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ABSTRACT 

A significant number of rural Canadians dwellers are affected by hormone-related cancers (HRCs) 

like breast and prostate cancer. Little is known about the rates of occurrence and contextual factors 

that are associated with the development of breast and prostate cancers in rural residents. This 

study aimed to determine the incidence and prevalence of breast and prostate cancer among 

Saskatchewan rural dwellers and to explore individual and contextual factors that are associated 

with the prevalence of these cancers. To accomplish our goal, we utilized and analyzed data from 

the Saskatchewan Rural Health Study (SRHS).  

        The SRHS involved a prospective cohort conducted in two phases: the baseline survey (in 

2010) and a 4-year follow-up survey (in 2014). In the baseline, the SRHS research team obtained 

completed questionnaires from 4624 households, including information about 8261 individuals, 

18 years and older. Questionnaires were returned from 2797 households comprised of 4867 

individuals, in the follow-up survey.  

     Crude prevalence and incidence of HRCs were calculated using appropriate formulae. Adjusted 

prevalence was calculated using logistic regression based on generalized estimating equations 

approach to account for hierarchy in the data (individuals within a household).  

     Our study reported the crude prevalence of HRCs (breast and prostate cancers combined) as 

3.0%, and 3.4% respectively, at the baseline and follow-up. The adjusted prevalence analysis 

showed that following variables were significantly associated with HRCs (breast and prostate 

cancers combined): exposure to radiation (odds ratio [OR] 3.39; 95% confidence interval [CI]: 

2.23, 4.84), previous history of cancer in a sibling (i.e. brother or sister) (OR = 1.51, 95% CI: 1.11, 

2.07) and a positive history of cancer in father (OR=1.37; 95% CI= 1.01, 1.86).  

      The current study showed cumulative incidence for breast and prostate cancers in rural 

Saskatchewan as 0.86% and 1.08%, respectively. When combined (i.e. breast and prostate cancers 

together), the cumulative incidence for HRCs was 0.97%.  

      In summarizing our study findings, HRCs were slightly more prevalent amongst non-farm 

residents 3.2% when compared with farm residents 2.8% and within the eastern part of the 

province (6.5%, 6.6%, respectively) as compared to the western part (4.6%, 6.3%, respectively) 

among both farm and non-farm residents, at the baseline. It appears that the prevalence of HRCs 

among farm and non-farm rural residents depend on the complex interplay among a variety of 

factors such as individual and contextual factors. 
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CHAPTER 1: INTRODUCTION & RATIONALE 

 

1.1 Introduction 

Cancer denotes a disease which is characterized by the formation of abnormal cells that divide in 

an uncontrollable fashion, can infiltrate, and destroy normal body cells (1). According to recent 

data by the World Health Organization (WHO), cancer is the leading cause of death worldwide 

and accounts for around 22% of all deaths not related to communicable diseases (2). Globally, 

deaths from cancer are projected to continue rising with an estimation of about 70% increase by 

2030 (2). A considerable number of cancer-deaths are attributed to hormone-related cancers (i.e. 

breast cancer mainly) (2). 

      Hormone-related cancers (HRCs) which include breast, prostate, ovary, testis, endometrium, 

thyroid, and osteosarcoma (3), as well as well-differentiated neuroendocrine tumor such as 

insulinomas, are believed to share a unique mechanism of carcinogenesis. HRCs involve cell 

proliferation by endogenous and exogenous hormones, which cause cell division and increase the 

chance of random genetic error for the initiation of cancer (3). Breast and prostate cancers are the 

two major cancers within HRCs. It is against this backdrop that this thesis focuses on these two 

major HRCs. From here-on in this thesis, the term HRCs synonymously refers to breast and 

prostate cancers.  

     Globally, breast cancer is the most commonly diagnosed cancer among women in 140 countries 

and is the most common cause of cancer death in women in 103 countries worldwide (4). American 

Institute of Cancer Research (AICR) declared prostate cancer as the second most common cancer 

in men worldwide (5). In North America, prostate cancer (excluding skin cancers) remained the 

most commonly diagnosed cancer among men and the second most common cause of death (6). 

Similarly, in women, breast cancer has been identified as the most commonly diagnosed cancer, 

and the second most common cause of cancer death among them (6).  

     In Canada, malignancy of breast accounts for approximately (25%) of all new cases of cancer 

among females (122). For Canadian males, prostate cancer attributes to around one-fifth (20%) of 

all new cancer cases (122).  

Despite higher rates of mortality and morbidity associated with HRCs, the etiology of such cancers 

remains inconsistently reported. Literature has highlighted some of the putative risk factors 
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associated with HRCs that include; age (7, 9), family history (8-9), geographical location (10-11), 

socioeconomic status (12-13), diet (14-15), physical activity (16-17), environmental and 

occupational exposures (8, 18).  

       In terms of age as a risk factor for breast cancer, it has been established that the incidence rate 

increases with advancing age (19) even though recent data show a diminishing risk of breast cancer 

occurrence at older ages as compared to younger ages (20). Similarly, the rate of prostate cancer 

incidence increases with age (9) to about 984.8/100,000 among men of age > 70 years after which 

it slightly decreases (21).  For men aged 40–44 years, the incidence rate of prostate cancer is 

9.2/100,000 (21).  

