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Abstract 

Title: Incidence and Longitudinal Changes in the Prevalence of Diabetes among Rural and 

First Nations Populations of Saskatchewan 

Abstract 

Background: Saskatchewan is one of the largest rurally populated provinces in Canada with a 

high prevalence of diabetes in the rural population. Current knowledge about risk factors of 

diabetes prevalence among the rural residents and the First Nations populations in Saskatchewan 

is primarily based on cross-sectional studies. Additionally, information regarding risk factors 

associated with the incidence of diabetes among Canadian rural and First Nation populations is 

limited. 

Purpose: The purpose of this study was to extensively assess predictors and longitudinal changes 

associated with the incidence and prevalence of diabetes among rural residents and First Nations 

in Saskatchewan, Canada. Additionally, we wanted to determine differences in rates and risk 

factors of diabetes between First Nations and rural residents in Saskatchewan. 

Methods: Both the Saskatchewan rural health study (SRHS) and First Nation Lung Health Project 

(FNLHP) were prospective cohort studies. SRHS was conducted in two phases: a baseline survey 

(2010, n=8261) and a follow-up survey (2014, n=4867). The FNLHP was also conducted in two 

phases: baseline survey (2012/13, n=874) and a follow-up survey (2016, n=839) 

Results: The prevalence of diabetes increased from the baseline to follow-up in rural residents and 

First Nation populations, and non-farm rural residents had a higher prevalence of diabetes than 

rural farm residents. Apart from common modifiable risk factors, agricultural chemical-related 

exposures were responsible for the high prevalence of diabetes among rural residents but proven 

non-significant for the incidence of diabetes. A unique finding of our study was that sleep apnea 

significantly increases the risk of developing new diabetes cases among rural residents, which is 

non-significant for the prevalence of diabetes. Additionally, diabetes was prevalent among First 

Nation women, compared to men, and the finding was reversed for rural residents. Unemployment 

and high BMI were the most significant factors for the high prevalence of diabetes among First 

Nation Populations. However, severe perceived discrimination acted as a protective factor for 

diabetes prevalence, and the underlying mechanism was unclear.  
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Conclusion: Both individual and contextual factors were responsible for the high incidence and 

prevalence of diabetes among the rural residents and First Nation populations of Saskatchewan, 

which demands urgent long term and population-based community health initiatives.  

Keywords: Rural Saskatchewan, First Nation Populations, Social Determinants of Health, 

Agricultural exposures, Colonization, Risk factors, Incidence, Prevalence, Diabetes 
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Chapter 1 

INTRODUCTION 

Diabetes is a global epidemic and imposes an enormous threat towards human health and 

the economy of a country. An estimated 451 million people, ages 18 to 99 years old, had diabetes 

in 2017 globally (1). According to the International Diabetes Federation (IDF), the world is going 

to experience a rise of approximately 48% (from 2017 to 2045) in diabetic cases (2). If we do not 

act now, by 2045, approximately 693 million people will have diabetes globally (1). According to 

the IDF, half of all adults ages 20-79 years (nearly 212.4 million people) worldwide living with 

diabetes are undiagnosed (2). The most common form of diabetes is type-2 diabetes mellitus 

(T2DM), which is a growing healthcare burden and accounts for 90% of all diabetes cases 

worldwide (3).  

T2DM once believed to be a disease only affecting primarily adults and the elderly is now 

progressively seen in children, adolescents, and young adults due to change in lifestyle patterns 

such as less physical activity, unhealthy diet, and obesity (2). The onset of T2DM is slow and can 

be asymptomatic for many years, which results in a high proportion (one-third to one-half of all 

T2DM cases) of undiagnosed cases (2). A higher prevalence of microvascular complications is 

seen among newly diagnosed T2DM patients, which demands a routine screening procedure in the 

general population (after forty years of age) with or without T2DM symptoms (4). 

1.1 Overview of diabetes in the Canadian context  

Currently, one out of three Canadians is dealing with either diabetes or prediabetes (5). 

More than two million Canadians are now suffering from diabetes, joining over 451 million 

diabetic people worldwide (1,6). About half of the Canadians who are more than twenty years old 

are at high risk of developing diabetes in their lifetime (7). Raised health care costs due to an 

increase in the prevalence of diabetes not only affects Canadians on a personal level but also 

burdens Canada's publicly funded health care system. The ultimate sufferers will be all individuals, 

both diseased and non-diseased, living in Canada. 

The well-established predictors for developing diabetes among adults living in rural 

Saskatchewan and First Nations communities are gender, increasing age, socioeconomic status, 

ethnicity, lack of exercise, obesity, alcohol intake, smoking, living conditions, mental health, 

cultural and social stressors and environmental factors (8,9). Diabetes adversely impacts not only 
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the health of an individual but also causes work limitations, economic imbalance, diminished 

quality of life index and life expectancy. The long-term complications of diabetes include the risk 

of developing other chronic illnesses, thus putting incredible pressure on families as well as on the 

country's economy and health care management system. 

Among the total population of Saskatchewan (1,098,352 in 2016), rural municipalities 

make up 176,535 of the people (2016), making Saskatchewan one of the largest rurally populated 

areas of all the Canadian provinces (10). According to Statistics Canada, more than 92,000 people 

in Saskatchewan (2019) are living with diabetes (10). However, it is alarming that another 44,000 

people in Saskatchewan do not know that they already have T2DM (10). Diabetes Canada 

predicted that people of Saskatchewan would experience a 33% rise in diagnosed diabetes cases 

from 2018 to 2028 (11). Accessing health care is more challenging for the rural diabetic population 

as compared to the urban diabetic residents of Saskatchewan (11), making the potential scenario 

worse for rural Saskatchewan. 

According to Statistics Canada (2016), Saskatchewan is comprised of 114,570 self-

identified First Nations populations. About 54,460 or 47.5% of these people reside on reserves 

(12), making the First Nations populations the majority of the Indigenous population. Canadian 

Indigenous peoples have a higher diabetes prevalence rate (13). The diabetes prevalence is three 

to five times greater in First Nations populations than that found in the general population (13). A 

complex interaction of various health determinants, rooted in cultural disruption, and colonial 

processes cause a disproportionate burden of diabetes among the Indigenous population of Canada 

(14). The chance of developing diabetes complications such as metabolic syndrome, albuminuria 

and end-stage kidney disease (ESRD) is considerably higher among the First Nations populations 

(13). The lifetime chance of developing diabetes is considerably higher among Canadian First 

Nations (8 in 10 people), compared to non–First Nations (5 in 10 people) (15). To limit the burden 

of diabetes among Indigenous populations, the Government of Canada implemented numerous 

strategies, particularly the "Aboriginal Diabetes Strategy," focusing on the implementation of 

healthcare policies and diabetes prevention. However, to date, intervention strategies related to 

diabetes burden reduction shows limited effectiveness among Indigenous populations in Canada 

(14).   
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1.2 Rationale of the study 

There is an epidemic of diabetes among Canadian First Nations peoples, who are 

considered a high-risk population for developing diabetes and related complications (9,14). Rural 

non-farm residents are also at higher risk for developing diabetes. Both First Nations populations 

and rural residents in Saskatchewan are suffering from physical and financial burden from 

diabetes. Unique obstacles and lack of infrastructure necessary to reduce disease burdens makes 

these people a significant community health target group and demands more focus. Diabetes is a 

complex disease, and its management requires adequate access to primary care, as well as care 

from specialized facilities. Higher prevalence of diabetes among First Nations and rural residents 

of Saskatchewan (8,14) demands urgent long term and productive population-based and 

community health initiatives. Identification of behavioural risk factors is essential, and changes in 

lifestyle behaviours to reduce diabetes burden (16). It is, therefore, imperative to estimate the 

incidence and longitudinal changes in the prevalence of diabetes and identifying First Nation's and 

rural resident specific risk factors, which is necessary for the rational allocation of health resources 

of the country. It will also help decision-makers to understand geographic variations in diabetes 

management better. Also, it will open a doorway for future researchers to conduct more intensive 

studies to confirm the causal relationship between diabetes and associated risk factors among rural 

residents and First Nations populations. Thus, in the long run, it will contribute to inventing 

realistic and practical strategies to reduce the escalating burden of diabetes through the provision 

of cost-effective and need-based health care services to the Canadian people.  

1.3 Research purpose 

Given the surge in the burden of diabetes, knowledge about diabetes-related risk factors 

are essential for reducing diabetes burden. As diabetes poses an enormous economic burden to the 

patients, families, society and state, innovative and effective measures are essential to enable the 

victims to cope with the burden of the disease. To the best of our knowledge, only a few studies 

have been conducted to find out the incidence and longitudinal changes in the prevalence and 

associated risk factors of diabetes among rural and First Nations populations of Saskatchewan. 

Also, we want to determine if there are any questionable differences and disparities in rates of 

diabetes between First Nations and rural residents in Saskatchewan. Hence, the purpose of this 

study was to use the Saskatchewan rural health study (SRHS) and Saskatchewan First Nations 

Lung Health Project (FNLHP) data to conduct an extensive analysis to assess the predictors 
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associated with incidence and longitudinal changes in the prevalence of diabetes among rural 

residents and First Nations populations in Saskatchewan, Canada. 

1.4 Specific objectives 

• To determine the incidence and longitudinal changes in diabetes occurrence among rural 

and First Nations populations of Saskatchewan. 

• To determine the risk factors associated with the incidence and prevalence of diabetes 

among rural and First Nations populations of Saskatchewan. 

• To determine the differences in rates and risk factors of diabetes between First Nations and 

rural residents in Saskatchewan. 

1.5 Thesis layout 

Broadly this dissertation was divided into six different chapters. Chapter one constituted 

“introduction,” which outlined the purpose and rationale of the thesis and addressed the research 

questions and objectives. Chapter two “literature review” illustrated extensive discussion 

regarding diabetes, a global scenario of diabetes, social determinants of diabetes, known/unknown 

risk factors of diabetes, diabetes complications and current diabetes situation in Canada. General 

“methods and materials” of this thesis paper were described in chapter three, including statistical 

analysis. Chapter four (first manuscript) examined the incidence and longitudinal changes in the 

prevalence of diabetes among rural residents of Saskatchewan, Canada. Furthermore, chapter five 

(second manuscript) was based on First Nations populations and examined the longitudinal 

changes in the prevalence of diabetes among First Nations populations of Saskatchewan, Canada. 

Chapter six demonstrated the conclusion section and addressed specific three objectives. Apart 

from that, the conclusion section also illustrated significant findings from both manuscripts, 

general strengths and limitations and future directions for further studies. 
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Chapter 2 

Literature Review 

2.1 Diabetes and Prediabetes 

Non-communicable diseases (NCDs) are highly preventable, but unfortunately, they are 

the leading cause of death globally, accounting for 71% of all global death (1). Diabetes is one of 

the major NCDs, and nearly 1.6 million premature deaths could be averted every year by 

preventing and controlling diabetes (1). Diabetes is a multifactorial metabolic condition associated 

with chronic hyperglycemia (2), which occurs due to an absolute or relative deficiency of insulin 

level in the human body (2). Diabetes is a chronic disease, and patients need lifelong care to 

manage diabetes successfully. This lifelong disease adversely impacts not only the health of an 

individual but also the health of families, society, and the economy. Additionally, affected people's 

blood vessels and nerves can be damaged by uncontrolled diabetes, which is responsible for 

various comorbidities such as blindness, heart failure, kidney failure, and stroke (3,4). Broadly, 

diabetes can be classified into Type 1 Diabetes Mellitus (T1DM), Type 2 Diabetes Mellitus 

(T2DM) and Gestational diabetes mellitus (GDM) (5). 

2.1.1 Type 1 Diabetes Mellitus (T1DM) 

T1DM is associated with the autoimmune destruction of the pancreas’ ability to secrete 

insulin and caused by varying degrees of genetic defects (6). T1DM is also known as insulin-

dependent diabetes or juvenile diabetes (6). T1DM patients cannot produce enough insulin, which 

subsequently increases blood sugar levels and causes diabetes (7). Insulin is vital to blood glucose 

regulating hormone in the human body, secreted by the pancreas (7). In the case of T1DM, the 

body cannot produce enough insulin as the pancreas is attacked by its own host body, which leads 

to destroyed insulin-producing cells of the pancreas (7). According to Diabetes Canada, roughly 

ten percent of the world's total diabetic people are suffering from T1DM, and most of the time, 

children and adolescents are primarily affected by T1DM (8). Underlying causes of T1DM are 

widely unknown among scientists (9). However, a significant risk factor for developing T1DM is 

a genetic predisposition (7,9). Apart from that, some environmental factors, viral infections or even 

diet can trigger that autoimmune disease (7,9). Unfortunately, T1DM is not preventable (7), so 

proper management is essential. Severe life-threatening situations such as diabetic ketoacidosis 
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can arise from uncontrolled T1DM (9). If left untreated, T1DM may lead to coma or even death 

(9). 

2.1.2 Type 2 Diabetes Mellitus (T2DM) 

T2DM is a chronic metabolic disease characterized by hyperglycemia due to a lack of 

adequate insulin in our body (10,11). It is an adult-onset disease and one of the most common 

reasons for premature death worldwide. Roughly 90% of the total diabetic people are suffering 

from T2DM globally (10). In case of T2DM, the body can produce insulin, but the insulin does 

not work in our body due to resistance in insulin receptors (10). Adults, elderly and obese people 

are more susceptible to insulin resistance (10). As diabetes can cause dangerous complications, 

and there is no cure, it is better if people proactively prevent diabetes. Early diagnosis and 

treatment are essential, especially for vulnerable groups, to reduce the social and economic burden 

of diabetes (10).  

It is more likely that people with T2DM will develop hypercholesterolemia and 

hypertension (12). Additionally, high blood pressure and lipid combined with hyperglycemia can 

cause other morbidities, including stroke, kidney failure, blindness or heart failure (12). The key 

component for preventing T2DM is eating a healthy diet and exercising regularly, which will also 

help maintain healthy body weight and mental well-being (11). Apart from an unhealthy diet and 

physical inactivity, the other major risk factors for T2DM are family history of having diabetes, 

GDM among women, high BMI, an increase in age and high blood pressure (10).  

2.1.3 Gestational diabetes mellitus (GDM) 

Gestational diabetes mellitus (GDM) is another form of diabetes characterized by glucose 

intolerance and is manifested during pregnancy (13). Uncontrolled GDM is not only harmful to 

pregnant mothers; it can be life-threatening for newborns also (14). All pregnant mothers without 

pre-existing diabetes, should be screened for GDM routinely during antenatal checkup (14). 

Women who are 35 years and older, from a minor ethnic group (e.g., African, Asian, South-Asian, 

Hispanic and Indigenous), obese, diagnosed with prediabetes, diagnosed with the polycystic 

ovarian syndrome, confirmed with positive family history and using steroid medicine are at high 

risk of developing GDM (14). The prevalence of GDM is higher in Canada (three to twenty percent 

of all pregnancies) (13) compared to the USA, where one to fourteen percent of all pregnant 

mothers develop GDM (14). A women can develop T2DM following GDM, and the process will 

be enhanced if the pregnant mother is already obese (13). 
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Additionally, the offspring of GDM mothers are at high risk of developing obesity and 

glucose intolerance (13). Proper prenatal care, losing extra weight before pregnancy, a healthy 

diet, and exercise throughout the pregnancy can significantly reduce the chance of developing 

GDM (15). In most of the cases, blood sugar levels come to a normal state for a GDM mother after 

their delivery (13,14).  

2.1.4 Prediabetes 

According to the American Diabetes Association (ADA), prediabetes is a reversible 

condition, where blood sugar levels are higher than usual but not high enough to diagnose it as 

diabetes (6). The worldwide prevalence of prediabetes is already high, and the world will 

experience a dramatic shift in prediabetes prevalence from 318 million to 482 million from 2015 

to 2040 (16). Prediabetes patients are at high risk of developing diabetes and CVD (Cardiovascular 

Diseases) (17). However, not all prediabetes conditions necessarily progress toward diabetes (17). 

Canada is experiencing an exponential increase in prediabetes prevalence, and in 2015 22.1% of 

the Canadian adult population was suffering from prediabetes (18). A recently published study 

states that immigrants experience forty percent more cumulative incidence of prediabetes 

compared to their Canadian counterparts, and prediabetes was highest among non-European 

immigrants (18). An appropriate pharmacological and lifestyle intervention (avoiding diabetes risk 

factors and maintaining a healthy lifestyle) can reverse the condition becoming normoglycemic 

(17).  

2.2 Risk factors of diabetes  

 Diabetes is a multifactorial metabolic chronic disorder, and many individual and 

contextual factors interact in a complex pathway for diabetes development. Broadly, diabetes risk 

factors can be classified as non-modifiable risk factors (e.g. genetics, environmental, age, 

ethnicity, and culture) and modifiable risk factors (e.g. unhealthy diet, physical inactivity, obesity, 

sleep apnea, and smoking) (19,20). We cannot control non-modifiable risk factors. However, we 

can control modifiable risk factors, and we should target those risk factors to prevent diabetes. The 

risk of developing diabetes either depends on the total presence of all or combination of some 

modifiable and non-modifiable risk factors (20). Most of the non-modifiable risk factors are 

described in the social determinants of health and diabetes section of the chapter.  
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2.2.1 Unhealthy diet  

Elevated HbA1c level (>6.5% or >=48 mmol/mol) is significantly associated with a higher 

risk of diabetes, and recent studies claim that an unhealthy diet can significantly increase the 

HbA1c level in our body (21). High HbA1c levels are responsible for macro and micro-vascular 

complications, and a healthy diet can reduce HbA1c levels significantly (21). A healthy diet is 

essential for the prevention of diabetes. As diabetes is a lifelong disease, it is often challenging for 

most diabetic people to maintain optimum eating patterns their whole life (22). Most of the time, 

nutritionists advise eating nutritious food and vegetables to control diabetes, but as some foods are 

expensive, many cannot afford it. So, the dietary plan for preventing and managing diabetes should 

be individualized. 

There is a common misconception that if someone has diabetes, one should give up the joy 

of eating, which is entirely incorrect. Instead, nutritionists are emphasizing a balanced diet and 

recommending calculated food choices (23). It is now advised that diabetic people should consume 

fewer carbohydrates and processed food (23). Additionally, high carbohydrate-containing food 

can be replaced by non-starchy vegetables, whole grain products, fresh fruits, dried beans, lentils 

and dairy products such as yogurt, milk and cottage cheese (23).  

Guidelines for most developed countries, including Canada, suggest that diabetic patients 

should be habituated in consuming a lower-fat diet, unprocessed meals, and ensuring 

macronutrient quality and dietary patterns (22). People with diabetes should avoid red meat, 

refined grains and sugar to control diabetes (22). Most of the developed countries make it 

mandatory for food manufacturers to display nutritional information on product packaging (22). 

However, we have to educate and make people aware, so that people can understand the nutritive 

values of those foods (22).  

2.2.2 Physical inactivity 

It is already established that physical inactivity is associated with a high risk of diabetes, 

but the mechanism is complex (24,25). Regular physical exercise is not only necessary for 

preventing diabetes but also essential for sound body and mind. It improves our health in many 

ways, including increased stamina, reducing weight, strengthening the muscular-skeletal system, 

reducing blood pressure, reducing blood cholesterol levels, and many more (24,25). However, we 

have to always keep in mind that all forms of exercise should be done by maintaining proper safety 

and not hurting ourselves. In this age of modern development, people can use various gadgets to 
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ensure safe exercise practice. Now, exercise can be done in many forms, but according to Diabetes 

Canada, we can broadly classify exercise into aerobic exercise, resistance exercise, and interval 

training (24,25).  

Aerobic exercise is a form of exercise where blood circulation increases multiple times. 

This exercise can be done in many ways, including swimming, walking, bicycling, and running 

(26). Resistance exercise is a less active form of exercise against resistance, such as using weights 

or resistance bands (25,26). Interval training is a low to moderate form of physical exercise where 

people take a rest interval of thirty seconds to three minutes within each exercise session (25,26). 

Researchers have discovered many physical activity barriers, ranging from impaired 

exercise capacity, stress, depression, and social and psychological barriers (24). In the USA, forty 

percent of people with diabetes marked themselves as physically inactive (24), whereas in Canada, 

only sixteen percent of adults fulfill daily recommended minimal physical activity targets (27). 

Physical inactivity is a common problem within  Canadian Indigenous communities, and the 

reasons behind that are depression, social isolation, poor socioeconomic status, lack of proper 

facilities and equipment, poor infrastructure, environment and lack of energy and time (28). In a 

recent systematic review, the authors found that the incidence of diabetes in Canada is inversely 

associated with physical exercise, and forty-two percent additional risk of diabetes can be 

attenuated by physical exercise (29). Additionally, this study suggests that even  small changes in 

physical activity levels can significantly reduce the risk of diabetes (29).  

Exercise is a complete lifestyle therapy for diabetes management. A recently published 

study claims that proper exercise improves the whole metabolic health of diabetic patients by 

increasing glucose uptake by muscle, DNA modulation, BMI optimization, and increasing insulin 

sensitivity (30). Additionally, regular physical exercise releases different types of cytokines 

(myokine irisin, osteokine osteocalcin, adipokine adiponectin) from our skeletal muscles, which 

are now thought to be an essential mediator for energy metabolism, enhancing insulin sensitivity 

and secretion, and decreasing insulin resistance (30). According to ADA, every diabetic patient 

must do 150 minutes of aerobic moderate to vigorous physical exercise per week to control 

diabetes (25,31). Additionally, they added that exercise must be distributed at least three days per 

week and people should be without exercise no more than two consecutive days (31). For 

adolescents, physical activity should be sixty minutes per day with moderate to vigorous intensity 

(31). 
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2.2.3 Overweight and obesity 

Overweight and obesity are a global concern, and according to WHO, since 1975, the 

obesity rate has tripled globally (32). In 2016, worldwide, 650 million people were obese, 

including 1.9 billion overweight adults (eighteen years or older) (32). This burden is severe as 

obesity is the major risk factor for chronic diseases such as diabetes and cardiovascular diseases. 

Obesity is highly preventable, yet more people die due to overweight or obesity rather than 

malnutrition (32). Overweight and obesity are complex health conditions where there is excess fat 

accumulated in the body (33). One of the most common indicators for obesity is body mass index 

(BMI). BMI is calculated by dividing a person’s weight (unit kg) by square of height (unit meter) 

(33). Commonly, BMI level is classified into underweight (<18.5 kg/m2), normal (18.5-24.9 

kg/m2), overweight (25-29.9 kg/m2), and obese (30 kg/m2 and higher) (33). We have to remember 

that BMI is not a measurement of body fat. However, it is the most important tool to measure 

overweight and obesity in the population level (irrespective of gender and age) (32). According to 

the Canadian Medical Association (CMA), obesity is now considered a highly progressive chronic 

disease in Canada, which was previously considered as a risk factor only (34). The 

overweight/obesity rate in Canada increased from 61.9% to 63.1% from 2015 to 2018 (35) and 

roughly 17.2 million Canadian adults eighteen years and older, are either suffering from 

overweight or obesity (35). The adult obesity rate in Saskatchewan is 34.8%, which is above the 

national level (35,36). 

Obesity alone or in combination with other predictors is responsible for many diseases, 

including stroke, heart failure, high blood pressure, diabetes, cancer, arthritis and others (34). In a 

recent study, the authors claim that the link between obesity and metabolic disorder, such as 

diabetes, is complex (37) as obesity causes impaired glucose tolerance, insulin resistance, 

adiposity, and decreases insulin sensitivity, results in diabetes (37). In Canada, one out of ten adult 

premature death is directly attributable to obesity (34). Obesity is not only hampering our health, 

but it also has an adverse impact on our social life and economy.  

The reasons behind obesity are many. It can either be due to physical factors including 

increased calorie intake, unhealthy diet, unavailability of healthy foods, low socio-economic status 

(SES), lack of physical exercise, increased urbanization, built environment and neighbourhood 

(38,39). Apart from those factors, depression, stress and emotional eating might cause obesity (40). 

However, researchers concluded that emotional eating might be a mediating factor between obesity 
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and depression (40) WHO recommended that people should maintain a balanced nutritious diet to 

prevent diabetes (32). Recommendations include avoiding excessive fat, sugar, salt-containing 

food, and processed food, ensuring the availability of healthy food and regular physical exercise 

(32). 

2.2.4 Genetic factors and diabetes 

 Though lifestyle factors are prominent risk factors for developing diabetes, researchers are 

puzzled that even with the same exposure, the intensity of disease is different among populations. 

It has been only three decades since scientists first discovered the scientific link of genetics with 

diabetes (41). Among the variants of different genetic studies (candidate gene study, gene-

environment studies, genetic linkage studies, genome-wide association studies, and epigenetics), 

candidate gene studies were the original studies to prove the causal linkage between genetics and 

diabetes (41). The most common form of diabetes, T2DM, shows strong familial predisposition, 

which makes it clear that T2DM has strong evidence of genetic linkage (41). Worldwide, nearly 

fifty candidate gene studies have already been conducted, but the results are very confusing. It 

might be due to wide genetic variations among the world’s population, influenced by the 

environment, geography, ethnicity and gene-environment interaction (41).  

2.3 Agricultural exposure and diabetes 

The burden of diabetes is increasing in almost every country, as described in the worldwide 

diabetes section, which means current strategies are not adequate to combat this burden. 

Researchers are now trying to find out what additional predictors contribute to this high diabetes 

burden and traditional diabetes risk factors. Farming is one of the common occupations worldwide, 

and recent studies suggested that agricultural chemical exposure could be a causal factor for 

diabetes (42). A recent case-control study conducted among Thai farmers found that chemicals 

used in the agricultural field such as insecticides, pesticides, fungicides and rodenticides were 

significantly associated with diabetes occurrence after adjusting for common diabetes risk factors 

such as age, sex, occupation, BMI, smoking, alcohol consumption and positive family history (42). 

The USA is one of the largest pesticide applicators, and a recent meta-analysis suggests a 

significant relationship between pesticide applicators and diabetes incidence (42). Different 

scientists have proposed several mechanisms regarding chemical exposure and diabetes, such as 

organochloride pesticides that can cause obesity by altering metabolic function, leads to diabetes 

(42). Other proposed mechanisms were decreased insulin secretion, insulin resistance, 
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cholinesterase inhibition, oxidative stress or mitochondria destruction (42). Another study was 

conducted among the wives of pesticide applicators in the USA and showed surprising results (43). 

The findings of that study were that women involved in handling agricultural chemical substances 

such as mixing or applying those chemicals in the field were significantly associated with high 

diabetes prevalence (43). Information regarding agricultural chemical exposure and diabetes 

occurrence among Canadians was limited. 

2.4 Impact of traditional culture, residential school and discrimination on diabetes 

There is always a disproportionate burden between Indigenous people and their non-

Indigenous counterparts when it comes to their health. Authors in a recently published article 

classified barriers to getting proper healthcare for Indigenous people into contextual barriers 

(history of oppression, racism, lack of understanding Indigenous culture, unfavourable hospital 

environment, lack of Indigenous staff in the hospital) and communication barriers (language 

barriers, inadequate information, lack of privacy, lack of trust, lack of proper communication, and 

personal relationship) (44). Traditional culture is an integral part of Indigenous health, and the 

impact of adopting traditional culture on the healthcare system is immense. Interference in 

observing traditional culture, language, values, social norms, loss of family members due to 

violence and addiction, and most importantly unresolved grief and multigenerational trauma 

makes it more challenging to ensure proper health of an Indigenous person and urge an immediate 

implementation of the culturally sensitive healthcare system for Indigenous people (45,46). 

The impact of residential schools among Indigenous people is similar for those who 

personally attended residential school or a descendant of residential school participants, claimed 

by a recent survey (47). There was a high rate of committing suicide, binge drinking, and drug 

abuse among direct and indirect residential school participants (47). Furthermore, due to the impact 

of residential schools, Indigenous people lean towards unhealthy lifestyles and having less access 

to resources essential for ensuring good health and well being. According to a recent study, 

Canadian Indigenous people are suffering more from diabetes, hypertension, poor mental health, 

addiction, mortality and life expectancy compared to Canadians in general (48). Forceful 

separation of an Indigenous child from their families causes permanent stress and depression (48), 

which might cause brain function dysregulation in their future life (48). Observing traditional 

culture was banned from residential schools, which left those isolated children with a colossal loss 

of cultural identity (48). Additionally, they were continuously abused mentally, emotionally, and 
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physically by their teachers and caregivers (48). A recent study linked residential schools with the 

health of Indigenous people and showed that children who attended residential schools had 

disturbed mental health, poor physical health, and increased hospitalization later on in their lives 

(48).  

According to a recent study, one-third of Indigenous people worldwide experience racism 

at least once in their lifetime (49). Racism is responsible for a wide range of physical problems 

such as obesity, hypertension, cardiovascular disease, and poor sleep among Indigenous people 

(49). Discrimination is also associated with risky behaviours, including physical inactivity (50), 

binge/negative alcohol consumption (51), excessive smoking (52) and unhealthy eating patterns 

(53). Now, discrimination is not only associated with physical health but also negatively impacts 

an individual's mental health by causing depression, stress, anxiety symptoms, and psychological 

distress (54,55). Recent studies claim that Indigenous people experience racism at individual, 

interpersonal, and systemic levels impacting their mental health and physical well-being (49). 

They also recommended considering the impact of discrimination while planning for healthcare 

for Indigenous people (49). Information regarding the impact of traditional culture, residential 

schools, and discrimination on diabetes prevalence and incidence among Canadian Indigenous 

people was limited. 

2.5 Signs and Symptoms of diabetes 

Diabetes is a chronic disorder, and very often, people are first diagnosed in the hospital 

without any cardinal symptoms of diabetes. According to ADA, the typical symptoms of diabetes 

are frequent micturition, all the time feeling hungry, always thirsty, blurry vision, lethargy, 

extreme fatigue, sexual inhibition, frequent infection, slow healing sores and unexplained weight 

loss (56,57).  

2.6 Complications of diabetes 

Diabetes is a non-curable lifelong disease, but with proper management, diabetes can be 

controlled within the normal glycemic limit (58). Uncontrolled diabetes substantially raises blood 

sugar level very high and causes damages of nerves and blood vessels leads to other morbidities 

(58). People with long term diabetes are more susceptible to non-healing ulcers, infections and eye 

diseases (58). According to ADA, complications of diabetes can be classified into macrovascular 

(stroke, heart failure and peripheral vascular disease) and microvascular (diabetic neuropathy, 

nephropathy and retinopathy) complications (58). 
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2.6.1 Macrovascular complications 

2.6.1.1 Cardiovascular disease (CVD) 

Diabetes is a common risk factor for most of the cardiovascular diseases. Long term 

diabetes can cause CVD by damaging blood vessels (59,60). Blood vessel damage due to 

hyperglycemia could be due to multiple pathways, such as atherosclerosis or clogging of blood 

vessels (59,60). Those clogged or atherosclerotic blood vessels fail to supply adequate blood and 

nutrition material to heart (leading to heart failure or heart attack), brain (causing stroke) or 

peripheral part of the body (causing peripheral arterial disease or leg ulcers) (59,60). A recent 

study claims that cardiovascular death is 1.7 times higher among diabetic people in the USA than 

in CVD patients without diabetes (61).  

Researchers in a worldwide systemic review of CVD with diabetes state that a worldwide 

CVD prevalence rate is 32.2% among patients with T2DM, and males were at higher risk 

compared to females (62). Additionally, they found that CVD was the primary cause of death 

among T2DM patients, which is 50.3% of all death in T2DM (62). Among all diabetes patients 

with CVD, the most common and lethal is coronary artery disease, followed by stroke and 

myocardial infarction. The prevalence of diabetes-induced CVD is highest among North American 

and Caribbean regions (62). Furthermore, for reducing CVD related mortality among diabetic 

patients, authors advised continuous screening of diabetic patients for CVD symptoms (62). 

2.6.2 Microvascular complication 

2.6.2.1 Diabetic neuropathy (nerve disease) 

When diabetes is associated with damage of nerves, it is due either to the direct impact of 

hyperglycemia or hyperglycemia-induced decreased blood supply to nerves, collectively called 

diabetic neuropathy (58). Diabetic neuropathy can cause sensory loss, pain, numbness in the 

extremities, and long-term diabetic neuropathy can indirectly cause wound infection or worse: 

amputation (58). Currently, the prevalence of diabetes-related peripheral neuropathy among USA 

citizens in 28% (63). A recent USA based study suggests that nearly half of the total diabetic 

population will experience diabetic neuropathy in their lifetime (63).  

Diabetic neuropathy-related foot ulcers are a more significant burden around the world, 

and both vascular and neural systems are responsible for that (58). Mostly the people who cannot 

afford adequate footwear suffer from diabetic neuropathy related foot ulcers (58). Due to lack of 

regular inspection, affordability or availability of treatment, most of the time, those foot ulcers 
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lead to amputation and make a person disabled for life (58). According to WHO, 40-50% of foot 

amputations can be prevented by an extensive foot program (58). Canada is also burdened with 

diabetes-related foot amputations, and almost all provinces are sufferers. In Ontario, every four 

hours, one person loses lower limbs due to diabetes-related foot amputation, and an additional 75 

million direct cost of diabetes can be saved by increasing awareness regarding foot care, routine 

screening for foot ulcers, and preventing amputation (64). A recent meta-analysis suggests that 

diabetes-related neuropathy was associated with duration of diabetes, level of HBA1C and diabetic 

retinopathy, where BMI, total triglyceride (TG), and TC (total cholesterol) was non-significant 

(65). 

2.6.2.2 Diabetic nephropathy (kidney disease) 

Diabetic nephropathy, also known as diabetes-related kidney disease, occurs due to 

hyperglycemia-induced diminished blood supply in the kidney (58). According to WHO, most of 

the developed countries in the world are burdened with diabetic nephropathy, which causes kidney 

failure and leads towards kidney dialysis (58). Most of the time, diabetic nephropathy patients 

remain asymptomatic; however, in advanced cases, they might develop fatigue, tiredness, anemia 

and an imbalance in electrolytes  (58). According to IDF, diabetic nephropathy can cause chronic 

kidney disease (CKD) and end-stage renal disease (ESRD) (2), and in the USA, 36% of diabetic 

patients are suffering from CKD, which accounts for 49% increase healthcare cost comparing non-

diabetic CKD (8). Globally, the diabetic kidney disease (DKD) prevalence is slightly higher among 

women (16.5%) than men (15.00%) (66). DKD accounts for 34% of all CKD-related mortality, 

whereas female DKD patients were 36% in 2017 (66). 

Authors from a recent study based on rural China claim that DKD was associated with a 

wide range of modifiable (income, education level, BMI, diabetes, high blood pressure and high 

cholesterol level) and non-modifiable risk factors (age, and gender) (67). Recent findings suggest 

that the most important predictors for developing diabetic nephropathy were high blood glucose 

level, high blood pressure and albuminuria (68). The authors also pointed out that barriers for 

effective management of DKD were lack of awareness, insufficient access to healthcare facilities, 

patient knowledge about DKD and weak referral system (68). Rapid and multidisciplinary action 

required to reduce the adverse impact of DKD worldwide.  
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2.6.2.3 Diabetic retinopathy (eye disease) 

Diabetic retinopathy (DR) is a clinical condition characterized by gradual loss of vision, 

blurry vision or blindness, caused by hyperglycemia-induced damage of retinal blood vessels (58). 

Besides DR, diabetic patients suffer from a spectrum of diabetic eye disease (DID), including 

diabetic macular edema, cataract and glaucoma (8). The worldwide prevalence of DR is 35%, and 

12% are at high risk of losing their vision (8). A recent study suggests that DR is highly associated 

with the duration of diabetes, uncontrolled hyperglycemia and hypertension (8). Another systemic 

review emphasized the burden of the high incidence of DR, ranging from 2.2% to 12.7% (69). 

Researchers also claim that DR was not associated with hypertension; however, DR was 

consistently higher among young adults and people with high HBA1c (69). DR is one of the most 

common causes of blindness, and due to the high incidence and prevalence of DR, “WHO 

Universal Eye Health” calls for immediate action to reduce the prevalence of diabetes-related 

visual impairment and blindness (8). Routine eye examination and early treatment can reduce the 

diabetes retinopathy rate and slow the progressions of blindness. 

Besides those macrovascular and microvascular complications, diabetes can also cause 

acute complications such as diabetic ketoacidosis, hyperosmolar hyperglycemic non-ketotic coma, 

and hypoglycemia (8). 

2.7 The social determinants of health and diabetes 

The WHO describes social determinants of health (SDH) as the conditions in which we are 

born, grow, work and live (70) and help to shape an individual's health from birth to death. Social 

determinants of health are not only responsible for health inequalities but also have adverse effects 

on different health outcomes (70). Social determinants of diabetes are multifactorial, which 

includes- socio-economic status, education, poverty, income, employment status, inequality, social 

exclusion, access to the health care services, housing, neighbourhood, built environment, gender, 

ethnicity, culture and community support network (71,72). According to the American Diabetic 

Association, social determinants of health are often associated with social inequalities and 

controlled by privilege and power (71). U.S. Department of Health added that people in a 

community who experienced economic obstacles suffered from health disparities (71). Economic 

obstacles can arise from a wide range of socio-cultural and demographic factors. As an example, 

the prevalence of diabetes is 1.8 times higher among African Americans than in their white 
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counterparts (71). Additionally, diabetes-related complications (4.2 times) and mortality (2.1 

times) rates are also higher among African Americans (71).  

