinal Immigrant Database, Creatore at al. addressed this gap in the Canadian
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literature and found that immigrants from South Asia, Latin America, the Caribbean, and
sub-Saharan Africa had, on average, a 2-3 times increased risk of diabetes when
compared to Western European and North American immigrant populations. The
similarity between the results of the present study and Creatore et al.’s are clear; this
thesis adds to the growing body of Canadian-immigrant diabetes literature by offering
cross-sectional results that mirror Creatore et al.’s findings.
The difficulty with investigating health differences by country origin is that there are
several contributing dynamics that combine to produce variations in the immigrant
subpopulation. Immigrants that are originally from the high-risk country origins
(identified in this study) are typically of racial/cultural/ethnic origins that already observe
increased risks for diabetes; South Asians, Latin Americans, and Blacks are descendent
origins that constitute large proportions of the population in South Asian, Latin American,
Caribbean, and sub-Saharan African countries.224 This raises an important question for
investigations of health disparities that include race, culture, and ethnicity: are
racial/cultural/ethnicity differences in health outcomes a result of race, ethnicity, culture,
or a combination of these factors? Even more so, this presents an issue concerning these
factors and specifically, immigration: how does one quantify the disparities among
Canadians that are specific to immigrants and unique from disparities that are due to race,
culture, or ethnicity?
Some research has shown that specifically relying on ethnicity or race as a valid genetic
perspective for explaining adverse health outcomes (like diabetes) is driven by the
assumption that racial or ethnic origin differences are strictly biological in nature.424,434
The trouble with relying on genetic differences is that both immigrants and Canada-born
individuals are of increasingly mixed origins;425 solely trusting a genetic model to explain
health disparities is not reliable with increasingly changing birth patterns. Complicating
matters even more so are changes in immigration patterns. Across the study period, 5 of
the top-10 country origins of recent immigrants to Canada (according to census data)
changed considerably from 2001 to 2006; data beyond 2006 is currently unavailable
(Table 2).326,327 The varying diversity of immigrants arriving to Canada each year has a
large influence on the diversity of the CCHS sample from year to year as well.

120

Furthermore, health research that is conducted using large population health surveys and
surveillance databases are still limited by small sample sizes when investigating particular
country origins that are not seen in Table 2.
This study also addressed an important concern that is relevant to Canadian immigrants
who participated in the CCHS: time since immigration, and age at immigration. The
health of newly arrived and long-term immigrants is typically a product of social,
cultural, economic, and genetic factors;261-264 nevertheless, time spent in and out of
Canada is particularly important. With increasing periods of residency in Canada,
immigrants experienced exponentially higher likelihoods of diabetes. For instance,
immigrants who had been in Canada for 40 years or more were much more likely to have
diabetes when compared to immigrants who had been in Canada for 0 to 9 years.
Inversely, the younger that an immigrant was upon immigration to Canada the less likely
they were to have diabetes when compared to older immigrants. The concern for timing
and age relates back to the concept of the healthy immigrant effect; overall, immigrants
typically report better health upon arrival in Canada when compared to Canada-born
individuals.261-265 Using Gushulak et al.’s model for immigrant health in three stages, this
initial superior health report characteristically relates to the few years immediately
following migration.265
The present study’s results are consistent with other research findings which indicate that
after lengthier periods of residency in North America, immigrant health may deteriorate
to even worse levels than individuals born in-country.265,275-277,279 Inline with these
previous findings, it appears as though the healthy immigrant effect is not pervasive over
time in Canadian-immigrants. Whether or not this is due to acculturation is still debatable,
however. Previous research has typically blamed an adaptation of Western culture
(mostly in the United States’) for facilitating increased health risks due to modifiable
behaviours.270,280 Likewise, similar research has attributed poorer health (over time) to a
degradation of the once-positive culturally specific behaviours that originate in homecountries, coupled with general acculturation.288,289 Given the current theories relative to
acculturation, the present study’s finding (that individuals who immigrated at younger
ages are less likely to have diabetes than older immigrants) is unusual.
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At younger ages, immigrants would experience longer durations of exposure to Western
culture when compared to immigrants who arrived at older ages. By way of acculturation
theory, younger immigrants would therefore be expected to have higher likelihoods of
diabetes. Lower diabetes likelihoods found in Canada-born individuals (compared to
immigrants) might indicate that the acculturation influence (seen quite heavily in the
United States) is not as applicable to studies of Canadian-immigrants. Nevertheless, this
may only be true for diabetes, and may not be a pervasive finding for other chronic
diseases that are facilitated by increased modifiable risk factors. Moreover, the increasing
likelihood of older immigrants to have diabetes when compared to younger immigrants
may simply be a matter of older age. Increasing age is substantially associated with
diabetes in the immigrant population (as suggested by the present study’s results); even
though odds ratios were exceptionally high at younger ages (when compared to other
subpopulations), older aged immigrants saw an exponentially large (comparative)
likelihood that could explain this finding.
One of the implicit aims of the present study was to accommodate the highest possible
amount of risk factors and subpopulation-specific considerations that were available for
analyses. The CCHS was undeniably a valuable health data resource that allowed for an
incorporation of each of these factors in some way; nevertheless, its usage was
accompanied by some limitations that will be discussed in Section 6.4.