      In an epidemiological review of breast cancer risk factors, dietary behavior was reported to 

influence both the promotion as well as inhibition of breast cancer development (22). Studies 

exploring the causal pathways of dietary effects on prostate cancer have reported inconsistent 

findings (23). 

      Due to such inconsistencies regarding the risk factors associated with HRCs, there is a need 

for further studies to explore and understand the potential risk factors. Also, the prevalence and 

incidence of HRCs appear not have been studied adequately in Canada, and in particular, among 

rural populations.  

      We, therefore, propose to address the aforementioned gaps by investigating the prevalence and 

incidence of HRCs in rural Saskatchewan using data from the Saskatchewan Rural Health Study 

(SRHS) which surveyed rural dwellers from across Saskatchewan. As a result, we will investigate 

the association between the risk factors associated with the prevalence of HRCs among farm and 

non-farm resident women and men, respectively, in rural Saskatchewan. 

1.2 Rationale  

Rural Canada accounts for about 90% of the country's total landmass and is home to a significant 

proportion of Canada's population (24). Recent data show that the proportion of the rural 

population in Saskatchewan (33%) is almost twice the national proportion (18%) (25-26). Also, it 

has been reported that about 3 to 6% of global cancers are caused by exposure to carcinogenic 

substances at workplaces (25, 27).  

       Home to the largest rural population in Canada, the major occupation of rural residents in 

Saskatchewan is farming (26, 28). Interestingly, among all cancers, breast and prostate cancers 

have been reported to be the most prevalent cancer-types in Saskatchewan (29). Canadian Cancer 
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Statistics (CCS) 2019 report identified projected age-standardized incidence rates (ASIR) for 

selected cancers, by sex and province, in Canada (excluding Quebec) (123).  

     CCS reported ASIR for prostate cancer as (117.8 per 100,000) out of all cancers in males (533.1 

per 100,000) and ASIR for breast cancer as (122.9 per 100,000) out of all cancers (452.7 per 

100,000) in females (123). These reported ASIRs indicate that among all cancers in females, breast 

malignancy accounts for around (27.15%) and for males, prostate malignancy accounts for about 

(22.1%) of all male malignancies, in the province of Saskatchewan (123). In the same report, the 

rates were age-standardized to the 2011 Canadian population (123). 

     This delineates the extent of the burden of breast and prostate cancers in the province of 

Saskatchewan, where the rural population, who are predominantly farmers, constitutes a 

significant proportion of the population. With such a huge disease burden, there still appears to be 

a paucity of information about the prevalence and incidence of breast and prostate cancers in 

Saskatchewan.  

     In fact, to the best of my search into literature, I could not find any study exploring the 

prevalence and incidence of HRCs in rural Saskatchewan. The recent trends in HRCs (as discussed 

above), combined with the limited availability of studies on such cancers in Saskatchewan calls 

for more research to explore the prevalence and incidence of breast and prostate cancers as well as 

the risk factors associated with these risk measures.  

    Studying the prevalence of breast and prostate cancers will help measure the pattern of 

pervasiveness of such cancers in this Saskatchewan rural cohort. The measure of the incidence of 

breast and prostate cancers will help us delineate the frequency of occurrence of HRCs. This will 

guide us towards exploring reasons for such a probable trend in rural Saskatchewan and help 

directly in influencing healthcare resource allocation within the province of Saskatchewan and 

Canada at large.  

      In addition, identifying the potential risk factors associated with breast and prostate cancers will 

guide investigation to the underlying etiological factors that contribute to the prevalence of these 

cancers. Establishing the risk factors of breast and prostate cancers will also aid in targeting future 

prevention and may influence treatment options for people diagnosed with these cancers. 
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1.3 Objectives 

Overall objective: The overall objective is to determine the prevalence, incidence, and risk factors 

associated with the prevalence of hormone-related cancers (i.e., breast and prostate cancer) among 

Saskatchewan rural dwellers 18 years and older. 

Research questions: 

1. What is the prevalence of breast and prostate cancers among women and men, respectively 

in rural Saskatchewan? 

2. What is the incidence of breast and prostate cancer among women and men, respectively in 

rural Saskatchewan? 

3. What are the risk factors associated with the prevalence of breast and prostate cancers among 

women and men, respectively in rural Saskatchewan? 
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CHAPTER 2: LITERATURE REVIEW 

 

2.0 Literature review 

In this chapter, I present a review of relevant literature for the purposes of this thesis. The 

remainder of this chapter is organized as follows: Section 2.1 provides a brief background while 

the oncogenesis/carcinogenesis is provided in Section 2.2. A discussion of HRCs is provided in 

Section 2.3 and the epidemiology of HRCs at the international, national, and local levels is 

provided in Section 2.4. Finally, a distinction between the etiology and risk factors of HRCs is 

provided in Section 2.5.  

2.1 Background 

As organs, breast and prostate are different in terms of their respective anatomical and 

physiological functions (30). However, both organs depend on gonadal steroids for their 

development and the neoplasms that grow in them are typically hormone-dependent and have 

extraordinarily underlying overlapping biology (30). Since the 1950s, epidemiological studies 

investigating the genetic and biological aspects of breast and prostate cancers have reported a 

higher frequency of prostate cancer among the relatives of women with breast malignancy (31).   