It was a common belief that diabetes is a disease of wealthy people who could afford high 

sedentary lifestyles, which is proven wrong nowadays. Now it is evident that host social 

determinants such as poverty, illiteracy, and economic position directly linked to diabetes 

incidence (73). Poor and socially deprived people die sooner than rich people due to diabetes 

because they cannot afford modern treatment facilities (73). Additionally, people with low socio-

economic status are at high risk of developing long term diabetes complications such as neuropathy 

and diabetic nephropathy (73). A recently published study claims that unhealthy neighbourhoods 

and lack of playgrounds lead to obesity and diabetes (73). People with a well-resourced 

neighbourhood have 38% less chance of developing diabetic nephropathy (73). 

Apart from poverty, ethnicity also plays a vital role in diabetes prevalence in developed 

countries (72). In the United States, racial or ethnic minority groups such as Asian Americans, 

American Indians, Hispanics, non-Hispanic Blacks and native peoples are at more risk of 

developing diabetes while compared to Whites (72,74). It might be due to poor glycemic control 

and high HbA1c levels among those minor ethnic groups (72). Ethnic diversity is often associated 

with systemic racism, which creates depression and distress and can lead to diabetes. Positive 

psychosocial factors and social support is necessary for ensuring proper self-care and diabetes 

management (75). A recent study in Canada claims that their interaction between gender, race, and 

income are entwined with one another and understanding this intersectionality is essential to 

reduce income inequalities and reduce diabetes burden (76). Findings in previous studies suggest 

that the rate of physical activity and unhealthy food consuming habits is more prominent among 

ethnic minorities and immigrants (77), which are common modifiable risk factors for diabetes. 

Early-onset of diabetes ethnic minorities also makes them more susceptible to diabetes-related 

complications (77).  

Again, SDH has an immediate effect on the behavioural risk factor, such as lack of 

education and poverty leads to an increase in smoking, alcohol consumption and unhealthy diet 

(78,79). Lower socio-economic status (SES) inversely affects behavioural risk factors. 

Additionally, behavioural risk factors have a direct impact on the development of metabolic risk 

factors, such as lack of exercise leads to increased blood glucose level and obesity, which in turn 

cause diabetes and cardiovascular disease (78). The impact of SDH on diabetes is immense; it 
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accounts for premature deaths and disability, low productivity, increases healthcare costs, also 

overall losses in economic growth (78,80). It is not only physical, social determinants of health, 

which are responsible for multimorbidity, and psycho-social determinants such as leisure patterns, 

social connection, contacts and activities also play a vital role in creating multimorbidity (80,81). 

Healthy ageing is essential for older people with multimorbidity, and a recent publication proves 

that multi-morbid people with more social engagement have increased survival time (81).  

SDH can adversely influence the health of the population through social, cultural and 

environmental factors, along with national policy and economy, health care cost, education and 

trade (82). Those population-level factors have a direct impact on individual-level sedentary 

lifestyles and behaviours, socioeconomic status, and individual access to the health care system, 

medicine, and advanced care for diabetes complications (82,83). Ultimately, all those factors 

mediate change in individual-level behavioural risk factor profiles, leading to the development of 

diabetes (82). 

2.8 Worldwide scenario of diabetes 

Diabetes is hampering both physical health and economic growth and stability throughout 

the world. If current trends continue, the prevalence of diabetes will increase enormously, resulting 

in the premature deaths of many Canadians.  According to IDF, approximately half a billion people 

currently have diabetes worldwide, and more than four million adults (twenty to seventy-nine years 

old) died in 2019 due to the direct or indirect impacts of diabetes (2,8). The global economic 

impacts of diabetes are devastating and will increase from $1.3 trillion in 2015 to $2.1 trillion by 

2030 (84). The global prevalence of T2DM is high and increasing periodically due to an increase 

in ageing population, rapid urbanization, economic growth, obesity, poor nutrition and unhealthy 

sedentary lifestyle (2). The challenge now is for countries to be as prepared as possible to combat 

this global tragedy. 

2.8.1 Diabetes burden 

Diabetes is a global threat, and the world will observe a 51% increase in diabetes from 

2019 to 2045 (in 2019, an estimated 463 million people worldwide have diabetes, which will be 

700 million by 2045) (8). The Table 2.1 represents the diabetes rate projection from 2019 to 2045, 

and we observed that Africa would suffer the highest-burden of increase in diabetes cases among 

all the regions, while it was lowest in Europe (8).  
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Table 2.1 Region-wise scenario of diabetes with an estimated increase from 2019 to 2045 

adopted from IDF 9th edition (8). 

Region 2019 

(million) 

2030 

(million) 

2045 

(million) 

% of 

increase  

North America and Caribbean 48 56 66 33% 

South & Central America 32 40 49 55% 

Africa 19 29 47 143% 

Middle East & North Africa 55 76 108 96% 

Europe 59 66 68 15% 

South-East Asia 88 115 153 74% 

Western Pacific 212 197 212 31% 

 

Most of the people who have diabetes are from urban areas (two-thirds) and in working 

age (three out of four people) (8). Globally, the prevalence of diabetes among men is slightly 

higher than women (Men: 9.6% and Women: 9.0%) (85). Worldwide, the number one top-ranked 

country with the maximum number of people having diabetes (116.4 million) is China in 2019, 

and the USA ranked third in that chart with 31 million diabetes cases in 2019 (85). The most 

concerning factor are that a majority of people are undiagnosed, and an estimated 231.9 million 

(50.1%) people worldwide do not know they already have diabetes (8,85). We need to be focused 

on this matter as early diagnosis and treatment is essential for diabetes management and to reduce 

complications. 

2.8.2 Mortality due to diabetes 

Diabetes is one of the leading causes of mortality worldwide. Worldwide every eight-

seconds, one person dies due to diabetes. Diabetes is associated with 11.3% global total mortality 

(irrespective of age) (8). However, the majority (46.2%) of them are in working people group and 

aged from 20-79 (8). Though the global prevalence of diabetes is higher among males, the death 

rate is higher among women (men: 1.9 million and women: 2.3 million) (8). Additionally, 

countries are burdened with an adverse economic impact on premature deaths and disability due 

to diabetes. 
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2.8.3 Worldwide economic impact of diabetes 

The economic impact of diabetes is a growing burden and adequate to paralyze a whole 

country. No country in the world is not economically impacted by diabetes or its complications. 

The economic impact of diabetes in a country can be measured as direct costs and indirect costs. 

Diabetes-related healthcare expenditure is irrespective of the source of money (patients self, 

government, public or private organizations) called direct costs (86). Worldwide direct healthcare 

expenditure due to diabetes became tripled within one decade from USD 232 billion (2007) to 

USD 727 billion (2017) (8). It is alarming that the world will experience an 11.2% increase in 

direct diabetes expenditure by 2045 (8). Direct diabetes-related healthcare expenditure is highest 

among North America and the Caribbean (NAC) region, which is 42.7% of the total direct 

diabetes-related healthcare expenditure in 2019 (85). USA is the leading country for the total 

healthcare expenditure due to diabetes (294.6 Billion USD in 2019) (85). Canada is doing 

relatively well regarding diabetes-related healthcare expenditure compared to the USA, yet it is 

one of the world's top ten countries' high diabetes-related healthcare expenditure countries (8,85). 

The direct cost of diabetes has a significantly negative impact on a country's budget, and a majority 

of those costs can be minimized by the timely prevention of diabetes and proper management. 

According to IDF, the indirect cost of diabetes is mostly either due to absenteeism, or 

presentisms (86,87). Absenteeism is a condition when people are absent from work due to sickness, 

where presentisms refer to reduced work productivity due to a disease condition (87). According 

to recent studies, the prevalence of presentisms is higher among diabetic patients compared to their 

non-diabetic counterparts (86,87). Additionally, some studies claim that absenteeism causes 

productivity loss among diabetic patients ranging from one to six extra missed days from the 

workplace (88). Indirect cost due to diabetes is highest among high-income countries (293.66 

billion) (8). Globally, high-income countries are more burdened with absenteeism (48.5%) and 

presentisms (45.5%) compared to middle or low-income countries (8,86). The other causes of the 

indirect cost of diabetes might be due to disabling health condition induced productivity loss, 

reduced productive cause by mortality, or loss of household productivity (87). Low income and 

middle-income countries are mostly burdened with indirect costs due to mortality (8).  

2.9 Diabetes in Canada 

2.9.1 Epidemiology 
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In 2019, approximately eleven million Canadians were diagnosed with diabetes and 

prediabetes (89). It is alarming that Canada is expected to experience a thirty percent rise in 

diabetes prevalence from 2020 to 2030, where the whole nation is already burdened with 3,772,000 

diagnosed diabetes cases (both T1DM and T2DM) (90). According to Diabetes Canada, twenty-

nine percent of the Canadian population is suffering from T1DM, T2DM, undiagnosed T2DM or 

prediabetes (90). Furthermore, Canadian males (8.4%) are at higher risk of developing diabetes 

compared to females (6.3%) (91).  

GDM is a major concerning issue for pregnant Canadian mothers as recent statistics state 

that one out of ten Canadian women will experience GDM while they are pregnant (90). A large 

population-based cohort study revealed that the risk of developing GDM is much higher among 

Indigenous Canadian women than their non-Indigenous Canadian counterparts (15). This high risk 

of GDM also increases the rate of perinatal death of infants among the Canadian First Nations 

population to a larger extent than non-Indigenous Canadians (15). Another recent study claims that 

First Nations GDM mother's offspring are at high risk of developing T2DM in their first years of 

life (92). They did not find any interaction between First Nation (FN) status and GDM, which 

signifies a strong independent association of First Nations GDM mothers with T2DM offspring 

(92). 

All forms of diabetes predominantly increase premature mortality, and, shockingly, the 

mortality rate is two times higher among Canadians with diabetes compared to their Canadian non-

diabetic counterpart (8,93). Another Ontario-based cohort study reveals that diabetes-related 

premature mortality was higher among smokers, females, class 3 obese (BMI>40) and physically 

inactive Canadians (94). A recent cohort study based on half a million records established that 

mortality and hospital admission rates are higher among Canadian T2DM patients than non-

diabetic Canadians (95). The study also found that a walkable neighbourhood can significantly 

reduce T2DM related mortality and hospitalization (95).  

2.9.2 Challenges  

Preventing diabetes is challenging for Canada, as the nation is burdened with high rates of 

modifiable risk factors (96). Obesity is one of the significant modifiable risk factors and acts as a 

significant predictor for developing diabetes among the Canadian population. According to the 

Government of Canada (2017), 64% of adults over eighteen were either diagnosed as obese or 

overweight (97), and an estimated one in ten premature deaths is directly attributable to obesity 
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(34). Almost all the provinces in Canada are overburdened with high obesity rates, and the highest 

obesity rate is observed in New Brunswick, Newfoundland; and Labrador (98). In both provinces, 

obesity was 38%, which was more than the national average obesity rate (27%) in 2017 (98). The 

obesity rate was lowest in British Columbia (22%) among all Canadian provinces (98). The obese 

Canadian population is most likely forty years or older, non-immigrants, or have less than high 

school education (98). Obesity is not only prominent among Canadian adults, but children are also 

at high risk. The chance of developing diabetes increases enormously among adolescents and 

children, as 30% of Canadian children aged 5-17 years were obese in 2017, putting them in a more 

vulnerable position (99). With the obesity rate skyrocketing in Canada, it is clear that current 

strategies are not adequate to prevent obesity (100). 

Apart from obesity, another significant modifiable risk factor is physical inactivity, which 

is directly linked to obesity. Physical inactivity increases blood glucose levels not only by 

decreasing the HBA1c level but also by causing insulin resistance (101). It is estimated that 45.3% 

of total Canadians are physically inactive, leading to a high prevalence of diabetes and challenging 

Canadian health care system (25,90). An extensive study on the role of physical activity among 

Canadians reveals that a moderate to high level of physical activity can significantly reduce 

diabetes-related mortality and morbidity among Canadian adults (25). Authors also recommend 

that, for better glycemic control, we should avoid prolonged sitting, track our activity by using a 

pedometer and perform at least 150 minutes moderate to vigorous exercise and strength training, 

which can significantly improve Canadian’s glycemic health (25).  

Physical activity is necessary to prevent diabetes, but regular physical activity has other 

health, environmental, educational, economic, and social benefits (102,103). Health benefits are 

preventing other non-communicable diseases such as cardiovascular diseases, hypertension and 

obesity (103,104). Apart from that, physical activity helps to strengthen the muscle and body 

fitness, increase stamina, improve sleep, improve mental health, reduce stress, reduce anxiety and 

depression, and build confidence (103). The environmental benefits of physical activity are it 

reduces the use of motor vehicles, thus reducing carbon emission in the environment (103). 

Physical activity increases workplace productivity and reduces transport and healthcare cost; thus, 

a physically fit person can aid countries' economies (103). Additionally, physical activity promotes 

positivity in life, enhances social cohesion, and aids students by increasing memory power, focus 

and attention (103).  
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Furthermore, modifiable risk factors of diabetes are not only limited to obesity and physical 

inactivity but also include an unhealthy diet, which is another major risk factor for obesity and 

diabetes. Most Canadians do not eat the recommended amount of vegetables and fruits 

(approximately 71.4%) (90). A recently published study claims that a combination of changing 

unhealthy dietary habits and increasing physical activity can significantly reduce weight and 

diabetes risk compared to any behavioural change alone (105). All those modifiable risk factors 

again negatively influenced by SDH, such as education, income, social support or access to health 

care. So, controlling only non-modifiable risk factors cannot successfully prevent diabetes (106). 

Non-modifiable risk factors (age, sex and ethnicity) also have a significant impact on 

diabetes in Canada. The Indigenous population in Canada are already deprived and is burdened 

with high prevalence of diabetes (107). Although males have a higher prevalence of diabetes in 

overall Canada (90), it is the reverse for Indigenous Canadians (107). Recent studies reveal that 

First Nations women have a higher prevalence of diabetes compared to their non-Indigenous 

Canadian counterparts (107). Along with the Indigenous community, immigrants, including 

African, Arabic, Asian, Hispanic, or South Asian populations in Canada, are also at high risk of 

developing T2DM (90,108,109). A recent study found that among southeast Asian immigrants, 

diabetes prevalence is significantly higher among immigrants such as Sri Lanka (26.8%), and 

Bangladesh (22.2%) (108). Age is also playing a vital role, with an increase in age prevalence of 

diabetes increase (110). The older population's density in Canada is higher in Canada, comparing 

children makes the whole nation more vulnerable towards T2DM (111,112). Due to the lack of 

comprehensive and coordinated policies regarding diabetes management among provinces, the 

situation is getting more complicated, and there are significant health inequalities for people with 

diabetes across Canada (113).  

2.9.3 Recommendations to manage diabetes 

To reduce the burden of diabetes among the Canadian population, concerned organizations 

are working relentlessly, including Health Canada. Health Canada emphasized the behavioural 

change recommendations to counter the prevalence of diabetes among Canadians (90,114). They 

mostly emphasized healthy eating and ensuring increase access and availability of healthy food to 

all Canadians (90,114). Other prominent recommendations in that guideline were restriction of all 

forms of unhealthy food and beverages from marketing, proper nutrition-related labelling on food, 

and the reduction of the use of salt and saturated fat in the food (90,114). 
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2.9.4 Impact of diabetes among Canadians 

As diabetes is not an acute condition in most cases, people remain unaware of it for a long 

time. According to Diabetes Canada, 1.5 million Canadians have no idea that they already have 

diabetes, and one of the important reason behind is lack of awareness regarding diabetes (115). 

Every year over 7,000 Canadians die due to diabetes, and the OECD recognizes Canada as one of 

the worst countries with higher diabetes prevalence than most others (115). 

2.9.4.1 Health Impact 

The impacts of diabetes go beyond the disease itself. Diabetes damages all the major organs 

of the human body. Neglected and untreated diabetes cases can lead to serious life-threatening 

complications. Canadian adults who have diabetes are three times more likely to be admitted to 

the hospital due to cardiovascular complications compared to non-diabetic Canadians. Diabetes is 

one of the leading causes of vision loss and contributes 30% of strokes, 40% of heart attacks, 50% 

of kidney failures and 70% of non-traumatic limb amputations (116). Nearly 36.5% of Canadians 

with diabetes suffer from at least two other chronic diseases coexisting with diabetes (117). 

Diabetes was a significant cause of blindness among Canadians, and nearly 500,000 Canadians 

were already affected by DR (118). A recent study shows that the risk of blindness is 25 times 

higher among Canadian diabetic patients, compared to their non-diabetic Canadian counterparts 

(118). Diabetes is also responsible for non-traumatic amputation, and limb amputation rate is 20 

times higher among diabetic Canadian adults compared to Canadians without diabetes. The 

majority of the time (85%) non-traumatic leg amputation is preceded by foot ulcers, which can be 

prevented by routine screening and using protective foot wares (119). 

2.9.4.2 Economic Impact 

Individuals and families with diabetes have to deal with deteriorating health conditions and 

a high financial burden. Canada is considered one of the top ten diabetes-related high spending 

OECD countries (115). On average, healthcare expenditure is two times higher in people with 

diabetes in Canada compared to non-diabetic people (120). The alarming fact is that by 2022, 2.16 

million new diabetes cases are expected, corresponding to $15.36 billion in health care costs 

related to diabetes (121). Additionally, the annual cost of managing diabetes in Canada has 

doubled within ten years. Diabetes management costs are expected to be $4.6 billion by 2030, 

while it is estimated $3.8 billion in 2020 (90). The Canadian publicly funded healthcare system is 

already burdened with diabetes management and its secondary complications related to cost. 
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Accessibility, affordability, support and supplies of diabetic medications and devices still present 

a significant challenge for Canadians living with diabetes (122). Direct medical expenditure for 

Canadian peoples living with diabetes is two to five times higher than the people without diabetes 

(122). Irrespective of income levels, an average Canadian diabetic patient spends more than $1,500 

or more than 3% on diabetes treatment (122). Its impact is severe and long term, as it cuts resources 

from other sectors.  

Given the severe clinical and economic ramifications of diabetes mellitus, it is imperative 

that community health practitioners and policymakers vigorously pursue health care strategies and 

innovations that can delay the onset and slow the progression of diabetes and its complications.  

2.10 Saskatchewan & Diabetes 

According to Diabetes Canada, Saskatchewan is facing an enormous challenge regarding 

meeting the healthcare needs of people with diabetes. The estimated number of people living with 

diabetes and pre-diabetes in Saskatchewan is 314,000 (89). During the last decade, the province 

experienced a 45% increase in diabetes prevalence (116). Compared to other provinces, 

Saskatchewan is overburdened with the highest obesity rate (46%), one of the significant risk 

factors for developing diabetes (116). It is alarming that most (80% to 90%) of the diagnosed 

T2DM patients were overweight or obese (123). About 14% of the entire population of 

Saskatchewan is living with pre-diabetes, and most of them do not know their glycemic state (116). 

Currently, the overall prevalence of diabetes in Saskatchewan is 9% (106,000 diagnosed cases in 

2020) (116). Risk factors associated with a high prevalence of diabetes in Saskatchewan are age 

forty years or older, positive family history, ethnic/racial background (Indigenous, Asian, South 

Asian, Hispanic, Arabic or African), low economic status, lack of access to healthy food, unhealthy 

diet, excessive sugary drink consumptions, lack of physical activity and tobacco smoking (123). 

Every forty hours, one person becomes disabled in Saskatchewan due to diabetic foot ulcer related 

amputation, which warrants an additional estimated 27 million dollars each year added to the direct 

cost of managing diabetes in the province (124). According to Diabetes Canada, it is estimated 

that about 7.3 million can save by improving the screening of diabetic foot ulcers and by preventing 

amputation (124). Currently, the direct cost of managing diabetes in Saskatchewan is $98 million 

and will rise to $129 million by 2028 (116). The primary concern now is Saskatchewan’s ability 

to combat these increasing health costs. 

2.10.1 Rural Saskatchewan 
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The age-standardized diabetes prevalence rate of rural Saskatchewan is 6.35%, and non-

farm residents have a higher prevalence of diabetes than farm residents (125). Also, rural residents 

of Saskatchewan show an increased tendency to develop other co-morbidities, such as 

hypertension and heart disease (125). Increasing age, positive family history of diabetes, obesity, 

lower socio-economic status, and smoking are significant risk factors for developing diabetes in 

rural communities (125). However, the unique finding is a positive association between insecticide 

use and increased diabetes risk (125). 

2.10.2 First Nations populations in Saskatchewan 

The Canadian Indigenous  Nurses Association stated that causes of T2DM among 

Canadian Indigenous peoples are complex and induced by multifactorial interactions of different 

variables such as geography, socio-economic status, infrastructures, jurisdictional issues and 

language and cultural barriers (126). According to Statistics Canada, 16.3% (175,015) of the total 

population of Saskatchewan is Indigenous, and a majority of them are First Nations (65.5%) (126). 

Among 114,570 self-identified First Nations populations, 47.5% of these people reside on reserves 

(127). Substantial gender disparities are seen among First Nations, and more females are affected 

by diabetes than men (128). The prevalence of diabetes is higher in First Nations adults compared 

to the general population. In 2006, 20% of Saskatchewan's First Nations Adults had diabetes; 

however, it was only 6% in the general population (129). It is estimated that 75.6% of First Nations 

men and 87.3% of First Nations women will experience diabetes in their lifetime and which is 

higher than the non First Nations population (55.6% and 46.5% non-First Nations men and women 

respectively) (130).  

Mortality rates are two times higher in First Nations people with diabetes than those 

without diabetes. Currently, conditions are far more severe among First Nations people due to a 

lack of proper education, employment, permanent housing, health disparities, social isolation, and, 

most importantly, lifestyle factors (128). Early-onset of diabetes, poor control of risk factors and 

inadequate healthcare facilities increase the risk of health-related severe complications among 

diabetic First Nations populations (131). Apart from T2DM, the prevalence of gestational diabetes 

mellitus (GDM) is also higher among First Nations women than in non-First Nations Canadian 

women (128). Those GDM affected mothers might develop type 2 diabetes later in life (132). 

Additionally, their children might suffer from childhood obesity (132). Thus, the risk of prevalence 

of diabetes increases in successive First Nations generations.
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Chapter 3 

Methods and Materials 

 

3.1 Methods and materials 

3.1.1 Study design 

Saskatchewan Rural Health Study (SRHS) 

SRHS is a prospective cohort study that was conducted on the rural population of 

Saskatchewan to understand better and examine primarily the respiratory health of the people 

residing there. Information on other non-respiratory chronic conditions was also collected, and 

diabetes was one of them. The SRHS consisted of a baseline survey conducted in 2010, with a 

follow-up survey in 2014. The details of the study design are given elsewhere (1,2). The SRHS 

was approved by the University of Saskatchewan, Saskatoon, SK, Canada biomedical ethics 

review board (Bio-REB # 09-56) 

Saskatchewan First Nations Lung Health Project (FNLHP) 

FNLHP is a prospective cohort study and was conducted from 2012–2016. This study was 

conducted in two First Nations reserves to evaluate potential health determinants associated with 

respiratory outcomes. The interviewer-administered questionnaire also included general health and 

other health conditions such as diabetes, cancer, tuberculosis, heart conditions. However, our 

outcome of interest was diabetes. FNLHP was a community based participatory approach with two 

phases, baseline and longitudinal. Baseline assessments were conducted in 2012-2013 through 

interviewer-based questionnaires and clinical measurements. The communities identified key 

actions to “address” (community-based interventions) and “redress” (policy level) issues based on 

findings from baseline assessments. As a process of "re-assess," follow-up questionnaires and 

clinical data were gathered in 2016. The FNLHP was approved by the University of Saskatchewan, 

Saskatoon, SK, Canada biomedical ethics review board (Certificate No. Bio #12-89). 

3.1.2 Study Populations 

SRHS 

RMs (297) and small-towns (145) residents of the southeast, southwest, northeast, and 

northwest quadrant of the province were considered as study participants. On behalf of the 

residents, the local councils for 32 (89%) out of 36 RMs and 15 (94%) out of 16 small towns gave 

their consent to participate in the study and provided a mailing address. Completed questionnaires 
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were collected from 4624 households (8261 individuals, 4,064 male and 4,194 female) at baseline 

and at follow-up, 2797 households (4867 participants, 2,364 male and 2,502 female) by using the 

mail-out survey methods. One hundred twenty-six new individuals were included in the follow-

ups, who did not participate in the baseline.  

FNLHP 

Research assistants used door-to-door canvassing methods to invite on-reserve First 

Nations community participants. All the eligible participants visited a convenient health centre in 

the community to complete the interviewer-administered questionnaires. Data of FNLHP were 

collected from 406 households (874 individuals: 435 male and 439 female) at baseline and 353 

households (839 participants: 405 male and 434 female) at follow-up. 

3.1.3 Data collection technique 

SRHS 

The data were collected from the rural Saskatchewan farm cohort and small-town dwellers 

through a mailed out self-administered household and individual questionnaire to assess individual 

and contextual factors. To recruit study participants and maximize the response rate, researchers 

used the Dillman method, with all prospective participants receive a series of mail (2,3), Trained 

research nurses conducted clinical assessments (anthropometric measures, lung function 

measurements, and allergy testing). For conducting the clinical assessment, the mobile clinic was 

set up in small towns located in the study area.  A group of a subpopulation, who gave affirmative 

consent on the baseline self-administered questionnaire, participated in this clinical testing. A 

follow-up clinical assessment was conducted after four years on the participants who participated 

in baseline clinical assessment and agreed to participate in follow-up clinical testing. Data on 

clinical assessment were collected during both baselines and follow up surveys. 

FNLHP 

In the case of First Nations, baseline data were collected through interviewer-based 

questionnaires administered by trained community research assistants. Trained healthcare 

professionals conducted clinical measurements in 2013. Longitudinal data were collected after 

four years in 2016, through follow-up questionnaires and clinical measures. 

3.1.4 Framework 

The framework used for both SRHS and FNLHP were based on the "Population Health 

Framework (PHF)," of Health Canada which outlined a detailed paradigm of health research, 
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Legend of Assessment Methods: 1. Survey questionnaire (farm and small-town cohorts); 2 

Clinical assessment (sub-sample of both cohorts); 3. Environmental assessments; 4. Health care 

utilization records. 

 

 

 

 

developed by Health Canada (2,4). SRHS and FNLHP simultaneously evaluated individual and 

contextual factors associated with the health of rural and on-reserve First Nations populations.  

According to the PHF, determinants of health were influenced at two levels. The first level, 

individual, includes personal factors such as smoking, diet, health service use and heredity. The 

second level, contextual factors such as social circumstances (education, economic, and cultural 

environments) and physical determinants (occupational history, past exposures and various 

measures) were unique to the rural and First Nations populations.   

Figure 3.1 Theoretical Framework for Study 

 

 

 

Characteristics of the setting (context) such as socio-economic factors or access to health 

services may have a moderating influence. In this study, we hypothesize that when the contextual 

risks were high (e.g. low socioeconomic status), associations with individual risk factors became 

more pronounced.  On the other hand, when there were low contextual settings (e.g. high 

socioeconomic status), associations with individual risk factors and outcomes were attenuated. We 

adjusted all analyses for known confounders.  

Underlying risk factors, as well as individual and contextual factors, were considered to vary 

among rural and First Nations populations of Saskatchewan. Covariates include factors such as age, 

sex, marital status, family structure, and health status and co-morbidities.  

3.1.5 Study variables for SHRS and FNLHS   

Outcome variable for both study 

Individual Factors:1,2,3 

• Heredity 

• Lifestyle/behavioural 

• Environmental 

• Psychosocial 

Health Outcomes:1,2, 

• Diabetes 

Covariates:1,2 

• Demographic 

• Sleep Apnea 

• Health Status 

Contextual Factors:1,4 

• Socioeconomic 

• Socio-Cultural 

• Access to Health Services 
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The primary outcome of this study was diabetes. The primary outcome of interest for this 

thesis was a physician, or primary caregiver diagnosed anyone with diabetes, self-reported diabetes 

status, which  was captured from the SHRS and FNLHP baseline and follow-up survey 

questionnaires based on the question: "Has a doctor or primary caregiver ever said you have 

diabetes."   

SRHS  

Contextual factors, individual factors and covariate 

Contextual factors 

• Rural locations – residence on a farm or non-farm location (including town and self-

described acreage) 

• Quadrant- Location of the residents categorized into South West, South East, North East, and 

North West regions. 

• Income adequacy: This variable was created based on household income and categorized 

into >=$60,000 (reference category), $40,000 to $59,999, $20,000 to $39,999 and <$20,000. 

• Household smoking: Smoking inside the house assessed based on whether or not any 

household dweller used cigarettes, cigars and/or pipes in the home. It was a dichotomous 

variable and categorized into no (reference category) and yes.  

Individual factors 

• Family history: a history of diabetes among first degree relatives (father, mother, 

brother/sister)- referred as positive family history of diabetes now onwards.  

• Lifestyle or behaviour-related factors included smoking, alcohol use, body mass index, 

diet, exercise duration and screen time. Smoking was categorized into never smoker 

(reference category), ex-smoker and current smoker. Body mass index was categorized into 

normal (BMI<25) (reference category), overweight (BMI 25-30) and obese (BMI >30). 

There were five categories of exercise duration: no exercise (reference category), less than 

15 min, 15-30 min, 31-60 min, and more than 60 min per session. 

• Information on agricultural occupational exposures included pesticides, herbicides, 

fungicides, insecticides, and livestock. For every agriculture-related exposures, "no use" 

acted as a reference category. 
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• Education level: Participant's level of education was classified into less than high school 

(reference category), completed high school, completed university, and completed post-

secondary education other than above. 

Covariates 

• Age: Age of the respondents were classified into 18-45 years (reference category), 46-55 

years, 56-65 years, and >65 years. 

• Sex: Sex of the participants was categorized into a female (reference category) and male. 

• Marital status: Respondent's marital status was classified into married/common-law/living 

together (reference category) and widowed/divorced/separated/single, never married. 

• Co-morbidities related to diabetes, included cardiovascular diseases (stroke, blood 

pressure, heart attack and heart disease), respiratory diseases (tuberculosis, asthma, COPD, 

emphysema, and chronic bronchitis), others (cancer) 

• Variables related to sleep health: 

• Snoring during sleep  

• Epworth Sleepiness Score: to assess the daytime sleepiness of the participants, we used the 

Epworth Sleepiness Score scale. This scale helps to diagnose sleep apnea clinically. 

• Self-perceived general health: participant’s perception of physical health based on their past 

medical history.  

Please see "Appendix A" for all the variables of first manuscript with reference categories. 

FNLHP 

Contextual factors 

• Participant community: on-reserve First Nations communities in Saskatchewan 

(community A and community B) participated in this research. 

• Reserve stay: duration of reserve stay of study participants in the past twelve months. 

• Socio-economic status: assessed based on income adequacy (total household income before 

deductions from all sources last year and the employment status of the participants derived 

from the question "what is your current employment status." 

• Household environment: based on the population density (number of people live in the same 

household), smoking inside the house assessed based on whether or not any household 

dweller used cigarettes, cigars and/or pipes in the home. 

• Colonization attributable factors: 



45 
 

• Residential school experience: based on study participants, their parents/grandparents 

attendance of residential school 

• Cultural event: based on how often respondents attended in community cultural events. 

• Perceived discrimination: measurement of discrimination was done by summarizing the 

affirmative responses of eleven situations based on the question, "Have you ever experienced 

discrimination, been prevented from doing something, or been hassled or made to feel 

inferior in any of the following situations because of your race, ethnicity or colour?" The 

previously mentioned eleven situations were discrimination at school, getting hired or getting 

a job, at work, getting housing, getting medical care, getting service in a store/ restaurant, 

getting credit, bank loans or a mortgage, on the street or in a public setting, from the police 

or in the courts, getting a cheque cashed, and getting medicine at pharmacies. Affirmative 

responses were then categorized as low (0-3), moderate (4-7) and high (8-11) to create 

perceived discrimination variables. The perceived discrimination scale was modified from 

the nine-item scale published by Krieger (5). We adopted a perceived discrimination scale 

from a recently published article (6), and the authors advised us to conduct further research 

to ensure the validity and reliability of the discrimination scale (First Nations populations 

Canadian context). 

• Community strength: this variable was created based on nine main strength of the community 

such as awareness of First Nations culture, social connections (community working 

together), traditional ceremonial activities (e.g. sweat lodge), good leisure/recreation 

facilities, use of First Nations language, education and training opportunities, natural 

environment, a strong economy, and strong leadership. We created the community strength 

scale based on affirmative responses of those nine indicators and coded the community 

strength into low (less than or equal four affirmative responses) and high category (more than 

four affirmative responses). This scale was adapted from a recently published study (6).   

Individual factors 

• Lifestyle or behaviour-related factors: information of behavioural risk factors were based on 

study participant's smoking pattern, alcohol use pattern, body mass index and physical 

activity (based on practices of regular exercise and exercise duration). 

• Individual educational attainment: based on participants who finished high school education 

or more and less than high school. 
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Covariates 

• Age of the respondents (we only include eighteen years or older respondents in our study). 

• Sex of the respondents 

• Marital status of the respondents: a wide range of marital status data were collected, such as 

single, widowed, divorced, separated, married, Common law, or living together. 

• Co-morbidities: information regarding relevant co-morbidities related to diabetes, 

including heart problems, stroke, kidney problems, eyesight problem, depression, and 

sleep apnea, were collected based on doctor/nurse diagnosed history of the disease. 

• Variables related to sleep health: 

• Snoring during sleep  

• Epworth Sleepiness Score: to assess the daytime sleepiness of the participants, we used the 

Epworth Sleepiness Score scale. This scale helps to diagnose sleep apnea clinically. 

• Duration of sleep per day 

• Self-perceived general health: participant’s perception of physical health based on their past 

medical history. 

• Self-perceived mental health: participant’s perception of mental health based on their past 

medical history. 

Please see "Appendix A and B" for all the variables with reference categories. 

3.2 Statistical Analysis 

           We used STATA version 15 for all statistical analyses. 

3.2.1 Descriptive statistics 

All the statistical analyses were conducted using Stata 15 software (7). We calculated the 

frequencies of all individual, contextual and covariates at both baseline and follow-up. We identified 

the crude prevalence of diabetes among First Nations populations and rural residents in both baseline 

and follow-up separately. We used Chi-square tests to determine the association of diabetes 

prevalence and each predictor at baseline and follow-up separately. In this step, we identified if the 

change in prevalence from baseline to follow-up. 

Crude prevalence for diabetes (in terms of proportions) for rural residents and First Nations 

population was calculated by using the following formula: 
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3.2.2 Adjusted prevalence and longitudinal changes in the prevalence of diabetes 

            For detecting the significant predictors of prevalence of diabetes, we used marginal logistic 

regression models based on the generalized estimation equations (GEE) (8) and were fitted using 

STATA software. The clustering effects of more than one individual within a household were 

adjusted by using GEE (9).  For repeated observations, we used jackknife robust variance 

estimation. 

3.2.3 Incidence of diabetes  

We used survival analysis techniques to determine the risk factors for the incidence of 

diabetes. The time of origin was the baseline survey, and for the endpoint, for incident cases, we 

used the follow-up survey. It was a scenario of discrete-time survival analysis; hence, the follow-

up time for each participant who participated in both surveys was four years. Censoring occurred 

when a subject was not diagnosed with diabetes at the time of the follow-up survey. Baseline 

survey variables were considered in Cox's proportional hazards model. 

Number of adults (rural residents or First Nation’s populations) 

having diabetes in the given year 

Total population in that given area during the same time 
X   100 
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4.2 Abstract 

Purpose: The purpose of this study is to determine the risk factors associated with the incidence 

and longitudinal changes in the prevalence of diabetes among the rural residents of Saskatchewan. 

Methods: The Saskatchewan rural health study (SRHS) is a prospective cohort study conducted 

in two phases: a baseline survey (in 2010 - consisted of 4624 households, 8261 participants) and 

a follow-up survey (in 2014 - consisted of 2797 households, 4867 participants).  

Results: The crude prevalence of diabetes among rural residents of Saskatchewan, was 9.31 % at 

baseline and 11.37 % at follow-up. Significant risk factors for diabetes prevalence were increasing 

age, male, low income, family members had diabetes, high BMI and co-morbidities such as blood 

pressure and heart attack. The cumulative incidence of diabetes among rural residents was 2.69 % 

over four years. Having family members with diabetes, high BMI, sleep apnea and abnormal 

Epworth Sleepiness Score were strongly associated with the incidence of diabetes among rural 

residents of Saskatchewan.  

Conclusion: A mix of individual and contextual factors were responsible for the high incidence 

and prevalence of diabetes among the rural residents of Saskatchewan, which demands urgent long 

term and population-based community health initiatives.  