6.2 Challenges in Subpopulation Research
6.2.1

Challenges in Studying Immigrant Health

Comparing results among immigrant groups is particularly difficult. While already
discussed in great detail, the health of immigrants (recent or long-term) is the complex
product of time-relative social, cultural, economic, and genetic factors.261-264 Comparisons
of results found in previous studies to the present findings is complicated by the existence
of both genetic437 and acculturative424 perspectives; both provide a necessary component
for researching health outcomes in this population. A large challenge associated with
investigating genetic variances according to racial/cultural/ethnic origins is surmounting
the need for large enough sample sizes in specific origins that are worthy of study. Using
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large-scale health survey data is useful, but comes with certain trade-offs. These surveys
are typically cross-sectional and lack the cohort-specific temporality that is necessary to
generate quality causal explanations of diabetes according to various origins.
Concurrently, large-scale cohort research is quite expensive and unfeasible when
exploring a singular chronic disease condition, such as diabetes, explicitly.

6.2.2

Challenges in Studying Aboriginal Health

Concerning Aboriginals, the difficulty of investigation also lies in obtaining large enough
sample sizes and quality data for health outcomes research. Off-reserve vs. on-reserve
Aboriginal community research is difficult to equate; both types of communities
experience varying degrees of risk factors, making “reserve-membership” difficult to
control for. While using large-scale surveys, like the CCHS, may provide comprehensive
risk factor information, these surveys are typically limited to off-reserve or on-reserve
Aboriginals, exclusively, and rarely comprise of both for comparison purposes.
Systematic research into the disparities faced by Aboriginals must surmount the unique
challenge of surveying health-specific information, but culturally relevant variables as
well; inherently, a holistic approach to investigating health outcomes in this
subpopulation is essential.

6.3 Strengths
A considerable strength of this research project was the use of a cross-sectional,
nationally representative population health survey. CCHS data allowed not only for
relatively simplified analyses for the proposed topic of research, but also provided an
incredibly large sample to explore the possibility of exposure-effect variations among the
Canadian population. Given that the CCHS aims to collect pertinent information relative
to a wide range of health determinants, health service utilization, and overall
demographics, the survey data was undoubtedly the most appropriate resource for
investigating specific subpopulations that are typically challenging to study. Statistics
Canada also ensured the representativeness of the survey via overall sampling design,
weighting strategies, and methodologies relative to data pooling.
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While numerous studies in the past have focused explicitly either on Canadianimmigrants or Canadian-Aboriginals, separately, this study aimed to present their diabetes
risks simultaneously and comparatively using the same dataset. In a unique fashion, the
scope of this study’s health surveillance presents a novel investigation of risk factors that
addresses unique concerns for Canada’s highest-risk populations for diabetes. By
cumulatively presenting these data, policy analysts may be better able to prioritize and
tackle systemic issues related to diabetes.