    A similar study investigated the genetic bases of breast cancer and propose that “prostate cancer 

could be the male equivalent of at least some female mammary carcinomas” (31). A review of the 

frequency of breast and prostate cancers (between the 1960s – 1980s) in 21 countries showed a 

high correlation between the rates of incidence of both tumors (32). A similar correlation was 

reported between the diagnosis of breast and prostate cancers and endogenous sensitivities as well 

as constitutional factors including metabolic, genetic, hormonal, and environmental risk factors 

(32).  

2.2 Oncogenesis/Carcinogenesis 

Oncogenesis, also called carcinogenesis or tumorigenesis, refers to the process in which normal 

body cells are transformed into cancerous cells via abnormal cell division (33). Usually, in the 

human body, a balance between the proliferation of cells and programmed cell death is maintained, 

and disturbances in this equilibrium often arise through mutations and epimutations (33). 

Oncogene denotes a gene that plays a normal role in the cell as a proto-oncogene (34). 

      Mutational alteration in proto-oncogene may cause the growth of a tumor (34). Some important 

oncogenes include ras, Bcl-2, myc, HER-2/neu, and hTERT (34). Mutations in the genes may be 
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inherited (genetic predisposition) or acquired (i.e. caused by exposure to carcinogenic substances 

in the environment) or a combination of both (35). Moreover, carcinogenesis can result from a 

combination of biological, genetics, chemical and a physical insult to human cells (36).  

2.3 Hormone Related Cancers  

Epidemiological studies have established that hormone-related cancers share a unique mechanism 

of carcinogenesis (3). Hormones influence the malignancies of the breast, prostate, endometrium, 

ovary, testis cancers (37), etc. Although hormones (i.e. endogenous, exogenous) contribute to cell 

proliferation which gives rise to random genetic errors, yet the emergence of a malignant 

phenotype depends on a series of somatic mutations during cell division (3).  

       In addition, the specific genes that cause the progression of such cancers (HRCs) remain ill-

defined (3). Also, carcinogenesis in hormone-related cancers is an entirely different model which 

itself details the importance of cell proliferation in the targeted population of a cell (38). Thus, the 

formation of cancer in glands like mammary glands and prostate is complex and multifactorial and 

may result from a variety of factors including biological, non- biological, and social factors (i.e. 

hereditary, endocrinologic factors, viruses, chemicals, ionizing radiations, diet, socio-economical, 

familial factors, etc.) (39).  

   In particular, hormones (i.e. estrogen and progesterone) that are considered as the two main 

female sex hormones (127) promote malignancy of breast (123). This is achieved by the 

proliferation of cancer cells through induction (123) of growth-promoting proto-oncogenes (124) 

encoding for cyclin-G1 expression in estrogen- and progesterone-mediated breast cancer (123).  

   Androgens (i.e. testosterone and androstenedione) are produced by both males and females’ 

bodies and are linked to play a significant role in males’ trait and reproductive activity (125) by 

regulating the physiological as well as the pathological developments associated with prostatic 

disease (126). Although the mechanisms that androgens utilize to influence these pathways 

remains to be not well understood (126). 

2.4 Epidemiology of Hormone Related Cancers (HRCs)  

In this section, international, national, and local trends in the epidemiology of HRCs are 

highlighted. In particular, Canadian and Saskatchewan trends are presented. 

2.4.1 International prevalence and incidence  

According to a 2012 GLOBOCAN (Global Cancer Statistics Canada, 2012) report, approximately 

14.1 million new cases of cancers and 8.2 million cancer-related deaths occurred worldwide (40). 
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Of these, breast cancer is the most frequently diagnosed cancer and is considered the leading cause 

of cancer death in women in less-developed countries (40). Of note, cancer of the female breast 

has been regarded as the most common cancer of the developed countries as well, with every one 

in ten of all new cancer cases diagnosed worldwide each year (41). The same study called breast 

cancer-related mortality as the principal cause of death from cancer among women globally (41).        

       Similarly, carcinoma of prostate stands as the second most commonly diagnosed malignancy 

in males worldwide (42). In developed countries, the incidence of prostate cancer is the most 

common in terms of its diagnosis among men (40). In 2012, approximately 1.1 million men were 

diagnosed with carcinoma prostate globally, constituting about 15% of the cancers diagnosed in 

men (43). Out of this, almost 70% (759,000) occurred in more developed areas (43). Moreover, 

crude differences in prostate cancer incidence between developed and developing regions are 

probably due to underutilization of screening (44) along with lower life expectancies in developing 

regions of the world (45).  

      Generally, global estimates of cancer prevalence for 27 sites in an adult population indicate 

that breast cancer continues to be the most prevalent cancer in the vast majority of countries (46).  

As it has been estimated that, with 1 million new cases in the world annually, breast cancer 

continues to be the commonest malignancy in women comprising 18% of all female cancers 

worldwide (47).  

    On the other hand, carcinoma of prostate stands as the sixth common malignancy worldwide, 

the second most common cancer in males, and the commonest one in men in parts of Africa, 

Europe, and North America (48, 49). Carcinoma of the prostate will be regarded as the most 

common malignancy in men in the future (50). This could be due to an increase in the screening 

practices of prostate-specific antigen (PSA) in different regions of the world (50).  