Keywords: Rural Saskatchewan, Risk factors, Incidence, Prevalence, Diabetes 
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4.3 Introduction 

Diabetes is a global epidemic and imposes an enormous threat to human health and the 

economy of a country (1,2), Canada is a prime example (3), with one out of three Canadians 

suffering from either diabetes or pre-diabetes (4). The cost of managing diabetes in Canada 

heightens every year with the increasing prevalence of diabetes (5,6). Diabetes adversely impacts 

not only the health of an individual but also causes work limitations, economic instability, 

diminished quality of life and life expectancy. Canadian adults who have diabetes are three times 

more likely to be admitted to the hospital due to cardiovascular complications compared to non-

diabetic Canadians (7). Diabetes is one of the leading causes of vision loss, strokes, heart attacks, 

kidney failure and non-traumatic limb amputations (7). Nearly 36.5% of Canadians with diabetes 

suffer from at least two other chronic diseases coexisting with diabetes (8). 

Diabetes Canada states that Canada is burdened with a high rate of individual-level 

modifiable risk factors (for example, overweight/obesity, physical inactivity, and unhealthy diet) 

(7,9), which were the major contributing factors for the high prevalence of diabetes in Canada. 

Indigenous populations are at high risk of developing diabetes, and the prevalence of diabetes is 

three to five times greater in First Nations populations than that found in the general population 

(10). Accessing health care is more challenging for the rural diabetic population than the urban 

diabetic residents (7); hence, rural Canadian populations are more vulnerable to developing 

diabetes-related complications. 

Compared to the national average rural population (18.9%) (11), Saskatchewan is one of 

the highest rurally populated provinces (33%) (12). The overall prevalence of diagnosed diabetes 

cases in Saskatchewan is 9% (106,000 diagnosed cases in 2020) (13). In Saskatchewan, non-

Indigenous males have a higher prevalence of diabetes as compared to non-Indigenous females 

(14), which is mirrored by the national male-female ratio of diabetes prevalence (8.4% in men and 

6.3% in female) (15). According to Diabetes Canada, Saskatchewan is facing an enormous 

challenge as it tries to meet the healthcare needs of people with diabetes (16). Hence, knowledge 

about diabetes-related risk factors among rural residents is essential. Although some studies have 

been conducted to identify the predictors of the prevalence of diabetes among rural populations in 

Canada (17), most of them were based on cross-sectional studies. Also, information regarding risk 

factors associated with the incidence of diabetes was limited across rural Canada. Therefore, the 

purpose of this study was to use the Saskatchewan rural health study (SRHS) longitudinal dataset 
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to conduct an extensive analysis to assess the predictors associated with incidence and longitudinal 

changes in the prevalence of diabetes among rural residents in Saskatchewan, Canada.  

By conducting this study, we aimed to identify the cumulative incidence of diabetes in rural 

residents. Additionally, the impact of unique agriculture-related risk factors on diabetes incidence 

was assessed after adjusting for known diabetes risk factors. We also determined the prevalence 

of diabetes among rural residents to find out if there were any significant changes in the prevalence 

of diabetes over time. Moreover, this paper provided information regarding unique risk factors of 

diabetes prevalence associated with rural farming practices. While identifying the prevalence of 

diabetes helped us to understand the burden of diabetes among rural residents, the incidence of 

diabetes helped us to understand the role of associated risk factors for developing new diabetes 

cases among rural residents.  

Specific objectives 

To determine the incidence and longitudinal changes in diabetes occurrence among rural 

residents of Saskatchewan, Canada. 

To determine the risk factors associated with the incidence and prevalence of diabetes 

among rural residents of Saskatchewan, Canada. 

4.4 Background 

Diabetes is a multifactorial metabolic condition associated with chronic hyperglycemia 

(18), which occurs due to an absolute or relative deficiency of insulin level in the human body 

(18). This lifelong disease adversely impacts not only the health of an individual but also the health 

of families, society, and the economy. Additionally, affected people's blood vessels and nerves can 

be damaged by uncontrolled diabetes, which is responsible for various comorbidities such as 

blindness, heart failure, kidney failure, and stroke (19,20).  

Diabetes is hampering both physical health and economic growth and stability throughout 

the world. According to IDF, approximately half a billion people currently have diabetes 

worldwide, and more than four million adults (twenty to seventy-nine years old) died in 2019 due 

to the direct or indirect impacts of diabetes (21,22). The global prevalence of T2DM is high and 

increasing periodically due to an increase in ageing population, rapid urbanization, economic 

growth, obesity, poor nutrition and unhealthy sedentary lifestyle (22). In 2019, approximately 

eleven million Canadians were diagnosed with diabetes and prediabetes (23). According to 

Diabetes Canada, twenty-nine percent of the Canadian population is suffering from T1DM, T2DM, 
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undiagnosed T2DM or prediabetes (7). Furthermore, Canadian males (8.4%) are at higher risk of 

developing diabetes compared to females (6.3%) (24). Preventing diabetes is challenging for 

Canada, as the nation is burdened with high rates of modifiable risk factors (25).  

Diabetes is one of the leading causes of vision loss among Canadians. Additionally, 

diabetes contributes 30% of total strokes, 40% of total heart attacks, 50% of total kidney failures 

and 70% of total non-traumatic limb amputations among Canadians (21). Direct medical 

expenditure for Canadian peoples living with diabetes is two to five times higher than the people 

without diabetes (26). Accessibility, affordability, support and supplies of diabetic medications 

and devices still present a significant challenge for Canadians living with diabetes (26).  

According to Diabetes Canada, among all Canadian provinces, Saskatchewan is facing an 

enormous challenge regarding meeting the healthcare needs of people with diabetes (27). The 

estimated number of people living with diabetes and pre-diabetes in Saskatchewan is 314,000 (23). 

Compared to other provinces, Saskatchewan is overburdened with the highest obesity rate (46%), 

which is one of the significant risk factors for developing diabetes (27). Currently, the direct cost 

of managing diabetes in Saskatchewan is $98 million and will rise to $129 million by 2028 (27). 

The primary concern now is Saskatchewan’s ability to combat these increasing health costs. 

Researchers are now trying to find out what additional predictors contribute to this high 

diabetes burden and traditional diabetes risk factors. Farming is one of the common occupations 

worldwide, and recent studies suggested that agricultural chemical exposure could be a causal 

factor for diabetes (17,28,29). A recent case-control study conducted among Thai farmers found 

that chemicals used in the agricultural field such as insecticides, pesticides, fungicides and 

rodenticides were significantly associated with diabetes prevalence after adjusting for common 

diabetes risk factors such as age, sex, occupation, BMI, smoking, alcohol consumption and family 

history of diabetes (28).  

The USA is one of the largest pesticide applicators, and a recent meta-analysis suggests a 

significant relationship between pesticide applicators and diabetes incidence (29). Different 

scientists have proposed several mechanisms regarding chemical exposure and diabetes, such as 

organochloride pesticides that can cause obesity by altering metabolic function leads to diabetes 

(28,29). Other proposed mechanisms were decreased insulin secretion, insulin resistance, 

cholinesterase inhibition, oxidative stress or mitochondria destruction (28,29). Another study was 

conducted among the wives of pesticide applicators in the USA and showed surprising results 
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(29,30). The findings of that study were that women involved in handling agricultural chemical 

substances such as mixing or applying those chemicals in the field were significantly associated 

with high diabetes prevalence (29,30). Information regarding agricultural chemical exposure and 

diabetes occurrence among Canadians was limited. 

4.5 Methods 

4.5.1 Study design 

The Saskatchewan Rural Health Study (SRHS) was a prospective cohort study conducted 

to identify the respiratory health-related problems among the rural population of Saskatchewan. A 

wide range of information was also collected on non-respiratory chronic conditions, including 

diabetes. The SRHS consisted of a baseline survey conducted in 2010, with a follow-up survey in 

2014. The details of the study design were given elsewhere (31,32). 

4.5.2 Study population 

In brief, the study participants were initially selected by purposeful sampling from 48 of 

the 297 rural municipalities (RMs) and 16 of the 145 small towns of Saskatchewan. Then nine 

RMs were selected randomly for each quadrant. RMs and small towns were selected randomly 

from southeast, southwest, northeast, and northwest quadrants of the province. On behalf of the 

residents, the local councils for 32 (89%) out of 36 RMs and 15 (94%) out of 16 small towns gave 

their consent to participate in the study and provided a mailing address. Completed questionnaires 

were collected from 4624 households (8261 individuals, 4,064 male and 4,194 female) at baseline 

and at follow-up, 2797 households (4867 participants, 2,364 male and 2,502 female) by using mail-

out survey methods. One hundred twenty-six new individuals were included in the follow-ups, 

who did not participate in the baseline survey. For the incidence study, we only considered 

respondents who participated in both baseline and follow-up (4741). Additionally, we removed 

the 411 participants who had diabetes at baseline. After four years of follow-up, 119 participants 

developed new diabetes cases among 4330 study participants and considered the incidence part of 

the study. 

4.5.3 Data collection  

The data were collected from the rural Saskatchewan farm and small-town dwellers 

through a mailed out self-administered household and individual questionnaire to assess individual 

and contextual factors. To recruit study participants and maximize the response rate, researchers 

used the Dillman method, with all prospective participants receive a series of mail (31,33). 
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Legend of Assessment Methods: 1. Survey questionnaire (farm and small-town cohorts); 2 

Clinical assessment (sub-sample of both cohorts); 3. Environmental assessments; 4. Health care 

utilization records. 

 

 

 

 

4.5.4 Theoretical Framework  

Health Canada’s "Population Health Framework (PHF)" was the conceptual guide of the 

SRHS. A modified version of the PHF has been used for this study (31,32). Briefly, the 

determinants of health influenced at two levels; the first level includes individual factors, and the 

second level includes contextual factors. 

Figure 4.1 Theoretical Framework for this Study. 

  

SRHS simultaneously evaluated individual and contextual factors associated with the 

health of the rural residents of Saskatchewan. Covariates included factors such as age, sex, marital 

status, family structure, health status and co-morbidities. Characteristics of the setting (context) 

such as socio-economic factors might have a moderating influence. In this study, we hypothesize 

that when the contextual risks were high (e.g. low socio-economic status), associations with 

individual risk factors became more pronounced.  On the other hand, when there were low 

contextual settings (e.g. high socio-economic status), associations with individual risk factors and 

outcomes attenuated. We adjusted all analyses for known confounders.  

4.5.5 Variables  

4.5.5.1 Primary health outcome (outcome variable) 

The primary outcome of interest for this paper was a physician, or primary caregiver 

diagnosed anyone with diabetes, self-reported diabetes status, which was captured from the SRHS 

baseline and follow-up survey questionnaires based on the question: "Has a doctor or primary 

Contextual Factors:1,4 

• Socioeconomic 

• Socio-Cultural 

• Access to Health Services 

Individual Factors:1,2,3 

• Heredity 

• Lifestyle/behavioural 

• Environmental 

• Psychosocial 

Health Outcomes:1,2, 

• Diabetes 

Covariates:1,2 

• Demographic 

• Sleep Apnea 

• Health Status 
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caregiver ever said you have diabetes." For both prevalence and incidence part of the study, our 

outcome variable of interest was the same “diabetes.” However, we had to re-define the “diabetes” 

outcome variable separately for prevalence and incidence study.  

Prevalence: All the participants (eighteen years or older) from both baseline (8261) and 

follow-up (4867) participated in this study. The outcome variable in the dataset was labelled as 

"dia1" for baseline (759 participants had diabetes), and "dia2" (540 participants) had diabetes) for 

follow-up. For conducting GEE analysis, we had to reshape the data into a long format and labelled 

the outcome variable as "dia."  

Incidence: For the incidence study, we only considered respondents who participated in 

both baseline and follow-up (4741). Additionally, we removed the 411 participants who had 

diabetes at baseline. After four years of follow-up, 119 participants developed new cases of 

diabetes among 4330 study participants and considered for the incidence part of the study. For 

incidence study, the outcome variable of interest in the dataset was labelled as "dia1" (baseline 

variable contains no diabetic patients) and "dia2" (119 cases developed after four years of follow-

up) 

4.5.5.2 Contextual factors, individual factors and covariate 

Contextual factors considered for this study were participant's locations of residence, living 

quadrants, income adequacy, and household smoking. Family history of diabetes, behavioural risk 

factors, screen time, and participant's education level considered as individual factors. Additionally, 

agricultural occupation-related exposure, such as pesticides, herbicides, fungicides, and insecticides, 

also acted as individual factors. Participants' age, sex, marital status, general health, and co-

morbidities were considered covariates.  

Contextual factors 

• Rural locations – residence on a farm or non-farm location (including town and self-

described acreage) 

• Quadrant- Location of the residents categorized into South West, South East, North East, and 

North West regions. 

• Income adequacy: This variable was created based on household income and categorized 

into >=$60,000 (reference category), $40,000 to $59,999, $20,000 to $39,999 and <$20,000. 
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• Household smoking: Smoking inside the house assessed based on whether any household 

dweller used cigarettes, cigars and/or pipes in the home. It was a dichotomous variable and 

categorized into no (reference category) and yes.  

Individual factors 

• Family history: a history of diabetes among first degree relatives (father, mother, 

brother/sister) 

• Lifestyle or behaviour-related factors included smoking, alcohol use, body mass index, 

diet, exercise duration and screen time. Smoking was categorized into never smoker 

(reference category), ex-smoker and current smoker. Body mass index was categorized into 

normal (BMI<25) - reference category), overweight (BMI 25-30) and obese (BMI >30). 

There were a few underweight participants with BMI <18.5, hence we combined them with 

normal BMI (BMI>18.5 to BMI <24.5) category. with small number of observations. There 

were five categories of exercise duration: no exercise (reference category), less than 15 

min, 15-30 min, 31-60 min, and more than 60 min per day. 

• Information on agricultural occupational exposures included pesticides, herbicides, 

fungicides, insecticides, and livestock. For every agriculture-related exposure, "no use" 

acted as a reference category. 

• Education level: Participant's level of education was classified into less than high school 

(reference category), completed high school, completed university, and completed post-

secondary education other than above. 

Covariates 

• Age: Age of the respondents were classified into 18-45 years (reference category), 46-55 

years, 56-65 years, and >65 years. 

• Sex: Sex of the participants was categorized into a female (reference category) and male. 

• Marital status: Respondent's marital status was classified into married/common-law/living 

together (reference category) and widowed/divorced/separated/single, never married. 

• Co-morbidities related to diabetes, included cardiovascular diseases (stroke, blood 

pressure, heart attack and heart disease), respiratory diseases (tuberculosis, asthma, COPD, 

emphysema, and chronic bronchitis), others (cancer) 

• Variables related to sleep health: 
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o Snoring during sleep  

o Epworth Sleepiness Score: to assess the daytime sleepiness of the participants, we 

used the Epworth Sleepiness Score scale. This scale helps to diagnose sleep apnea 

clinically. 

• Self-perceived general health: participant’s perception of physical health based on their past 

medical history.  

4.5.6 Statistical Analysis 

Objective 1 

All the statistical analyses were conducted using Stata 15 software (34). We calculated the 

frequencies of all individual, contextual and covariates at both baseline and follow-up. After that, 

we identified the crude prevalence of diabetes among rural residents in both baseline and follow-up 

separately. Additionally, we used Chi-square tests to determine the association of diabetes 

prevalence and each predictor at baseline and follow-up separately. In this step, we identified if there 

is any change in prevalence from baseline to follow-up. 

Crude prevalence for diabetes (in terms of proportions) for rural residents was calculated 

by using the following formula: 

 

 

To identify the longitudinal patterns in the prevalence and associated risk factors of diabetes 

over four years of the follow-up period, we considered complete data at baseline and the follow-up 

and restructured them into a single long file format. A series of bivariate unadjusted logistic 

regression analyses were conducted to determine the association of diabetes prevalence with each 

potential risk factor. Variables with a p-value <0.20 were considered candidates for the multivariable 

model. 

We used a multivariable logistic regression model which was based on the generalized 

estimation equations (GEE) was used to identify the effects of both contextual and individual factors 

after adjustment for covariates of interest. All predictors significant with a p-value < 0.05 and those 

of scientific/clinical/biologic importance were retained in the final multivariable model. Based on 

the literature review, a number of interactions were tested for statistical significance. However, 

interactions significant at p<0.05 were retained in the final model. The clustering effects of more 

Number of adults (rural residents) having diabetes in the given year 

Total population in that given area during the same time 
X   100 
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than one individual within a household were adjusted by  GEE (17,35). We used the logit link 

function and exchangeable correlation structure for GEE analysis (35). Associations between 

significant variables (both contextual and individual) and diabetes prevalence were presented by 

odds ratios (OR) and their 95% confidence intervals (CI). To account for clustering due to repeated 

observation, we used the jackknife variance estimate to obtain 95% CI. To identify the parsimonious 

GEE model and the best working correlation structure, quasi-likelihood under the independence 

model criterion (QIC)  (36) goodness of fit statistics were applied.  

Objective 2 

We used survival analysis techniques to determine the risk factors for the incidence of 

diabetes. We considered the baseline survey as the time of origin and used a follow-up survey for 

incident cases. During the follow-up survey, non-diabetic participants were considered as censored 

cases. Variables from the baseline survey were considered for Cox's proportional hazards model. 

After bivariate analysis, variables with a p-value <0.20 were considered for Cox's proportional 

hazards model. After adjusting for all the predictors in multivariable Cox's proportional hazards 

model, only variables with p-value <0.05 were considered significant. The strength of the 

association between significant variables and diabetes incidence was demonstrated by hazard 

ratios (HR) and their 95% confidence intervals (CI). We included time-dependent covariates in the 

model for checking proportionality, which is considered as one of the primary assumptions of the 

Cox proportional hazard model (37,38). Furthermore, to assess the goodness of fit of the final 

model, we used the Cox-Snell residuals and Nelson-Aalen cumulative hazard function (38).  

4.6 Results 

4.6.1 Prevalence of diabetes 

Table 4.1 showed the study participant's characteristics – adults 18 years and older who 

participated at baseline (2010) and follow-up (2014) surveys. The crude prevalence of diabetes 

which was 9.31% (farm: 7.13% and non-farm:10.94%) at baseline and 11.29% (farm: 8.64% and 

non-farm:13.33%) at follow-up. Table 4.1 also highlighted that among four geographical locations, 

non-farm residents of the Northeast region showed the highest prevalence of diabetes in both 

baselines (13.35%) and follow-up (15.38%).  Furthermore, obese non-farm males were at the 

highest risk of developing diabetes in both baselines (18.42%) and follow-up (18.51%) (data not 

shown). 
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Table 4.1. Study population characteristics – adults 18 years and older who participated at 

baseline (2010) and follow-up (2014) surveys 

 

Parameters Baseline Follow-up 

 Farm  Non-farm Farm  Non-farm 

Eligible household (based on 

household address) 

11004 4454 

Response rate (Based on 

household address), n (%) 

Baseline, n= 4624 

Follow-up, n= 2797 

4624 (42.0%) 2797 (62.6%) 

Participating adults 

Baseline, n= 8206 

Follow-up, n=4844 

3445 4761 2096 2748 

Male 1792/4036 

(44.40%) 

2244/4036 

(55.60%) 

1079/2352 

(45.88%) 

1273/2352 

(54.12%) 

Female 1653/4170 

(39.64%) 

2517/4170 

(60.36%) 

1017/2492 

(40.81%) 

1475/2492 

(59.19%) 

Self-reported diabetes (Total) 

Baseline: 759/8154 (9.31%) 

Follow-up: 540/4782 (11.29%) 

243/3406 

(7.13%) 

514/4698 

(10.94%) 

178/2060 

(8.64%) 

360/2700 

(13.33%) 

Quadrant 

Diabetes, Yes/Total (%) 

    

South west 37/547 

(6.76%) 

97/969 

(10.01%) 

32/311 

(10.29%) 

72/521 

(13.81%) 

South east 42/693 

(6.06%) 

116/1057 

(10.97%) 

30/405 

(7.41%) 

86/585 (14.70) 

North east 102/1177 

(8.67%) 

157/1176 

(13.35%) 

64/693 

(9.23%) 

104/676 

(15.38%) 

North west 62/989 

(6.27%) 

144/1492 

(9.65%) 

47/602 

(7.81%) 

93/847 

(10.98%) 
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Figure 4.2 showed that, a significant difference in the prevalence of diabetes between farm 

and non-farm residents irrespective of geographical location, with non-farm residents showing the 

highest prevalence. There was a significant increase in the prevalence of diabetes in all four 

quadrants of Saskatchewan from baseline to follow-up. 

Figure 4.2: Predicted Probabilities for Prevalence of diabetes by geographical locations and 

farm/non−farm at baseline and follow−up 

 

 

 

Tables 4.2 showed the unadjusted relationships between the individual, contextual factors, 

covariates and diabetes prevalence. In both baseline and follow-up surveys, non-farm residents 

(10.94% and 13.33% respectively) had a higher prevalence of diabetes compared to farm residents 

(7.13% and 8.64%). More people living at home (>2 people) reduced the prevalence of diabetes 

(5.15% at baseline and 5.71% at follow-up).  

 

  

Northeast Northwest 

 

 

 

 

 

 

 

 

Southeast Southwest 

Farm                   Non-farm 
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Table 4.2 Univariate Analysis of the association between risk factor (Contextual and 

Individual Factors, and Covariates) and Diabetes 

 

Diabetes 

 Baseline Follow-up  

 Yes/Total (%) Yes/Total (%) ORunadj (95% CI) 

Quadrant    

South West   134/1522 (8.80%) 105/837 (12.54%) 1.00 (ref) 

South East 159/1756 (9.01%) 116/996 (11.65%) 1.03 (0.81-1.30) 

North East   260/2368 (10.98%) 169/1377 (12.27%) 1.28 (1.03-1.59) 

North West 206/2495 (8.26%) 140/1451 (9.65%) 0.93 (0.74-1.17) 

Location of home     

Non-farm 514/4694 (10.94%) 360/2700 (13.33%) 1.00 (ref) 

Farm 243/3406 (7.13%) 178/2060 (8.64%) 0.62 (0.55-0.71) 

Family structure    

# of people    

=< 2 people 635/5740 (11.06%) 473/ 3756(12.59%) 1.00 (ref) 

> 2 people 124/2410 (5.15%) 56/981 (5.71%) 0.42 (0.36-0.49) 

Age of the participants    

18-45 years 50/1932 (2.59%) 17/642 (2.56%) 1.00 (ref) 

46-55 years 137/2036 (6.73%) 67/968 (6.92%) 2.73 (2.06-3.61) 

56-65 years 214/1932 (11.08%) 137/1813 (10.08%) 4.47 (3.42-5.83) 

>65 years 3582251 (15.9%) 319/1813 (17.6%) 7.48 (5.79-9.66) 

Sex    

Female 341/4146 (8.22%) 235/2464 (9.54%) 1.00 (ref) 

Male 418/4006 (10.43%) 305/2317 (13.16%) 1.35 (1.21-1.52) 

Marital Status    

Married/Common law/living 

together 
614/6716 (9.14) 435/4050 (10.74%) 1.00 (ref) 

Widowed/Divorced/separated/Sin

gle, never married 

139/1409 (9.87) 103/720 (14.31%) 1.19 (1.02-1.38) 

Education level    

Less than high school 301/2096 (14.55%) 208/1107 (18.79) 1.00 (ref) 

Completed high school 240/2788 (8.61%) 157/1584 (9.91%) 0.52 (0.45-0.60) 

Completed university 49/935 (5.24%) 49/611 (8.02%) 0.35 (0.28-0.44) 
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Completed post-secondary 

education other than above 

158/2268 (6.97%) 119/1414 (8.42%) 0.42 (0.37-0.51) 

Income adequacy    

>=$60,000 212/3457 (6.13%) 170/2247 (7.57%) 1.00 (ref) 

$40,000 to $59,999 154/1492 (10.32%) 108/830 (13.01%) 1.77 (1.50-2.09) 

$20,000 to $39,999 183/1392 (13.15%) 120/724 (16.57%) 2.33 (1.98-2.73) 

<$20,000 107/624 (17.15%) 56/279 (20.07%) 3.07 (2.52-3.74) 

Exposure    

Insecticide     

No 374/4410 (8.48%) 219/2213 (9.9%) 1.00 (ref) 

Yes 356/3601 (9.89%) 299/2429 (12.31%) 1.24 (1.10-1.39) 

Pesticide    

No  585/6354 (9.21%) 433/3748 (11.55%) 1.00 (ref) 

Yes 166/1702 (9.75%) 95/965 (9.84%) 0.97 (0.84-1.12) 

Fungicide    

No 460/5388 (8.54%) 266/2763 (9.63%) 1.00 (ref) 

Yes 270/2623 (10.29%) 247/1847 (13.37%) 1.34 (1.19-1.51) 

Herbicide    

No 336/3957 (8.49%) 200/1951 (10.25%) 1.00 (ref) 

Yes 394/ 4054 (9.72%) 318/2689 (11.83%) 1.18 (1.05-1.33) 

Livestock    

No 327/3900 (8.38%) 193/1879 (10.27%) 1.00 (ref) 

Yes 403/4111 (9.80%) 327/2776 (11.78%) 1.21 (1.07-1.35) 

Household smoke    

No 638/6887 (9.26%) 489/4290 (11.4%) 1.00 (ref) 

Yes 118/1226 (9.62%) 51/492 (10.37%) 0.97 (0.82-1.15) 

Family History    

Dad diabetic    

No 464/6269 (7.40%) 248/2929 (8.47%) 1.00 (ref) 

Yes 187/1153 (16.22%) 149/792 (18.81%) 2.49 (2.16-2.86) 

Mom diabetic    

No 433/6386 (6.78%) 252/3040 (8.29%) 1.00 (ref) 

Yes 238/1164 (20.45%) 185/817 (22.64%) 3.46 (3.03-3.96) 

Siblings diabetic    
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No 349/5827 (5.99%) 188/2620 (7.18%) 1.00 (ref) 

Yes 242/1063 (22.77%) 214/876 (24.43%) 4.52 (3.95-5.19) 

Behavioural Risk & Protective 

Factor 
   

BMI    

Normal (BMI<25) 103/2318 (4.44%) 75/1349 (5.56%) 1.00 (ref) 

Overweight (BMI 25-30) 236/3160 (7.47%) 163/1860 (8.76%) 1.69 (1.41-2.03) 

Obese (BMI >30) 371/2268 (16.36%) 259/1324 (19.56%) 4.12 (3.50-4.96) 

Exercise duration/session    

None 372/3381 (11.0%) 286/2152 (13.29%) 1.00 (ref) 

Less than 15 min 63/449 (14.03%) 47/324 (14.51%) 1.22 (0.99-1.53) 

15-30 min 196/2123 (9.23%) 126/1181 (10.67%) 0.8 (0.69-0.92) 

31-60 min 75/1403 (5.35%) 41/727 (5.64%) 0.43 (0.34-0.52) 

More than 60 min 25/468 (5.34%) 14/177 (7.91%) 0.48 (0.34-0.67) 

Smoking    

Never Smoker 306/4283 (7.14%) 231/2508 (9.21%) 1.00 (ref) 

Ex-smoker 363/2890 (12.56%) 259/1818 (14.25%) 1.77 (1.57-2.01) 

Current smoker 85/951 (8.94%) 45/436 (10.32%) 1.2 (0.98-1.47) 

Screen time/ past three months    

None 10/150 (6.67%) 6/113 (5.31%) 1.00 (ref) 

Less than 1 hour 23/188 (12.23%) 16/123 (13.01%) 2.21 (1.20-4.06) 

From 1 to 2 hours 62/734 (8.45%) 42/433 (9.70%) 1.51 (0.88-2.6) 

From 3 to 5 hours 171/1784 (9.59%) 126/1050 (12.0%) 1.81 (1.07-3.04) 

From 6 to 10 hours 135/1749 (7.72%) 94/1057 (8.89%) 1.37 (0.81-2.31) 

From 11 to 14 hours 85/1132 (7.51%) 64/628 (10.19%) 1.43 (0.84-2.43) 

From 15 to 20 hours 105/1168 (8.99%) 70/657 (10.65%) 1.64 (0.96-2.78) 

More than 20 hours 164/1204 (13.62%) 119/675 (17.63%) 2.74 (1.62-4.61) 

Alcohol consumption / 12 month    

Never   209/1451 (14.4%) 130/826 (15.74%) 1.00 (ref) 

Less than once a month 207/1717 (12.06%) 139/971 (14.32%) 0.84 (0.72-0.99) 

Once a month 72/737 (9.77%) 49/394 (12.44%) 0.68 (0.55-0.85) 

2 to 3 times a month 97/1463 (6.75%) 91/833 (10.92%) 0.52 (0.43-0.62) 

Once a week 57/909 (6.27%) 31/494 (6.28%) 0.38 (0.29-0.49) 

2 to 3 times a week 44/1031 (4.27%) 49/645 (7.6%) 0.34 (0.26-0.43) 
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4 to 6 times a week 41/538 (7.62%) 26/373 (6.97%) 0.45 (0.34-0.59) 

Every day 32/317 (10.09%) 22/233 (9.44%) 0.62 (0.46-0.84) 

** Significant at the P-value <0.20 (marked as bold) 

* ORunadj was based on both baseline and follow-up data 

 

From table 4.2 we also found that, the prevalence of diabetes significantly associated with 

known diabetes risk factors such as male sex (10.43% and 13.16%); 

widowed/divorced/separate/single (9.87% and 14.31% ); less than high school educational 

attainment (14.55% and 18.79%); and low income (<$20,000) adequacy (17.15% and 20.07%)  in 

both baseline and follow-up. The participants' ages showed a dose-response relationship, and with 

an increase in age, diabetes prevalence significantly increased. Strong evidence of high diabetes 

prevalence was found among participants who were exposed to different chemical components 

used in the agricultural field when compared to non exposed participants. The prevalence of 

diabetes was higher among insecticide users (8.48% at baseline and 9.9% at follow-up); fungicide 

users (10.29% baseline and 13.37% follow-up; and herbicide users (9.72% baseline and 11.83% 

follow-up) compared to non-users. On univariate analysis, we found that common risk factors such 

as increasing age, male sex, low income, family history of diabetes and behavioural and lifestyle 

risk factors (higher BMI and smoking) were significantly associated with higher diabetes 

prevalence. Farm residence, residents of the northwest quadrant, a higher number of residents 

living in the home, and over fifteen minutes of exercise per day act were associated with a lower 

prevalence of diabetes. Alcohol consumption acted as a protective factor.  

In table 4.3, we also observed that physician-diagnosed cardiovascular co-morbidities such 

as stroke, blood pressure, heart attack and heart disease are strongly associated with higher diabetes 

prevalence. Diagnosed cancer cases and respiratory co-morbidities such as tuberculosis, asthma, 

COPD, emphysema, and chronic bronchitis were relatively less strongly associated with diabetes 

than cardiovascular co-morbidities in univariate analysis.  

Table 4.3 Univariate Analysis of the association between comorbidities and Diabetes 

among adult rural residents 

 

Diabetes 

 Baseline Follow-up  

 Yes/Total (%) Yes/Total (%) ORunadj (95% CI) 

Comorbidity    

Cardiovascular    
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Heart disease    

No 606/7470 (8.11%) 408/4288 (9.51%) 1.00 (ref) 

Yes 138/606 (22.77%) 131/493 (26.57%) 3.43 (2.95-3.99) 

Heart attack    

No 673/7782 (8.65%) 467/4504 (10.37%) 1.00 (ref) 

Yes 80/345 (23.19%) 72/277 (25.99%) 3.16 (2.61-3.83) 

High blood pressure    

No 239/5387 (4.44%) 128/2807 (4.56%) 1.00 (ref) 

Yes 516/2725 (18.94%) 412/1975 (20.86%) 5.25 (4.62-5.96) 

Stroke    

No 704/7953 (8.85%) 499/4643 (10.75%) 1.00 (ref) 

Yes 49/181 (27.07%) 40/138 (28.99%) 3.66 (2.84-4.71) 

Respiratory    

Chronic bronchitis    

No 699/7797 (8.96%) 496/4487 (11.05%) 1.00 (ref) 

Yes 24/167 (14.37%) 11/85 (12.94%) 1.49 (1.04-2.15) 

Emphysema    

No 718/7872 (9.12%) 500/4523 (11.0%) 1.00 (ref) 

Yes 5/94 (5.32%) 7/54 (12.96%) 0.81 (0.44-1.47) 

Asthma    

No 674/7365 (9.15%) 463/4252 (10.89%) 1.00 (ref) 

Yes 85/789 (10.77%) 77/530 (14.53%) 1.29 (1.08-1.53) 

COPD    

No 685/7761 (8.83%) 490/4461 (10.98%) 1.00 (ref) 

Yes 38/203 (18.72%) 17/115 (14.78%) 1.97 (1.46-2.64) 

Cancer    

No 671/7465 (8.99%) 457/4218 (10.83%) 1.00 (ref) 

Yes 84/670 (12.54%) 82/563 (14.56%) 1.46 (1.22-1.73) 

Sleep apnea    

No 654/7594 (8.64%) 446/4371 (10.20%) 1.00 (ref) 

Yes 85/481 (17.67%) 93/410 (22.68%) 2.46 (2.06-2.93) 

Others    

Snore    

No 124/2313 (5.36%) 124/1507 (8.23%) 1.00 (ref) 
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Yes 542/5112 (10.60%) 349/2780 (12.55%) 1.83 (1.58-2.12) 

Epworth Sleepiness Score    

Normal  532/6348 (8.38%) 347/3619 (9.59%) 1.00 (ref) 

Abnormal 143/1195 (11.97%) 111/669 (16.59%) 1.63 (1.4-1.89) 

General health    

Excellent 7/725 (0.97%) 6/362 (1.66%) 1.00 (ref) 

Very good 96/2869 (3.35%) 86/1570 (5.48%) 3.53 (2.01-6.22) 

Good 362/3296 (10.98%) 275/2119 (12.98%) 11.01 (6.33-19.15) 

Fair 236/1036 (22.78%) 144/613 (23.49%) 24.74 (14.15-43.26) 

Poor 52/184 (28.26%) 26/102 (25.49%) 30.98 (16.91-56.77) 

** Significant at the P-value <0.20 (marked as bold) 

* ORunadj was based on both baseline and follow-up data 

 

Table 4.3 also demonstrated that having sleep apnea, snoring problems, and an abnormal 

Epworth Sleepiness Score (ESS) demonstrated a significant association with higher diabetes 

prevalence. After univariate analysis, from table 4.2 and table 4.3, we found that most of the 

variables remained significant except pesticide use, household smoking, and emphysema (in all 

cases, p-value > was 0.20). Therefore, we considered all variables except pesticide use, household 

smoking, and emphysema for the multivariate model. 

Table 4.4 demonstrates the findings of the marginal logistic regression models based on 

GEE analysis. Most of the variables become non-significant after adjusting for all other variables 

in the multivariate model.  

Table 4.4: Multivariable Logistic Regression Analysis of the Dependency of the 

Prevalence of Diabetes on Contextual Factors, Individual Factors, and Covariates 

 
�̂� (SE(�̂�)) ORadj (95% CI) 

Residence type    

Non-farm - 1.00 (ref) 

Farm -0.39 (0.12) 0.68 (0.52-0.86) 

Age of the participants    

18-45 years  1.00 (ref) 

46-55 years 0.32 (0.20) 1.37 (0.93-2.01) 

56-65 years 0.54 (0.21) 1.71 (1.13-2.60) 

>65 years 0.78 (0.23) 2.17 (1.38-3.43) 

Sex    
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Female  1.00 (ref) 

Male 0.43 (0.14) 1.54 (1.18-2.02) 

Income adequacy    

>=$60,000  1.00 (ref) 

$40,000 to $59,999 0.15 (0.12) 1.16 (0.92-1.47) 

$20,000 to $39,999 0.13 (0.14) 1.14 (0.87-1.50) 

<$20,000 0.41 (0.21) 1.51 (1.01-2.27) 

Exposure    

Insecticide     

No  1.00 (ref) 

Yes -0.07 (0.16) 0.93 (0.69-1.27) 

Family History    

Dad diabetic    

No  1.00 (ref) 

Yes 0.79 (0.13) 2.21 (1.72-2.83) 

Mom diabetic    

Yes  1.00 (ref) 

No 0.85 (0.13) 2.34 (1.82-3.01) 

Siblings diabetic    

Yes  1.00 (ref) 

No 0.90 (0.12) 2.46 (1.94-3.12) 

Behavioural Risk & Protective Factor    

BMI    

Normal (BMI<25)  1.00 (ref) 

Overweight (BMI 25-30) 0.15 (0.16) 1.16(0.85-1.58) 

Obese (BMI >30) 0.64 (0.16) 1.89 (1.38-2.59) 

Smoking    

Current smoker  1.00 (ref) 

Ex-smoker 0.17 (0.12) 1.18 (0.93-1.51) 

Never Smoker 0.26 (0.19) 1.30 (0.90-1.88) 

Alcohol consumption/ 12 month    

Never    1.00 (ref) 

Less than once a month -0.06 (0.15) 0.94 (0.70-1.28) 

Once a month 0.05 (0.19) 1.05 (0.72-1.52) 
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2 to 3 times a month -0.45 (0.17) 0.64 (0.46-0.89) 

Once a week -0.59 (0.20) 0.56 (0.37-0.83) 

2 to 3 times a week -0.73 (0.20) 0.48 (0.32-0.72) 

4 to 6 times a week -0.66 (0.23) 0.51(0.33-0.81) 

Every day -0.56 (0.26) 0.57 (0.34-0.96) 

Comorbidity    

Cardiovascular    

Heart attack    

No  1.00 (ref) 

Yes 0.56 (0.22) 1.75 (1.15-2.69) 

High blood pressure    

No  1.00 (ref) 

Yes 0.95 (0.12) 2.57 (2.05-3.23) 

General health    

Excellent  1.00 (ref) 

Very good 1.03 (0.40) 2.81 (1.29-6.14) 

Good 1.77 (0.40) 5.91 (2.70-12.93) 

Fair 2.27 (0.41) 9.68 (4.33-21.65) 

Poor 2.28 (0.47) 9.74 (3.09-24.31) 

     

Interaction 
 

  

Sex X Smoking 
 

  

Male # Ex-smoker 0.63 (0.22) 1.89 (1.22-2.90) 

Male # Current smoker 0.40 (0.33) 1.48(0.78-2.84) 

Sex X Insecticide 
 

  

Male # Insecticide user  0.43 (0.21) 1.53 (1.02-2.29)  

** Significant at the P-value <0.05 (marked as bold) 

 

However, the variables that remained statistically significant in the multivariate model 

(Table 4.4) were: older age (56-65 year, Odds ratio (OR) 1.71, 95% confidence interval (CI) [1.13-

2.60], >65 year, OR 2.17, 95% CI [1.38-3.43]), lower-income <$20,000 (OR 1.51, 95% CI [1.01-

2.27], family history of diabetes (dad diabetic, OR 2.21, 95% CI [1.72-2.83], mom diabetic, OR 

2.34, 95% CI [1.82-3.01], siblings diabetic, OR 2.46, 95% CI [1.94-3.12]), obesity, (OR 1.89, 95% 

CI [1.38-2.59]), and comorbidities, such as high blood pressure, (OR 2.57, 95% CI [2.05-3.23]), 
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and heart attack (OR 1.75, 95% CI [1.15-2.69]). Farm residence (OR 0.68, 95% CI [0.52-0.86]) 

and alcohol consumption were associated with decreased odds of diabetes.  