6.4 Limitations
6.4.1

Self-Report and Limitations with Measures

Concerns for self-reporting biases arose in Chapter 4 when initially discussing CCHS data
collection methods. Unfortunately, due to limitations pertaining to the CCHS
questionnaire, certain variable measures that were used were not optimal. Self-reporting
in health surveys is typically problematic because of over or under-estimation of certain
measures.404 Due to the negative stigmas surrounding smoking behaviour and typically
poor accuracy concerning height and weight reports, the smoking status and BMI
calculated variables might be conservative. When BMI is calculated using self-report
height or weight, overweight and/or obesity categories are typically underestimated.406 As
well, the tendency for older respondents in health surveys, like the CCHS, to underreport
their diagnoses of certain chronic diseases (diabetes mellitus in particular) may have also
skewed the results;407 however, significant differences were seen regardless of any
potential for underestimation.
Important differences may exist between the subpopulations that are not fully captured by
the use of CCHS survey data. For instance, highly significant results were seen for those
who did not respond to SES proxy variables such as income and education level (both
household and personal). Even though SES has been noted as an effective way to measure
acculturation, these variables had the highest degrees of missing data. While research
concerning the validity of self-reported SES data is limited,435,436 it is more so the
presence of non-response bias that may be of concern to the study; this issue was also true
for the diet, smoking, and alcohol consumption frequency variables.
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Another limitation of the CCHS questionnaire pertained to the outcome measure.
Diabetes (both generally and for gestational diabetes) was measured quite ambiguously.
A considerable limitation for the study would be the lack of distinction between types of
diabetes (type 1 and 2), as well as a dedicated question for clarifying gestational diabetes.
While type 1 and gestational diabetes constitute very small percentages of total diabetes
mellitus cases, had they been included as possible responses to diabetes-related questions,
they would have been controlled for; analyses, results, and conclusions would therefore
have been specifically dedicated to T2DM as opposed to general diabetes mellitus.

6.4.2

Non-Response, Response Rate, and Interview Mode

Addressing the issue of non-response identified above, Table 7 presented the response
rates for the CCHS across the study period. Overall, response rates decreased from 2001
to 2010 (84.7% to 71.5%, respectively). Even though sampling weights and imputation
methods were used to ensure that non-response (both complete and partial) is adjusted
for, differences seen across time in relation to subpopulation diabetes magnitudes may
still have been due to decreasing rates in response. Lastly, while interview mode was
effectively controlled for throughout the analyses, some residual bias due to variances in
interview mode may still have persisted.

6.4.3

Pooling Methodology

While pooling methodology provided a sufficiently large enough sample to investigate
diabetes in relatively specialized groups, this methodology came with certain trade-offs.
Given that the CCHS survey questionnaire content changed from year to year, variables
that were available for analysis were somewhat limited. In order to make valid
conclusions about the probability estimates generated by the analyses, only variables that
remained consistent in terms of content wording and coverage across all iterations could
be used. Unfortunately, this led to the exclusion of certain variable constructs like
physical activity, diabetes treatments and/or medications, quality of life measures, and
also limited the relevance of certain measures used, like diet. This study attempted to
capture as much of the risk factor data as possible given this limitation; still, using fewer
iterations of the CCHS may have provided additional variables for examination in the
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regression analyses (possibly altering the study results following their inclusion).
Nevertheless, using fewer CCHS iterations could have raised concerns for small sample
sizes according to the subpopulations of interest.
Another limitation concerning this methodology relates to the period prevalence estimates
described in the results. Unfortunately, fluctuations in single year estimates had to be
considered as part of an overall period estimate when describing odds ratios and changes
in prevalence rates.411 While including a distinct ‘time’ variable into regression analyses
helped to curb the interpretation in a way that described both the period and year-specific
prevalence rates, there were certain limitations with the final period results. The main
findings concerning diabetes prevalence rates over the study period are in fact averages of
the individual iteration year rates, and are better viewed in combination with the trend
analyses so as to examine the differences in parameters from year to year.

6.4.4

Cross-sectional Design and Temporality

Due to the cross-sectional design of the CCHS, this study does not establish exposureeffect relationships; causation cannot be determined by using this data. This study cannot
establish the subpopulation-specific causal factors that lead to the eventual development
of diabetes (given that temporality is not present). Instead, this study identifies important
trends and risk factor associations that are linked with the comparative diabetes rates
found in Canadian subpopulations.