2.4.2 Canadian prevalence and incidence  

According to the Canadian Cancer Society (CCS), cancer is the leading cause of death and 

constitutes about 30% of all deaths in Canada (51). The probability of developing cancer is 1 in 

every 2 Canadians (49% of men & 45% of women) and 1 in every four Canadians (28% of men & 

24% of women) will die from the same (51).  

       The incidence and prevalence of cancer cases will continue to increase due to a sustained rise 

in the number of cases diagnosed each year and improvement in the survival rates (52). This could 
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partly be attributed to advancement in screening techniques, improvement in treatment, and, cancer 

palliative care (45).  

       Data from the Canadian Medical Association (CMA) showed that prostate cancer was the 

most diagnosed form of cancer in 2012 (26 500 new cases or 121 per 100 000 men) (53).  

       In terms of breast cancer, a randomized screening trial in 2014 by the Canadian National 

Breast Screening Study (CNBSS) showed that 6383 (7.1%) of 89 835 women developed breast 

cancer after 25 years of follow-up (54).  

       A study conducted in 2005 measuring cancer prevalence among the Canadian population 

reported breast cancer (20.6% of ten-year prevalent cases) and prostate cancer (18.7%) as the most 

prevalent (55). Breast and prostate cancers accounted for the highest ten-year prevalence cases 

among women (40.0%) and men (38.2%), respectively (55).  

2.4.3 Saskatchewan prevalence and incidence  

Literature regarding the prevalence and incidence of HRCs was reviewed. Recent cancer statistics 

from Saskatchewan highlighted breast and prostate cancers as the most prevalent cancer-types in 

Saskatchewan (29). In terms of cancer incidence, Canadian Cancer Statistics (CCS) in 2017 

revealed that breast and prostate cancers were the most frequently diagnosed type of cancer among 

Saskatchewan women and men, respectively (56).  

     This was further supported by Saskatchewan cancer statistics at glance in the Canadian Cancer 

Statistics 2019 report, which stated that, for men in Saskatchewan, prostate cancer is the most 

frequently diagnosed type of cancer (57) and for Saskatchewan women, breast cancer is the most 

frequently diagnosed type of cancer (57).  

     In addition, the Canadian Cancer Society (CCS) 2019 report identified age-standardized 

incidence rates (ASIR) for selected cancers, by sex and province, in Canada (excluding Quebec) 

(123). This report (123) indicated ASIR for prostate cancer as (117.8 per 105) out of all cancers in 

males (533.1 per 105) and ASIR for breast cancer as (122.9 per 105) out of all cancers (452.7 per 

105) in females (123).  

    The above-reported ASIRs indicate that among all cancers in females, breast malignancy 

accounts for around (27.15%) and for males, prostate malignancy accounts for about (22.1%) of 

all male malignancies, in Saskatchewan (123).  

   The above statistics highlight the burden of HRCs in the province of Saskatchewan. 
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2.5 Etiological factors Vs. Risk factors 

Etiological or aetiological factors are the factors that cause or contribute to the cause of a disease 

or condition (58). On the other hand, a risk factor is any exposure, attribute or character of an 

individual that increases the likelihood of developing a disease or condition (59).   

    Section 2.5.1 discusses the risk factors for HRCs in general. In particular, a discussion on 

specific risk factors is provided under sections 2.5.2, 2.5.3 which entails a discussion on age, and 

family history. Geographical locations and SES (socioeconomic status) are discussed in section 

2.5.4. Other risk factors i.e. diet, and physical activity are discussed under sections 2.5.5. Finally, 

section 2.5.6 provides a discussion on the relationship between HRCs and 

environmental/occupational exposures. 

2.5.1 Risk factors for HRCs 

Risk factors associated with HRCs have been widely reported in the literature. For this thesis, 

literature describing the association between HRCs and contextual/environmental, individual, 

occupational exposures, and important covariates were reviewed. It is established that although 

both intrinsic and extrinsic risk factors play a role in cancer development through the accumulation 

of random errors (driver mutations), yet, collectively, cancer risk is heavily influenced by extrinsic 

factors (60).  

        Moreover, it has been identified that overall the most common risk factors for cancers include 

age and family history of cancer, smoking and alcohol, exposures to sun, radiations, and various 

chemicals (i.e., pesticides), certain hormones (i.e., sex hormones) and lack of physical activities 

(or being overweight) along with poor diet (61). For HRCs such as breast and prostate cancers, it 

appears that the disease is multifactorial in etiology, and hence, the specific etiological factors 

remain unclear in the literature.  

       However, to date, the well-established factors for prostate cancer include; race, family history, 

hormones, aging, diet, environmental agents, occupational exposures and lifestyle factors (62). 

Similarly, the established and probable risk factors for breast cancer are; age & family history, 

geographical location & socioeconomic status, cancer in the other breast or previous benign 

disease, diet and body weight, and exposure to radiations, hormones, alcohol, tobacco (62).             