Possible interactions we tried was between sex and insecticide use; sex and income; sex 

and age group; sex and BMI group; sex and smoking status; sex and farm location; smoking and 

BMI; smoking and age group; smoking and farm location; age and income; age and insecticide 

user, age and farm location, farm location and BMI; income and BMI; farm location and 

insecticide use. 

A significant interaction was observed between the sex of the rural participant and smoking 

(p-value < 0.05). We observed another significant interaction between the sex of the rural 

participant and insecticide use for diabetes prevalence (p-value < 0.05).  

Figure 4.3 showed the interaction between the sex of the rural residents and insecticide use in 

both additive scale and multiplicative scale. In both scales, logit lines were not parallel; p-value was 

<0.05 and no overlapping between male and female insecticide users, which indicates a significant 

interaction between sex of the rural residents and insecticide use. Male insecticide users had a higher 

probability of developing diabetes compared to non-insecticide users.  

Figure 4.3: Interaction between the sex of the rural residents and insecticide use 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.4 showed the interaction between the sex of the rural residents and smoking status in 

both additive scale and multiplicative scale. In both scales, logit lines were not parallel; p-value was 

<0.05 and no overlapping between male and female ex-smokers, which indicates a significant 

interaction between sex of the rural residents and smoking status. Male ex-smokers had a higher 

probability of developing diabetes compared to non-smokers.  
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Figure 4.4: Interaction between the sex of the rural residents and smoking status 

 

 

 

 

 

 

 

 

  

 

4.6.2 Incidence of diabetes 

The cumulative incidence of diabetes among rural residents of Saskatchewan was 2.69% 

from 2010 to 2014 (119 new cases). Results of unadjusted and adjusted hazard ratios based on 

Cox's proportional hazards model are shown in Table 4.5. After conducting univariate analysis, 

we found that the significant variables associated with diabetes incidence were more than two 

people living in the house, an increase in age, the male sex, and low income. Among agricultural-

related exposures, the factors found to significantly affect the incidence of diabetes were the use 

of insecticides, pesticides, fungicides, and herbicides. Other statistically significant variables were 

a family history of having diabetes and being overweight or obese. Additionally, comorbid 

conditions such as cardiovascular conditions (heart disease, heart attack, high blood pressure), 

respiratory conditions (chronic bronchitis, emphysema, asthma, COPD), and other conditions 

(cancer, sleep apnea) were significant in univariate analysis. Furthermore, Epworth Sleepiness 

Score, snoring, and general health status showed a positive association with diabetes incidence 

among the rural residents of Saskatchewan.  

Table 4.5 Cox regression analysis of diabetes during four years of follow-up according to 

a set of baseline characteristics (N=4330) 

 

 
Crude HR  

(95% CI) 

Adjusted HR  

(95% CI) 

Residence type   

Non-farm 1.00 (ref)  

Farm 0.93 (0.64-1.34)  

Quadrant   

South west 1.00 (ref) 1.00 (ref) 

South east 0.77 (0.45-1.33) 0.71 (0.32-1.55) 
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North east 0.74 (0.45-1.23) 0.43 (0.19-0.95) 

North west 0.67 (0.40-1.13) 0.36 (0.15-0.83) 

People living at home   

<= 2 people 1.00 (ref)  

> 2 people 1.88 (1.16-3.07)  

Age of the participants   

18-45 years 1.00 (ref) 1.00 (ref) 

46-55 years 3.73 (1.55-8.98) 2.48 (0.80-7.64) 

>= 56 years 5.55 (2.41-12.79) 2.45 (0.79-7.65) 

Sex   

Female 1.00 (ref) 1.00 (ref) 

Male 1.76 (1.22-2.54) 1.59 (0.73-3.50) 

Marital Status   

Married/Common law/living together 1.00 (ref)  

Widowed/Divorced/separated/Single, 

never married 
1.18 (0.73-1.92)  

Education level   

Less than high school 1.00 (ref) 1.00 (ref) 

Completed high school 0.59 (0.38-0.91) 0.48 (0.24-0.98) 

Completed university 0.53 (0.28-1.00) 0.85 (0.36-2.03) 

Completed post-secondary education 

other than above 
0.38 (0.23-0.64) 0.60 (0.27-1.33) 

Income adequacy   

>=$60,000 1.00 (ref)  

$40,000 to $59,999 1.28 (0.78-2.12)  

$20,000 to $39,999 1.55 (0.94-2.54)  

<$20,000 1.84 (0.93-3.66)  

Exposure   

Insecticide    

No 1.00 (ref)  

Yes 1.4 (0.98-2.02)  
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Pesticide   

No  1.00 (ref)  

Yes 1.38 (0.92-2.06)  

Fungicide   

No 1.00 (ref)  

Yes 1.59 (1.18-2.29)  

Herbicide   

No 1.00 (ref)  

Yes 1.48 (1.03-2.14)  

Livestock   

No 1.00 (ref)  

Yes 1.11 (0.78-1.59)  

Household smoke   

Yes 1.00 (ref)  

No 1.32 (0.81-2.15)  

Family History   

Dad diabetic   

No 1.00 (ref) 1.00 (ref) 

Yes 1.67 (1.04-2.68) 2.16 (1.09-4.27) 

Mom diabetic   

No 1.00 (ref)  

Yes 1.73 (1.08-2.76)  

Siblings diabetic   

No 1.00 (ref) 1.00 (ref) 

Yes 2.88 (1.88-4.42) 1.97 (1.04-3.75) 

Behavioural Risk & Protective Factor   

BMI   

Normal (BMI<25) 1.00 (ref) 1.00 (ref) 

Overweight (BMI 25-30) 3.66 (1.72-7.77) 3.32 (0.94-11.70) 

Obese (BMI >30) 7.28 (3.48-15.25) 7.06 (2.02-24.65) 

Exercise duration   
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None 1.00 (ref)  

Less than 15 min 1.31 (0.72-2.37)  

15-30 min 0.60 (0.39-0.94)  

31-60 min 0.21 (0.09-0.49)  

More than 60 min 0.37 (0.11-1.14)  

Smoking   

Never Smoker 1.00 (ref)  

Ever smoker 1.18 (0.82-1.69)  

Alcohol consumption/ 12 month   

Never   1.00 (ref)  

Less than once a month 1.41 (0.80-2.47)  

Once a month 0.89 (0.40-1.97)  

2 to 3 times a month 1.34 (0.74-2.42)  

Once a week 0.48 (0.19-1.20)  

2 to 3 times a week 0.83 (0.41-1.69)  

4 to 6 times a week 0.50 (0.17-1.49)  

Every day 0.78 (0.28-2.23)  

Comorbidity   

Cardiovascular   

Heart disease   

No 1.00 (ref)  

Yes 3.22 (1.99-5.25)  

Heart attack   

No 1.00 (ref)  

Yes 3.42 (1.87-6.28)  

High blood pressure   

No 1.00 (ref)  

Yes 2.62 (1.82-3.78)  

Stroke   

No 1.00 (ref)  

Yes 1.90 (0.69-5.25)  
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Respiratory   

Chronic bronchitis   

No 1.00 (ref)  

Yes 2.15 (0.78-5.92)  

Emphysema   

No 1.00 (ref)  

Yes 4.10 (1.47-11.42)  

Asthma   

No 1.00 (ref)  

Yes 2.02 (1.22-3.36)  

COPD   

No 1.00 (ref)  

Yes 3.39 (1.56-7.36)  

Cancer   

No 1.00 (ref)  

Yes 1.67 (0.97-2.86)  

Sleep apnea   

No 1.00 (ref) 1.00 (ref) 

Yes 2.84 (1.68-4.79) 2.24 (1.04-4.84) 

Other   

Snore   

No 1.00 (ref)  

Yes 2.17 (1.29-3.64)  

Epworth Sleepiness Score   

Normal  1.00 (ref) 1.00 (ref) 

Abnormal 2.24 (1.46-3.42) 1.91 (1.03-3.53) 

General health   

Excellent 1.00 (ref)  

Very good 1.74 (0.61-4.97)  

Good 3.37 (1.22-9.34)  

Fair 7.67 (2.69-21.90)  
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Poor 6.33 (1.57-25.50)  

Interaction   

Sex X Age   

Male#46-55 years  10.03 (0.92-104.44) 

Male#>=56 years  8.21 (0.83-81.52) 

**Crude HR:  Significant at the P-value <0.20 (marked as bold) 

**Adjusted HR:  Significant at the P-value <0.05 (marked as bold) 

 

Table 4.5 also represented that, non-significant variables such as residence type, marital 

status, smoking, household smoking, and stroke were not considered for the multivariable model 

as their p-value was >0.20. After adjusting for all other variables, the factors that remained 

significant for diabetes incidence among rural residents were: a positive family history (diabetic 

father HR 2.16, 95% CI [1.09-4.27], and sibling’s diabetic HR 1.97, 95% CI [1.04-3.75]), obesity 

(HR 7.06, 95% CI [2.02-24.65]), and a diagnosis of sleep apnea (HR 2.24, 95% CI [1.04-4.84)]). 

All agriculture related exposure became non-significant after conducting a multivariable analysis. 

However, higher education (HR 0.48, 95% CI [0.24-0.98]) remained a protective factor for 

diabetes incidence. Furthermore, a significant interaction was present between the sex and age of 

the residents (p-values <0.05) for diabetes incidence. Male more than forty-five years old were at 

high risk of developing diabetes.  

4.7 Discussion 

4.7.1 Prevalence 

This longitudinal epidemiological study determined the risk factors associated with the 

incidence and prevalence of diabetes among adult self-declared Caucasian rural residents of 

Saskatchewan from 2010 to 2014. The majority of the participants who reported doctor-diagnosed 

diabetes were: North East quadrant residents, male, older than 55 years, in the low-income 

category, and with education less than high school. There was a 1.98% increase in the prevalence 

of diabetes from baseline to follow-up. Non-farm residents had a higher prevalence of diabetes 

compared to farm. Significant risk factors for diabetes prevalence were an increase in age, male 

sex, low income, positive family history, and high BMI. Additionally, co-morbidities such as blood 

pressure and heart attack were also associated with high diabetes prevalence among rural residents. 

Furthermore, we found that factors significantly associated with the incidence of diabetes were 

positive family history, high BMI, abnormal Epworth Sleepiness Score and sleep apnea. However, 
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all agricultural-related exposures failed to show any significant association with the incidence of 

diabetes among rural residents. 

The prevalence of diabetes increased in all quadrants at follow-up, and it is evident that 

after four years of follow-up, the southwest region had the highest increase (3.80%) in diabetes 

prevalence. Males had a higher prevalence of diabetes than females among rural residents, which 

was aligned with other study findings (14,17). Our results also aligned with the national (15) and 

global (21) male to female ratio of diabetes prevalence. However, according to a recent 

publication, women with diabetes are at a higher risk of developing cardiovascular complications 

than men (39). 

This study demonstrates that non-farm residents had a higher prevalence of diabetes when 

compared to farm residents. Non-farm residents experienced a substantial rise in diabetes 

prevalence (10.94% at baseline to 13.33% at follow-up) after four years of follow-up, which is 

remarkably higher than the overall provincial prevalence (9%) of diabetes (13). Previous studies 

hypothesized multiple reasons behind the higher prevalence of diabetes among non-farm residents 

of a rural agricultural zone (40). One reason could be an influx of farm residents into small towns, 

either due to retirement or pre-existing health conditions such as diabetes (17). Authors also 

believed that, even with advanced automation in agricultural procedures, farmers still have to work 

outside and are more active than non-farmers (17).  

According to the Diabetes Canada Clinical Practice Guidelines (2018), moderate to 

elevated physical activity can significantly reduce blood glucose levels, decrease blood cholesterol 

levels, and diminish insulin resistance in people with diabetes (41). This is consistent with our 

study findings. Our study showed that moderate to elevated exercise is a protective factor and 

might reduce the prevalence of diabetes among rural residents of Saskatchewan. A recent study 

from the European Society of Cardiology claims that physical activity can significantly reduce 

diabetes-related mortality and morbidity, irrespective of having cardiovascular disease (CVD) 

(42).  

Higher population density (>2 people) acted as a protective factor (OR 0.42, 95%b CI 

[0.36-0.49]) on the prevalence of diabetes. This finding concurred with other recent studies, and it 

might be because diabetes is highly prevalent in households with food insecurity (43), where nearly 

half of those food insecure households were comprised of primarily unattached individuals (44) 

and single persons living alone (45). These papers also reinforce our study findings that marital 
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status (single/divorced/separated/widowed) and poor socio-economic status (lack of post-

secondary education/low income) increase the risk of developing diabetes. 

Known diabetes risk factors such as respondent's age, sex, income, positive family history 

remained significant after adjusting for all variables. Behavioural risk factors such as high BMI, 

physical inactivity, high screen time, and smoking were significant in the univariate model but 

became non-significant after multivariate analysis. However, smoking showed a significant 

interaction with the sex of the respondents. Male ex-smokers were at a higher risk of developing 

diabetes. A possible explanation could be that ex-smokers endure adverse metabolic changes such 

as weight gain and systemic inflammation, whereas current smokers do not, which may lead to an 

increase in the risk of diabetes (46). This risk may peak as far as five to seven years after the 

respondent quits smoking (47).  Another behavioural risk factor was alcohol consumption 

(irrespective of dosages) acted as a protective factor for diabetes prevalence. It can significantly 

reduce diabetes risk, and the findings are supported by previous studies (48,49). The probable 

cause might be due to alcohol can reduce blood sugar levels (50) and HbA1c (49).  

As demonstrated in other publications, our univariate analysis showed that the use of 

insecticide, pesticide, and fungicide in agricultural fields was significantly associated with 

increased diabetes prevalence. Recent evidence-based studies illustrate that exposure to these 

chemical substances can increase the risk of diabetes by causing a reduction in insulin production 

(51), impaired glucose tolerance (51), insulin resistance (28), and circadian disruption (28). 

Surprisingly, in multivariate analysis, after adjusting for other variables, all agricultural chemical 

exposures became non-significant. However, we observed a significant interaction between 

insecticide use in agricultural fields and the sex of the participants; male insecticide users were at 

a high risk of developing diabetes. It might be due to the habitual high risk-taking tendency of men 

(52) or that men are more likely to be in direct contact with those agricultural chemical substances 

(17). Our findings also indicate that despite modernization in the agricultural sector, rural farming 

residents of Saskatchewan are still at high risk of developing diabetes. 

Declines in a participant's perception of general health status also acted as a significant 

predictor and exponentially increased diabetes risk. As expected, cardiovascular co-morbidities 

such as heart attack and high blood pressure remained the most significant predictors of diabetes 

prevalence after multivariate analysis. 
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4.7.2 Incidence 

Our study is the first of its kind to measure the cumulative incidence (2.69%) of diabetes 

among rural residents of Saskatchewan. Based on self-report, 119 new diabetes cases were 

identified among 4330 rural residents after four years of follow-up. Information regarding the 

incidence of diabetes in rural Canada population is scarce. However, the Canadian Chronic Disease 

Surveillance System (CCDSS) states that the age-standardized incidence of diabetes remains 

nearly stable from 2000 to 2017 (53). A cohort study was conducted over the course of 7.5 years 

in Spain and found that the nationwide cumulative incidence was 6.4% (54), which is more than 

two-fold higher than our findings. Another 8-year cohort study conducted in Norway states that 

the cumulative incidence of that community was 6.1% (55). The incidence rate difference in 

different parts of the world might be due to different demographics, urban/rural disparities, 

duration of the study, and study design. 

 We observed that being obese increased the incidence of diabetes among rural residents. 

Obese participants are twice as likely to develop diabetes when contrasted with overweight 

respondents. Univariate analysis found that positive family history also acted as a significant 

predictor for diabetes incidence. However, in the multivariate model, the diabetic mother variable 

became non-significant.  

Common risk factors such as an increase in age, the male sex, and low-income became 

non-significant after adjusting for all variables. However, a significant interaction was observed 

between age and sex; males over the age of forty-five were at a higher risk of developing diabetes 

than females. Occupational chemical exposures also became non-significant in the multivariate 

model, which is likely due to fewer study participants in each occupational chemical exposure 

group. 

Only higher education remains a protective factor after multivariate analysis, as higher 

education can significantly reduce the incidence of diabetes. A recent study conducted among rural 

residents of China illustrates that lower health literacy levels are inversely associated with 

glycemic control and can aggravate diabetes risk (57). Health literacy promotes healthy food eating 

practices and helps reduce behavioural risk factors.      

Sleep apnea and its related symptom (Epworth Sleepiness Score) were significantly 

associated with the high incidence of diabetes, and results were consistent with previous research 

(58). Insulin resistance and glucose intolerance are known mechanisms for developing diabetes 
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among sleep apnea patients (58). Obesity is a shared common risk factor between Diabetes and 

sleep apnea, which may be a key moderator/mediator for the effect of sleep apnea on developing 

diabetes.  

4.8 Strength of the study 

This longitudinal study was the first of its kind to estimate the cumulative incidence and 

associated risk factors among rural diabetic residents of Saskatchewan. The longitudinal nature of 

this study allows a better understanding of the causality of higher diabetes prevalence and 

incidence among the rural residents of Saskatchewan. It also provides valuable information on 

changes over time regarding diabetes. By analyzing a large number of farm/non-farm residents 

stratified by a widespread geographical location, we are better able to understand the role of a wide 

range of diabetes predictors in the province. 

4.9 Limitation of the study 

It is plausible that our research may have some limitations. We could not distinguish 

between type 1, type 2 and gestational diabetes due to limitations in the dataset. We failed to 

identify risk factors associated with different types of diabetes. However, type 2 diabetes mellitus 

is the most common form of diabetes and predominantly affects adult populations (3).  

The information regarding occupational exposures (insecticide, fungicide, herbicide) such 

as intensity, chemical composition, method of applying it in the field, and use of protective gear 

was missing. Occupational exposures were self-reported, and no objective measurements were 

available for those exposures. The availability of objective measurements might help prove a 

strong linkage between specific occupational exposures and diabetes. We prove a strong 

longitudinal univariate association between insecticide use and diabetes. Furthermore, a significant 

interaction between male sex and insecticide use validates the biological plausibility of diabetes 

prevalence among insecticide users. 

When determining the risk factors and complications of diabetes, it is essential to measure 

the ethnicity/race of participants (59). Our study fails to demonstrate the ethnic/racial distribution 

of diabetes, as the majority of the participants were Caucasian or of European heritage. The 

findings of our study might not be generalizable for the entire Saskatchewan rural population as 

there is an age distribution discrepancy between our study participants and Saskatchewan's overall 

general population. Necessary caution should be exercised when generalizing our study findings 
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against the total rural population of Saskatchewan. Details about generalizability limitations were 

described elsewhere (31,32). 

About 3520 participants did not participate in the follow-up survey. A comparison analysis 

was conducted to observe the difference between respondents who participated in both surveys 

and dropouts who participated only in the baseline. Dropouts tended to be town dwellers, residents 

of low socio-economic status, or respondents having had higher reported cases of respiratory 

disease. However, no statistically significant difference was observed regarding lung function tests 

between respondents and dropouts. Additionally, there was a lack of sufficient information on 

dietary patterns, prescribed diabetic medication, and diabetes-related mortality/morbidity might be 

the limitation of the present study. Lastly, there may be a possible chance of bias as our outcome 

of interest was self-reporting diabetes. 

4.10 Future direction 

More intensive studies are required to prove a causal link between the onset of diabetes 

and agricultural occupational exposures, such as insecticide, fungicide, and pesticide use. A 

comprehensive questionnaire tailored to diabetes occurrence and risk factors specific to rural 

residence would help identify additional findings. Also, we would be able to pinpoint clinically 

diagnosed diabetic cases and reduce biases by engaging trained personnel and using hospital 

registries to monitor HbA1c and blood sugar levels. Data regarding new diabetes cases should be 

collected every year. Recording the responsible factors and the exact date of diabetes occurrence 

will allow us to calculate a distinct incidence rate as suggested by the Geneva Foundation for 

Medical Education and Research for long cohort studies (60). A mediation analysis may also be 

conducted to evaluate the effect of sleep apnea on diabetes or vice versa, as obesity was a common 

risk factor.  

4.11 Conclusion 

A mix of individual and contextual factors was responsible for the high incidence and 

prevalence rate of diabetes among the rural residents of Saskatchewan, which demands urgent long 

term and population-based community health initiatives. We observed a steep rise in diabetes 

prevalence among Saskatchewan rural residents from baseline (2010) to follow-up (2014). 

Additionally, we found that the obese non-farm male residents were at the highest risk of 

developing diabetes when compared to the farm residents in rural Saskatchewan. Along with 

known modifiable risk factors (income, education, BMI level, smoking, heart attack and high 
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blood pressure) and non-modifiable risk factors (age, sex, positive family history), agricultural 

chemical-related exposures were also responsible for the high prevalence of diabetes among rural 

residents. Significant predictors responsible for the high incidence of diabetes among rural 

residents of Saskatchewan after four years of follow-up study were high BMI and positive family 

history. A unique finding of our study was that sleep apnea significantly increases the risk of 

developing new cases of diabetes among rural residents. Conversely, we found that sleep apnea 

was non-significant for high diabetes prevalence among the same population group. The common 

significant variable between incidence and prevalence of diabetes was obesity. Obesity is a 

mutually shared risk factor between sleep apnea and diabetes, and a mediation analysis could be 

conducted in the future to evaluate the impact of sleep apnea on diabetes or vice versa. We strongly 

recommend that information regarding healthy food choices and lifestyle practices, as well as 

suggestions for personal safety measurements regarding the long-term effects of agricultural 

chemical exposures should be made readily available to everyone to increase awareness and reduce 

diabetes occurrence and its complications in Canada. 
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5.2 Abstract 

Purpose: Diabetes is an epidemic among Canadian First Nations populations who were 

considered a high-risk population group for developing diabetes and related complications. The 

purpose of this study was to assess the risk factors associated with the longitudinal changes in the 

prevalence of diabetes among First nations Populations in Saskatchewan, Canada. 

Methods: First Nations Lung Health Project (FNLHP) was a prospective cohort study and was 

conducted from 2012 (baseline 874 participants) to 2016 (follow-up 839 participants). The 

marginal logistic regression model based on generalized estimating equations (GEE) was used to 

conduct the analysis. 

Results: Prevalence of diabetes was increased after four years of follow-up among on-reserve First 

Nations populations (13.33% baseline and 14.57% follow-up). Females had a significantly higher 

prevalence (16.39% at baseline and 18.81%) at follow-up of diabetes when compared to males 

(10.26% at baseline and 10.00% at follow-up). The majority of the diabetic populations were more 

than 40 years old, widowed, divorced or separated, unemployed, from the less crowded household 

(< four people lived in the same household), residential school students, spoke Cree, and 

moderately exposed to discrimination. Significant risk factors for diabetes prevalence were 

increasing age (30-39 years, OR 2.25, 95% CI [1.21-4.17], 40-49 years, OR 4.00, 95% CI [2.12-

7.56] and 50 years or more, OR 6.02, 95% CI [3.10-11.70]), employment status (unemployed) (OR 

1.47, 95% CI [1.02-2.13]), overweight (OR 2.08, 95% CI [1.56-3.74]), and obesity, (OR 3.35, 95% 

CI [1.82-6.14]). Surprisingly, severe discrimination (OR 0.30, 95% CI [0.13-0.69]) was a 

protective factor for diabetes prevalence. 

Conclusion: This study suggests that controlling known modifiable diabetes risk factors are 

necessary to reduce the burden of high diabetes prevalence among First Nations populations. 

Severe discrimination acted as a protective factor for diabetes prevalence, and the underlying 

mechanism is unclear. However, a more in-depth research is required to understand better the roles 

of residential school, cultural disruption and discrimination on higher diabetes prevalence among 

First Nations populations.  

Keywords: First Nations Populations, discriminations, Social determinants, Prevalence, Diabetes, 

Residential school, Cultural disruption 
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5.3 Introduction 

Diabetes is a global pandemic (1) affecting 463 million people worldwide (2019) (2) and 

creates a significant health hazard, which demands urgent community health attention. It is not 

only affecting the health (3) and life expectancy (5) of an individual but is also negatively 

impacting the country's economic growth (4), and healthcare expenditure (2). Following 

worldwide trends, Canada is also experiencing an overwhelming increase in diabetes prevalence. 

It is alarming that the mortality rate among Canadian diabetic patients is two times higher 

compared to Canadians without diabetes (6). Diabetes is highly prevalent among the Indigenous 

Canadian population (6), and they are experiencing a significantly higher health hazard than the 

non-indigenous Canadian population (7). 

The prevalence of diabetes is a highly concerning factor for the Canadian Indigenous 

community (primarily First Nations population) (8), as they are considered a high-risk group for 

developing diabetes and related complications (7–9). The on-reserve diabetes prevalence rate 

among Canadian First Nations populations was 17.2% compared to off-reserve First Nations 

populations, which was 10.3% (10). The Canadian Indigenous Nurses Association stated that 

causes of diabetes among Canadian Indigenous peoples were complex and induced by 

multifactorial interactions of variables such as geography, socio-economic status, infrastructures, 

jurisdictional issues and language and cultural barriers (11).  

Substantial gender disparities are seen among First Nations; more females are affected by 

diabetes than males (12), which might be because obesity rates are higher among First Nations 

females (13). The higher prevalence of diabetes among Canadian First Nations populations was 

primarily influenced by environmental (12), socio-demographic (15,16) and behavioural risk 

factors (15,17,18). A complex interaction of various social determinants of health, rooted in 

cultural disruption and colonial processes cause a disproportionate burden of diabetes among the 

Indigenous population of Canada (9). According to Statistics Canada, 16.3% (175,015) of the total 

population of Saskatchewan is Indigenous (2016 Census) (19), and 65.5% of those Indigenous 

communities are First Nations (19). Among 114,570 self-identified First Nations populations, 

47.5% of these people reside on reserves (20).  

Current knowledge about risk factors of diabetes prevalence among the First Nations 

population in Saskatchewan is primarily based on cross-sectional studies. Risk factors associated 

with the known longitudinal changes in the prevalence of diabetes among First Nations 
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Populations of Saskatchewan based on longitudinal data are limited. Hence, the purpose of this 

study was to use the First Nations Lung Health Project (FNLHP) data to conduct an extensive 

analysis to assess the predictors associated with the longitudinal changes in the prevalence of self-

reported doctor-diagnosed diabetes among on-reserve First Nations populations of Saskatchewan, 

Canada. Apart from the impact of known risk factors, we also examined the impact of residential 

school attendance, participating in traditional cultural activities, knowledge about Indigenous 

language and experience of discrimination on diabetes in two First Nations communities in 

Saskatchewan, while controlling for multiple socio-demographic determinants, co-morbidity and 

behavioural risk factors. 

5.4 Background 

Non-communicable diseases (NCDs) are highly preventable, but unfortunately they are the 

leading cause of death globally, accounting for 71% of all global deaths (21). Diabetes is one of 

the major NCDs, and nearly 1.6 million premature deaths can be avoided every year by preventing 

and controlling diabetes (21). Diabetes is a multifactorial metabolic condition associated with 

chronic hyperglycemia (22), which occurs due to an absolute or relative deficiency of insulin level 

in the human body (23).  

Diabetes is a multifactorial metabolic chronic disorder, and many individual and contextual factors 

interact in a complex pathway for diabetes development. Broadly, diabetes risk factors can be 

classified as non-modifiable risk factors (e.g. genetics, environmental, age, ethnicity, and culture) 

and modifiable risk factors (e.g. unhealthy diet, physical inactivity, obesity, sleep apnea, and 

smoking) (24,25).  

According to IDF, approximately half a billion people currently have diabetes worldwide, 

and more than four million adults (twenty to seventy-nine years old) died in 2019 due to the direct 

or indirect impacts of diabetes (2,26). The global economic impacts of diabetes are devastating 

and will increase from $1.3 trillion in 2015 to $2.1 trillion by 2030 (27). The global prevalence of 

T2DM is high and increasing due to an ageing population, rapid urbanization, economic growth, 

obesity, poor nutrition and unhealthy sedentary lifestyle (26). The challenge now is for countries 

to be as prepared as possible to combat this global tragedy. 

In 2019, approximately eleven million Canadians were diagnosed with diabetes and 

prediabetes (28). It is alarming that Canada is expected to experience a thirty percent rise in 

diabetes prevalence from 2020 to 2030, when the whole nation is already burdened with 3,772,000 
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diagnosed diabetes cases (both T1DM and T2DM) (6). According to Diabetes Canada, twenty-

nine percent of the Canadian population is suffering from T1DM, T2DM, undiagnosed T2DM or 

prediabetes (6). Furthermore, Canadian males (8.4%) are at higher risk of developing diabetes 

compared to females (6.3%) (29). 

Preventing diabetes is challenging for Canada, as the nation is burdened with high rates of 

modifiable risk factors (30).  The impacts of diabetes go beyond the disease itself. Nearly 36.5% 

of Canadians with diabetes suffer from at least two other chronic diseases coexisting with diabetes 

(31). A recent study shows that the risk of blindness is 25 times higher among Canadian diabetic 

patients, compared to their non-diabetic Canadian counterparts (32). Diabetes is also responsible 

for non-traumatic amputation, and limb amputation rate is 20 times higher among diabetic 

Canadian adults compared to Canadians without diabetes (32). The majority of the time (85%) 

non-traumatic leg amputation is preceded by foot ulcers, which can be prevented by routine 

screening and using protective foot wares (33). On average, healthcare expenditure is two times 

higher in people with diabetes in Canada compared to non-diabetic people (2). The alarming fact 

is that by 2022, 2.16 million new diabetes cases are expected, corresponding to $15.36 billion in 

health care costs related to diabetes (34). Accessibility, affordability, support and supplies of 

diabetic medications and devices still present a significant challenge for Canadians living with 

diabetes (35).  

According to Diabetes Canada, among all the provinces of Canada, Saskatchewan is facing 

an enormous challenge regarding meeting the healthcare needs of people with diabetes. The 

estimated number of people living with diabetes and pre-diabetes in Saskatchewan is 314,000 (28). 

Compared to other provinces, Saskatchewan is burdened with a high obesity rate, which is one of 

the significant risk factors for developing diabetes (36).  

The Canadian Indigenous Nurses Association stated that causes of T2DM among Canadian 

Indigenous peoples are complex and induced by multifactorial interactions of different variables 

such as geography, socio-economic status, infrastructures, jurisdictional issues and language and 

cultural barriers (11). According to Statistics Canada, 16.3% (175,015) of the total population of 

Saskatchewan is Indigenous, and a majority of them are First Nations (65.5%) (11). Among 

114,570 self-identified First Nations populations, 47.5% of these people reside on reserves (20). 

Substantial gender disparities are seen among First Nations, and more females are affected by 

diabetes than men (20). The prevalence of diabetes is higher in First Nations adults compared to 
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the general population (12). Mortality rates are two times higher in First Nations people with 

diabetes than those without diabetes (12).  

There is always a disproportionate burden between Indigenous people and their non-

Indigenous counterparts when it comes to their health. Authors in a recently published article 

classified barriers to getting proper healthcare for Indigenous people into contextual barriers ( 

history of oppression, racism, lack of understanding Indigenous culture, unfavourable hospital 

environment, lack of Indigenous staff in the hospital) and communication barriers (language 

barriers, inadequate information, lack of privacy, lack of trust, lack of proper communication, and 

personal relationship) (37).  

There was a high rate of committing suicide, binge drinking, and drug abuse among direct 

and indirect residential school participants (38). It is a vicious cycle, due to the impact of residential 

schools, Indigenous people often experience unhealthy lifestyles, and have less access to resources 

essential for ensuring good health and well-being. Discrimination is also associated with risky 

behaviours, including physical inactivity(39), binge/negative alcohol consumption, excessive 

smoking, and unhealthy eating patterns (39). Now, discrimination is not only associated with 

physical health but also negatively impacts an individual's mental health by causing depression, 

stress, anxiety symptoms, and psychological distress (40). Recent studies claim that Indigenous 

people experience racism at individual, interpersonal, and systemic levels impacting their mental 

health and physical well-being (42). Information regarding the impacts of observing traditional 

culture, attending a residential school and self-perceived discrimination on diabetes prevalence 

among the Indigenous population of Canada is limited. 

5.5 Methods 

5.5.1 Study design 

This was a longitudinal study aimed to identify the prevalence and associated risk factors 

of diabetes among First Nations populations residing in two First Nation communities (community 

A and community B) of Saskatchewan. This manuscript was based on the secondary analysis of 

the Saskatchewan First Nations Lung Health Project (FNLHP), which was a prospective cohort 

study conducted from 2012–2016. The FNLHP was a community based participatory research 

approach with two phases, baseline and longitudinal. Baseline assessments were conducted in 

2012-2013 through interviewer-based questionnaires administered by trained community research 

assistants. The communities identified key actions to “address” (community-based interventions) 
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and “redress” (policy level) issues based on findings from baseline assessments. As a process of 

"re-assess," follow-up data were gathered in 2016 through interviewer-administered 

questionnaires. The details of the study design were given elsewhere (43). This secondary analysis 

study was approved by the University of Saskatchewan Biomedical ethics review Bio 1793. 

5.5.2 Study populations 

Research assistants used door-to-door canvassing methods to invite on-reserve First 

Nations community participants. All the eligible participants visited a convenient health centre in 

the community to complete the interviewer-administered questionnaires. Data of FNLHP were 

collected from 406 households (874 individuals: 435 male and 439 female) at baseline and 353 

households (839 participants: 405 male and 434 female) at follow-up. 

5.5.3 Data collection technique 

               In the case of First Nations, baseline data were collected through interviewer-based 

questionnaires administered by trained community research assistants. Longitudinal data were 

collected after four years in 2016, through follow-up questionnaires and clinical measures. 

5.5.4 Theoretical Framework and Variables  

Health Canada’s "Population Health Framework (PHF)" was the conceptual guide of the 

FNLHP. A modified version of the PHF (see Figure 1) has been used for this study (43,44). Briefly, 

the determinants of health influenced at two levels; the first level includes individual factors, and 

the second level includes contextual factors.  
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Legend of Assessment Methods: 1. Survey questionnaire (farm and small-town cohorts); 2 

Clinical assessment (sub-sample of both cohorts); 3. Environmental assessments; 4. Health care 

utilization records. 

 

 

 

 

Figure 5.1. Theoretical Framework for this Study. 

 

 
         

            FNLHP simultaneously evaluated individual and contextual factors associated with the 

health of First Nations populations of Saskatchewan. Covariates included factors such as age, sex, 

marital status, family structure, health status and co-morbidities. 

Characteristics of the setting (context) such as socio-economic factors might have a 

moderating influence. In this study, we hypothesize that when the contextual risks were high (e.g. 

low socio-economic status), associations with individual risk factors became more pronounced.  

On the other hand, when there were low contextual settings (e.g. high socio-economic status), 

associations with individual risk factors and outcomes attenuated. We adjusted all analyses for 

known confounders.  

5.5.5 Variables 

5.5.5.1 Primary health outcome (outcome variable) 

The primary outcome of interest for this paper was a physician, or primary caregiver 

diagnosed anyone with diabetes, self-reported diabetes status, which was captured from the FNLHP 

baseline and follow-up survey questionnaires based on the question: "Has a doctor or primary 

caregiver ever said you have diabetes?"   