6.5 Implications and Conclusions
The results of the current study may be used in a number of ways, and can be targeted
towards future subpopulation health surveillance or diabetes epidemiology research
proposals; recommendations for clinical practice that are relative to immigrant health and
diabetes may also be formulated based on the study results.
For the future, diabetes research concerning the impact of race, culture, and ethnicity in
Canadian immigrants should be holistically coupled with explorations of education, skills
training, mobility, migration history, demography, and labour market contributions. By
doing so, immigrant health researchers may be better able to investigate health outcomes
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(like diabetes) using complex information that comprises both genetic and SES
perspectives. It may be of value to explore the possibility of specialized linkages between
healthcare databases across the provinces, coordinated at the national-level. Electronic
health databases and landing registries may afford national population health surveillance
systems (like the CCDSS and the NDSS) with more accurate (and quality) data that could
be available for exploring unique barriers to immigrant health (using the Longitudinal
Immigrant Database, for instance).
All Canadians, regardless of subpopulation, have experienced and will continue to
experience a rise in obesity, diabetes, and CVD risk factor rates over the next 10 years.1,2
Compounded by low SES, future challenges for the healthcare system and Canadian
health policy makers include formulating preventative and management strategies for
dealing with the Canadian diabetes epidemic at lower levels of SES. For Aboriginals and
immigrants, both with and without diabetes, SES marginalization is a useful indicator of
current and future risk factor disparities and subsequent diabetes development. Whether
or not the observed differences between subpopulations that are presented in this thesis
occur systematically, is a matter worth addressing in future research.
Previous subpopulation literature has stressed the need for diabetes prevention strategies
to continue addressing the social determinants of health.437 Healthcare utilization is an
important measure of determinant outcomes, and also inequities in health and access to
care. An important area of future research would be an examination of healthcare service
usage (despite the type or frequency) in Canadian-immigrant and Canadian-Aboriginal
diabetics; differential usages (in comparison to other subpopulations) may speak to the
unique financial, linguistic, and population-specific needs of these subpopulations, where
community support is heavily relied upon. Health promotion strategies435 and support
systems that congregate at the community-level may be of vital importance for tackling
diabetes in immigrants and Aboriginals; service delivery programs should continue to
consider the pervasive nuances observed in Canadian subpopulations that thrive in
racially, culturally, and ethnically close-knit communities.
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Appendix 1: Distribution of Variables by CCHS Survey Year (2001 to 2010)

Number of Diabetes Cases by CCHS Survey Year (Percentage of
Variable Column Total)
2001
2003
2005
2007
2008
2009
2010
1. MODIFIABLE RISK FACTOR VARIABLES
Smoke Status
Is Not a Smoker

1623
(30.0%)
660
(12.2%)
2085
(38.5%)
39
(0.7%)
97
(1.8%)
912
(16.8%)

1890
(30.6%)
765
(12.4%)
2513
(40.7%)
43
(0.7%)
765
(12.4%)
859
(13.9%)

1947
(30.2%)
827
(12.8%)
2550
(39.5%)
35
(0.5%)
133
(2.1%)
958
(14.9%)

1255
(33.0%)
494
(13.0%)
1410
(37.1%)
31
(0.8%)
51
(1.3%)
558
(14.7%)

1313
(34.2%)
396
(10.3%)
1448
(37.7%)
56
(1.5%)
76
(2.0%)
552
(14.4%)

1208
(32.9%)
494
(13.4%)
1385
(37.7%)
22
(0.6%)
59
(1.6%)
507
(13.8%)

1452
(36.3%)
453
(11.3%)
1435
(35.9%)
15
(0.4%)
94
(2.4%)
550
(13.8%)

1243
(38.2%)
372
Once per Month
(11.4%)
356
Two to Three Times per Month
(10.9%)
425
Once per Week

1288
(34.4%)
438
(11.7%)
430
(11.5%)
528

1463
(36.0%)
484
(11.9%)
384
(9.5%)
521

744
(31.0%)
321
(13.4%)
282
(11.7%)
361

765
(32.0%)
326
(13.6%)
233
(9.7%)
307

734
(30.7%)
276
(11.5%)
284
(11.9%)
312

853
(33.5%)
279
(11.0%)
278
(10.9%)
357

Occasional Smoker
Former Daily Smoker
Always an Occasional Smoker
Former Occasional Smoker
Daily Smoker

Alcohol Consumption
Frequency
Less than Once per Month
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(13.1%)
407
Two to Three Times per Week
(12.5%)
134
Four to Six Times per Week
(4.1%)
319
Everyday
(9.8%)

(14.1%)
476
(12.7%)
157
(4.2%)
430
(11.5%)

(12.8%)
549
(13.5%)
161
(4.0%)
498
(12.3%)

(15.0%)
360
(15.0%)
86
(3.6%)
248
(10.3%)

(12.8%)
344
(14.4%)
137
(5.7%)
280
(11.7%)

(13.0%)
347
(14.5%)
137
(5.7%)
304
(12.7%)

(14.0%)
402
(15.8%)
95
(3.7%)
282
(11.1%)

71
(1.0%)
1475
(20.9%)
2287
(30.1%)
2185
(36.1%)

67
(1.1%)
1571
(25.0%)
2307
(36.8%)
2328
(37.1%)

30
(0.9%)
766
(21.9%)
1343
(38.5%)
1353
(38.8%)

28
(0.8%)
914
(25.4%)
1169
(32.5%)
1489
(41.4%)