        Although the risk factors above have been well determined for prostate and breast cancers, 

however, literature urges for more and in-depth research in scrutinizing the relationship of specific 

factors that play roles at macro, mesa, and micro levels in the development of HRCs.  
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2.5.2 Age  

Age plays a significant role in breast cancer development as the risk varies with a change in age 

from menarche to age at first full pregnancy and menopause (47). The incidence of breast cancer 

increases with age which doubles about every ten years until menopause (47). That is, women who 

start menstruating early in life or who have late menopause have an increased risk of developing 

breast cancer [47]. Women who have natural menopause after the age of 55 are twice as likely to 

develop breast cancer as compared to women who experience menopause before the age of 45 

(47).  

     Age plays a significant role in causing prostate cancer (63). Prostate cancer is rare in men 

younger than 40 years, and the chance of developing prostate cancer increases rapidly after age 50 

(64). Prostate cancer develops typically in older men and about 6 of every 10 cases of diagnosed 

prostate cancer is reported in men aged 65 or older (64).  The average age at diagnosis of prostate 

cancer is reported to be 66 years (64).  

2.5.3 Family history 

The relationship between family history of cancer and HRCs have been inconsistently reported in 

the literature. Prostate cancers have been reported in men without a positive family history of the 

disease while this malignancy appeared to run in some families suggesting an inherited component 

(64). Women with close relatives (i.e. sister, mother, and daughter) who had been diagnosed with 

breast cancer have a higher risk of developing the disease as compared to their normal counterparts 

(65). For example, having one first-degree female relative (i.e. sister, mother, daughter) diagnosed 

with breast cancer doubles the risk, and with two first-degree relatives diagnosed with breast 

cancer, the risk is five times higher than average (65). In some cases, a strong family history of 

breast cancer has been linked to possessing an abnormal gene (such as the BRCA1 or BRCA2 gene) 

which is associated with a higher risk of developing breast and prostate cancers (65). In other 

cases, an abnormal CHEK2 gene may play a role in developing breast cancer (65) and it has also 

been suggested to increase the risk of prostate cancer (128). 

2.5.4 Geographical locations and Socioeconomic status 

Utilizing data from Statistics Canada, one of the national posts on Cancer Nation depicted that 

"Cancer is an indiscriminate disease, affecting rich and poor, old and young, often for no 

discernible reason. Still, Canadians’ odds of getting sick or dying depend surprisingly on where 

they live” (111). Saskatchewan has one of the largest populations of rural residents as compared 



  

11  

 

to all other provinces in Canada (66). In Canada, residential status (i.e., urban versus. rural) has 

been recognized as a social determinant of health (67). This is also true when trends of some of 

the cancer types (e.g., breast cancer) or sub-types (e.g., inflammatory breast cancers) are examined 

(67).  

      Moreover, within the same country, cancer rates for some cancer types have been reported 

higher among the population living in rural areas as compared to those living in urban areas (68). 

This is true partly due to a wealth of resources, screening programs and services available for 

people of urban areas than in rural and northern areas (69). A study conducting a consultation with 

Canadian rural women with breast cancer concluded that rural women have greater challenges in 

terms of issues of access to cancer-related information, support, and services (69).  

       It is noteworthy that a metanalysis carried out in 2014 showed, women living in rural areas of 

Canada were more likely to be diagnosed at an advanced stage of their breast cancer disease 

compared to the women of urban Canada (70). Perhaps, this contrast reflects well-adopted breast 

cancer screening programs and practices in the urban regions of the country (69).  

       Similarly, for prostate cancer, one of the most notable characteristics is the degree of 

geographical variation in the patterns of its incidence and prevalence which is evident at local, 

national, and international levels (71). Prostate cancer is the most common in North America, 

North-Western Europe, the Caribbean island, and Australia compared to Asia, Africa, South and 

Central America (72). The reason for this high prevalence remains not very clear (72), however, 

this could partly be attributed to a prostate-specific antigen (PSA) screening practices in the 

Western world.  

        In cancer epidemiology, the impact of socioeconomic status (SES) on incidence rate and 

prognosis has been of concern to researchers. In terms of socioeconomic status and the 

development of HRCs, a higher level of socioeconomic status (SES) was found to be significantly 

associated with an increased risk of prostate cancer disease (relative risk (RR) = 1.28); 95% 

confidence interval (CI): 1.25–1.30] (73). However, for prostate cancer-related deaths, higher 

levels of SES were found to be significantly related to lower rates of mortality [RR = 0.88; 95% 

CI: 0.92–0.94] (73).  

        Besides, women who belong to a higher socioeconomic class have a significantly higher 

breast cancer incidence (SRR 1.25, 1.17-1.32), which could be explained by factors such as 

mammography screening, hormone replacement therapy, reproductive and lifestyle factors (74).      
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However, a decreased case fatality rate (SRR 0.72, 0.63-0.81) has been reported among women 

from higher socioeconomic status (74).  

      This is partly explained by differences in treatment factors, lifestyle factors, associated 

comorbidities, and tumor characteristics (74). A similar study expressed a significantly increased 

breast cancer-related mortality (SRR 1.16, 1.10-1.23) for women with higher socioeconomic status 

(74).  