Prevalence: All the participants (seventeen years or older) from both baseline (874) and 

follow-up (839) participated in this study. The outcome variable in the dataset was labelled as "dia1" 

Individual Factors:1,2,3 

• Lifestyle/behavioural 

• Environmental 

Health Outcomes:1,2, 

• Diabetes 

Covariates:1,2 

• Demographic 

• Sleep Apnea 

• Health Status 

Contextual Factors:1,4 

• Socioeconomic 

• Socio-Cultural 

• Access to Health Services 
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for baseline (112 participants had diabetes), and "dia2" (118 participants) had diabetes) for follow-

up. For conducting GEE analysis, we had to reshape the data into a long format and labelled the 

outcome variable as "dia." 

5.5.5.2 Contextual factors, individual factors and covariate 

Contextual factors considered for this study were participant's locations of residence, 

duration of reserve stay, socio-economic status, and household environment. Additionally, other 

contextual factors were colonization attributable factors such as residential school experience, 

participating in traditional cultural events, perceived discrimination, and community strength. 

Individual factors were lifestyle or behaviour-related factors; and individual educational attainment. 

Participants' age, sex, marital status, general health, mental health, and co-morbidities were 

considered covariates.  

Contextual factors 

• Participant community: on-reserve First Nations communities in Saskatchewan 

(community A and community B) participated in this research. 

• Reserve stay: duration of reserve stay of study participants in the past twelve months. 

• Socio-economic status: assessed based on income adequacy (total household income before 

deductions from all sources last year and the employment status of the participants derived 

from the question "what is your current employment status." 

• Household environment: based on the population density (number of people live in the same 

household), smoking inside the house assessed based on whether or not any household 

dweller used cigarettes, cigars and/or pipes in the home. 

• Colonization attributable factors: 

a) Residential school experience: based on study participants, their parents/grandparents 

attendance of residential school 

b) Cultural event: based on how often respondents attended in community cultural 

events. 

c) Perceived discrimination: measurement of discrimination was done by summarizing 

the affirmative responses of eleven situations based on the question, "Have you ever 

experienced discrimination, been prevented from doing something, or been hassled 

or made to feel inferior in any of the following situations because of your race, 

ethnicity or colour?" The previously mentioned eleven situations were discrimination 
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at school, getting hired or getting a job, at work, getting housing, getting medical 

care, getting service in a store/ restaurant, getting credit, bank loans or a mortgage, 

on the street or in a public setting, from the police or in the courts, getting a cheque 

cashed, and getting medicine at pharmacies. Affirmative responses were then 

categorized as low (0-3), moderate (4-7) and high (8-11) to create perceived 

discrimination variables. The perceived discrimination scale was modified from the 

nine-item scale published by Krieger (45). We adopted a perceived discrimination 

scale from a recently published article (8), and the authors advised us to conduct 

further research to ensure the validity and reliability of the discrimination scale (First 

Nations populations Canadian context). 

d) Community strength: this variable was created based on nine main strength of the 

community such as awareness of First Nations culture, social connections 

(community working together), traditional ceremonial activities (e.g. sweat lodge), 

good leisure/recreation facilities, use of First Nations language, education and 

training opportunities, natural environment, a strong economy, and strong leadership. 

We created the community strength scale based on affirmative responses of those 

nine indicators and coded the community strength into low (less than or equal four 

affirmative responses) and high category (more than four affirmative responses). This 

scale was adapted from a recently published study (8).   

Individual factors 

• Lifestyle or behaviour-related factors: information of behavioural risk factors were based on 

study participant's smoking pattern, alcohol use pattern, body mass index and physical 

activity (based on practices of regular exercise and exercise duration). 

• Individual educational attainment: based on participants who finished high school education 

or more and less than high school. 

Covariates 

• Age of the respondents (we only include eighteen years or older respondents in our study). 

• Sex of the respondents 

• Marital status of the respondents: a wide range of marital status data were collected, such as 

single, widowed, divorced, separated, married, Common law, or living together. 
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• Co-morbidities: information regarding relevant co-morbidities related to diabetes, 

including heart problems, stroke, kidney problems, eyesight problem, depression, and 

sleep apnea, were collected based on doctor/nurse diagnosed history of the disease. 

• Variables related to sleep health: 

o Snoring during sleep  

o Epworth Sleepiness Score: to assess the daytime sleepiness of the participants, we 

used the Epworth Sleepiness Score scale. This scale helps to diagnose sleep apnea 

clinically. 

o Duration of sleep per day 

• Self-perceived general health: participant’s perception of physical health based on their past 

medical history. 

• Self-perceived mental health: participant’s perception of mental health based on their past 

medical history. 

5.5.6 Statistical Analysis 

Objective 1 

All the statistical analyses were conducted using Stata 15 software (46). We calculated the 

frequencies of all individual, contextual and covariates at both baseline and follow-up. We identified 

the crude prevalence of diabetes among First Nations populations in both baseline and follow-up 

separately. We used Chi-square tests to determine the association of diabetes prevalence and each 

predictor at baseline and follow-up separately. In this step, we identified if the change in prevalence 

from baseline to follow-up. 

Crude prevalence for diabetes (in terms of proportions) for First Nations populations was 

calculated by using the following formula: 

 

 

 

To identify the longitudinal patterns in the prevalence and associated risk factors of diabetes 

over four years of the follow-up period, we considered complete data at baseline and the follow-up 

and restructured them into a single long file format. A series of bivariate unadjusted logistic 

regression analyses were conducted to determine the association of diabetes prevalence with each 

Number of adults (First Nation’s populations) having diabetes 

in the given year 

Total population in that given area during the same time 

X   100 
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potential risk factor. Variables with a p-value <0.20 were considered candidates for the multivariable 

model. 

A multivariable logistic regression model based on the generalized estimation equations 

(GEE) was used to evaluate the effects of both contextual and individual factors after adjustment for 

covariates of interest. All predictors significant with a p-value < 0.05 and those of 

scientific/clinical/biologic importance were retained in the final multivariable model. We also 

include the variables with significant interaction. The clustering effects of more than one individual 

within a household were adjusted by  GEE (47). We used the logit link function and exchangeable 

correlation structure for GEE analysis (47). Associations between significant variables (both 

contextual and individual) and diabetes prevalence were presented by odds ratios (OR) and their 

95% confidence intervals (CI). To account for clustering due to repeated observation, we used the 

jackknife variance estimate to obtain 95% CI. To identify the parsimonious GEE model and the best 

working correlation structure, quasi-likelihood under the independence model criterion (QIC) (48) 

goodness of fit statistics were applied.  

5.6 Results 

5.6.1 Prevalence of diabetes 

Table 5.1 illustrates the population characteristics of the study participants seventeen years 

or older in both baseline and follow-up surveys. Among 1570 eligible participants, 874 people 

participated in the baseline (55.7% response rate) and 839 in the follow-up (53.4% response rate). 

The gender distribution was nearly equal in both baseline (male: 435 and female: 439) and follow-

up (male: 405 and female: 434) surveys. The crude prevalence of diabetes was 13.33% at the 

baseline survey and increased to 14.57% in the follow-up. Females had a higher prevalence of 

diabetes than males, and the highest prevalence of diabetes was observed among females (18.81%) 

in the follow-up survey. We observed a dose-response relationship with age of the respondents 

and diabetes risk; with an increase in the age of the First Nations populations, the prevalence of 

diabetes increased, and the highest prevalence of diabetes was observed among people fifty years 

and older (33.33% at baseline and 29.74% at follow-up). 
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Table 5.1. Study population characteristics – adults 17 years and older who participated at 

baseline (2012/13) and follow-up (2016) surveys 

 

Parameters 
Baseline 

Number (Percent) 

Follow-up 

Number (Percent) 

Eligible households 580 580 

Participating households 406 (70%) 353 (60.86%) 

Eligible adults 1570 1570 

Participating adults (total) 874 (55.7%) 839 (53.4%) 

Male 435 (49.77%) 405 (48.27%) 

Female 439 (50.23%) 434 (51.73%) 

Self-reported diabetes (Total) 112 (13.33%) 118 (14.57%) 

Diabetic male 43/418 (10.26 %) 39/390 (10.00%) 

Diabetic female 69/421 (16.39%) 79/420 (18.81%) 

Diabetes by age group   

Under 30 years 14/372 (3.76%) 11/302 (3.64%) 

30-39 years 19/171 (11.11%) 17/175 (9.71%) 

40-49 years 23/129 (17.83%) 32/138 (23.19%) 

50 years and more 56/168 (33.33%) 58/195 (29.74%) 

** Eligible adults were based on the Statistics Canada 2011 Census; Eligible households were based on Band list given in 2012. 

Figure 5.2 represents the longitudinal changes in the prevalence of diabetes among First 

Nations populations based on the participants' duration of reserve stay and sex. We observed that 

the prevalence of diabetes increased after four years of follow-up (irrespective of the duration of 

reserve stay and sex of the participants).  

From figure 5.2, we also observed that respondents who resided on reserve twelve months 

or more had a higher prevalence of diabetes compared to the participants who resided on reserve 

less than twelve months in both baseline and follow-up. As expected, First Nations females had a 

higher prevalence of diabetes in both scenarios (duration of reserve stay) compared to males. 
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Figure 5.2 Longitudinal changes in the prevalence of diabetes among First Nation 

populations based on the duration of the reserve stay and sex of the participants. 

 

 

Table 5.2 showed the unadjusted relationships between the individual, contextual factors, 

covariates and diabetes prevalence. Females had a significantly higher prevalence (16.39% at 

baseline and 18.81% at follow-up) of diabetes when compared to males (10.26% at baseline and 

10.00% follow-up) in both baseline and follow-up. Fewer people (< 4 people) living in the home 

were strongly associated with a high prevalence of diabetes. Other socio-demographic risk factors 

such as widowed, divorced, or separate (31.48% and 24.68%) and unemployment (12.81% and 

39.39%) were significantly associated with a high prevalence of diabetes in both baseline and 

follow-up. However, socio-demographic factors such as location of home reserve, income and 

education level of the participants were non-significant at univariate analysis and were not 

considered for the multivariable analysis.  

Unique exposures related to colonization, which increased diabetes prevalence among First 

Nations populations were study participants who attended residential school (baseline: 13.99% 

and follow-up: 19.69%), never participated in cultural events (baseline: 12.31% and Follow-up: 

20.19%), stayed on-reserve past twelve months or more (baseline: 15.99% and Follow-up: 

15.22%), and experienced moderate discrimination (baseline: 15.61% and Follow-up: 16.17%). 

Prevalence of diabetes was higher among participants with low community strength (baseline: 

14.92% and Follow-up: 15.20%), compared to respondents having high community strength. 

However, after conducting univariate analysis, parents or grandparents attending the residential 

school and respondent’s participation rates in traditional cultural events became non-significant. 
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Table 5.2 Univariable Analysis of the association between risk factor (Contextual and 

Individual Factors, and Covariates) and Diabetes 

 

Diabetes 

Independent Variables 
Baseline Follow-up  

Yes/Total (%) Yes/Total (%) ORunadj (95% CI) 

Location of home reserve       

Community A 57/412 

(13.83%) 

60/408 (14.71%) ref (1.00) 

Community B 55/428 

(12.85%) 

58/402 (14.43%) 0.95 (0.72-1.25) 

Age of the participants       

Under 30 years 14/372 (3.76%) 11/302 (3.64%) ref 

30-39 years 19/171 

(11.11%) 

17/175 (9.71%) 3.01 (1.78-5.11) 

40-49 years 23/129 

(17.83%) 

32/138 (23.19%) 6.73 (4.09-11.08) 

50 years and more 56/168 

(33.33%) 

58/195 (29.74%) 11.89 (7.53-

18.77) 

Sex       

Male 43/419 

(10.26%) 

39/390 (10.00%) ref (1.00) 

Female 69/421 

(16.39%) 

79/420 (18.81%) 1.89 (1.42-2.53) 

Marital Status       

Single 38/434 (8.76%) 46/460 (10.00%) ref (1.00) 

Widowed/Divorced/separated 17/54 (31.48%) 19/77 (24.68%) 3.65 (2.34-5.70) 

Married/Common law/living 

together 

56/332 

(16.87%) 

53/269 (19.70%) 2.14 (1.57-2.90) 

Education level       

Less than high school 55/410 

(13.41%) 

50/363 (13.77%) ref (1.00) 

High school or higher 57/427 

(13.35%) 

68/444 (15.32%) 1.07 (0.81-1.41) 

Income adequacy       

>= $20,000 30/218 

(13.76%) 

26/177 (14.69%) ref (1.00) 

< $20,000 44/342 

(12.87%) 

25/241 (10.37%) 0.81 (0.55-1.19) 

Refused/Not stated 29/219 

(13.24%) 

62/356 (17.42%) 1.14 (0.79-1.63) 

Employment status       

Employed (full/part/student) 29/288 

(10.07%) 

79/674 (11.72%) ref (1.00) 
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Unemployed 51/398 

(12.81%) 

13/33 (39.39%) 1.38 (0.99-1.92) 

Retired/homemaker/disabled 31/148 

(20.95%) 

23/89 (25.84%) 2.33 (1.62-3.36) 

Population density at home       

< 4 people 36/227 

(15.86%) 

36/203 (17.73%) ref (1.00) 

4-6 people 49/398 

(12.31%) 

62/375 (16.53%) 0.83 (0.60-1.15) 

> 6 people 24/178 

(13.48%) 

15/198 (7.58%) 0.57 (0.38-0.87) 

Residential school       

Study participant       

No  63/489 

(12.88%) 

53/475 (11.16%) ref (1.00) 

Yes 48/343 

(13.99%) 

64/325 (19.69%) 1.47 (1.11-1.95) 

Parents/ Grandparents       

No 15/83 (18.07%) 15/106 (14.15%) ref (1.00) 

Do not know 8/56 (14.29%) 11/49 (22.45%) 1.17 (0.62-2.20) 

Yes 89/700 

(12.71%) 

90/645 (13.95%) 0.81 (0.53-1.24) 

Take part in cultural event       

Always/ almost always 20/154 

(12.99%) 

18/132 (13.64%) ref (1.00) 

Sometimes 68/460 

(14.78%) 

60/446 (13.45%) 1.07 (0.72-1.58) 

Rarely 15/150 

(10.00%) 

18/114 (15.79%) 0.93 (0.57-1.54) 

Never 8/65 (12.31%) 21/104 (20.19%) 1.35 (0.80-2.28) 

Language speaks       

Cannot speak in Cree language 34/481 (7.07%) 49/515 (9.51%) ref (1.00) 

Can speak in Cree language 78/355 

(21.97%) 

69/293 (23.55%) 3.23 (2.41-4.31) 

Duration of reserve stay/ 12 months       

< 12 month 18/244 (7.38%) 11/90 (12.22%) ref (1.00) 

>=12 month 94/588 

(15.99%) 

105/690 

(15.22%) 

1.94 (1.28-2.92) 

Perceived discrimination       

Little (0-3)  81/570 

(14.21%) 

83/584 (14.21%) ref (1.00) 

Moderate (4-7)  27/173 

(15.61%) 

27/167 (16.17%) 1.14 (0.82-1.59)  

Severe (8-11)  2/75 (2.67%) 7/58 (12.07) 0.44 (0.21-0.89) 
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Community strength       

High 51/427 

(11.94%) 

20/165 (12.12%) ref (1.00) 

Low  57/382 

(14.92%) 

97/638 (15.20%) 1.30 (0.97-1.76) 

Behavioural Risk & Protective 

Factor 

      

BMI       

Normal 6/277 (2.17%) 11/210 (5.24%) ref (1.00) 

Overweight 29/249 

(11.65%) 

33/229 (14.41%) 4.12 (2.37-7.16) 

Obese 74/297 

(24.92%) 

74/340 (21.76%) 8.37 (4.99-14.04) 

Exercise       

Yes 73/591 

(12.35%) 

72/523 (13.77%) ref (1.00) 

No 39/248 

(15.73%) 

45/285 (15.79%) 1.25 (0.93-1.67) 

Exercise duration       

>30 minutes 37/312 

(11.86%) 

28/269 (10.41%) ref (1.00) 

15-30 min 22/191 

(11.52%) 

30/182 (16.48%) 1.29 (0.87-1.90)) 

No exercise or < 15 minutes  48/304 

(15.79%) 

57/324 (17.59%) 1.59 (1.14-2.22) 

Sleep hour       

> 7 hours 46/389 

(11.83%) 

55/377 (14.59%) ref (1.00) 

≤ 7 hours  66/449 

(14.70%) 

63/431 (14.62%) 1.13 (0.85-1.49) 

Smoking       

Never smoker 16/84 (19.05%) 15/78 (19.23%) ref (1.00) 

Ex-smoker 22/105 

(20.95%) 

28/120 (23.33%) 1.21 (0.73-1.99) 

Current smoker 74/651 

(11.37%) 

74/603 (12.27%) 0.57 (0.37-0.87) 

Alcohol consumption/ 12 month       

Never drinker 17/148 

(11.49%) 

53/183 (28.96%) ref (1.00) 

Ever drinker 95/689 

(13.79%) 

65/627 (10.37%) 0.51 (0.38-0.70) 

** All the bold segments are statistically significant (P-value <0.20) 

* ORunadj was based on both baseline and follow-up data 
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Table 5.2 also illustrated that known behavioural risk factors such as obesity (baseline: 

24.92% and follow-up: 21.76%), physical inactivity (baseline: 15.73% and follow-up: 15.79%), 

no or less than fifteen-minute exercise (baseline: 15.79% and follow-up: 17.59%), and ex-smoking 

(baseline: 20.95% and follow-up: 23.33%) significantly increased diabetes prevalence among the 

First Nations populations. Unexpectedly, current smoking and alcohol drinking acted as a 

protective factor for diabetes prevalence among First Nations populations. Furthermore, univariate 

analysis showed a non-significant association between diabetes prevalence and sleep duration.  

Table 5.3 represents that First Nations populations with diabetes were also highly 

associated with physician-diagnosed co-morbidities such as heart disease, stroke, depression, 

eyesight problems and kidney disease. Symptoms of sleeping problems such as snoring and 

abnormal Epworth Sleepiness Score (ESS) demonstrated a significant association with high 

diabetes prevalence. However, sleep apnea was non-significant in univariate analysis. 

Table 5.3 Univariate association between diabetes and co-morbidities. 

Diabetes 

 Baseline Follow-up  

 Yes/Total (%) Yes/Total (%) ORunadj (95% CI) 

Heart problem       

No 81/732 (11.07%) 90/704 (12.78%) ref (1.00) 

Yes 27/83 (32.53%) 22/84 (26.19%) 3.07 (2.12-4.44) 

Sleep apnea       

No 83/644 (12.50%) 98/676 (14.50%) ref (1.00) 

Yes 12/59 (20.34%) 18/129 (13.95%) 1.22 (0.79-1.85) 

Stroke       

No 99/816 (12.13%) 106/773 (13.71%) ref (1.00) 

Yes 5/12 (41.67%) 9/32 (28.13%) 3.15 (1.64-6.04) 

Depression       

No 77/654 (11.77%) 89/616 (14.45%) ref (1.00) 

Yes 27/156 (17.31%) 26/175 (14.86%) 1.27 (0.91-1.77) 

Eyesight problem       

No 90/757 (11.89%) 92/688 (13.37%) ref (1.00) 

Yes 21/71 (29.58%) 23/113 (20.35%) 2.18 (1.50-3.17) 

Kidney problem       

No 85/759 (11.20%) 102/746 (13.67%) ref (1.00) 

Yes 21/62 (33.87%) 12/50 (24.00%) 2.94 (1.91-4.54) 

Other       

Snore       
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** All the bold segments are statistically significant (P-value <0.20) 

* ORunadj was based on both baseline and follow-up data 

After univariate analysis, variables we did not consider for the multivariable model were 

the location of home reserve, education level, income adequacy, parent/grandparent attended 

residential school, participation in cultural events, sleep duration, sleep apnea and self-perceived 

mental health (in all cases p-value was > 0.20).  

Table 5.4 demonstrates the findings of marginal logistic regression models based on GEE 

analysis. Most of the socio-demographic, behavioural risk factors and co-morbidities, become non-

significant after adjusting for all other variables in the multivariate model. However, the variables 

that remained statistically significant in the multivariate model were increasing age (30-39 years, 

OR 2.25, 95% CI [1.21-4.17], 40-49 years, OR 4.00, CI [2.12-7.56] and 50 years or more, OR 

6.02, CI [3.10-11.70]), employment status (unemployed) (OR 1.47, CI [1.02-2.13]), overweight 

(OR 2.08, CI [1.56-3.74]), and obesity, (OR 3.35, CI [1.82-6.14]). Surprisingly, severe 

discrimination (OR 0.30, CI [0.13-0.69]) acted as a protective factor for diabetes prevalence among 

First Nations populations. 

Table 5.4 Multivariable Logistic Regression Analysis of the Dependency of the 

Prevalence of Diabetes on Contextual Factors, Individual Factors, and Covariates 

 

Variables β̂ (SE(β̂)) ORadj (95% CI) 

Independent Variable   

Individual   

Age of the participants   

Under 30 years  ref (1.00) 

No 28/274 (10.22%) 21/276 (7.61%) ref (1.00) 

Yes 62/395 (15.70%) 76/398 (19.10%) 2.15 (1.52-3.04) 

Do not know 22/168 (13.10%) 20/134 (14.93%) 1.65 (1.07-2.56) 

Epworth Sleepiness Score       

Normal 81/715 (11.33%) 101/715 (14.13%) ref (1.00) 

Abnormal 16/86 (18.60%) 16/78 (20.51%) 1.66 (1.09-2.52) 

Self-perceived general health       

Excellent to very good 17/234 (7.26%) 16/199 (8.04%) ref (1.00) 

Good to poor 95/606 (15.68%) 102/609 (16.75%) 2.34 (1.59-3.45) 

Self-perceived mental health       

Excellent to very good 57/430 (13.26%) 41/307 (13.36%) ref (1.00) 

Good to poor 54/409 (13.20%) 77/500 (15.40%) 1.09 (0.83-1.46) 



107 
 

30-39 years 0.81 (0.31) 2.25 (1.21-4.17) 

40-49 years 1.39 (0.32) 4.00 (2.12-7.56) 

50 years and more 1.80 (0.34) 6.02 (3.10-11.70) 

Sex   

Male  ref (1.00) 

Female 0.08 1.48 (0.96-2.28) 

Employment status   

Employed (full/part/student)  ref (1.00) 

Unemployed 0.38 (0.19) 1.47(1.02 -2.13) 

Retired/homemaker/disabled 0.14 (0.23) 1.14 (0.73-1.80) 

Perceived discrimination   

Little (0-3)  ref (1.00) 

Moderate (4-7) 0.18 (0.19) 1.19 (0.82-1.75) 

Severe (8-11) -1.19 (0.42) 0.30 (0.13-0.69) 

Behavioural Risk & Protective Factor   

BMI   

Normal  ref (1.00) 

Overweight 0.73 (0.30) 2.08 (1.56-3.74) 

Obese 1.21 (0.31) 3.35 (1.82-6.14) 

** Significant at the P-value <0.05 (marked as bold) 

 

5.7 Discussion 

5.7.1 Prevalence 

This longitudinal epidemiological study determined the risk factors associated with 

diabetes prevalence among two First Nations communities in Saskatchewan from 2012/13 to 2016. 

We observed a 1.24% increase in diabetes prevalence (baseline: 13.33% and follow-up:14.57%) 

after four years of follow-up among First Nations populations of Saskatchewan. First Nations 

populations of Ontario showed similar trends and experienced an increase in age and sex 

standardized diabetes prevalence, which was 15.4% in 2001 and 18.7% in 2014 (49). Furthermore, 

the prevalence of diabetes among First Nations (both baseline and follow-up) population of 

Saskatchewan was higher than the provincial diabetes prevalence (9%) (50), as well as national 

diabetes prevalence (10%) in 2020 (6). First Nations women had a significantly higher prevalence 
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of diabetes compared to First Nations men, and the highest difference was observed in follow-up 

between men (10.00%) and women (18.81%), which could be partially explained by gestational 

adiposity and lipid abnormalities (7). As expected, known risk factors such as an increase in age, 

unemployment, overweight and obesity were significantly associated with high diabetes 

prevalence among First nations. We failed to establish an association between colonization factors 

such as attendance in residential school (parents/grandparents) and low participation in cultural 

events with diabetes prevalence among First nations. A unique finding was First Nations 

populations who experienced severe individual-level discrimination had lower diabetes prevalence 

rates. 

The prevalence of diabetes was high among First Nations populations who resided in 

community A compared to community B in both baseline and follow-up. The increase in the age 

of the participants significantly increases the prevalence of diabetes. The highest prevalence of 

diabetes was observed among fifty years and older. Our study results reinforce the findings that 

old age associated with insulin resistance, impaired insulin sensitivity and vitamin D deficiency 

(51), which makes diabetes a common chronic condition among older populations. Other socio-

demographic factors, such as being widowed, divorced, separated or unemployed, were 

significantly associated with high diabetes prevalence. 

 Furthermore, the participant’s education level and income failed to prove any association 

with diabetes prevalence in the univariate analysis. The possible cause might be due to insufficient 

discrimination between the highest and lowest income and education level. Additionally, 

insufficient participants in each subgroup may reduce the statistical power's ability to show a 

significant difference. However, after multivariable analysis, most of the socio-demographic 

factors became non-significant; only the participants' age and employment status remained 

statistically significant. 

Behavioural risk factors such as physical inactivity were initially significantly associated 

with a high prevalence of diabetes among First Nations populations, which reinforces current study 

findings (18). Physical inactivity rate is highest among on-reserve First Nations women (73%) 

compared to non-indigenous women (52%) and is similar for on-reserve First Nations Men (56%) 

compared to non-indigenous men (47%) (18). These findings were significant as, according to the 

American Diabetic Association (ADA), physical activity reduces diabetes risk by increasing 

insulin sensitivity and lowering the A1C level (52). Our study also found that people who did not 
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exercise at all or exercise less than fifteen minutes per session were at a 1.59 times higher risk of 

developing diabetes. Diabetes Canada reinforced our study findings and stated that diabetes risk 

could be increased even with brief inactivity for older or pre-diabetic persons (53). 

Additionally, high BMI (overweight and obesity) was also significantly associated with 

high diabetes prevalence. According to the public health agency of Canada, the majority of the 

adult First Nations populations living on reserve are overweight or obese (74.4%) compared to 

off-reserve First Nations (62.5%), Inuit (58.3%) and Metis (60.38%) populations (13).  A recent 

scoping review in Canada stated that obesity (a known modifiable risk factor for diabetes) was 

prominent among the Canadian indigenous community (17), which reinforces our study findings.  

Despite being a behavioural risk factor, alcohol consumption (irrespective of dosages) 

surprisingly acted as a protective factor of diabetes prevalence, and the findings were supported 

by previous studies (54,55). The probable cause might be because alcohol consumption might 

reduce blood sugar levels (56) and HbA1c (55). Additionally, ex-smoking significantly increased 

the risk of diabetes, while surprisingly, current smoking acted as a protective factor for diabetes 

prevalence. A possible explanation could be that unlike current smokers, ex-smokers experience 

metabolic changes (weight gain), which increased diabetes risk (57) and even after quitting 

smoking, the risk of diabetes may peak as far as five to seven years (58). In the multivariate model, 

after adjusting for all other variables, age of the respondents, high BMI and unemployment remain 

significant for high diabetes prevalence among First Nations populations. 

Indigenous communities experience a disproportionate burden when it comes to health care 

issues, and culture is one of the most important social determinants of indigenous health (59). Most 

of the qualitative studies claimed that traditional cultural continuity is strongly attached to the 

health and wellbeing of the Canadian indigenous community (60). A recent meta-synthesis of 

qualitative research states that cultural continuity was essential for shaping positive health and 

wellness outcomes among Canadian and American indigenous communities (60). However, we 

found a mixed argument in quantitative studies. Some quantitative studies showed that there either 

no/mixed/contra indicatory association regarding specific components of cultural continuity and 

health outcomes (8,61,62). However, in other quantitative studies, we observed strong empirical 

evidence that traditional cultural continuity positively impacted on health and wellbeing of 

Canadian First Nations. Chandler and Lalonde showed an inverse relationship between cultural 

continuity and the suicide rate among Canadian First Nations youths (63). We only found one 
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quantitative paper regarding the impact of cultural continuity on metabolic syndromes, such as 

diabetes. After analysis of thirty-one First Nations communities in Alberta, Oster and colleagues 

found that cultural continuity (measured by traditional indigenous language knowledge) acted as 

a protective factor for diabetes among First Nations populations (64).  

Our study found that taking part in the cultural event is neither predictive nor protective 

for diabetes prevalence among First Nations populations. First Nations people who documented 

low community strength, had a higher diabetes prevalence compared to respondents with high 

community strength. Furthermore, we observed that First Nations populations who spoke Cree 

were at three time’s higher risk of developing diabetes, which is contra indicatory with the results 

of Oster and colleagues. One possible explanation might be that in this study, most of the people 

who spoke Cree were older adults, which was the most prevalent group for diabetes. Also, Oster 

and colleagues measured indigenous language knowledge at the community level (8,64), where 

we measured individual-level Cree language knowledge and diabetes risk. In multivariate analysis, 

language spoken and community strength became non-significant. 

We observed a significant increase in diabetes prevalence in univariable analysis from 

baseline (13.99%) to follow-up (19.69%) among study participants who went to residential school. 

Respondents who went to residential school were at 1.47 time’s higher risk of developing diabetes 

in comparison to their counterparts who did not go to residential school. We found a possible 

explanation in a recent article where authors claimed that hunger was prominent in residential 

school, which resulted in stunted growth and the height of residential school attendees. It is known 

that stunted height is associated with obesity and lower insulin levels in later life, which causes 

diabetes (65). However, we did not observe any association between generational impacts 

(parents/grandparents attending residential school) of a residential school in diabetes prevalence. 

The residential school is a deeply rooted intergenerational trauma for Canadian indigenous 

populations (66), and chronic stress and trauma can cause diabetes in multiple pathways (67). 

Additionally, the residential school experience is so vastly prevalent among Canadian First Nations 

populations that it is difficult to find a truly comparable unexposed group (8). Future studies could 

be considered by studying a large participant group with a true residential school unexposed group 

to find the causal association between residential school attendance and diabetes prevalence.   

In a recent publication, authors claimed that day-to-day individual-level discrimination 

increased diabetes incidence after adjusting for known diabetes risk factors such as obesity and 
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other behavioural and psychosocial factors (68). Studies demonstrated that discrimination is 

strongly associated with poor physical health, high BMI, waist circumference and an increase in 

the incidence of obesity (69). Discrimination also associated with risky behaviours including 

physical inactivity (39), binge/negative alcohol consumption (70), excessive smoking (71), 

unhealthy eating patterns (72) and lack of proper sleep (73).  Now, discrimination is not only 

associated with physical health but also negatively impacts an individual's mental health by 

causing depression, stress, anxiety symptoms and psychological distress (40,41).  

Surprisingly, we found that perceived discrimination was inversely related to diabetes 

prevalence, and severe discrimination acted as a protective factor, even after adjusted for other 

variables in the multivariate model. Some recent studies showed a similar trend (8). Authors 

describe that the possible cause might be due to the indigenous populations who experienced 

discrimination were more likely to be employed, married and had higher household incomes. 

Severe discrimination also might increase community engagement, improving the social 

determinants of health and reducing diabetes prevalence (8). However, the causal linkage between 

individual-level discrimination and diabetes prevalence is still unclear. Extensive research between 

First Nations and non-First Nations populations experienced individual level, and systemic 

discrimination could be conducted to understand the role of discrimination on diabetes prevalence 

after adjusting for various social determinants of health. 

We found that First Nations populations who stayed on reserve twelve years or more had 

a higher chance of developing diabetes. After adjusting for other variables, the multivariate model 

duration of reserve stay became non-significant. After testing multiple possible interactions, we 

found a significant interaction between reserve stay and the BMI of the participants. However, we 

did not report it in our study because the direction of the result was illogical, and it might be due 

to a small number of observations in subgroups. 

 First Nations populations with diabetes were at risk of developing co-morbidities such as 

heart problems, stroke, depression, and eyesight problems. An article from "National Institute of 

Diabetes and Digestive and Kidney Diseases” reinforces our study findings that untreated chronic 

diabetes can cause damage to blood vessels and nerves, which increased the risk of heart disease 

and stroke (74). Though in the univariate analysis, we found that sleep apnea was not significant; 

however, we found that snoring and abnormal Epworth Sleepiness Score was highly significant 

with diabetes risk. As obesity is a shared risk factor between sleep apnea (75) and diabetes and 



112 
 

obesity is profoundly prominent among First Nations, there might be a causal relationship between 

sleep apnea and diabetes prevalence. Additionally, First Nations populations with diabetes were at 

high risk of developing kidney disease, and this finding is aided by current literature (60). 

According to the Canadian Society of Nephrology, First Nations populations demonstrate a high 

proportion of chronic kidney disease compared to non-First Nations Canadian populations (76). 

Furthermore, the chance of developing diabetes complications such as metabolic syndrome, 

albuminuria and end-stage kidney disease (ESRD) is considerably high among the First Nations 

populations (12). After adjusting for all other variables in the multivariate analysis, we found that 

none of the co-morbidities was significantly associated with diabetes prevalence among First 

Nations.   

5.8 Strength of the study 

This paper used the community based participatory research (CBPR) model, which ensures 

participation of larger proportion adult populations and enhanced our ability to identify the 

predictors responsible for the high prevalence of diabetes among First Nations. This paper was the 

first of its kind longitudinal study to discover the impact of known risk factors among First Nations 

on diabetes prevalence and the role of colonization factors after adjusting for known diabetes risk 

factors. 

5.9 Limitation of the study 

We were aware that our study might have some limitations. First, the FNLHP dataset did 

not allow us to conduct an incidence analysis, which was essential to understand the risk of 

developing new diabetes cases among First Nations. Second, the outcome of interest was self-

reported diabetes, which may lead to potential biases. Some crucial predictors, such as family 

history and gestational diabetes-related questions, were absent in the questionnaire to limit the 

length of the questionnaire. Hence, this fails to prove the impact of a positive family story and 

generational burden of diabetes among First Nations populations. A nearly equal number of male 

and female but older population groups participated in both the baseline and follow-up of our 

study, which is not comparable to overall First Nations populations in Saskatchewan (77). 

Therefore, necessary caution should be maintained when generalizing our study findings to other 

First Nations communities. Our study might fail to demonstrate the true impact of residential 

school attendance on diabetes prevalence due to a small number of diabetes observations in this 

sub-study. The discrimination scale we used reflects discrimination and racism on a personal level. 
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Findings from a recent study suggested that discrimination against indigenous people was deeply 

rooted at systemic levels and might be influenced by factors such as the unwelcoming environment 

in health care facilities, stereotyping, social exclusion, and cultural incompetency (78). Those 

limitations demand more comprehensive research in the future to quantify the association of 

colonization factors such as residential school attendance, cultural disruption and perceived 

experience of discrimination with diabetes prevalence. 

5.10 Future direction 

The effects of colonization factors were deeply rooted among First Nations populations, 

and an in-depth study was required to identify the causal link between impacts of colonization 

factors and diabetes prevalence among First Nations people. Due to the limitation of the FNLHP 

dataset, we were unable to evaluate the incidence and the associated risk factors with the incidence 

of diabetes among First Nations populations. The rapid increase in diabetes prevalence among 

indigenous people in Canada suggests that there might be an increase in the incidence of diabetes 

or decrease diabetes-related mortality in that community. Therefore, a comprehensive 

questionnaire tailored to diabetes incidence and risk factors specific to First Nations populations 

would help identify submerged diabetes risk factors.  

5.11 Conclusion 

There was a longitudinal increase in diabetes prevalence among First Nations populations 

of Saskatchewan and known diabetes risk factors such as an increase in age, unemployment, and 

higher BMI was significantly associated with high diabetes prevalence in the First Nations 

communities. Although colonization factors such as attending residential school, speaking in the 

Cree language and low community strength were significant at the beginning, after multivariate 

analysis, it became non-significant. We also failed to establish an association between attending 

traditional cultural events and diabetes prevalence among First Nations populations. Furthermore, 

severe perceived discrimination acted as a protective factor for diabetes prevalence, and the 

underlying mechanism was unclear. More in-depth research is recommended to better understand 

the roles of colonization factors such as residential school attendance, cultural disruption and 

discrimination on diabetes prevalence among First Nations populations. This study also suggested 

that controlling know modifiable and non-modifiable diabetes risk factors are necessary to reduce 

the escalating burden of higher prevalence of diabetes among First Nations populations. 
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Chapter 6 

Conclusion 

 

6.1 Broad aim and specific objectives  

Diabetes is a worldwide highly prevalent metabolic disorder, and there are multiple studies 

regarding the prevalence of diabetes. Unfortunately, most of the rural prevalence studies were 

based on cross-sectional datasets in Canada. Broadly, our purpose in this study was to use the 

longitudinal datasets to identify the changes over time among the highly vulnerable group (rural 

residents and First nation populations) for diabetes prevalence in Canada. We aimed to identify 

the cumulative incidence of diabetes and the impacts of agriculture-related risk factors on diabetes 

incidence after adjusting for known diabetes risk factors 

6.2 Specific objectives of this study 

a) To determine the incidence and longitudinal changes in diabetes occurrence among rural 

and First Nations populations of Saskatchewan, Canada. 

b) To determine the risk factors associated with the incidence and prevalence of diabetes 

among rural and First Nations populations of Saskatchewan, Canada. 

c) To determine the differences in rates and risk factors of diabetes between First Nations and 

rural residents in Saskatchewan, Canada.  