30
(0.9%)
767
(22.7%)
1170
(34.6%)
1417
(41.9%)

26
(0.7%)
841
(22.5%)
1392
(37.3%)
1473
(39.5%)

6
(0.1%)
31
(0.6%)
140
(2.7%)
410
(7.9%)
428
(8.3%)
952

20
(0.4%)
31
(0.6%)
121
(2.5%)
429
(8.9%)
381
(7.9%)
942

7
(0.2%)
15
(0.6%)
59
(2.2%)
217
(8.0%)
210
(7.9%)
459

3
(0.1%)
29
(1.1%)
74
(2.7%)
198
(7.3%)
273
(7.8%)
425

5
(0.2%)
16
(0.7%)
54
(2.4%)
190
(8.5%)
202
(10.0%)
399

6
(0.0%)
22
(0.9%)
88
(3.6%)
150
(6.1%)
222
(9.0%)
469

Body Mass Index
Underweight

70
(2.4%)
654
Normal
(22.2%)
391
Overweight
(13.3%)
1830
Obese
(62.1%)

Household Income
No Income
Less than $5,000
$5,000 to $9,999
$10,000 to $14,999
$15,000 to $19,999
$20,000 to $29,999

24
(0.5%)
22
(0.5%)
166
(3.5%)
535
(11.2%)
452
(9.4%)
870
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(18.2%)
686
$30,000 to $39,999
(14.3%)
460
$40,000 to $49,999
(9.6%)

(18.5%)
649
(12.6%)
604
(11.7%)

$50,000 to $59,999

390
(8.1%)
498
$60,000 to $80,000
(10.4%)
689
$80,000 and Above
(14.4%)

(17.0%)
409
(15.1%)
335
(12.4%)

(15.5%)
440
(16.1%)
300
(10.9%)

(17.8%)
373
(16.6%)
342
(15.3%)

(18.9%)
435
(17.6%)
312
(15.3%)

450
(8.8%)
616
(11.9%)
858
(16.8%)

(19.4%)
729
(15.0%)
538
(11.10
%)
531
(10.9%)
722
(14.9%)
403
(17.3%)

309
(11.5%)
441
(16.4%)
238
(21.2%)

257
(9.4%)
459
(16.8%)
278
(23.5%)

253
(11.3%)
235
(10.5%)
175
(13.1%)

273
(11.0%)
280
(11.3%)
219
(13.8%)

227
(4.4%)
169
(3.3%)
569
(11.1%)
967
(18.8%)
564
(10.1%)
821
(15.9%)
600
(11.7%)
408
(7.9%)

258
(4.8%)
152
(2.9%)
550
(10.3%)
837
(15.7%)
542
(10.2%)
974
(18.3%)
679
(12.7%)
479
(9.0%)

127
(4.1%)
93
(3.0%)
228
(7.4%)
452
(14.7%)
360
(11.7%)
475
(15.5%)
478
(15.5%)
248
(8.1%)

209
(6.6%)
71
(2.2%)
253
(8.0%)
492
(15.5%)
359
(11.3%)
490
(15.4%)
416
(13.1%)
265
(8.3%)

109
(3.6%)
80
(2.7%)
223
(7.5%)
442
(14.8%)
312
(10.4%)
506
(16.9%)
411
(13.7%)
268
(8.9%)

82
(2.5%)
111
(3.4%)
234
(7.2%)
382
(11.8%)
401
(12.4%)
564
(17.4%)
482
(14.9%)
320
(9.9%)

Personal Income
No Income
Less than $5,000
$5,000 to $9,999
$10,000 to $14,999
$15,000 to $19,999
$20,000 to $29,999
$30,000 to $39,999
$40,000 to $49,999

231
(4.8%)
189
(3.9%)
640
(13.2%)
928
(19.2%)
538
(11.1%)
798
(16.5%)
541
(11.2%)
297
(6.1%)
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$50,000 to $59,999
$60,000 to $80,000
$80,000 and Above

Household Education
Less than Secondary School
Education

271
(5.6%)
236
(4.9%)
168
(3.5%)

318
(6.2%)
272
(5.3%)
227
(4.4%)

308
(5.8%)
347
(6.5%)
211
(4.0%)

212
(6.9%)
222
(7.2%)
180
(5.9%)

230
(7.2%)
223
(7.0%)
173
(5.4%)

174
(5.8%)
231
(7.7%)
238
(8.0%)

223
(6.9%)
202
(6.2%)
237
(7.3%)