2.5.5 Diet and Physical Activity 

The relationship between HRCs and diet and/or physical activity has been widely reported in the 

literature. The World Cancer Research Fund (WCRF) estimates that approximately 20% of all 

cancers diagnosed in the US were related to practicing sedentary lifestyles such as physical 

inactivity, excess alcohol consumption, and/or poor nutrition (75). The Canadian Medical 

Association (CMA) highlighted healthy eating and physical activity as the two most important 

behaviors to create and maintain good health (76). This is particularly meaningful when one has 

prostate cancer since being overweight raises the risk of aggressive or advanced prostate cancer 

(63). Also, physical activity has been increasingly associated with a decreased risk of breast cancer 

occurrence in both premenopausal and postmenopausal women (77). A meta-analysis of 31 

prospective studies reported that work-related, as well as non-work-related physical activities, had 

a decreased incidence of breast cancer (78). The same report suggested a linear relationship 

between risk of breast cancer and physical activity (i.e. for every 25 MET-h/week increase in 

activity the risk of breast cancer decreases by 2%, and for 10 MET-h/week and 2 h/week are 3% 

and 5%, respectively (78).  

        In terms of the relationship between dietary practices and HRCs, increase intake of fat from 

meat has been linked to an increased incidence of prostate cancer in the western industrial world 

(79). A study analyzing the current human-based evidence revealed that there is limited evidence 

to support a link between plant-based dietary products with a lower risk of prostate cancer (80).  

       For breast cancers, it has been reported in the literature that diet plays an important role in 

promoting as well as inhibiting the development of human breast cancer (81). Regarding the 

association of dietary fat with breast cancer risk, epidemiological studies have been consistently 

reporting conflicting results (81).  

       Overall, since dietary exposure is ubiquitous, and much of the epidemiologic evidence is 

observational, one of the limitations is that causality is difficult to establish.  
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2.5.6 Relationship between HRCs and Environmental/Occupational Exposures 

The relationship between HRCs and environmental as well as occupational exposures recently 

appears to be gaining prominence. A study conducted during the 1960, 1970, 1980-81, and/or 1990 

census examining the relationship between occupation and cancer covering 15 million people in 

five Nordic countries (i.e. Sweden, Denmark, Finland, Iceland, and Norway) highlighted this 

association and called such cancers (cancers that develop as a result of a particular exposure at 

workplace) as ‘Occupational cancers’ (82). The same study reported that for all cancers (excluding 

cutaneous cancer), a wide variation was observed among males from a standardized incidence ratio 

(SIR) of 1.48 (1.43–1.54) in waiters to 0.79 (95% confidence interval 0.66–0.95) in domestic 

assistants (82). Among females, the standardized incidence ratios varied from 1.27 (1.19–1.35) in 

tobacco workers to 0.58 (0.37–0.87) in seafarers (people who regularly travel by sea) (82). Higher 

SIRs were observed among workers producing tobacco and beverage, seamen and chimney 

sweeps, whereas low SIRs were found for farmers, gardeners, and teachers (82). 

       This emphasizes the need to consider occupational exposures as potential risk factors of HRCs 

among rural Saskatchewan residents whose dominant occupation is farming. 

       Moreover, it was suggested that environmental factors (related to early and later life events) 

were important in the etiology of breast cancer and could also have considerable influence on the 

probability of developing clinically detectable prostate malignancy (83).  

      A case-control study examining the relation of prostate malignancy with farming highlighted 

that farming was associated with increased risk of prostate cancer among Caucasians (adjusted 

odds ratio [aOR] 1.8; 95% confidence interval [CI] 1.3 to 2.7) as compared to African Americans 

(aOR 1.0; 95% CI 0.6 to 1.6) (84).  

     The same study reported a higher risk of prostate cancer (aOR 1.6; 95% CI 1.2 to 2.2) among 

farmers who dealt with pesticides (i.e. applied or mixed pesticides and related substances) (84).  

The study concluded that racial variation in the relationship between prostate malignancy and 

farming might be attributed to a difference in gene and environmental interactions (84).  

      Therefore, epidemiologic studies particularly examining rural environmental and occupational 

exposures among farmers may help explain the rising trend of such cancers (i.e. breast and prostate 

cancer) (85).  

      Analytical studies primarily aimed at identifying carcinogenic exposures in the agricultural 

and environmental settings are required to understand the rising incidence rates for the respective 
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tumor in the general population (85). One such study reported a higher risk of developing certain 

cancers such as Non-Hodgkin lymphoma among Saskatchewan farmers (86). The same study 

emphasized the need for further studies to obtain a better description of farming-related exposures, 

and to study the exposure history of individuals who develop any type of cancers (86). 

      Due to the above-illustrated inconsistencies in the literature regarding the role of occupational 

and environmental exposures as risk factors for HRCs, further research is needed to help explain 

these inconsistencies.  

      As a result, I utilized data from the Saskatchewan Rural Health Study (SRHS) to help 

understand the prevalence, incidence (crude), and risk factors associated with the prevalence of 

HRCs among farm and non-farm rural residents of Saskatchewan. The methods used to achieve 

this goal are discussed in the following sections. 
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CHAPTER 3: DATA DESCRIPTION & METHODS 

 

This chapter presents a description of the data used in this thesis as well as the statistical methods 

used to analyze the same. In particular, the first half describes the Saskatchewan Rural Health 

Study (SRHS) in Section 3.1. Details pertinent to study design is given in section 3.1.1. The study 

population and methods employed to obtain study samples along with data collection tools are 

described in sections 3.1.2. The sample size is illustrated under section 3.1.3. The theoretical 

framework is discussed in section 3.1.4. Details of variables used for the purposes of this thesis 

are provided in section 3.1.5 and its various sub-sections. Variables reported in this chapter as used 

in this thesis were all taken from reference number (66) [Pahwa et al (2012)].  