We used Chi-square statistics and a multivariable logistic regression model based on the 

GEE technique to identify the longitudinal changes in the prevalence and associated risk factors. 

For identifying predictors associated with the incidence of diabetes, we used survival analysis 

(cox-proportional hazard model) technique. In this thesis, chapter four (first manuscript) describes 

the incidence and longitudinal changes in the prevalence of diabetes occurrence among rural 

residents of Saskatchewan, and chapter five (second manuscript) addresses longitudinal changes 

in the prevalence of diabetes among First Nation populations. Finally, based on the findings of 

both manuscripts, in the general conclusion section (chapter six), we addressed the third objective. 

Both chapter four and chapter five are written in such a manner that both chapters can be read as 

independent manuscripts. 

6.3 Important findings  

6.3.1 Predictors of diabetes prevalence among rural residents 
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Most of the rural residents who participated in our study and self-reported diabetes were 

from the North East quadrant of Saskatchewan, old (>55 years old), and a low socioeconomic 

background (low income and low education). According to our study, Saskatchewan experienced 

a disproportionate increase in diabetes prevalence in different quadrants of the province. The 

highest increase (3.8%) in the diabetes prevalence was observed in the southwest quadrant of 

Saskatchewan. However, the overall change in the prevalence of diabetes among rural residents 

was 1.98% from baseline to follow-up. Aligned with the national male-female prevalence rate, 

males had a higher prevalence of diabetes compared to females. Additionally, we found that non-

farm rural residents were at the highest risk compared to rural residents. Furthermore, modifiable 

(low income and high BMI) and non-modifiable (increase in age and positive family history) risk 

factors and co-morbidities (blood pressure and heart attack) were responsible for the high 

prevalence of diabetes among rural residents.  

We found a significant interaction between smoking and sex of the respondents; male ex-

smokers were at higher risk of developing diabetes. When people quit, the smoking body goes 

thorough some metabolic changes, which could cause weight gain and raise blood glucose levels 

leading to diabetes (1, 2). Another interaction was between insecticide use and sex of the 

respondents; male insecticide users were at high risk of developing diabetes. This interaction 

indicates that even with the modernization of the agricultural sector, farming chemical exposure 

still poses a significant health hazard among rural residents (3).  

6.3.2 Predictors of diabetes incidence among rural residents 

The incidence of diabetes among rural residents was 2.69% (119 new cases). Factors 

responsible for the high incidence of diabetes among rural residents were positive family history, 

high BMI, and abnormal Epworth Sleepiness Score. A unique finding of our study was that sleep 

apnea was significantly associated with the incidence of diabetes. However, all agricultural-related 

exposures failed to show any significant association with the incidence of diabetes among rural 

residents. 

6.3.3 Predictors of diabetes prevalence among First nation populations 

In this study, we found that the First Nation population of Saskatchewan experienced a 

1.24% increase in diabetes prevalence after four years of follow-up among First Nations 

populations of Saskatchewan. We found that females had a higher prevalence of diabetes than 

males, and the highest prevalence of diabetes was observed among females (18.81%) in the follow-
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up survey. We observed a dose-response relationship with age of the respondents and diabetes 

risk; with an increase in the age of the First Nations populations, the prevalence of diabetes 

increased, so the highest prevalence of diabetes was observed among people fifty years and older 

(33.33% at baseline and 29.74% at follow-up).  

As expected, known risk factors such as an increase in age, unemployment, being 

overweight or obesity were significantly associated with high diabetes prevalence among First 

Nations. We failed to establish an association between colonization factors such as attendance in 

residential school (parents/grandparents) and low participation in cultural events with diabetes 

prevalence among First Nations. A unique finding was First Nations populations who experienced 

severe individual-level discrimination had lower diabetes prevalence rates, but the mechanism is 

unknown. 

6.4 The difference in diabetes patterns among rural residents and First Nations populations 

Prevalence of diabetes among rural residents in both baseline (9.31%) and follow-up 

(11.29%) was slightly higher than overall provincial (9%) (4) and national prevalence (10%) (5) 

of diabetes. 

Prevalence of diabetes among First Nation populations was significantly higher than rural 

residents of Saskatchewan in baseline (13.33%) and follow-up (14.57%), which was also much 

higher from provincial (9%) (4) and national (10%) (5) average diabetes prevalence rates. 

However, an increase in diabetes prevalence rate was higher among rural residents (1.98%) 

than First Nations populations (1.24%). 

Male rural residents had a higher prevalence of diabetes compared to their female 

counterparts, which is aligned with the prevalence of national male-female diabetes prevalence 

patterns. However, among First Nation populations, we observed a reverse pattern, and female 

First Nations had a much higher prevalence of diabetes than First Nations men. 

Rural residence acted as a protective factor for diabetes prevalence among rural residents. 

Nevertheless,  First Nations populations who stayed on reserve twelve months or more had a higher 

prevalence of diabetes. 

From the final multivariable model, we found that a wide range of risk factors such as low 

income, high BMI, increase in age, and positive family history, blood pressure, and heart attack 

were significantly associated with diabetes prevalence among rural residents. However, for First 

Nation populations, it was an increase in age, unemployment, and high BMI. While rural 
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residence-specific risk factors such as agricultural occupational exposure were significantly 

associated with diabetes, unique colonization related risk factors were non-significant for First 

Nation populations. Co-morbidity sleep apnea was non-significant with diabetes prevalence 

among both rural residents and the First Nation population. However, sleep apnea was significantly 

associated with the incidence of diabetes among rural residents. 

We could not differentiate the incidence rate and associated risk factors between rural 

residents and the First Nation population, as we were unable to analyze the FNLHP dataset for 

incidence analysis due to limitations in the dataset. 

6.5 Overall strength and limitations 

One of the limitations of our study was that the findings might not be generalizable to the 

total provincial rural population as there is an age distribution discrepancy between our study 

participants and Saskatchewan's overall general population. Necessary caution should be 

maintained while generalizing the results of our study. Some important risk factors were missing 

in both studies, such as GDM (for both studies) and family history (for First Nations). For the First 

Nation population, we could not determine the incidence rate and associated risk factors due to the 

limited dataset. Information regarding rural residence-specific risk factors such as agricultural 

exposures was only limited to using or not using chemical substances (insecticide, pesticide, 

fungicide, and herbicide) in the fields. Information about the chemical composition, intensity, 

duration, method of application, and use of protective gear was missing. Additionally, we only 

measured the individual level discrimination as a risk factor of diabetes among First Nation 

populations, where the risk of diabetes might also be primarily influenced by systemic 

discrimination. 

The strength of our study mainly lies in methodology. Both of our manuscript were based 

on a prospective cohort studies. The longitudinal nature of those datasets helped us to identify the 

changes in the prevalence rate of diabetes among rural residents and First Nation populations over 

time. Apart from common diabetes risk factors, we can also identify the role of agricultural 

occupational exposures, discrimination, residential school attendance, and traditional cultural 

activities on the prevalence of diabetes. Information regarding the incidence of diabetes among 

rural residents in Canada was scarce. We were able to measure the cumulative incidence of 

diabetes and the significant risk factors among rural residents, which gives us a new insight 
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regarding the factors responsible for the development of new diabetes cases among rural residents 

in this province. 

6.6 Future direction 

In the future, we could develop a comprehensive research instrument specially tailored to 

determine the impact of agricultural exposures and colonization factors to find a causal relationship 

with diabetes prevalence and incidence. We could identify diabetes patients clinically to reduce 

biases by engaging trained personnel and using hospital registries for  HbA1c and blood sugar 

levels. Also, for the incidence rate, we should collect information about new cases every year. 

Furthermore, we found a significant association between sleep apnea and diabetes incidence. 

Obesity was a shared common risk factor between incidence and prevalence of diabetes and sleep 

apnea, which further warrants a mediation analysis to understand the impact of sleep apnea on 

diabetes and vice versa.  
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Appendices 

Appendix A  

List of variables with reference categories (First Manuscript) 

List of variables Categories 

Residence type Non-Farm (reference) 

 Farm  

Quadrant Southwest (reference) 
 

Southeast  

 Northeast 

 Northwest 

People living at home =< 2 people (reference) 

 > 2 people 

Age of the participants 18-45 years (reference) 

 46-55 years 

 56-65 years 
 

>65 years 

Sex Female (reference) 

 Male 

Marital Status Married/Common-law/living together 

(reference) 

 Widowed/Divorced/separated/Single, never 

married 

Education level Less than high school (reference) 

 Completed high school 

 Completed university 

 Completed post-secondary education other than 

above 

Income adequacy >=$60,000 (reference) 

 $40,000 to $59,999 

 $20,000 to $39,999 
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 <$20,000 

Exposure  

Insecticide  No (reference) 

 Yes 

Pesticide No (reference) 

 Yes 

Fungicide No (reference) 

 Yes 

Herbicide No (reference) 

 Yes 

Livestock No (reference) 

 Yes 

Household smoke No (reference) 

 Yes 

Family History  

Dad diabetic No (reference) 

 Yes 

Mom diabetic No (reference) 

 Yes 

Siblings diabetic No (reference) 

Behavioural Risk & Protective 

Factor 

 

BMI Normal (BMI<25) (reference) 

 Overweight (BMI 25-30) 

 Obese (BMI >30) 

Exercise duration None (reference) 
 

Less than 15 min 

 15-30 min 

 31-60 min 

 More than 60 min 

Smoking Never Smoker (reference) 
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 Ex-smoker 

 Current smoker 

Screen time (past three months) None (reference) 

 Less than 1 hour 

 From 1 to 2 hours 
 

From 3 to 5 hours 

 From 6 to 10 hours 

 From 11 to 14 hours 

 From 15 to 20 hours 

 More than 20 hours 

Alcohol consumption/ 12 month Never (reference) 

 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 

 Every day 

Co-morbidity  

Cardiovascular  

Heart disease No (reference) 

 Yes 

Heart attack No (reference) 

 Yes 

High blood pressure No (reference) 

 Yes 

Stroke No (reference) 

 Yes 

Chronic bronchitis No (reference) 

 Yes 

Emphysema No (reference) 
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 Yes 

Asthma No (reference) 

 Yes 

COPD No (reference) 

 Yes 

Cancer  

Sleep apnea No (reference) 

 Yes 

Snore No (reference) 

 Yes 

Epworth Sleepiness Score Normal (reference) 

 Abnormal 

General health Excellent (reference) 

 Very good 
 

Good 

 Fair 

 Poor 

 

Appendix B 

List of variables with reference categories (Second manuscript) 

 

Independent variables Categories 

Location of home reserve Community A (reference) 

Community B 

Age of the participants Under 30 years (reference) 

30-39 years 

40-49 years 

50 years and more 

Sex Male (reference) 

  Female 

Marital Status Single 

Widowed/Divorced/separated 

Married/Common-law/living together 

Education level Less than high school (reference) 

High school or higher 
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Income adequacy >=$20,000+ (reference) 

< $20,000 

Refused/Not stated 

Employment status Employed (full/part/student) (reference) 

Unemployed 

Retired/homemaker/disabled 

Population density at home < 4 people (reference) 

4-6 people 

> 6 people 

Residential school    

Study participant No (reference) 

Yes 

Parents/ Grandparents No  (reference) 

Do not know 

Yes 

Take part in cultural event Always/ almost always (reference) 

Sometimes 

Rarely 

Never 

Language speak Cannot speak in CREE language (reference) 

Can speak in CREE language 

Duration of reserve stay/ 12 months < 12 month (reference) 

>=12 month 

Perceived discrimination Little (0-3) (reference) 

Moderate (4-7) 

Severe (8-11) 

Community strength High (reference) 

Low  

Behavioural Risk & Protective 

Factor 
  

BMI Normal (reference) 

Overweight 

Obese 

Exercise Yes (reference) 

No 

Exercise duration >30 minutes (reference) 

15-30 min 

No exercise or < 15 minutes 

Sleep hour > 7 hours (reference) 

≤ 7 hours 

Smoking Never smoker (reference) 
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Ex-smoker 

Current smoker 

Alcohol consumption/ 12 month Never drinker (reference) 

Ever drinker 

Comorbidity/ Complication   

Heart problem No (reference) 

Yes 

Sleep apnea No (reference) 

Yes 

Stroke No (reference) 

Yes 

Depression No (reference) 

Yes 

Eyesight problem No (reference) 

Yes 

Kidney problem No (reference) 

Yes 

Snore No (reference) 

Yes 

Do not know 

Epworth Sleepiness Score Normal (reference) 

Abnormal 

Self-perceived general health Excellent to very good (reference) 

Good to poor 

Self-perceived mental health Excellent to very good (reference) 

Good to poor 

 

Appendix C 

Variables list with coding (Manuscript One) 

  Variables at original dataset New/recoded variable 

List of Variables Baseline  Follow-up Baseline Follow-up 

Outcome          

Diabetes ri_DIABETES i_DIABETES2 dia_b dia_f 

Independent Variable         

Individual         

Residence type FARM FARM2 farm farm2 

Quadrant QUADRANT   QUADRANT   
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People living at home PEOPLEGRP1 PEOPLEGRP2 PEOPLEGRP1 PEOPLEGRP2 

Age AGEGRP AGEGRP2 AGEGRP AGEGRP2 

Sex i_SEX i_SEX2 sex_b sex_f 

Marital Status MARITALGRP MARITALGRP2 MARITALGRP MARITALGRP2 

Ethnicity i_ETHNICBG   i_ETHNICBG   

Education level i_EDUCATION i_EDUCATION2 i_EDUCATION i_EDUCATION2 

Income adequacy INCOMEGRP INCOMEGRP2 INCOMEGRP INCOMEGRP2 

Income group INCOMEADQR INCOMEADQR2 ingrp_b ingrp_f 

Population density at 

home 

PEOPLEGRP PEOPLEGRP2 PEOPLEGRP PEOPLEGRP2 

Exposure         

Insecticide ri_INSECT i_INSECT2 insect_b insect_f 

Pesticide h_HOMEPESTI

CIDE 

h_HOMEPESTIC

IDE2 

pesti1 pesti2 

Fungicide ri_FUNGICIDES i_FUNGICIDES2 fun1 fun2 

Herbicide ri_HERBICIDES i_HERBICIDES2 her1 her2 

Livestock ri_LIVESTOCK i_LIVESTOCK2 live1 live2 

Cigerret smoking at 

home 

HOUSEHOLDS

MK 

HOUSEHOLDSM

K2 

HOUSEHOLDS

MK 

HOUSEHOLDSM

K2 

          

Behavioural Risk & 

Protective Factor 

        

BMI BMIGRP BMIGRP2 BMIGRP BMIGRP2 

Exercise duration EXERCISELON

G 

EXERCISELONG

2 

EXERCISELON

G 

EXERCISELONG

2 

smoking SMKSTAT SMKSTAT2 smk_b smk_f 

Screen time (past 3 

month) 

i_TIMEWATCHI

NGTV 

i_TIMEWATCHI

NGTV2 

i_TIMEWATCHI

NGTV 

i_TIMEWATCHI

NGTV2 

Alcohol consumption/ 

12 month 

i_ALCOHOL i_ALCOHOL2 i_ALCOHOL i_ALCOHOL2 

Family History         
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Dad have diabetes ri_DADDIABET i_DADDIABET2 ri_DADDIABET i_DADDIABET2 

Mom diabetic ri_MOMDIABE

T 

i_MOMDIABET2 ri_MOMDIABE

T 

i_MOMDIABET2 

Siblings diabetic ri_SIBDIABET i_SIBDIABET2 ri_SIBDIABET i_SIBDIABET2 

Co-morbidity         

Heart disease ri_HEARTDIS i_HEARTDIS2 heart1 heart2 

Heart attack ri_HEARTATT i_HEARTATT2 aheart1 aheart2 

Blood pressure ri_HIGHBP i_HIGHBP2 bp1 bp2 

Stroke ri_STROKE i_STROKE2 stroke1 stroke2 

Chronic bronchitis ri_CHRBRONP1

2 

i_CHRBRONP12

2 

cb1 cb2 

Emphysema ri_EMPHYSP12 i_EMPHYSP122 ema1 ema2 

Asthma EVERASTHMA EVERASTHMA2 asthma1 asthma2 

COPD ri_COPDP12  ri_COPDP12  copd1 copd2 

Cancer ri_CANCER i_CANCER2 can1 can2 

Sleep apnea ri_SAPNEAEVE

R 

i_SLEEPAPNEA2 sleep1 sleep2 

Other         

Snore i_SNORE i_SNORE2 i_SNORE i_SNORE2 

Epworth Sleepiness 

Score 

EPWTOTGRP EPWTOTGRP2 EPWTOTGRP EPWTOTGRP2 

General Health i_HEALTH  i_HEALTH2 heal1 heal2 

 

Appendix D 

Variables list with coding (Manuscript Two) 

 

First Nations Lung Health Project (FNLHP) 

                                                                                             New variable 

List of Variables Baseline  Follow-up Baseline Follow-up 

Outcome  
   

  

Diabetes i_DIABETES i_DIABETES2 dia1 dia2 

Independent Variable 
   

  

Individual 
   

  

Location i_LOCATION i_LOCATION2 loc1 loc2 
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Age i_AGE i_AGE age1 age2 

Sex i_SEX  i_SEX2 sex1 sex2 

Marital Status i_MARITAL i_MARITAL2 marital1 marital2 

Education level 
i_EDUCATION   i_EDUCATION

NEW2 

edu1 edu2 

Household Income 
h_HOUSEINCO

ME 

 

h_HOUSEINCO

MENEW2  

incomen1 incomen2 

Leftover money 
h_EXTRAMON

EY 

h_EXTRAMON

EY2 

exmon1 exmon2 

Employment status 
i_EMPLOYSTA

TUS 

i_EMPLOYSTA

TUSNEW2 

emp1 emp2 

Population density at home h_PEOPLE h_PEOPLE2 people1 people2 

  
   

  

Exposure 
   

  

Residential school 
   

  

Study participant 
i_ATTRESISCH   

i_ATTENDRES

ISCH2 

resp1 resp2 

Parents/ Grandparents 
i_EITHPAGRA

NDPA 

i_EITHERPAG

RANDPA2 

resg1 resg2 

Duration of reserve stay/ 12 

months 

i_RESERVEMO

NTHS 

i_RESERVEMO

NTHS2 

reserve1  reserve2 

Experienced discrimination discri1 discri2 discrinw1 discrinw2 

Language speak i_MOSTSPEAK coms2 lans1 lans2 

Cultural event 
i_CULTURALE

VT  

i_CULTURALE

VENTS2 

ce1 ce2 

Behavioral Risk & 

Protective Factor 

   
  

BMI i_BMIGRP BMIGRP2 bmi1 bmi2 

Exercise  i_EXERCISE i_EXERCISE2 exer1 exer2 

Exercise duration 
i_EXERCISEL

ONG 

i_EXERCISEL

ONG2 

exdnw1 exdnw2 

Sleep hours 
i_SLEEPHOUR

S  

i_SLEEPHOUR

S2 

slphn1 slphn2 

smoking ri_SMKSTAT SMKSTAT2 smk1 smk2 

Alcohol consumption/ 12 

month 

i_ALCOHOL i_ALCOHOL2 alcn1 alcn2 

Screen time (past 3 month) 
  

Scr1  Scr2 

Comorbidity 
   

  

Heart problem 
i_HEARTPROB

LEM 

i_HEARTPROB

LEM2 

heart1 heart2 

Blood pressure 
   

  

Stroke i_STROKE1 i_STROKE2 stroke1 stroke2 

Eyesight problem 
i_EYESIGHTP

ROB  

i_EYESIGHTP

ROB2  

eye1 eye2 

Kidney problem 
i_KIDNEYPRO

BLEM  

i_KIDNEYPRO

BLEM2  

kid1 kid2 

Leg ulcer/ amputations 
i_LUAMPUTA

TIONS 

i_LUAMPUTA

TIONS2 

lul1 lul2 
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Sleep apnea 
i_SAPNEAEVE

R 

i_SAPNEAEVE

R2 

slapnea1 slapnea2 

Depression i_DEPRESSION i_DEPRESSION dep1 dep2 

Other 
   

  

Snore i_SNORE i_SNORE2 snr1 snr2 

Epworth Sleepiness Score i_ESS_Scale i_ESS_Scale2 slscale1 slscale2 

Self-perceived general 

health 

i_HEALTH  i_HEALTH2 ghn1 ghn2 

Self-perceived mental 

health 

i_MENTALHE

ALTH  

i_MENTALHE

ALTH2 

mhn1 mhn2 

 

Appendix E 

Syntax (Manuscript one) 

numlabel `r(names)', add 

 

** Cleaning Data** 

 

Outcome: 

tab i_DIABETES2 

recode i_DIABETES2 (8=.) 

tab ri_DIABETES 

recode ri_DIABETES (6/8=.) 

 

Individual variables: 

 

tab FARM 

recode FARM (8=.) 

tab FARM2 

recode FARM2 (8=.) 

 

tab PEOPLEGRP 

recode PEOPLEGRP (8=.) 

tab PEOPLEGRP2 

recode PEOPLEGRP2 (8=.) 

 

tab AGEGRP 

recode AGEGRP (8=.) 

tab AGEGRP2 

recode AGEGRP2 (8=.) 

 

tab i_SEX 

recode i_SEX (8=.) 

tab i_SEX2 

recode i_SEX2 (8=.) 

 

tab MARITALGRP 

recode MARITALGRP (8=.) 

tab MARITALGRP2 

recode MARITALGRP2 (8=.) 

 

tab i_EDUCATION 

recode i_EDUCATION (8=.) 

tab i_EDUCATION2 

recode i_EDUCATION2 (8=.) 

 

tab INCOMEGRP 

recode INCOMEGRP (8=.) 

tab INCOMEGRP2 

recode INCOMEGRP2 (8=.) 

 

Exposure: 

 

tab ri_INSECT 

recode ri_INSECT (888=.) 

tab i_INSECT2 

recode i_INSECT2 (888=.) 

 

tab h_HOMEPESTICIDE 

recode h_HOMEPESTICIDE (7/8=.) 

tab h_HOMEPESTICIDE2 

recode  h_HOMEPESTICIDE2 (7/8=.) 

 

tab ri_FUNGICIDES 

recode ri_FUNGICIDES (888=.) 

tab i_FUNGICIDES2 

recode  i_FUNGICIDES2 (888=.) 
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tab ri_HERBICIDES 

recode ri_HERBICIDES (888=.) 

tab i_HERBICIDES2 

recode  i_HERBICIDES2 (888=.) 

 

tab ri_LIVESTOCK 

recode ri_LIVESTOCK (888=.) 

tab i_LIVESTOCK2 

recode  i_LIVESTOCK2 (888=.) 

 

tab HOUSEHOLDSMK 

recode HOUSEHOLDSMK (8=.) 

tab HOUSEHOLDSMK2 

recode HOUSEHOLDSMK (8=.) 

 

Behavioural Risk & Protective Factor: 

 

tab BMIGRP 

recode BMIGRP(8=.) 

tab BMIGRP2 

recode BMIGRP2(8=.) 

 

tab EXERCISELONG 

recode EXERCISELONG (8=.) 

tab EXERCISELONG2 

recode EXERCISELONG2 (8=.) 

 

tab SMKSTAT 

recode SMKSTAT (8=.) 

tab SMKSTAT2 

recode SMKSTAT2 (8=.) 

 

tab i_TIMEWATCHINGTV 

recode i_TIMEWATCHINGTV (8/9=.) 

tab i_TIMEWATCHINGTV2 

recode i_TIMEWATCHINGTV2 (8=.) 

 

tab i_ALCOHOL 

recode i_ALCOHOL (88=.) 

tab i_ALCOHOL2 

recode i_ALCOHOL2 (88=.) 

 

family history: 

 

tab ri_DADDIABET 

recode ri_DADDIABET (6/8=.) 

tab i_DADDIABET2 

recode i_DADDIABET2 (6/8=.) 

 

tab ri_MOMDIABET 

recode ri_MOMDIABET (6/8=.) 

tab i_MOMDIABET2 

recode i_MOMDIABET2 (6/8=.) 

 

tab ri_SIBDIABET 

recode ri_SIBDIABET (6/8=.) 

tab i_SIBDIABET2 

recode  i_SIBDIABET2 (6/8=.) 

 

Comorbidity: 

 

tab ri_HEARTDIS 

recode ri_HEARTDIS(6/8=.) 

tab i_HEARTDIS2 

recode i_HEARTDIS2 (8=.) 

 

tab ri_HEARTATT 

recode ri_HEARTATT(7/8=.) 

tab i_HEARTATT2 

recode i_HEARTATT2 (8=.) 

 

tab ri_SAPNEAEVER  

recode ri_SAPNEAEVER(7/8=.) 

tab i_SLEEPAPNEA2 

recode  i_SLEEPAPNEA2 (8=.) 

 

tab ri_HIGHBP  

recode ri_HIGHBP(6/8=.) 

tab i_HIGHBP2 

recode  i_HIGHBP2 (8=.) 

 

tab ri_STROKE 

recode ri_STROKE (7/8=.) 

tab i_STROKE2 

recode  i_STROKE2 (8=.) 

 

Other: 

 

tab i_SNORE 

recode i_SNORE(7/8=.) 

tab i_SNORE2 

recode i_SNORE2 (7/8=.) 
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tab EPWTOTGRP 

recode EPWTOTGRP(8=.) 

tab EPWTOTGRP2 

recode EPWTOTGRP2(8=.) 

 

** generating and recoding variables** 

gen dia1=ri_DIABETES 

recode dia1 (1=1) (2=0) 

label define dia1label 1 "Yes" 0 "No" 

label values dia1 dia1label 

numlabel `r(names)', add 

tab dia1 

 

gen dia2=i_DIABETES2 

recode dia2 (1=1) (2=0) 

label define dia2label 1 "Yes" 0 "No" 

label values dia2 dia2label 

numlabel `r(names)', add 

tab dia2 

 

gen farm1=FARM 

recode farm1 (1=2) (2=1) 

label define farm1label 1 "Non Farm" 2 

"Farm" 

label values farm1 farm1label 

numlabel `r(names)', add 

tab farm1 

 

gen farm2=FARM2 

recode farm2 (1=2) (2=1) 

label define farm2label 1 "Non Farm" 2 

"Farm" 

label values farm2 farm2label 

numlabel `r(names)', add 

tab farm2 

 

gen sex1=i_SEX 

recode sex1 (1=2) (2=1) 

label define sex1label 1 "Female" 2 "Male" 

label values sex1 sex1label 

numlabel `r(names)', add 

tab sex1 

 

gen sex2=i_SEX2 

recode sex2 (1=2) (2=1) 

label define sex2label 1 "Female" 2 "Male" 

label values sex2 sex2label 

numlabel `r(names)', add 

tab sex2 

 

rename MARITALGRP MARITALGRP1 

rename AGEGRP AGEGRP1 

 

rename i_EDUCATION  i_EDUCATION1 

 

label define i_EDUCATION2label 1 "Less 

than high school" 2 "Completed high 

school" 3 "Completed University" 4 

"Completed post-secondary other than 

above." 

label values i_EDUCATION2 

i_EDUCATION2label 

numlabel `r(names)', add 

tab i_EDUCATION2 

 

rename INCOMEGRP INCOMEGRP1 

rename PEOPLEGRP PEOPLEGRP1 

 

gen INCOMEGRPn1=INCOMEGRP1 

recode INCOMEGRPn1 (4=1) (3=2) (2=3) 

(1=4)  

label define INCOMEGRPn1label 1 

">=$60,000" 2 "$40,000- $59,999" 3 

"$20,000- $39,999 " 4 "< $20,000" 

label values INCOMEGRPn1 

INCOMEGRPn1label 

numlabel `r(names)', add 

tab INCOMEGRPn1 

 

gen INCOMEGRPn2=INCOMEGRP2 

recode INCOMEGRPn2 (4=1) (3=2) (2=3) 

(1=4)  

label define INCOMEGRPn2label 1 

">=$60,000" 2 "$40,000- $59,999" 3 

"$20,000- $39,999 " 4 "< $20,000" 

label values INCOMEGRPn2 

INCOMEGRPn2label 

numlabel `r(names)', add 

tab INCOMEGRPn2 

 

gen insect1=ri_INSECT 
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recode insect1 (1=2) (2=1) 

label define insect1label 1 "No" 2 "Yes" 

label values insect1 insect1label 

numlabel `r(names)', add 

tab insect1 

 

gen insect2=i_INSECT2 

recode insect2 (1=2) (2=1) 

label define insect2label 1 "No" 2 "Yes" 

label values insect2 insect2label 

numlabel `r(names)', add 

tab insect2 

 

gen pesti1=h_HOMEPESTICIDE 

recode pesti1 (1=2) (2=1) 

label define pesti1label 1 "No" 2 "Yes" 

label values pesti1 pesti1label 

numlabel `r(names)', add 

tab pesti1 

 

gen pesti2=h_HOMEPESTICIDE2 

recode pesti2 (1=2) (2=1) 

label define pesti2label 1 "No" 2 "Yes" 

label values pesti2 pesti2label 

numlabel `r(names)', add 

tab pesti2 

 

gen fun1=ri_FUNGICIDES 

recode fun1 (1=2) (2=1) 

label define fun1label 1 "No" 2 "Yes" 

label values fun1 fun1label 

numlabel `r(names)', add 

tab fun1 

 

gen fun2=i_FUNGICIDES2 

recode fun2 (1=2) (2=1) 

label define fun2label 1 "No" 2 "Yes" 

label values fun2 fun2label 

numlabel `r(names)', add 

tab fun2 

 

gen her1=ri_HERBICIDES 

recode her1 (1=2) (2=1) 

label define her1label 1 "No" 2 "Yes" 

label values her1 her1label 

numlabel `r(names)', add 

tab her1 

 

gen her2=i_HERBICIDES2 

recode her2 (1=2) (2=1) 

label define her2label 1 "No" 2 "Yes" 

label values her2 her2label 

numlabel `r(names)', add 

tab her2 

 

gen live1=ri_LIVESTOCK 

recode live1 (1=2) (2=1) 

label define live1label 1 "No" 2 "Yes" 

label values live1 live1label 

numlabel `r(names)', add 

tab live1 

 

gen live2=i_LIVESTOCK2 

recode live2 (1=2) (2=1) 

label define live2label 1 "No" 2 "Yes" 

label values live2 live2label 

numlabel `r(names)', add 

tab live2 

 

gen 

HOUSEHOLDSMK1=HOUSEHOLDSMK  

recode HOUSEHOLDSMK1 (1=2) (2=1) 

label define HOUSEHOLDSMK1label 1 

"No" 2 "Yes" 

label values HOUSEHOLDSMK1 

HOUSEHOLDSMK1label 

numlabel `r(names)', add 

tab HOUSEHOLDSMK1  

 

recode HOUSEHOLDSMK2 (1=2) (2=1) 

label define HOUSEHOLDSMK2label 1 

"No" 2 "Yes" 

label values HOUSEHOLDSMK2 

HOUSEHOLDSMK2label 

numlabel `r(names)', add 

tab HOUSEHOLDSMK2  

 

rename BMIGRP BMIGRP1 

 

gen exl1=EXERCISELONG 

recode exl1 (0=1) (1=2) (2=3) (3=4) (4=5) 
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label define exl1label 1 "None" 2 "<15 min" 

3 "15-30 min" 4 "31-60 min" 5 "> 60 min" 

label values exl1 exl1label 

numlabel `r(names)', add 

tab exl1 

 

gen exl2=EXERCISELONG2 

recode exl2 (0=1) (1=2) (2=3) (3=4) (4=5) 

label define exl2label 1 "None" 2 "<15 min" 

3 "15-30 min" 4 "31-60 min" 5 "> 60 min" 

label values exl2 exl2label 

numlabel `r(names)', add 

tab exl2 

 

gen smk1=SMKSTAT 

recode smk1 (1=3) (2=2) (3=1) 

label define smk1label 1 "Never smoker" 2 

"Ex-smoker" 3 "Current smoker" 

label values smk1 smk1label 

numlabel `r(names)', add 

tab smk1 

 

gen smk2=SMKSTAT2 

recode smk2 (1=3) (2=2) (3=1) 

label define smk2label 1 "Never smoker" 2 

"Ex-smoker" 3 "Current smoker" 

label values smk2 smk2label 

numlabel `r(names)', add 

tab smk2 

 

gen 

TIMEWATCHINGTV1=i_TIMEWATCHI

NGTV 

recode TIMEWATCHINGTV2 (0=1) (1=2) 

(2=3) (3=4) (4=5)(5=6)(6=7)(7=8) 

label define TIMEWATCHINGTV2 1 

"None" 2 "Less than 1 hour" 3 "From 1 to 2 

hours" 4 "From 3 to 5 hours" 5 "From 6 to 

10 hours" 6 "From 11 to 14 hours" 7 "From 

15 to 20 hours" 8 "More than 20 hours " 

label values TIMEWATCHINGTV1 

TIMEWATCHINGTV1label 

numlabel `r(names)', add 

tab TIMEWATCHINGTV1 

 

gen 

TIMEWATCHINGTV2=i_TIMEWATCHI

NGTV2 

recode TIMEWATCHINGTV2 (0=1) (1=2) 

(2=3) (3=4) (4=5)(5=6)(6=7)(7=8) 

label define TIMEWATCHINGTV2 1 

"None" 2 "Less than 1 hour" 3 "From 1 to 2 

hours" 4 "From 3 to 5 hours" 5 "From 6 to 

10 hours" 6 "From 11 to 14 hours" 7 "From 

15 to 20 hours" 8 "More than 20 hours " 

label values TIMEWATCHINGTV2 

TIMEWATCHINGTV2label 

numlabel `r(names)', add 

tab TIMEWATCHINGTV2 

 

** new recoding** 

gen 

TIMEWATCHINGTVn1=TIMEWATCHIN

GTV1 

recode TIMEWATCHINGTVn1 (1/4=1) 

(5/6=2) (7/8=3) (3=4)  

label define TIMEWATCHINGTVn1 1 

"Less than 5 hour" 2 "6 to 20 hour" 3 "More 

than 20 hours " 

label values TIMEWATCHINGTVn1 

TIMEWATCHINGTVn1label 

numlabel `r(names)', add 

tab TIMEWATCHINGTVn1 

 

gen 

TIMEWATCHINGTVn2=TIMEWATCHIN

GTV2 

recode TIMEWATCHINGTVn2 (1/4=1) 

(5/6=2) (7/8=3) (3=4)  

label define TIMEWATCHINGTVn2 1 

"Less than 5 hour" 2 "6 to 20 hour" 3 "More 

than 20 hours " 

label values TIMEWATCHINGTVn2 

TIMEWATCHINGTVn2label 

numlabel `r(names)', add 

tab TIMEWATCHINGTVn2 

 

gen i_ALCOHOLn1=i_ALCOHOL1 

recode i_ALCOHOLn1 (1=1) (2/3=2) 

(4/7=3) (8=4)  
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label define i_ALCOHOLn1 1 "Never" 2 

"<= Once in a month" 3 "> Once in a 

month"  

label values i_ALCOHOLn1 

i_ALCOHOLn1 

numlabel `r(names)', add 

tab i_ALCOHOLn1 

 

rename i_ALCOHOL i_ALCOHOL1 

 

recode ri_DADDIABET (1=2) (2=1) 

label define ri_DADDIABETlabel 1 "No" 2 

"Yes" 

label values ri_DADDIABET 

ri_DADDIABETlabel 

numlabel `r(names)', add 

rename ri_DADDIABET i_DADDIABET1 

tab i_DADDIABET1 

 

recode i_DADDIABET2 (1=2) (2=1) 

label define i_DADDIABET2label 1 "No" 2 

"Yes" 

label values i_DADDIABET2 

i_DADDIABET2label 

numlabel `r(names)', add 

tab i_DADDIABET2 

 

recode ri_MOMDIABET (1=2) (2=1) 

label define ri_MOMDIABETlabel 1 "No" 2 

"Yes" 

label values ri_MOMDIABET 

ri_MOMDIABETlabel 

numlabel `r(names)', add 

rename ri_MOMDIABET 

i_MOMDIABET1 

tab i_MOMDIABET1 

 

recode i_MOMDIABET2 (1=2) (2=1) 

label define i_MOMDIABETl2abel 1 "No" 

2 "Yes" 

label values i_MOMDIABET2 

i_MOMDIABET2label 

numlabel `r(names)', add 

tab i_MOMDIABET2 

 

recode ri_SIBDIABET (1=2) (2=1) 

label define ri_SIBDIABETlabel 1 "No" 2 

"Yes" 

label values ri_SIBDIABET 

ri_SIBDIABETlabel 

numlabel `r(names)', add 

rename ri_SIBDIABET i_SIBDIABET1 

tab i_SIBDIABET1 

 

recode i_SIBDIABET2 (1=2) (2=1) 

label define i_SIBDIABET2label 1 "No" 2 

"Yes" 

label values i_SIBDIABET2 

i_SIBDIABET2label 

numlabel `r(names)', add 

tab i_SIBDIABET2 

 

gen heart1=ri_HEARTDIS 

recode heart1 (1=2) (2=1) 

label define heart1label 1 "No" 2 "Yes" 

label values heart1 heart1label 

numlabel `r(names)', add 

tab heart1 

 

gen heart2=i_HEARTDIS2 

recode heart2 (1=2) (2=1) 

label define heart2label 1 "No" 2 "Yes" 

label values heart2 heart2label 

numlabel `r(names)', add 

tab heart2 

 

gen aheart1=ri_HEARTATT 

recode aheart1 (1=2) (2=1) 

label define aheart1label 1 "No" 2 "Yes" 

label values aheart1 aheart1label 

numlabel `r(names)', add 

tab aheart1 

 

gen aheart2=i_HEARTATT2 

recode aheart2 (1=2) (2=1) 

label define aheart2label 1 "No" 2 "Yes" 

label values aheart2 aheart2label 

numlabel `r(names)', add 

tab aheart2 

 

gen sleep1=ri_SAPNEAEVER 

recode sleep1 (1=2) (2=1) 
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label define sleep1label 1 "No" 2 "Yes" 

label values sleep1 sleep1label 

numlabel `r(names)', add 

tab sleep1 

 

gen sleep2=i_SLEEPAPNEA2 

recode sleep2 (1=2) (2=1) 

label define sleep2label 1 "No" 2 "Yes" 

label values sleep2 sleep2label 

numlabel `r(names)', add 

tab sleep2 

 

gen bp1=ri_HIGHBP 

recode bp1 (1=2) (2=1) 

label define bp1label 1 "No" 2 "Yes" 

label values bp1 bp1label 

numlabel `r(names)', add 

tab bp1 

 

gen bp2=i_HIGHBP2 

recode bp2 (1=2) (2=1) 

label define bp2label 1 "No" 2 "Yes" 

label values bp2 bp2label 

numlabel `r(names)', add 

tab bp2 

 

gen cb1=ri_CHRBRONP12 

recode cb1 (1=2) (2=1) 

label define cb1label 1 "No" 2 "Yes" 

label values cb1 cb1label 

numlabel `r(names)', add 

tab cb1 

recode cb1 (7/8=.) 