1451

1409

1168

630

640

563

594

(19.3%)
776
(12.3%)
372

(20.1%)
725
(12.5%)
327

(18.6%)
449
(13.3%)
177

(18.3%)
389
(11.1%)
199

(16.7%)
411
(12.2%)
191

(16.1%)
502
(13.6%)
194

(5.4%)
3280
(55.4%)

(5.6%)
3593
(61.8%)

(5.2%)
2126
(62.9%)

(5.7%)
2274
(64.9%)

(5.7%)
2207
(65.5%)

(5.3%)
2400
(65.0%)

2380

2086

1225

1138

1093

1150

(34.0%)
994
(15.3%)
349

(33.6%)
909
(14.6%)
369

(33.9%)
552
(15.3%)
207

(30.9%)
574
(15.6%)
251

(30.8%)
545
(15.4%)
227

(29.8%)
680
(17.6%)
211

(5.8%)
2299
(41.4%)

(5.9%)
2843
(45.8%)

(5.7%)
1628
(45.1%)

(6.8%)
1725
(46.8%)

(6.4%)
1684
(47.5%)

(5.5%)
1821
(47.2%)

(27.4%)
848
Secondary School Graduation
(16.0%)
346
Some Post-Secondary
Education
(6.5%)
2648
Post-Secondary Education
(50.0%)
Personal Education
Less than Secondary School
Education

2313

(43.2%)
874
(16.3%)
320
Some Post-Secondary
Education
(6.0%)
1847
Post-Secondary Education
(34.5%)

Secondary School Graduation
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Dietary Consumption of Fruit
and Vegetables
Consumes Less than 5 Servings
per Day

3194

3258

1931

2015

2093

1962

2312

(57.8%)
2184

(55.0%)
1491

(58.2%)
1323

(59.7%)
1289

(58.6%)
1270

(63.2%)
1262

(38.7%)
195

(42.5%)
90

(38.2%)
124

(36.8%)
124

(37.9%)
117

(34.5%)
86

(3.5%)

(2.6%)

(3.6%)

(3.5%)

(3.5%)

(2.4%)

2717
(50.4%)
698
(13.0%)
666
(12.4%)
196
(3.6%)
841
(15.6%)
62
(1.2%)
206

3004
(49.9%)
700
(11.6%)
772
(12.8)
250
(4.1%)
979
(16.3%)
46
(0.8%)
270

3110
(49.6%)
864
(13.8%)
798
(12.7%)
251
(4.0%)
1062
(16.9%)
48
(0.8%)
140

1755
(47.8%)
484
(13.2%)
478
(13.0%)
128
(3.5%)
642
(17.5%)
44
(1.2%)
141

1770
(47.2%)
448
(11.9%)
472
(12.6%)
191
(5.1%)
692
(18.5%)
39
(1.0%)
137

1758
(49.1%)
420
(11.7%)
444
(12.4%)
126
(3.5%)
576
(16.1%)
36
(1.0%)
222

1847
(47.2%)
396
(10.1%)
493
(12.6%)
138
(3.5%)
854
(21.8%)
30
(0.8%)
156

(3.8%)

(4.5%)

(2.2%)

(3.8%)

(3.7%)

(6.2%)

(4.0%)

(59.7%)
1957
Consumes 5 to 10 Servings per
Day
(36.6%)
196
Consumes More than 10
Servings per Day
(3.7%)
National Language Competency
(Conversational)
English Only
French Only
English and French Only
English and French and Other
English and Other (Not French)
French and Other (Not English)
Neither English or French
(Other)
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2. NON-MODIFIABLE RISK FACTOR VARIABLES
Age
12 to 19

55
(1.0%)
115
(2.1%)
354
(6.5%)
752
(13.9%)
1157
(21.3%)
1316
(24.3%)
1245
(23.0%)
429
(7.9%)

57
(0.9%)
127
(2.0%)
344
(5.5%)
773
(12.4%)
1477
(23.7%)
1669
(26.8%)
1330
(21.3%)
461
(7.8%)

47
(0.7%)
181
(2.8%)
290
(4.5%)
786
(12.1%)
1517
(23.4%)
1692
(26.1%)
1405
(21.6%)
575
(8.9%)

38
(1.0%)
108
(2.8%)
173
(4.5%)
444
(11.6%)
930
(24.3%)
1012
(26.5%)
797
(20.8%)
323
(8.4%)

23
(0.6%)
83
(2.1%)
166
(4.3%)
450
(11.6%)
1006
(26.0%)
1031
(26.6%)
737
(19.0%)
380
(9.8%)