     The remaining half of this chapter discusses the statistical methodology and application of these 

methods to answer the objectives contained in this thesis in Section 3.2.  

 

3.1 Data Description 

3.1.1 Design of the Study 

Data from the Saskatchewan Rural Health Study (SRHS) was used for this thesis project. The 

SRHS, a prospective cohort study of rural residents in Saskatchewan, Canada, was carried out in 

two phases: a baseline survey in 2010 and a four-year follow-up in 2014 (87). Before conducting 

the baseline survey, the administration and content of the baseline questionnaire were piloted and 

optimized in a pilot study (88).  

      Responses from this pilot study resulted in the modifications of some questions before the 

actual administration of the baseline questionnaire to study participants. A similar questionnaire 

was used to collect data in the follow-up study. The baseline survey was carried out in three distinct 

stages. Stage one involved partitioning the southern half of Saskatchewan into four quadrants 

[Southeast (SE), Southwest (SW), Northwest (NW), and Northeast (NE)] using a multistage 

sampling approach. This was followed by selection of rural municipalities (RMs) and small towns 

from these quadrants, employing Statistics Canada guidelines (89).  

    Details pertaining to the description of sampling approaches can be found elsewhere (87). Stage 

two comprised of administrating a questionnaire to the target population. In stage three, the 

selection of a sub-group from the target population was done to conduct clinical assessments. The 
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component of clinical assessments was not relevant to the current project. Individuals who 

participated in the baseline survey were followed for a period of four years.   

     For both time points (i.e. baseline survey, and follow-up survey), data on contextual as well as 

individual factors were gathered. My thesis is based on the baseline and follow-up data. We 

identified and separated all persons aged 18 or older into two groups, namely self-reported doctor 

diagnosed HRC cases and non-cases. The age cut-off point of 18 or older was utilized because the 

SRHS data set contains information on individuals aged 18 or older and was used as a secondary 

data set in this thesis.  

     Ethics approval was obtained for the SRHS from the Biomedical Research Ethics Board of 

University of Saskatchewan, Canada (Bio#09-56; approved on 9 April 2009). Ethics for the current 

thesis was received from the Biomedical Research Ethics Board of University of Saskatchewan, 

Canada (Bio#1789; approved on 6 March 2020) (Refer to Appendix-C). 

 

3.1.2 Study Population and Data Collection  

The Study population was made up of rural municipalities (RMs) and small-town farm and non-

farm rural dwellers residing in four quadrants [Southeast (SE), Southwest (SW), Northeast (NE) 

and, Northwest (NW)] of Saskatchewan, Canada. Using a multistage sampling design, the SRHS 

sampled tax-paying households from RMs and towns of Saskatchewan (87). The southern half of 

the province of Saskatchewan was divided into quadrants using Statistics Canada guidelines (89).           

      Out of each of the four quadrants, 12 RMs were chosen. The number of towns and RMs of 

rural Saskatchewan that participated in the SRHS was; 16 of 145 and 48 of 297, respectively. 

Thirty-two 32 of 36 RMs [SE (7), SW (8), NE (8), and NW (9)], representing (89%) and, 15 of 16 

small-towns [SE (3), SW (4), NE (2), and NW (6)] representing (94%) participated in the baseline 

survey (87). The baseline questionnaire was mailed to 11004 households (87), and of this number, 

data was collected on 8261 persons aged at least 18 years who were nested in 4624 households 

(90).    Using a similar questionnaire in the follow-up study, data was collected on 4867 individuals 

aged 18 years or older who were also nested in 2797 households (90). Worthy of note is that 4741 

individuals participated in both surveys while 126 participants who primarily did not originally 

participate in the baseline survey, now participated in the follow-up study.  
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     For data collection, a household survey questionnaire was created and employed to gather data. 

The SRHS research team along with two members from the community formed the questionnaire. 

One of these community members was from a RM and the other member was from a town.  

     The response rates for both the baseline and follow-up surveys were maximized using a 

modified version of Dillman's method for mail and telephone surveys (91). Dillman's method 

involves monitoring and maintaining a series of mail correspondence with the prospective 

participants of the study.  

      Data about the individual (e.g. smoking and alcohol consumption), contextual factors (e.g. 

household smoking), and occupational exposures (e.g. radiation and pesticides), and important 

covariates (e.g. age and gender) were collected.  

    A copy of the baseline questionnaire can be found in the appendix section of the thesis (refer to 

appendix A). This thesis project was based on HRCs cases identified both at the baseline as well 

as the follow-up for determining the prevalence, incidence, and associated risk factors for the 

prevalence of HRCs in rural Saskatchewan. 

 

3.1.3 Sample size  

3.1.3.1 HRCs (Hormone-related cancers)  

At baseline, our study sample consists of 8261 participants aged 18 or older who were at risk of 

developing HRCs. Of this number, 247 participants self-reported doctor diagnosed HRCs (i.e. 117 

prostate and 130 breast cancer cases) while the remaining 8013 did not (i.e. non-cases). However, 

at the follow-up, the total number of participants was 4867, with HRCs cases of 167.  