 

gen cb2=i_CHRBRONP122  

recode cb2 (1=2) (2=1) 

label define cb2label 1 "No" 2 "Yes" 

label values cb2 cb2label 

numlabel `r(names)', add 

tab cb2 

recode cb2 (8=.) 

 

gen ema1=ri_EMPHYSP12  

recode ema1 (1=2) (2=1) 

label define ema1label 1 "No" 2 "Yes" 

label values ema1 ema1label 

numlabel `r(names)', add 

tab ema1 

recode ema1 (7/8=.) 

 

gen ema2=i_EMPHYSP122  

recode ema2 (1=2) (2=1) 

label define ema2label 1 "No" 2 "Yes" 

label values ema2 ema2label 

numlabel `r(names)', add 

tab ema2 

recode ema2 (8=.) 

 

gen asthma1=EVERASTHMA  

recode asthma1 (1=2) (2=1) 

label define asthma1label 1 "No" 2 "Yes" 

label values asthma1 asthma1label 

numlabel `r(names)', add 

tab asthma1 

recode ema1 (7/8=.) 

 

gen asthma2=EVERASTHMA2 

recode asthma2 (1=2) (2=1) 

label define asthma2label 1 "No" 2 "Yes" 

label values asthma2 asthma2label 

numlabel `r(names)', add 

tab asthma2 

 

gen copd1=ri_COPDP12  

recode copd1 (1=2) (2=1) 

label define copd1label 1 "No" 2 "Yes" 

label values copd1 copd1label 

numlabel `r(names)', add 

tab copd1 

recode copd1 (7/8=.) 

 

gen copd2=i_COPDP122  

recode copd2 (1=2) (2=1) 

label define copd2label 1 "No" 2 "Yes" 

label values copd2 copd2label 

numlabel `r(names)', add 

tab copd2 

recode copd2 (8=.) 

 

gen can1=ri_CANCER  

recode can1 (1=2) (2=1) 

label define can1label 1 "No" 2 "Yes" 
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label values can1 can1label 

numlabel `r(names)', add 

tab can1 

recode can1 (7/8=.) 

 

gen can2=i_CANCER2  

recode can2 (1=2) (2=1) 

label define can2label 1 "No" 2 "Yes" 

label values can2 can2label 

numlabel `r(names)', add 

tab can2 

recode can2 (8=.) 

 

 

gen stroke1=ri_STROKE 

recode stroke1 (1=2) (2=1) 

label define stroke1label 1 "No" 2 "Yes" 

label values stroke1 stroke1label 

numlabel `r(names)', add 

tab stroke1 

 

gen stroke2=i_STROKE2 

recode stroke2 (1=2) (2=1) 

label define stroke2label 1 "No" 2 "Yes" 

label values stroke2 stroke2label 

numlabel `r(names)', add 

tab stroke2 

 

gen snore1=i_SNORE 

recode snore1 (1=2) (2=1) 

label define snore1label 1 "No" 2 "Yes" 

label values snore1 snore1label 

numlabel `r(names)', add 

tab snore1 

 

gen snore2=i_SNORE2 

recode snore2 (1=2) (2=1) 

label define snore2label 1 "No" 2 "Yes" 

label values snore2 snore2label 

numlabel `r(names)', add 

tab snore2 

 

gen epwt1=EPWTOTGRP 

recode epwt1 (0=1) (1=2) 

label define epwt1label 1 "Normal" 2 

"Abnormal" 

label values epwt1 epwt1label 

numlabel `r(names)', add 

tab epwt1 

 

gen epwt2=EPWTOTGRP2 

recode epwt2 (0=1) (1=2) 

label define epwt2label 1 "Normal" 2 

"Abnormal" 

label values epwt2 epwt2label 

numlabel `r(names)', add 

tab epwt2 

 

rename i_HEALTH heal1 

recode heal1 (8=.) 

tab heal1 

 

rename i_HEALTH2 heal2 

recode heal2 (8=.) 

tab heal2 

 

** Demographic** 

table dia1 farm1  ,by(QUADRANT) 

contents(freq) row 

table dia2 farm2  ,by(QUADRANT) 

contents(freq) row 

 

** Descriptive ** 

** Example** 

tab QUADRANT dia1, row 

tab QUADRANT dia2, row 

tab AGEGRP1 dia1, row 

tab AGEGRP2 dia2, row 

tab sex1 dia1, row 

tab sex2 dia2, row 

tab MARITALGRP1 dia1, row 

tab MARITALGRP2 dia2, row 

tab i_EDUCATION1 dia1, row 

tab i_EDUCATION2 dia2, row 

tab INCOMEGRPn1 dia1, row 

tab INCOMEGRPn2 dia2, row 

tab insect1 dia1, row 

tab insect2 dia2, row 

tab pesti1 dia1, row 

tab pesti2 dia2, row 

tab fun1 dia1, row 

tab fun2 dia2, row 
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tab her1 dia1, row 

tab her2 dia2, row 

tab live1 dia1, row 

tab live2 dia2, row 

tab HOUSEHOLDSMK1 dia1, row 

tab HOUSEHOLDSMK2 dia2, row 

tab i_MOMDIABET1 dia1, row 

tab i_MOMDIABET2 dia2, row 

tab i_SIBDIABET1 dia1, row 

tab i_SIBDIABET2 dia2, row 

tab i_SIBDIABET1 dia1, row 

tab i_SIBDIABET2 dia2, row 

tab BMIGRP1 dia1, row 

tab BMIGRP2 dia2, row 

tab exl1 dia1, row 

tab exl2 dia2, row 

tab smk1 dia1, row 

tab smk2 dia2, row 

tab TIMEWATCHINGTV1 dia1, row 

tab TIMEWATCHINGTV2 dia2, row 

tab i_ALCOHOL1 dia1, row 

tab i_ALCOHOL2 dia2, row 

tab heart1 dia1, row 

tab heart2 dia2, row 

tab aheart1 dia1, row 

tab aheart2 dia2, row 

tab bp1 dia1, row 

tab bp2 dia2, row 

tab stroke1 dia1, row 

tab stroke2 dia2, row 

tab cb1 dia1, row 

tab cb2 dia2, row 

tab ema1 dia1, row 

tab ema2 dia2, row 

tab asthma1 dia1, row 

tab asthma2 dia2, row 

tab copd1 dia1, row 

tab copd2 dia2, row 

tab can1 dia1, row 

tab can2 dia2, row 

tab sleep1 dia1, row 

tab sleep2 dia2, row 

tab snore1 dia1, row 

tab snore2 dia2, row 

tab epwt1 dia1, row 

tab epwt2 dia2, row 

tab heal1 dia1, row 

tab heal2 dia2, row 

 

** Keep Command ** 

keep cb1 cb2 ema1 ema2 asthma1 asthma2 

copd1 copd2 can1 can2 heal1 heal2 

CLUSTERID PERSONID h_DATE 

ReceiveDt2 BOTHSTUDIES 

FOLLOWUPCLCID dia1 dia2 farm1 farm2 

QUADRANT PEOPLEGRP1 

PEOPLEGRP2 AGEGRP1 AGEGRP2 sex1 

sex2 MARITALGRP1 MARITALGRP2 

i_ETHNICBG i_EDUCATION1 

i_EDUCATION2 INCOMEGRPn1 

INCOMEGRPn2 PEOPLEGRP1 

PEOPLEGRP2 insect1 insect2 pesti1 pesti2 

fun1 fun2 her1 her2 live1 live2 

HOUSEHOLDSMK1 HOUSEHOLDSMK2 

BMIGRP1 BMIGRP2 exl1 exl2 smk1 smk2 

TIMEWATCHINGTV1 

TIMEWATCHINGTV2 i_ALCOHOL1 

i_ALCOHOL2 i_DADDIABET1 

i_DADDIABET2 i_MOMDIABET1 

i_MOMDIABET2 i_SIBDIABET1 

i_SIBDIABET2 heart1 heart2 aheart1 

aheart2 sleep1 sleep2 bp1 bp2 stroke1 

stroke2 snore1 snore2 epwt1 epwt2 

 

** Reshape** 

reshape long dia cb ema asthma copd can 

heal farm PEOPLEGRP AGEGRP sex 

MARITALGRP i_EDUCATION 

INCOMEGRPn insect pesti fun her live 

HOUSEHOLDSMK BMIGRP exl smk 

TIMEWATCHINGTV i_ALCOHOL 

i_DADDIABET i_MOMDIABET 

i_SIBDIABET heart aheart sleep bp stroke 

snore epwt, i(CLUSTERID PERSONID) 

j(Year) 

 

**Univariate Analysis** 

logistic dia i.farm 

logistic dia i.PEOPLEGRP 

logistic dia i.AGEGRP 

logistic dia i.sex 

logistic dia i.MARITALGRP 
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logistic dia i.i_EDUCATION 

logistic dia i.INCOMEGRPn 

logistic dia i.ingrp 

logistic dia i.PEOPLEGRP 

logistic dia i.insect 

logistic dia i.pesti 

logistic dia i.fun 

logistic dia i.her 

logistic dia i.live 

logistic dia i.HOUSEHOLDSMK 

logistic dia i.i_DADDIABET 

logistic dia i.i_MOMDIABET 

logistic dia i.i_SIBDIABET 

logistic dia i.BMIGRP 

logistic dia i.exl 

logistic dia i.smk 

logistic dia i.TIMEWATCHINGTV 

logistic dia i.i_ALCOHOL 

logistic dia i.heart 

logistic dia i.aheart 

logistic dia i.sleep 

logistic dia i.stroke 

logistic dia i.bp 

logistic dia i.snore 

logistic dia i.epwt 

logistic dia i.QUADRANT 

logistic dia i.i_ETHNICBG 

logistic dia i.cb 

logistic dia i.ema 

logistic dia i.asthma 

logistic dia i.copd 

logistic dia i.can 

logistic dia i.heal 

 

** Variable Lists ** 

i.cb i.ema i.asthma i.copd i.can i.heal i.farm 

i.PEOPLEGRP i.AGEGRP i.sex 

i.MARITALGRP i.i_EDUCATION 

i.INCOMEGRP i.ingrp i.PEOPLEGRP 

i.insect i.fun i.her i.live i.i_DADDIABET 

i.i_MOMDIABET i.i_SIBDIABET 

i.BMIGRP i.exl i.smk 

i.i_TIMEWATCHINGTV i.i_ALCOHOL 

i.heart i.aheart i.sleep i.stroke dia i.bp i.snore 

i.epwt i.QUADRANT i.i_ETHNICBG 

 

** qic ** 

qic dia farm PEOPLEGRP AGEGRP sex 

MARITALGRP i_EDUCATION 

INCOMEGRP ingrp PEOPLEGRP insect 

fun her live i_DADDIABET 

i_MOMDIABET i_SIBDIABET BMIGRP 

exl smk TIMEWATCHINGTV 

i_ALCOHOL heart aheart sleep stroke bp 

snore epwt QUADRANT , i( PERSONID ) 

t( Year ) corr(independent) nolog nodisplay 

qic dia farm AGEGRP sex MARITALGRP 

i_EDUCATION INCOMEGRP ingrp 

PEOPLEGRP insect fun her live 

i_DADDIABET i_MOMDIABET 

i_SIBDIABET BMIGRP exl smk 

TIMEWATCHINGTV i_ALCOHOL heart 

aheart sleep stroke bp snore epwt 

QUADRANT , i( PERSONID ) t( Year ) 

corr(exchangeable) nolog nodisplay 

 

** Multivariate ** 

XTSET: 

xtset PERSONID 

xtset PERSONID Year, yearly 

xtgee dia i.farm i.QUADRANT 

i.PEOPLEGRP i.AGEGRP i.sex 

i.MARITALGRP i.i_EDUCATION 

i.INCOMEGRPn i.insect i.fun i.her i.live 

i.i_DADDIABET i.i_MOMDIABET 

i.i_SIBDIABET i.BMIGRP i.exl i.smk 

i.TIMEWATCHINGTV i.i_ALCOHOL 

i.heart i.aheart i.sleep i.stroke i.bp i.snore 

i.epwt i.cb  i.asthma i.copd i.can i.heal , 

family(binomial 1) vce(jacknife) link(logit) 

corr(exchangeable) eform 

 

** Full model ** 

xtgee dia i.farm i.AGEGRP i.sex  

i.INCOMEGRP i.i_DADDIABET 

i.i_MOMDIABET i.i_SIBDIABET 

i.BMIGRP i.i_ALCOHOL i.bp i.aheart 

i.heal , family(binomial 1) link(logit) 

corr(exchangeable)  eform 

 

** Interaction terms ** 

i.sex##i.smk .. >> Significant 
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i.AGEGRP##i.QUADRANT .. >> 

Significant 

i.sex##i.i_EDUCATION .. >> Significant 

i.AGEGRP##i.sleep .. >> Non Significant 

i.sex##i.i.insect .. >> Significant 

i.AGEGRP##i.INCOMEGRP .. >> 

Significant 

 

**  Interaction one by one ** 

xtgee dia i.farm i.AGEGRP i.sex  

i.INCOMEGRP i.i_DADDIABET 

i.i_MOMDIABET i.i_SIBDIABET 

i.BMIGRP i.i_ALCOHOL i.bp i.aheart 

i.heal i.smk i.sex##i.smk , family(binomial 

1) link(logit) corr(exchangeable)  eform 

xtgee dia i.farm i.AGEGRP i.sex  

i.INCOMEGRP i.i_DADDIABET 

i.i_MOMDIABET i.i_SIBDIABET 

i.BMIGRP i.i_ALCOHOL i.bp i.aheart 

i.heal i.QUADRANT 

i.AGEGRP##i.QUADRANT, 

family(binomial 1) link(logit) 

corr(exchangeable)  eform 

xtgee dia i.farm i.AGEGRP i.sex  

i.INCOMEGRP i.i_DADDIABET 

i.i_MOMDIABET i.i_SIBDIABET 

i.BMIGRP i.i_ALCOHOL i.bp i.aheart 

i.heal i.i_EDUCATION 

i.sex##i.i_EDUCATION , family(binomial 

1) link(logit) corr(exchangeable)  eform 

xtgee dia i.farm i.AGEGRP i.sex  

i.INCOMEGRP i.i_DADDIABET 

i.i_MOMDIABET i.i_SIBDIABET 

i.BMIGRP i.i_ALCOHOL i.bp i.aheart 

i.heal i.i.insect i.sex##i.i.insect , 

family(binomial 1) link(logit) 

corr(exchangeable)  eform 

xtgee dia i.farm i.AGEGRP i.sex  

i.INCOMEGRP i.i_DADDIABET 

i.i_MOMDIABET i.i_SIBDIABET 

i.BMIGRP i.i_ALCOHOL i.bp i.aheart 

i.heal i.AGEGRP##i.INCOMEGRP , 

family(binomial 1) link(logit) 

corr(exchangeable)  eform 

xtgee dia i.farm i.AGEGRP i.sex  

i.INCOMEGRP i.i_DADDIABET 

i.i_MOMDIABET i.i_SIBDIABET 

i.BMIGRP i.i_ALCOHOL i.bp i.aheart 

i.heal i.sleep i.AGEGRP##i.sleep, 

family(binomial 1) link(logit) 

corr(exchangeable)  eform 

 

 

xtgee dia i.farm i.AGEGRP i.sex  

i.INCOMEGRP i.i_DADDIABET 

i.i_MOMDIABET i.i_SIBDIABET 

i.BMIGRP i.i_ALCOHOL i.bp i.aheart 

i.heal i.smk i.smk##i.BMIGRP , 

family(binomial 1) link(logit) 

corr(exchangeable)  eform 

 

xtgee dia i.farm i.AGEGRP i.sex  

i.INCOMEGRP i.i_DADDIABET 

i.i_MOMDIABET i.i_SIBDIABET 

i.BMIGRP i.i_ALCOHOL i.bp i.aheart 

i.heal i.sleep i.sleep##i.BMIGRP , 

family(binomial 1) link(logit) 

corr(exchangeable)  eform 

 

**  Interaction all togathers ** 

xtgee dia i.farm i.AGEGRP i.sex  

i.INCOMEGRP i.i_DADDIABET 

i.i_MOMDIABET i.i_SIBDIABET 

i.BMIGRP i.i_ALCOHOL i.bp i.aheart 

i.heal i.smk i.insect i.sex##i.smk 

i.sex##i.insect i.smk##i.BMIGRP, 

family(binomial 1) link(logit) 

corr(exchangeable)  eform 

 

 

** Full model with interaction** 

xtgee dia i.farm i.AGEGRP i.sex  

i.INCOMEGRP i.i_DADDIABET 

i.i_MOMDIABET i.i_SIBDIABET 

i.BMIGRP i.i_ALCOHOL i.bp i.aheart 

i.heal i.smk i.insect i.sex##i.smk 

i.sex##i.insect, family(binomial 1) 

link(logit) corr(exchangeable)  eform 

 

** Forest plot** 

ssc install metan 

metan OR Lower Upper 
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metan OR Lower Upper, label 

(namevar=Factors) 

 

Interaction on probability scale (Additive):  

  

margins sex#insect 

marginsplot 

 

Interaction on log odds scale 

(multiplicative): 

 

margins sex#smk, predict(xb) 

marginsplot 

 

** Longitudinal changes ** 

xtgee dia Year##i.farm##i.QUADRANT 

i.farm i.QUADRANT i.Year , 

family(binomial 1) link(logit) 

corr(exchangeable) 

margins i.Year#i.farm#i.QUADRANT, 

asbalanced 

marginsplot, noci 

 

xtgee dia i.farm i.QUADRANT 

i.PEOPLEGRP i.AGEGRP i.sex 

i.MARITALGRP i.i_EDUCATION 

i.INCOMEGRPn i.insect i.fun i.her i.live 

i.i_DADDIABET i.i_MOMDIABET 

i.i_SIBDIABET i.BMIGRP i.exl i.smk 

i.TIMEWATCHINGTV i.i_ALCOHOL 

i.heart i.aheart i.sleep i.stroke i.bp i.snore 

i.epwt i.cb  i.asthma i.copd i.can i.heal 

i.Year Year##i.farm##i.QUADRANT, 

family(binomial 1) link(logit) 

corr(exchangeable) eform 

margins i.Year#i.farm#i.QUADRANT, 

asbalanced 

marginsplot, noci 

 

xtgee dia i.Year#i.farm#i.QUADRANT 

twoway lfit dia Year, by(farm 

QUADRANT) 

 

xtgee dia i.Year#i.farm#i.QUADRANT 

margins Year#farm#QUADRANT 

marginsplot 

 

** Survival analysis** 

**Time frame** 

gen time_frame= ( ReceiveDt2 - h_DATE 

)/365 

 

**Incidence** 

stsum 

 

** Setting up the data** 

drop if dia1==1 

keep if BOTHSTUDIES==1 

 

stset time_frame , id( PERSONID ) 

failure(dia2==1) 

 

** Survival Analysis** 

numlabel `r(names)', add 

recode farm1 (2=1 "Farm") (1=0 "non-

farm"), gen(farm_fi) 

recode PEOPLEGRP1 (1=1 "<=2 people") 

(2=0 " >2 people"), gen (peoplegrp_fi) 

recode AGEGRP1 (1=1 "18-45 years") (2=2 

"46-55 years") (3/4=3 ">=56 years"), 

gen(agegrp_fi) 

recode i_EDUCATION1 (1=1 "<= Grade 

12") (2/4=0 "> Grade 12"), gen(edugrp_fi) 

recode insect1(2=1 "Yes") (1=0 "No"), 

gen(i_INSECT_fi) 

recode pesti1(2=1 "Yes") (1=0 "No"), 

gen(i_PESTI_fi) 

recode fun1  (2=1 "Yes") (1=0 "No"), 

gen(i_FUNGICIDES_fi) 

recode her1 (2=1 "Yes") (1=0 "No"), 

gen(i_HERBICIDES_fi) 

recode live1  (2=1 "Yes") (1=0 "No"), 

gen(i_LIVE_fi) 

recode HOUSEHOLDSMK1  (2=1 "Yes") 

(1=0 "No"), gen(householdsmk_fi) 

recode smk1 (1=0 "Never smoker") (2/3=1 

"Ever smoker"), gen(smkstat_fi) 

recode i_DADDIABET1(2=1 "Yes") (1=0 

"No"), gen(i_DADDIABET_fi) 

recode i_MOMDIABET1 (2=1 "Yes") (1=0 

"No"), gen(i_MOMDIABET1_fi) 
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recode i_SIBDIABET1 (2=1 "Yes") (1=0 

"No"), gen(i_SIBDIABET1_fi) 

recode heart1 (2=1 "Yes") (1=0 "No"), 

gen(i_HEART_fi) 

recode aheart1(2=1 "Yes") (1=0 "No"), 

gen(i_AHEART_fi) 

recode sleep1(2=1 "Yes") (1=0 "No"), 

gen(i_SLEEP_fi) 

recode bp1(2=1 "Yes") (1=0 "No"), 

gen(i_BP_fi) 

recode stroke1(2=1 "Yes") (1=0 "No"), 

gen(i_STROKE_fi) 

recode snore1 (2=1 "Yes") (1=0 "No"), 

gen(i_SNORE_fi) 

recode epwt1(2=1 "Abnormal") (1=0 

"Normal"), gen(i_EPWT_fi) 

recode TIMEWATCHINGTV1(1=1 

"None") (2/7=2 "<20hr") (8=3 ">20hr"), 

gen(TIMEWATCHINGTV_fi) 

 

*Univariate analyses* 

stcox i.farm_fi, vce(cluster CLUSTERID) 

stcox i.QUADRANT, vce(cluster 

CLUSTERID) 

stcox i.peoplegrp_fi, vce(cluster 

CLUSTERID) 

stcox i.agegrp_fi, vce(cluster CLUSTERID) 

stcox i.sex1, vce(cluster CLUSTERID) 

stcox i.MARITALGRP1 , vce(cluster 

CLUSTERID) 

stcox i.i_EDUCATION1 , vce(cluster 

CLUSTERID) 

stcox i.INCOMEGRPn1  , vce(cluster 

CLUSTERID) 

stcox i.i_INSECT_fi  , vce(cluster 

CLUSTERID) 

stcox i.i_PESTI_fi  , vce(cluster 

CLUSTERID) 

stcox i.i_FUNGICIDES_fi , vce(cluster 

CLUSTERID) 

stcox i.i_HERBICIDES_fi , vce(cluster 

CLUSTERID) 

stcox i.i_LIVE_fi, vce(cluster CLUSTERID) 

stcox i.householdsmk_fi, vce(cluster 

CLUSTERID) 

stcox i.BMIGRP1, vce(cluster 

CLUSTERID) 

stcox i.exl1 , vce(cluster CLUSTERID) 

stcox i.smkstat_fi , vce(cluster 

CLUSTERID) 

stcox i.i_ALCOHOL1, vce(cluster 

CLUSTERID) 

stcox i.i_DADDIABET_fi , vce(cluster 

CLUSTERID) 

stcox i.i_MOMDIABET1_fi, vce(cluster 

CLUSTERID) 

stcox i.i_SIBDIABET1_fi, vce(cluster 

CLUSTERID) 

stcox i.i_HEART_fi,vce(cluster 

CLUSTERID) 

stcox i.i_AHEART_fi,vce(cluster 

CLUSTERID) 

stcox i.i_SLEEP_fi,vce(cluster 

CLUSTERID) 

stcox i.i_BP_fi,vce(cluster CLUSTERID) 

stcox i.i_STROKE_fi,vce(cluster 

CLUSTERID) 

stcox i.i_SNORE_fi,vce(cluster 

CLUSTERID) 

stcox i.i_EPWT_fi, vce(cluster 

CLUSTERID) 

stcox i.cb1, vce(cluster CLUSTERID) 

stcox i.ema1, vce(cluster CLUSTERID) 

stcox i.asthma1, vce(cluster CLUSTERID) 

stcox i.copd1, vce(cluster CLUSTERID) 

stcox i.can1, vce(cluster CLUSTERID) 

stcox i.heal1, vce(cluster CLUSTERID) 

 

 

/Multivariate/ 

***model run with variables significant in 

univariate analysis P <=0.2*** 

stcox i.QUADRANT i.peoplegrp_fi 

i.agegrp_fi i.sex1 i.i_EDUCATION1 

i.INCOMEGRPn1 i.i_INSECT_fi 

i.i_PESTI_fi i.i_FUNGICIDES_fi 

i.i_HERBICIDES_fi i.BMIGRP1 

i.i_ALCOHOL1  i.exl1 i.i_DADDIABET_fi 

i.i_MOMDIABET1_fi i.i_SIBDIABET1_fi 

i_HEART_fi i.i_AHEART_fi i.i_SLEEP_fi 

i.i_BP_fi i.cb1 i.ema1 i.asthma1 i.copd1 
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i.can1 i.heal1 i.i_SNORE_fi i.i_EPWT_fi 

i.heal1, vce(cluster CLUSTERID) 

 

** Final Model** 

stcox i.QUADRANT i.i_EDUCATION1 

i.BMIGRP1 i.i_DADDIABET_fi 

i.i_SIBDIABET1_fi  i.i_SLEEP_fi 

i.i_EPWT_fi, vce(cluster CLUSTERID) 

 

** Check for Interaction ** 

stcox i.QUADRANT i.i_EDUCATION1 

i.BMIGRP1 i.i_DADDIABET_fi 

i.i_SIBDIABET1_fi  i.i_SLEEP_fi 

i.i_EPWT_fi i.sex1 i.i_INSECT_fi 

i.sex1#i.i_INSECT_fi, vce(cluster 

CLUSTERID) 

stcox i.QUADRANT i.i_EDUCATION1 

i.BMIGRP1 i.i_DADDIABET_fi 

i.i_SIBDIABET1_fi  i.i_SLEEP_fi 

i.i_EPWT_fi i.sex1 i.INCOMEGRPn1 

i.sex1#i.INCOMEGRPn1, vce(cluster 

CLUSTERID) 

stcox i.QUADRANT i.i_EDUCATION1 

i.BMIGRP1 i.i_DADDIABET_fi 

i.i_SIBDIABET1_fi  i.i_SLEEP_fi 

i.i_EPWT_fi i.sex1 i.agegrp_fi 

i.sex1#i.agegrp_fi, vce(cluster 

CLUSTERID) 

stcox i.QUADRANT i.i_EDUCATION1 

i.BMIGRP1 i.i_DADDIABET_fi 

i.i_SIBDIABET1_fi  i.i_SLEEP_fi 

i.i_EPWT_fi i.sex1  i.sex1#i.BMIGRP1 , 

vce(cluster CLUSTERID)  

stcox i.QUADRANT i.i_EDUCATION1 

i.BMIGRP1 i.i_DADDIABET_fi 

i.i_SIBDIABET1_fi  i.i_SLEEP_fi 

i.i_EPWT_fi i.sex1 i.smkstat_fi 

i.sex1#i.smkstat_fi , vce(cluster 

CLUSTERID) 

stcox i.QUADRANT i.i_EDUCATION1 

i.BMIGRP1 i.i_DADDIABET_fi 

i.i_SIBDIABET1_fi  i.i_SLEEP_fi 

i.i_EPWT_fi i.sex1 i.farm_fi 

i.sex1#i.farm_fi , vce(cluster CLUSTERID) 

stcox i.QUADRANT i.i_EDUCATION1 

i.BMIGRP1 i.i_DADDIABET_fi 

i.i_SIBDIABET1_fi  i.i_SLEEP_fi 

i.i_EPWT_fi i.smkstat_fi i.BMIGRP1 

i.smkstat_fi#i.BMIGRP1, vce(cluster 

CLUSTERID) 

stcox i.QUADRANT i.i_EDUCATION1 

i.BMIGRP1 i.i_DADDIABET_fi 

i.i_SIBDIABET1_fi  i.i_SLEEP_fi 

i.i_EPWT_fi i.smkstat_fi i.agegrp_fi 

i.smkstat_fi#i.agegrp_fi , vce(cluster 

CLUSTERID) 

stcox i.QUADRANT i.i_EDUCATION1 

i.BMIGRP1 i.i_DADDIABET_fi 

i.i_SIBDIABET1_fi  i.i_SLEEP_fi 

i.i_EPWT_fi i.smkstat_fi i.farm_fi 

i.smkstat_fi#i.farm_fi , vce(cluster 

CLUSTERID) 

stcox i.QUADRANT i.i_EDUCATION1 

i.BMIGRP1 i.i_DADDIABET_fi 

i.i_SIBDIABET1_fi  i.i_SLEEP_fi 

i.i_EPWT_fi i.agegrp_fi i.farm_fi 

i.agegrp_fi#i.farm_fi , vce(cluster 

CLUSTERID) 

stcox i.QUADRANT i.i_EDUCATION1 

i.BMIGRP1 i.i_DADDIABET_fi 

i.i_SIBDIABET1_fi  i.i_SLEEP_fi 

i.i_EPWT_fi_fi i.agegrp_fi i.i_INSECT_fi 

i.agegrp_fi#i.i_INSECT_fi , vce(cluster 

CLUSTERID) 

stcox i.QUADRANT i.i_EDUCATION1 

i.BMIGRP1 i.i_DADDIABET_fi 

i.i_SIBDIABET1_fi  i.i_SLEEP_fi 

i.i_EPWT_fi_fi i.agegrp_fi i.i_HEART_fi 

i.agegrp_fi#i.i_HEART_fi, vce(cluster 

CLUSTERID) 

stcox i.QUADRANT i.i_EDUCATION1 

i.BMIGRP1 i.i_DADDIABET_fi 

i.i_SIBDIABET1_fi  i.i_SLEEP_fi 

i.i_EPWT_fi_fi i.agegrp_fi i.i_BP_fi 

i.agegrp_fi#i.i_BP_fi, vce(cluster 

CLUSTERID) 

stcox i.QUADRANT i.i_EDUCATION1 

i.BMIGRP1 i.i_DADDIABET_fi 

i.i_SIBDIABET1_fi  i.i_SLEEP_fi 

i.i_EPWT_fi i.agegrp_fi i.INCOMEGRPn1  

i.agegrp_fi#i.INCOMEGRPn1 , vce(cluster 

CLUSTERID) 
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stcox i.QUADRANT i.i_EDUCATION1 

i.BMIGRP1 i.i_DADDIABET_fi 

i.i_SIBDIABET1_fi  i.i_SLEEP_fi 

i.i_EPWT_fi_fi i.farm_fi i.i_INSECT_fi  

i.farm_fi#i.i_INSECT_fi  , vce(cluster 

CLUSTERID) 

stcox i.QUADRANT i.i_EDUCATION1 

i.BMIGRP1 i.i_DADDIABET_fi 

i.i_SIBDIABET1_fi  i.i_SLEEP_fi 

i.i_EPWT_fi i.farm_fi 

i.farm_fi#i.BMIGRP1, vce(cluster 

CLUSTERID) 

stcox i.QUADRANT i.i_EDUCATION1 

i.BMIGRP1 i.i_DADDIABET_fi 

i.i_SIBDIABET1_fi  i.i_SLEEP_fi 

i.i_EPWT_fi i.INCOMEGRPn1 

i.INCOMEGRPn1#i.BMIGRP1, vce(cluster 

CLUSTERID) 

stcox i.QUADRANT i.i_EDUCATION1 

i.BMIGRP1 i.i_DADDIABET_fi 

i.i_SIBDIABET1_fi  i.i_SLEEP_fi 

i.i_EPWT_fi i.farm_fi 

i.farm_fi#i.i_EDUCATION1 , vce(cluster 

CLUSTERID) 

stcox i.QUADRANT i.i_EDUCATION1 

i.BMIGRP1 i.i_DADDIABET_fi 

i.i_SIBDIABET1_fi  i.i_SLEEP_fi 

i.i_EPWT_fi i.sex1 i.i_HEART_fi 

i.sex1#i.i_HEART_fi, vce(cluster 

CLUSTERID) 

stcox i.QUADRANT i.i_EDUCATION1 

i.BMIGRP1 i.i_DADDIABET_fi 

i.i_SIBDIABET1_fi  i.i_SLEEP_fi 

i.i_EPWT_fi i.sex1 i.i_BP_fi 

i.sex1#i.i_BP_fi, vce(cluster CLUSTERID) 

stcox i.QUADRANT i.i_EDUCATION1 

i.BMIGRP1 i.i_DADDIABET_fi 

i.i_SIBDIABET1_fi  i.i_SLEEP_fi 

i.i_EPWT_fi i.i_EDUCATION1 

i.INCOMEGRPn1 

i.i_EDUCATION1#i.INCOMEGRPn1, 

vce(cluster CLUSTERID) 

 

** Sig Int ** 

i.sex1#i.i_INSECT_fi    

i.sex1#i.INCOMEGRPn1 

i.sex1#i.agegrp_fi .... 

i.farm_fi#i.i_EDUCATION1 

 

***Final model with all interaction 

terms*** 

stcox i.QUADRANT i.i_EDUCATION1 

i.BMIGRP1 i.i_DADDIABET_fi 

i.i_SIBDIABET1_fi  i.i_SLEEP_fi 

i.i_EPWT_fi i.sex1 i.i_INSECT_fi 

i.INCOMEGRPn1 i.sex1 i.farm_fi 

i.i_EDUCATION1 i.sex1#i.i_INSECT_fi 

i.sex1#i.INCOMEGRPn1 i.sex1#i.agegrp_fi 

i.farm_fi#i.i_EDUCATION1  , vce(cluster 

CLUSTERID) 

 

 

** Significant final model** 

stcox i.QUADRANT i.i_EDUCATION1 

i.BMIGRP1 i.i_DADDIABET_fi 

i.i_SIBDIABET1_fi i.i_SLEEP_fi 

i.i_EPWT_fi i.sex1 i.agegrp_fi 

i.sex1#i.agegrp_fi, vce(cluster 

CLUSTERID) 

 

***Check for Proportionality 

Assumption***  

stcox i.QUADRANT i.i_EDUCATION1 

i.BMIGRP1 i.i_DADDIABET_fi 

i.i_SIBDIABET1_fi i.i_SLEEP_fi 

i.i_EPWT_fi i.sex1 i.agegrp_fi 

i.sex1#i.agegrp_fi,tvc(agegrp_fi BMIGRP1) 

texp(ln(time_frame )) vce(cluster 

CLUSTERID) 

 

***Goodness of Fit of the Final Model*** 

quietly stcox i.QUADRANT 

i.i_EDUCATION1 i.BMIGRP1 

i.i_DADDIABET_fi i.i_SIBDIABET1_fi 

i.i_SLEEP_fi i.i_EPWT_fi i.sex1 i.agegrp_fi 

i.sex1#i.agegrp_fi, nohr mgale(mg) 

predict cs, csnell 

stset cs, failure(dia2) 

sts generate H = na 

line H cs cs, sort xlab(0 1 to 4) ylab(0 1 to 4) 

drop mg 
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Appendix F 

Syntax (Manuscript two) 

** Outcome Variable** 

 

tab i_DIABETES 

recode i_DIABETES (7/8=.) 

 

gen dia1=i_DIABETES 

recode dia1 (1=1) (2=0) 

label define dia1label 1 "Yes" 0 "No" 

label values dia1 dia1label 

numlabel `r(names)', add 

tab dia1 

 

tab i_DIABETES2 

recode i_DIABETES2 (7/88=.) 