34
(0.9%)
59
(1.6%)
164
(4.5%)
388
(10.5%)
828
(22.5%)
1053
(28.6%)
731
(19.9%)
425
(11.5%)

28
(0.7%)
74
(1.8%)
206
(5.1%)
457
(11.4%)
958
(23.8%)
1093
(27.1%)
810
(20.1%)
401
(10.0%)

Male

2839
(52.3%)
2584
Female
(47.7%)

3292
(52.7%)
2947
(47.3%)

3503
(53.9%)
2990
(46.1%)

2089
(54.6%)
1736
(45.4%)

2062
(53.2%)
1814
(46.8%)

2022
(54.9%)
1660
(45.1%)

2315
(57.5%)
1713
(42.5%)

White

5000
(84.8%)
98

5340
(87.5%)
117

2881
(82.4%)
128

2908
(80.8%)
81

2855
(83.4%)
102

2938
(78.3%)
132

20 to 29
30 to 39
40 to 49
50 to 59
60 to 69
70 to 79
80 and Above

Sex

Racial/Cultural Origin
4640
(87.5%)
108
Black
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(2.0%)
17
(0.3%)
50
(0.9%)
10
(0.2%)
123
(2.3%)
169
(3.2%)
26
(0.5%)
30
(0.6%)
5
(0.1%)
19
(0.4%)
75
(1.4%)
33
(0.6%)

(1.7%)
4
(0.1%)
44
(0.7%)
12
(0.2%)
187
(3.2%)
233
(3.9%)
38
(0.6%)
15
(0.3%)
9
(0.2%)
21
(0.4%)
152
(2.6%)
90
(1.5%)

(1.9%)
17
(0.3%)
66
(1.1%)
23
(0.4%)
65
(1.1%)
235
(3.9%)
41
(0.7%)
21
(0.3%)
11
(0.2%)
41
(0.7%)
89
(1.5%)
37
(0.6%)

(3.7%)
8
(0.2%)
42
(1.2%)
6
(0.2%)
84
(2.4%)
205
(5.9%)
23
(0.7%)
17
(0.5%)
6
(0.2%)
58
(1.7%)
12
(0.3%)
26
(0.7%)

(2.3%)
12
(0.3%)
34
(0.9%)
8
(0.2%)
116
(3.2%)
235
(6.5%)
25
(0.7%)
13
(0.4%)
64
(1.8%)
50
(1.4%)
37
(1.0%)
16
(0.4%)

(3.0%)
39
(1.1%)
49
(1.4%)
9
(0.3%)
96
(2.8%)
122
(3.6%)
35
(1.0%)
19
(0.6%)
18
(0.5%)
37
(1.1%)
24
(0.7%)
17
(0.5%)

(3.5%)
30
(0.8%)
69
(1.8%)
21
(0.6%)
121
(3.2%)
258
(6.9%)
69
(1.8%)
19
(0.5%)
16
(0.4%)
14
(0.4%)
32
(0.9%)
32
(0.9%)

1382
(23.7%)
698
French
(12.0%)
1077
English

1197
(19.0%)
852
(13.5%)
1193

1318
(19.4%)
967
(14.2%)
1340

859
(23.1%)
459
(12.4%)
686

747
(19.5%)
435
(11.4%)
712

748
(20.6%)
502
(13.8%)
656

737
(19.1%)
486
(12.6%)
657

Korean
Filipino
Japanese
Chinese
South Asian
Southeast Asian
Arab
West Asian
Latin American
Other
Multiple

Ethnicity (Ethnic Origin)
Canadian
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German
Scottish
Irish
Italian
Ukrainian
Dutch (Netherlands)
Chinese
Jewish
Polish
Portuguese
South Asian

(18.5%)
353
(6.1%)
688
(11.8%)
591
(10.2%)
235
(4.0%)
148
(2.5%)
156
(2.7%)
126
(2.2%)
40
(0.7%)
80
(1.4%)
53
(0.9%)
194
(3.3%)

(18.9%)
441
(7.0%)
770
(12.2%)
630
(10.0%)
309
(4.9%)
180
(2.8%)
148
(2.4%)
210
(3.3%)
30
(0.5%)
94
(1.5%)
40
(0.6%)
206
(3.3%)

(19.7%)
434
(6.4%)
831
(12.2%)
739
(10.9%)
254
(3.7%)
163
(2.4%)
176
(2.6%)
77
(1.1%)
54
(0.8%)
111
(1.6%)
82
(1.2%)
246
(3.6%)

(18.5%)
249
(6.7%)
426
(11.5%)
341
(9.2%)
160
(4.3%)
86
(2.3%)
85
(2.3%)
95
(2.6%)
22
(0.6%)
54
(1.5%)
23
(0.6%)
169
(4.6%)

(18.6%)
251
(6.6%)
481
(12.6%)
397
(10.4%)
166
(4.3%)
81
(2.1%)
74
(1.95)
134
(3.5%)
49
(1.3%)
60
(1.6%)
33
(0.9%)
202
(5.3%)

(18.1%)
242
(6.7%)
407
(11.2%)
408
(11.2%)
147
(4.0%)
84
(2.3%)
77
(2.1%)
104
(2.9%)
17
(0.5%)
74
(2.0%)
45
(1.3%)
118
(3.3%)

(17.0%)
270
(7.0%)
434
(11.3%)
375
(9.7%)
175
(4.5%)
99
(2.6%)
67
(1.7%)
127
(3.3%)
45
(1.2%)
82
(2.1%)
34
(0.9%)
269
(7.0%)

69
(6.5%)
132

27
(2.2%)
151

3. IMMIGRANT-SPECIFIC RISK FACTOR VARIABLES
Country Origin
Other North America
South, Central America and the
Caribbean

78
(5.6%)
178

47
(3.0%)
156

59
(4.8%)
133

49
(4.6%)
217

33
(2.9%)
162

135

(12.9%)
670
(48.4%)
65
(4.7%)
386
(27.9%)
8
(0.6%)

(9.9%)
792
(50.1%)
105
(6.6%)
459
(29.0%)
23
(1.5%)

(10.7%)
685
(55.3%)
19
(1.5%)
329
(26.6%)
14
(1.1%)

(20.5%)
396
(37.3%)
56
(5.3%)
337
(31.8%)
6
(0.6%)

(14.0%)
441
(38.1%)
68
(5.9%)
446
(38.5%)
7
(0.6%)

(12.5%)
442
(41.8%)
45
(4.3%)
358
(33.9%)
11
(1.0%)

(12.1%)
421
(33.6%)
82
(6.5%)
561
(44.8%)
10
(0.8%)

108
(8.1%)
184

147
(9.4%)
238

137
(9.1%)
246

134
(13.5%)
172

127
(11.3%)
192

130
(12.6%)
149

121
(9.9%)
285

(13.7%)
266
20 to 29 Years Since
Immigration
(19.9%)
279
30 to 39 Years Since
Immigration
(20.8%)
502
40 or More Years Since
Immigration
(37.5%)

(15.1%)
244

(16.3%)
152

(17.3%)
182

(17.1%)
116

(14.4%)
138

(23.2%)
242

(15.5%)
417

(10.1%)
400

(18.3%)
192

(10.3%)
350

(13.4%)
187

(19.7%)
197

(26.5%)
527

(26.6%)
571

(19.3%)
314

(31.2%)
338

(18.1%)
428

(16.0%)
383

(33.5%)

(37.9%)

(31.6%)

(30.1%)

(41.5%)

(31.2%)

392
(24.9%)

354
(23.5%)

165
(16.6%)

243
(21.5%)

179
(17.3%)

179
(14.6%)

Europe
Africa
Asia
Oceania

Time Since Immigration to
Canada
0 to 9 Years Since Immigration
10 to 19 Years Since
Immigration

Age at Immigration to Canada
12 to 19

292
(21.8%)

136

20 to 29

445
555
507
311
425
332
377
(33.2%) (35.3%) (33.7%) (31.3%) (37.6%) (32.1%) (30.7%)
313
330
342
257
218
229
345
30 to 39
(23.4%) (21.0%) (22.7%) (25.9%) (19.3%) (22.2%) (28.1%)
163
151
148
103
120
158
155
40 to 49
(12.2%) (9.6%)
(9.8%) (10.4%) (10.6%) (15.3%) (12.6%)
113
126
147
146
117
100
167
50 to 69
(8.4%)
(8.0%)
(9.8%) (14.7%) (10.4%) (9.7%) (13.6%)
13
19
8
11
7
35
6
70 and Above
(1.0%)
(1.2%)
(0.5%)
(1.1%)
(0.6%)
(3.4%)
(0.5%)
Notes: (1) All results were calculated using rescaled master weights (see Section 4.3.3); (2) aMultiple options
available; number represents total respondents with more than one ethnicity option selected.
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