 

gen dia2=i_DIABETES2 

recode dia2 (1=1) (2=0) 

label define dia2label 1 "Yes" 0 "No" 

label values dia2 dia2label 

numlabel `r(names)', add 

tab dia2 

 

** AGE** 

recode i_AGE 17/19=1 20/29=2 30/39=3 

40/49=4 50/59=5 60/max=6, generate(age1) 

 

label define age1label 1 "Less than 20 yrs" 2 

"20-29 yrs" 3 "30-39 yrs" 4 "40-49 yrs" 5 

"50-59 yrs" 6 "60 and more yrs" 

label values age1 age1label 

numlabel `r(names)', add 

tab age1 

 

recode i_AGE2 17/19=1 20/29=2 30/39=3 

40/49=4 50/59=5 60/max=6, generate(age2) 

 

label define age2label 1 "Less than 20 yrs" 2 

"20-29 yrs" 3 "30-39 yrs" 4 "40-49 yrs" 5 

"50-59 yrs" 6 "60 and more yrs" 

label values age2 age2label 

numlabel `r(names)', add 

tab age2 

 

** Sex** 

rename i_SEX sex1 

rename i_SEX2 sex2 

 

** Marital Status ** 

recode i_MARITAL (8=.) 

tab i_MARITAL 

 

gen marital1=i_MARITAL 

recode marital1 (5=1) (3 4 6=2) (1/2=3) 

label define marital1label 1 "Single" 2 

"Divorced/separated/widowed" 3 

"Married/common law/living" 

label values marital1 marital1label 

numlabel `r(names)', add 

tab marital1 

 

recode i_MARITAL2 (88=.) 

tab i_MARITAL2 

 

gen marital2=i_MARITAL2 

recode marital2 (5=1) (3 4 6=2) (1/2=3) 

label define marital2label 1 "Single" 2 

"Divorced/separated/widowed" 3 

"Married/common law/living" 

label values marital2 marital2label 

numlabel `r(names)', add 

tab marital2 

 

** Education ** 



152 
 

recode i_EDUCATION (8=.) 

tab i_EDUCATION 

 

gen edu1=i_EDUCATION   

recode edu1 (1/2=1) (3/7=2) 

label define edu1label 1 "Less than high 

school" 2 "High school or higher" 

label values edu1 edu1label 

numlabel `r(names)', add 

tab edu1 

 

recode i_EDUCATIONNEW2 (88=.) 

tab i_EDUCATIONNEW2 

 

gen edu2=i_EDUCATIONNEW2   

recode edu2 (1/2=1) (3/6=2) 

label define edu2label 1 "Less than high 

school" 2 "High school or higher" 

label values edu2 edu2label 

numlabel `r(names)', add 

tab edu2 

 

** Household Income ** 

recode h_HOUSEINCOME  (88=.) 

tab h_HOUSEINCOME 

 

gen inc1=h_HOUSEINCOME  

recode inc1 (1/3=1) (4/5=2) (66 77=3) 

(6/10=4) 

label define inc1label 1 "$0- $9,999" 2 

"$10,000- $19,999" 3 "Refused/Not stated" 

4 "$20,000+"  

label values inc1 inc1label 

numlabel `r(names)', add 

tab inc1 

 

recode h_HOUSEINCOMENEW2  (88=.) 

tab h_HOUSEINCOMENEW2 

 

gen inc2=h_HOUSEINCOMENEW2 

recode inc2 (1/3=1) (4/5=2) (66 77=3) 

(6/10=4) 

label define inc2label 1 "$0- $9,999" 2 

"$10,000- $19,999" 3 "Refused/Not stated" 

4 "$20,000+"  

label values inc2 inc2label 

numlabel `r(names)', add 

tab inc2 

 

gen incomen1=incn1 

recode incomen1 (1=1) (2/3=2) (4=3)  

label define incomen1label 1 ">= $20,000" 2 

"<$20,000" 3 "Refused/Not stated" 

label values incomen1 incomen1label 

numlabel `r(names)', add 

tab incomen1 

 

gen incomen2=incn2 

recode incomen2 (1=1) (2/3=2) (4=3)  

label define incomen2label 1 ">= $20,000" 2 

"< $20,000" 3 "Refused/Not stated" 

label values incomen2 incomen2label 

numlabel `r(names)', add 

tab incomen2 

 

** Employment ** 

recode i_EMPLOYSTATUS  (888=.) 

tab i_EMPLOYSTATUS 

 

gen emp1=i_EMPLOYSTATUS 

recode emp1 (1/5 10=1) (6=2)(7/9=3) 

label define emp1label 1 "Employed 

(full/part/student)" 2 "Uncmployed" 3 

"Retired/homemaker/disabled"  

label values emp1 emp1label 

numlabel `r(names)', add 

tab emp1 

 

recode i_EMPLOYSTATUSNEW2  (88=.) 

tab i_EMPLOYSTATUSNEW2 

 

gen emp2=i_EMPLOYSTATUSNEW2 

recode emp2 (1/5 10=1) (6=2)(7/9=3) 

label define emp2label 1 "Employed 

(full/part/student)" 2 "Uncmployed" 3 

"Retired/homemaker/disabled"  

label values emp2 emp2label 

numlabel `r(names)', add 

tab emp2 

 

** Population density ** 

recode h_PEOPLE  (888=.) 
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tab h_PEOPLE 

 

gen people1=h_PEOPLE 

recode people1 (1/3=1) (4/6=2)(7/14=3) 

label define people1label 1 "< 4 people" 2 

"4-6 people" 3 "> 6 people"  

label values people1 people1label 

numlabel `r(names)', add 

tab people1 

 

recode h_PEOPLE2  (888888=.) 

tab h_PEOPLE2 

 

gen people2=h_PEOPLE2 

recode people2 (1/3=1) (4/6=2)(7/15=3) 

label define people2label 1 "< 4 people" 2 

"4-6 people" 3 "> 6 people"  

label values people2 people2label 

numlabel `r(names)', add 

tab people2 

 

** Leftover money** 

recode h_EXTRAMONEY (7/8=.) 

tab h_EXTRAMONEY 

 

recode h_EXTRAMONEY2 (88=.) 

tab h_EXTRAMONEY2 

 

** location ** 

rename i_LOCATION loc1 

rename i_LOCATION2 loc2 

 

** Smoking status** 

recode ri_SMKSTAT (8=.) 

recode SMKSTAT2 (8=.) 

rename ri_SMKSTAT SMKSTAT1 

 

gen smk1=SMKSTAT1 

recode smk1 (3=1) (2=2)(1=3) 

label define smk1label 1 "Never smoker" 2 

"Ex-smoker" 3 "Current smoker"  

label values smk1 smk1label 

numlabel `r(names)', add 

tab smk1 

 

gen smk2=SMKSTAT2 

recode smk2 (3=1) (2=2)(1=3) 

label define smk2label 1 "Never smoker" 2 

"Ex-smoker" 3 "Current smoker"  

label values smk2 smk2label 

numlabel `r(names)', add 

tab smk2 

 

**Alcohol** 

recode i_ALCOHOL (666 888=.) 

recode i_ALCOHOL2 (888=.) 

 

gen alc1=i_ALCOHOL 

recode alc1 (1=1) (2/4=2)(5/8=3) 

label define alc1label 1 "Never" 2 "Irregular 

drinker" 3 "Regular drinker"  

label values alc1 alc1label 

numlabel `r(names)', add 

tab alc1 

 

gen alc2=i_ALCOHOL2 

recode alc2 (1=1) (2/4=2)(5/8=3) 

label define alc2label 1 "Never" 2 "Irregular 

drinker" 3 "Regular drinker"  

label values alc2 alc2label 

numlabel `r(names)', add 

tab alc2 

 

** New coding** 

gen alcn1=alc1 

recode alcn1 (1=1) (2/3=2) 

label define alcn1label 1 "Never drinker" 2 

"Ever drinker"  

label values alcn1 alcn1label 

numlabel `r(names)', add 

tab alcn1 

 

gen alcn2=alc2 

recode alcn2 (1=1) (2/3=2) 

label define alcn2label 1 "Never drinker" 2 

"Ever drinker"  

label values alcn2 alcn2label 

numlabel `r(names)', add 

tab alcn2 

 

 

**BMI** 
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recode i_BMIGRP (9=.) 

recode BMIGRP2 (1 88=.) 

 

rename i_BMIGRP bmi1 

tab bmi1 

 

tab BMIGRP2 

 

gen bmi2=BMIGRP2 

recode bmi2 (2=1) (3=2)(4=3) 

label define bmi2label 1 "Normal" 2 

"Overweight" 3 "Obese"  

label values bmi2 bmi2label 

numlabel `r(names)', add 

tab bmi2 

 

** Exercise** 

recode i_EXERCISE (8=.) 

rename i_EXERCISE exer1 

 

tab i_EXERCISE2 

 

recode i_EXERCISE2 (8=.) 

rename i_EXERCISE2 exer2 

 

** Excercise duration ** 

 

gen exd1=i_EXERCISELONG 

recode exd1 (4=1) 

(3=2)(2=3)(1=4)(7=5)(8=.)(9=6) 

label define exd1label 1 ">60 min" 2 "31-60 

min" 3 "15-30 min" 4 "<15 min" 5 "Do not 

know" 6 "Not aplicable"  

label values exd1 exd1label 

numlabel `r(names)', add 

tab exd1 

 

gen exd2=i_EXERCISELONG2 

recode exd2 (4=1) 

(3=2)(2=3)(1=4)(7=5)(88=.)(9=6) 

label define exd2label 1 ">60 min" 2 "31-60 

min" 3 "15-30 min" 4 "<15 min" 5 "Do not 

know" 6 "Not aplicable"  

label values exd2 exd2label 

numlabel `r(names)', add 

tab exd2 

 

**new category** 

 

recode exd1 (5=.) 

recode exd2 (5=.) 

 

gen exdnw1=exd1 

recode exdnw1 (1 2=1) (3=2)(4 5 6=3) 

label define exdnw1label 1 ">30 min" 2 "15-

30 min" 3 "no exercise or <15 min" 

label values exdnw1 exdnw1label 

numlabel `r(names)', add 

tab exdnw1 

 

gen exdnw2=exd2 

recode exdnw2 (1 2=1) (3=2)(4 5 6=3) 

label define exdnw2label 1 ">30 min" 2 "15-

30 min" 3 "no exercise or <15 min" 

label values exdnw2 exdnw2label 

numlabel `r(names)', add 

tab exdnw2 

 

** Sleep** 

recode i_SLEEPHOURS  (8=.) 

 

gen slph1=i_SLEEPHOURS 

recode slph1 (1=1) (2=2)(3/4=3) 

label define slph1label 1 "More than 7 

hours" 2 "6 to 7 hours" 3 "≤ 5 hours"  

label values slph1 slph1label 

numlabel `r(names)', add 

tab slph1 

 

tab i_SLEEPHOURS2 

 

recode i_SLEEPHOURS2  (88=.) 

 

gen slph2=i_SLEEPHOURS2 

recode slph2 (1=1) (2=2)(3/4=3) 

label define slph2label 1 "More than 7 

hours" 2 "6 to 7 hours" 3 "≤ 5 hours"  

label values slph2 slph2label 

numlabel `r(names)', add 

tab slph2 

 

** New code** 
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gen slphn1=slph1 

recode slphn1 (1=1) (2/3=2) 

label define slphn1label 1 "> 7 hours" 2 "<= 

7 hours"  

label values slphn1 slphn1label 

numlabel `r(names)', add 

tab slphn1 

 

gen slphn2=slph2 

recode slphn2 (1=1) (2/3=2) 

label define slphn2label 1 "> 7 hours" 2 "<= 

7 hours"  

label values slphn2 slphn2label 

numlabel `r(names)', add 

tab slphn2 

 

** Complication/ comorbidity ** 

recode i_HEARTPROBLEM (7/8=.)  

 

gen heart1=i_HEARTPROBLEM 

recode heart1 (2=1) (1=2) 

label define heart1label 1 "No" 2 "Yes"   

label values heart1 heart1label 

numlabel `r(names)', add 

tab heart1 

 

tab i_HEARTPROBLEM2 

recode i_HEARTPROBLEM2 (7/88=.)  

gen heart2=i_HEARTPROBLEM2 

recode heart2 (2=1) (1=2) 

label define heart2label 1 "No" 2 "Yes"   

label values heart2 heart2label 

numlabel `r(names)', add 

tab heart2 

 

recode i_STROKE2 (7/88=.)  

 

gen stroke1=i_STROKE 

recode stroke1 (2=1) (1=2) 

label define stroke1label 1 "No" 2 "Yes"   

label values stroke1 stroke1label 

tab stroke1 

 

gen stroke2=i_STROKE2 

recode stroke2 (2=1) (1=2) 

label define stroke2label 1 "No" 2 "Yes"   

label values stroke2 stroke2label 

tab stroke2 

 

recode i_DEPRESSION (7/8=.) 

recode i_DEPRESSION2 (7/88=.)  

 

gen dep1=i_DEPRESSION 

recode dep1 (2=1) (1=2) 

label define dep1label 1 "No" 2 "Yes"   

label values dep1 dep1label 

tab dep1 

 

gen dep2=i_DEPRESSION2 

recode dep2 (2=1) (1=2) 

label define dep2label 1 "No" 2 "Yes"   

label values dep2 dep2label 

tab dep2 

 

recode i_EYESIGHTPROB (7/8=.) 

recode i_EYESIGHTPROB2  (7/88=.)  

 

gen eye1=i_EYESIGHTPROB  

recode eye1 (2=1) (1=2) 

label define eye1label 1 "No" 2 "Yes"   

label values eye1 eye1label 

tab eye1 

 

gen eye2=i_EYESIGHTPROB2  

recode eye2 (2=1) (1=2) 

label define eye2label 1 "No" 2 "Yes"   

label values eye2 eye2label 

tab eye2 

 

 

recode i_KIDNEYPROBLEM (7/8=.) 

recode i_KIDNEYPROBLEM2(7/88=.) 

 

gen kid1=i_KIDNEYPROBLEM 

recode kid1 (2=1) (1=2) 

label define kid1label 1 "No" 2 "Yes"   

label values kid1 kid1label 

tab kid1 

 

gen kid2=i_KIDNEYPROBLEM2 

recode kid2 (2=1) (1=2) 

label define kid2label 1 "No" 2 "Yes"   
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label values kid2 kid2label 

tab kid2 

 

recode i_LUAMPUTATIONS (7/8=.) 

 

recode i_LUAMPUTATIONS2 (7/88=.) 

gen lul1=i_KIDNEYPROBLEM 

recode lul1 (2=1) (1=2) 

label define lul1label 1 "No" 2 "Yes"   

label values lul1 lul1label 

tab lul1 

 

 

gen lul2=i_KIDNEYPROBLEM2 

recode lul2 (2=1) (1=2) 

label define lul2label 1 "No" 2 "Yes"   

label values lul2 lul2label 

tab lul2 

 

 

recode i_SAPNEAEVER (8=.) 

recode i_SAPNEAEVER2 (8=.) 

 

gen slapnea1=i_SAPNEAEVER 

recode slapnea1 (2=1) (1=2) 

label define slapnea1label 1 "No" 2 "Yes"   

label values slapnea1 slapnea1label 

tab slapnea1 

 

gen slapnea2=i_SAPNEAEVER2 

recode slapnea2 (2=1) (1=2) 

label define slapnea2label 1 "No" 2 "Yes"   

label values slapnea2 slapnea2label 

tab slapnea2 

 

** Sleep score ** 

recode ri_EPWTOT (888=.) 

tab ri_EPWTOT 

 

gen slscaale1=ri_EPWTOT 

recode slscaale1 (0/5=1) (6/10=2) (11/12=3) 

(13/15=4) (16/24=5) 

label define slscaale1label 1 "Lower 

Normal" 2 "Higher Normal" 3 "Mild 

Excessive" 4 "Moderate Excessive" 5 

"Severe Excessive"   

label values slscaale1 slscaale1label 

tab slscaale1 

 

tab i_EPWTOT2 

recode i_EPWTOT2(888=.) 

 

gen slscaale2=i_EPWTOT2 

recode slscaale2 (0/5=1) (6/10=2) (11/12=3) 

(13/15=4) (16/24=5) 

label define slscaale2label 1 "Lower 

Normal" 2 "Higher Normal" 3 "Mild 

Excessive" 4 "Moderate Excessive" 5 

"Severe Excessive"   

label values slscaale2 slscaale2label 

tab slscaale2 

 

** new** 

gen slscale1=slscaale1 

recode slscale1 (1/2=1) (3/5=2)  

label define slscale1label 1 "Normal" 2 

"Abnormal"    

label values slscale1 slscale1label 

tab slscale1 

 

gen slscale2=slscaale2 

recode slscale2 (1/2=1) (3/5=2)  

label define slscale2label 1 "Normal" 2 

"Abnormal"    

label values slscale2 slscale2label 

tab slscale2 

 

** Snore ** 

recode i_SNORE(8=.) 

recode i_SNORE2(88=.) 

 

gen snr1=i_SNORE 

recode snr1 (2=1) (1=2)(7=3) 

label define snr1label 1 "No" 2 "Yes" 3 "Do 

not know"  

label values snr1 snr1label 

numlabel `r(names)', add 

tab snr1 

 

gen snr2=i_SNORE2 

recode snr2 (2=1) (1=2)(7=3) 
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label define snr2label 1 "No" 2 "Yes" 3 "Do 

not know" 

label values snr2 snr2label 

numlabel `r(names)', add 

tab snr2 

 

** Residential School ** 

 

recode i_ATTRESISCH(7/8=.) 

gen resp1=i_ATTRESISCH 

recode resp1 (2=1) (1=2) 

label define resp1label 1 "No" 2 "Yes"  

label values resp1 resp1label 

tab resp1 

 

recode  i_ATTENDRESISCH2 (7/88=.) 

 

gen resp2= i_ATTENDRESISCH2 

recode resp2 (2=1) (1=2) 

label define resp2label 1 "No" 2 "Yes"  

label values resp2 resp2label 

tab resp2 

 

recode i_EITHPAGRANDPA (8=.) 

gen resg1= i_EITHPAGRANDPA 

recode resg1 (2=1) (7=2) (1=3) 

label define resg1label 1 "No" 2 "Do not 

know" 3 "Yes"  

label values resg1 resg1label 

tab resg1 

 

recode i_EITHERPAGRANDPA2 (88=.) 

gen resg2= i_EITHERPAGRANDPA2 

recode resg2 (2=1) (7=2) (1=3) 

label define resg2label 1 "No" 2 "Do not 

know" 3 "Yes"  

label values resg2 resg2label 

tab resg2 

 

 

recode i_ALLSPEAK(88=.) 

gen lans1= i_ALLSPEAK 

recode lans1 (1=1) (2=2) (5=3) (4 6 7 10=4) 

label define lans1label 1 "Cree" 2 "English" 

3 "Cree & English" 4 "Others"  

label values lans1 lans1label 

numlabel `r(names)', add 

tab lans1 

 

recode i_ALLSPEAK2(88=.) 

gen lans2= i_ALLSPEAK2 

recode lans2 (1=1) (2=2) (5=3) (4=4) 

label define lans2label 1 "Cree" 2 "English" 

3 "Cree & English" 4 "Others"  

label values lans2 lans2label 

numlabel `r(names)', add 

tab lans2 

 

** ExperienceDiscrimination ** 

i_ATSCHOOL i_GETTINGHIRED 

i_ATWORK i_GETTINGHOUSING 

i_GETTINGMEDCARE 

i_SERVICEINSTRRESTAU 

i_GETTINGCREDITLOAN 

i_STREETPUBLICSETTG 

i_POLICECOURTS i_CHEQUECASHED 

i_GETMEDPHARM 

 

** General Health ** 

recode i_HEALTH (8=.) 

rename i_HEALTH gh1 

recode i_HEALTH2 (88=.) 

rename i_HEALTH2 gh2 

 

gen ghn1= gh1 

recode ghn1 (1 2=1) (3/5=2) 

label define ghn1label 1 "Excellent to very 

good" 2 "Good to poor"   

label values ghn1 ghn1label 

numlabel `r(names)', add 

tab ghn1 

 

gen ghn2= gh2 

recode ghn2 (1 2=1) (3/5=2) 

label define ghn2label 1 "Excellent to very 

good" 2 "Good to poor"   

label values ghn2 ghn2label 

numlabel `r(names)', add 

tab ghn2 

 

** Mental Health ** 

recode i_MENTALHEALTH  (8=.) 
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rename i_MENTALHEALTH  mh1 

recode i_MENTALHEALTH2  (8=.) 

rename i_MENTALHEALTH2  mh2 

recode  mh2 (88=.) 

 

gen mhn1= mh1 

recode mhn1 (1 2=1) (3/5=2) 

label define mhn1label 1 "Excellent to very 

good" 2 "Good to poor"   

label values mhn1 mhn1label 

numlabel `r(names)', add 

tab mhn1 

 

gen mhn2= mh2 

recode mhn2 (1 2=1) (3/5=2) 

label define mhn2label 1 "Excellent to very 

good" 2 "Good to poor"   

label values mhn2 mhn2label 

numlabel `r(names)', add 

tab mhn2 

 

 

** Cultural event ** 

recode i_CULTURALEVT   (6/8=.) 

rename i_CULTURALEVT   ce1 

recode i_CULTURALEVENTS2  (6/7 88=.) 

rename i_CULTURALEVENTS2 ce2 

 

** Reserve ** 

recode i_RESERVEMONTHS (888=.) 

recode i_RESERVEMONTHS 0/11=1 12=2 

rename i_RESERVEMONTHS reserve1 

label define reserve1label 1 "Less than 12 

month" 2 "12 month" 

label values reserve1 reserve1label 

tab reserve1 

 

recode i_RESERVEMONTHS2 (13/24 

888888=.) 

recode i_RESERVEMONTHS2 0/11=1 

12=2 

rename i_RESERVEMONTHS2 reserve2 

label define reserve2label 1 "Less than 12 

month" 2 "12 month" 

label values reserve2 reserve2label 

tab reserve2 

 

** Generating new variable *** 

egen both = group(i_HEARTPROBLEM 

i_STROKE i_HEARTATT ), label** 

 

** Code from Prof. Punam ** 

gen discrin1=0 

replace discrin1= ( i_ATSCHOOL + 

i_GETTINGHIRED + i_ATWORK + 

i_GETHOUSING + i_GETMEDCARE + 

i_SERVICESTORE + 

i_GETCREDITLOAN + 

i_STREETPUBLIC + i_POLICECOURT + 

i_CHEQUECASH + i_GETMEDPHARM ) 

 

*Discrimination* 

recode discrin1 (11/14=3) (15/18=2) 

(19/22=1) 

label define discrin1label 1 "Little 0-3" 2 

"Moderate 4-7" 3 "Severe 8-11" 

label values discrin1 discrin1label 

numlabel `r(names)', add 

tab discrin1 

 

gen discrin2=0 

replace discrin2= 

(I_ATSCHOOL2+i_GETTINGHIRED2+i_

ATWORK2+i_GETTINGHOUSING2+i_G

ETTINGMEDCARE2+i_SERVICEINSTR

RESTAU2 + i_GETTINGCREDITLOAN2 

+i_STREETPUBLICSETTG2 

+i_POLICECOURTS2+i_CHEQUECASHE

D2 +i_GETTINGMEDPHARM2) 

recode discrin2 (11/14=3) (15/18=2) 

(19/22=1) 

label define discrin2label 1 "Little 0-3" 2 

"Moderate 4-7" 3 "Severe 8-11" 

label values discrin2 discrin2label 

numlabel `r(names)', add 

tab discrin2 

 

** new code** 

 

gen discrinw1= discrin1 

recode discrinw1 (1=1) (2 3=2) 
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label define discrinw1label 1 "Little 0-3" 2 

"Moderate to severe 4-11" 

label values discrinw1 discrinw1label 

numlabel `r(names)', add 

tab discrinw1 

 

gen discrinw2= discrin2 

recode discrinw2 (1=1) (2 3=2) 

label define discrinw2label 1 "Little 0-3" 2 

"Moderate to severe 4-11" 

label values discrinw2 discrinw2label 

numlabel `r(names)', add 

tab discrinw2 

 

 

** community strengths** 

 

gen strength1=0 

replace strength1= (i_FNATIONSCULT + 

i_SOCIALCONN + 

i_TRADICEREMOACT + i_LEISURE + 

i_FNATIONSLANG + i_EDUTRAINING 

+ i_NATUENVIRONMT + 

i_STRECONOMY + i_STRLEADSHIP) 

 

recode strength1 (9/14=2) (15/18=1) 

label define strength1label 1 "Low" 2 

"High"  

label values strength1 strength1label 

numlabel `r(names)', add 

tab strength1 

 

gen strengthn1=strength1 

recode strengthn1 (1=2) (2=1) 

label define strengthn1label 1 "High" 2 

"Low"  

label values strengthn1 strengthn1label 

numlabel `r(names)', add 

tab strengthn1 

 

 

gen strength2=0 

replace strength2= 

(i_FIRSTNATIONSCULTURE2 + 

i_SOCIALCONNECTIONS2 + 

i_TRADITNALCEREMONIALACT2 + 

i_LEISURERECRELD2 + 

i_FIRSTNATIONSLANGUA2 + 

i_EDUTRAINING2 + 

i_NATURALENVIRONMT2 + 

i_STRONGECONOMY2 + 

i_STRONGLEADERSHIP2) 

 

recode strength2 (9/14=2) (15/18=1) 

label define strength2label 1 "Low" 2 

"High"  

label values strength2 strength2labe2 

numlabel `r(names)', add 

tab strength2 

 

gen strengthn2=strength2 

recode strengthn2 (1=2) (2=1) 

label define strengthn2label 1 "High" 2 

"Low"  

label values strengthn2 strengthn2labe2 

numlabel `r(names)', add 

tab strengthn2 

 

recode age1(1/2=1 "Under 30")(3=2 "30-39 

year")(4=3 "40-49 year") (5/6=4 "50 years 

and older"), gen (agen1) 

recode age2(1/2=1 "Under 30")(3=2 "30-39 

year")(4=3 "40-49 year") (5/6=4 "50 years 

and older"), gen (agen2) 

 

recode i_FAMILYVALUE 

i_FNATIONSCULT i_SOCIALCONN 

i_TRADICEREMOACT i_LOWRATE 

i_LEISURE i_FNATIONSLANG 

i_EDUTRAINING i_NATUENVIRONMT 

i_STRECONOMY i_STRLEADSHIP 

(6/8=.) 

 

gen coms1=0 

replace coms1= (i_FAMILYVALUE + 

i_FNATIONSCULT + i_SOCIALCONN + 

i_TRADICEREMOACT + i_LOWRATE + 

i_LEISURE + i_FNATIONSLANG + 

i_EDUTRAINING + 

i_NATUENVIRONMT + 

i_STRECONOMY + i_STRLEADSHIP) 
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recode coms1 (11/15=1) (15/22=2)  

label define coms1label 1 "Low" 2 "High"  

label values coms1  coms1label 

numlabel `r(names)', add 

tab coms1  

 

** Descriptive ** 

tab agen1 dia1, row 

tab agen2 dia2, row 

tab sex1 dia1, row 

tab sex2 dia2, row 

tab marital1 dia1, row 

tab marital2 dia2, row 

tab edu1 dia1, row 

tab edu2 dia2, row 

tab incomen1 dia1, row 

tab incomen2 dia2, row 

tab emp1 dia1, row 

tab emp2 dia2, row 

tab people1 dia1, row 

tab people2 dia2, row 

tab exmon1 dia1, row 

tab exmon2 dia2, row 

tab loc1 dia1, row 

tab loc2 dia2, row 

tab smk1 dia1, row 

tab smk2 dia2, row 

tab alcn1 dia1, row 

tab alcn2 dia2, row 

tab bmi1 dia1, row 

tab bmi2 dia2, row 

tab exer1 dia1, row 

tab exer2 dia2, row 

tab slphn1 dia1, row 

tab slphn2 dia2, row 

tab heart1 dia1, row 

tab heart2 dia2, row 

tab stroke1 dia1, row 

tab stroke2 dia2, row 

tab dep1 dia1, row 

tab dep2 dia2, row 

tab eye1 dia1, row 

tab eye2 dia2, row 

tab kid1 dia1, row 

tab kid2 dia2, row 

tab lul1 dia1, row 

tab lul2 dia2, row 

tab slapnea1 dia1, row 

tab slapnea2 dia2, row 

tab slscale1 dia1, row 

tab slscale2 dia2, row 

tab snr1 dia1, row 

tab snr2 dia2, row 

tab resp1 dia1, row 

tab resp2 dia2, row 

tab resg1 dia1, row 

tab resg2 dia2, row 

tab ghn1 dia1, row 

tab ghn2 dia2, row 

tab mhn1 dia1, row 

tab mhn2 dia2, row 

tab ce1 dia1, row 

tab ce2 dia2, row 

tab reserve1 dia1, row 

tab reserve2 dia2, row 

tab discrinw1 dia1, row 

tab discrinw2 dia2, row 

tab exdnw1 dia1, row 

tab exdnw2 dia2, row 

tab strengthn1 dia1, row 

tab strengthn2 dia2, row 

 

table dia1 sex1  ,by(reserve1) contents(freq) 

row 

table dia2 sex2  ,by(reserve2) contents(freq) 

row 

 

****** Newly craeted variable language 

**** 

 

gen language1=i_ALLSPEAK 

recode language1 (1 5 6 10=2) (2 4 7=1) 

label define language1label 1 "Can not 

speak in CREE" 2 "Can speak in CREE" 

label values language1 language1label 

numlabel `r(names)', add 

tab language1 

 

gen language2=i_ALLSPEAK2 

recode language2 (1 5 =2) (2 4 =1) 

label define language2label 1 "Can not 

speak in CREE" 2 "Can speak in CREE" 
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label values language2 language2label 

numlabel `r(names)', add 

tab language2 

rename i_FNATIONSLANG= lan1 

 

** Keep Command ** 

keep language1 language2 PERSONID 

HOUSEID HOUSEUNIQUE BASELINE 

FOLLOWUP HOUSENUMBER dia1 dia2 

loc1 loc2 agen1 agen2 sex1 sex2 marital1 

marital2 edu1 edu2 incomen1 incomen2 

exmon1 exmon2 emp1 emp2 people1 

people2 resp1 resp2 resg1 resg2 reserve1 

reserve2 discrin1 discrin2 ce1 ce2 bmi1 

bmi2 exer1 exer2 exdnw1 exdnw2 slphn1 

slphn2 smk1 smk2 alcn1 alcn2 heart1 heart2 

stroke1 stroke2 eye1 eye2 kid1 kid2 lul1 

lul2 slapnea1 slapnea2 dep1 dep2 snr1 snr2 

slscale1 slscale2 ghn1 ghn2 mhn1 mhn2 

strengthn1 strengthn2 

 

** Reshape** 

reshape long dia language loc agen sex 

marital edu incomen exmon emp people resp 

resg reserve discrin ce bmi exer exdnw slphn 

smk alcn heart stroke eye kid lul slapnea dep 

snr slscale ghn mhn strengthn, 

i(HOUSEUNIQUE PERSONID) j(Year) 

 

**Univariate Analysis** 

logistic dia i.loc 

logistic dia i.language 

logistic dia i.agen 

logistic dia i.sex 

logistic dia i.marital 

logistic dia i.edu 

logistic dia i.incomen 

logistic dia i.exmon 

logistic dia i.emp 

logistic dia i.people 

logistic dia i.resp 

logistic dia i.resg 

logistic dia i.ce 

logistic dia i.reserve 

logistic dia i.discrin 

logistic dia i.bmi 

logistic dia i.exer 

logistic dia i.exdnw 

logistic dia i.slphn 

logistic dia i.smk 

logistic dia i.alcn 

logistic dia i.heart 

logistic dia i.slapnea 

logistic dia i.stroke 

logistic dia i.dep 

logistic dia i.eye 

logistic dia i.kid 

logistic dia i.lul 

logistic dia i.snr 

logistic dia i.slscale 

logistic dia i.ghn 

logistic dia i.mhn 

logistic dia i.strengthn 

 

 

** Multivariate ** 

XTSET: 

xtset PERSONID 

xtset PERSONID Year, yearly 

xtgee dia i.language i.agen i.sex i.marital 

i.emp i.people i.resp i.reserve i.discri i.bmi 

i.exer i.exdnw i.smk i.alc i.heart i.stroke 

i.dep i.eye i.kid i.snr i.slscale i.gh 

i.strengthn, family(binomial 1) link(logit) 

corr(exchangeable) eform 

 

** Longitudinal changes in prevalence ** 

margins i.Year#i.sex#i.reserve, asbalanced 

marginsplot, noci 

 

** Significat variables without interaction** 

xtgee dia i.age i.emp i.discrin i.bmi i.kid , 

family(binomial 1) link(logit) 

corr(exchangeable) eform 

 

**Non-Significant interaction** 

xtgee dia i.agen i.emp i.discrin i.bmi  i.sex  

i.sex##i.discrin, family(binomial 1) 

link(logit) corr(exchangeable) eform 

xtgee dia i.agen i.emp i.discrin i.bmi  i.alc 

i.agen##i.alc, family(binomial 1) link(logit) 

corr(exchangeable) eform 
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xtgee dia i.agen i.emp i.discrin i.bmi  i.sex  

i.sex##i.resp, family(binomial 1) link(logit) 

corr(exchangeable) eform 

xtgee dia i.agen i.emp i.discrin i.bmi 

i.emp##i.resp, family(binomial 1) link(logit) 

corr(exchangeable) eform 

xtgee dia i.agen i.emp i.discrin i.bmi  i.sex 

i.smk  i.sex##i.smk, family(binomial 1) 

link(logit) corr(exchangeable) eform  

xtgee dia i.agen i.emp i.discrin i.bmi i.sex 

i.alc  i.sex##i.alc, family(binomial 1) 

link(logit) corr(exchangeable) eform  

xtgee dia i.agen i.emp i.discrin i.bmi i.sex 

i.snr i.sex##i.snr, family(binomial 1) 

link(logit) corr(exchangeable) eform  

xtgee dia i.agen i.emp i.discrin i.bmi i.sex 

i.strengthn i.sex##i.strengthn, 

family(binomial 1) link(logit) 

corr(exchangeable) eform  

xtgee dia i.agen i.emp i.discrin i.bmi i.smk  

i.smk##i.bmi, family(binomial 1) link(logit) 

corr(exchangeable) eform  

xtgee dia i.agen i.emp i.discrin i.bmi  i.smk  

i.smk##i.agen, family(binomial 1) link(logit) 

corr(exchangeable) eform  

xtgee dia i.agen i.emp i.discrin i.bmi  

i.people  i.people##i.bmi, family(binomial 

1) link(logit) corr(exchangeable) eform  

xtgee dia i.agen i.emp i.discrin i.bmi  i.emp 

i.emp##i.bmi, family(binomial 1) link(logit) 

corr(exchangeable) eform  

xtgee dia i.agen i.emp i.discrin i.bmi i.resp 

i.agen##i.resp, family(binomial 1) link(logit) 

corr(exchangeable) eform  

xtgee dia i.agen i.emp i.discrin i.bmi  i.kid  

i.kid##i.bmi, family(binomial 1) link(logit) 

corr(exchangeable) eform 

xtgee dia i.agen i.emp i.discrin i.bmi  i.kid  

i.kid##i.agen, family(binomial 1) link(logit) 

corr(exchangeable) eform 

xtgee dia i.agen i.emp i.discrin i.bmi  i.kid  

i.sex i.kid##i.sex, family(binomial 1) 

link(logit) corr(exchangeable) eform 

xtgee dia i.agen i.emp i.discrin i.bmi  i.kid  

i.heart i.kid##i.heart, family(binomial 1) 

link(logit) corr(exchangeable) eform 

xtgee dia i.agen i.emp i.discrin i.bmi  i.kid  

i.stroke i.kid##i.stroke, family(binomial 1) 

link(logit) corr(exchangeable) eform 

 

**Significant interaction** 

xtgee dia i.agen i.emp i.discrin i.bmi  i.kid  

i.sex i.kid##i.sex, family(binomial 1) 

link(logit) corr(exchangeable) eform 

xtgee dia i.agen i.emp i.discrin i.bmi   

i.reserve  i.reserve##i.bmi, family(binomial 

1) link(logit) corr(exchangeable) eform  

xtgee dia i.agen i.emp i.discrin i.bmi  i.resp 

i.agen##i.resp, family(binomial 1) link(logit) 

corr(exchangeable) eform  

 

** Final Model with interaction term ** 

xtgee dia i.agen i.emp i.discrin i.bmi  i.resp 

i.reserve i.sex#i.bmi i.reserve##i.bmi 

i.agen##i.resp, family(binomial 1) link(logit) 

corr(exchangeable) eform 

 

xtgee dia i.agen i.emp i.discrin i.bmi  i.sex  

i.sex##i.bmi, family(binomial 1) link(logit) 

corr(exchangeable) eform 

 

** qic ** 

qic dia age sex marital inc emp people resp 

reserve discri bmi smk alc heart stroke dep 

eye kid snr slscaale gh, family(bin) 

link(logit) corr(exchangeable) nolog 

nodisplay 

qic dia age sex marital inc emp people resp 

reserve discri bmi smk alc heart stroke dep 

eye kid snr slscaale gh, family(bin) 

link(logit) corr(independent) nolog 

nodisplay 
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Ethical approval (Manuscript one) 
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Appendix H 

Ethical approval (Manuscript two) 
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