Of note is, the HRC cases (breast and prostate cancer combined) of 167 at the follow-up were 

inclusive of HRCs cases at the baseline. 

3.1.3.2 Breast cancer 

At baseline the sample size was consisted of 4195 females. Of this number, there were 130 cases 

of breast cancer and the remaining 4065 non-cases. Similarly, at follow-up, the sample size was 

made up of 2502 females. Of this number, there were 94 cases and 2408 non-cases. 

3.1.3.3 Prostate cancer 

For prostate cancers, the sample size was composed of 4064 males at baseline. This number was 

made up of 117 cases of prostate cancer and 3947 non-cases. Similarly, the sample size for this 

cancer at follow-up was 2364 males, representing 73 cases and 2291 non-cases. 
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3.1.4 Theoretical framework 

I will use the concept of Health Canada’s “Population Health Framework” (PHF) (66) which was 

successfully implemented elsewhere (66) to help identify risk factors for the prevalence of HRCs 

in Saskatchewan. The PHF suggests that the interaction of individual and contextual factors may 

result in a varying risk of unfavorable health outcomes. Figure 1 is a graphical representation of 

the conceptual framework employed to establish how some risk factors (as may be contained in 

the SRHS data file) influence the risk of HRCs. 

Figure 3.1: Conceptual framework (Adopted and modified from (66), courtesy of Dr. Will Pickett 

of Queen’s University) 

 

 

 

 

 

 

 

 

 

 

3.1.5 Variables description  

The following section provides description of the variables used for the purposes of this thesis. 

Section 3.1.5.1 provides operational definitions on individual factors under subsection 3.1.5.1.1 

which is followed by details on contextual factors in section 3.1.5.1.2 and description of principal 

covariates in section 3.1.5.1.3. The last section 3.1.5.1.4 discusses the outcome variable for this 

research project.  

      For this thesis, the variables examined were categorized into individual/lifestyle factors, 

contextual factors, and covariates. These variables were obtained from the baseline questionnaire 

with reclassifying a few of those, where required.  

     The individual/lifestyle factors (i.e. personal history of smoking, alcohol consumption, and 

education, etc.) referred to factors measuring individual exposures.  

Covariates: 
1. Demographic 

2. Comorbidities 

Individual factors 

1. Family history of Cancer  

2. Lifestyle or behavioral 

3. Environmental 

m 

Health outcome: 

1. Hormone-related 

cancers 

Contextual factors: 
1. Socioeconomic 

2. Indoor air pollution 

2. Access to health services 
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    The contextual factors (i.e. household source of water, SES, etc.) were referring exclusively to 

the rural environment. The principal covariates used were (age, BMI, gender, and, marital status).  

     In view of this thesis, the outcome variable was, whether an individual had ever been diagnosed 

with HRCs by a primary caregiver or a doctor, was established by the baseline questionnaire.  

 

3.1.5.1 Operational definitions 

3.1.5.1.1 Individual factors 

Personal history of smoking:  

   This variable collected information on the individual history of smoking using the baseline 

questionnaire. Based on question B-36, the following question was asked; Have you ever smoked 

cigarettes?” with responses “Yes/No”. In the context of this thesis, the smoking variable was 

classified into three groups; never-smoker, ex-smoker, and current smoker. Smoking was a 

derived variable and was formed based on questions B-37 through B-45 (See Appendix A).  

Alcohol consumption:  

  Information on the history and frequency of alcohol consumption was gathered using the 

baseline questionnaire. To obtain this, the following question was asked; “During the past 12 

months, how often did you drink alcoholic beverages?”. To carry out analysis for this thesis, a 

new ‘alcohol’ variable was created. To answer this question, the newly formed variable 

classified responses into 3 classes; “Everyday”, “Never”, and “Occasionally” (all the remaining 

classes were combined to form this class). This was obtained using question B-46 (See Appendix 

A).  

Physical activity:  

  This variable reflected the personal history of physical activity that was obtained using the 

baseline questionnaire. The following question was asked; "Do you exercise”? with a response 

option as “Yes/No”. This question was in reference to question B-27 on the baseline 

questionnaire (See Appendix A).  

Education:  

  This established the educational status which was self-reported by the participants of the study. 

The question asked was; What is your highest level of education?” with response options “< high 

school”, “Completed high school”, “Completed university”, and “Completed post-secondary 

education other than above". In the context of the current thesis, a new ‘education' variable was 
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created. The newly formed variable had two classes "Grade 12 or below” and “Beyond Grade 

12”. For grade 12 or below, the “< high school” and “Completed high school” were combined. 

Beyond grade 12, was composed of the combination of “Completed University” and “Completed 

postsecondary education other than above". These were in accordance with question B-4 (See 

Appendix A). 

Early-life exposure to farm:   

  This variable collected information regarding early-life exposure to a farming environment. To 

determine the respondent's exposure to farm, the following question was asked; Have you ever 

lived on a farm?” with response options “Yes/No". Besides, to establish respondent's exposure to 

farm in their first year of life; the following question was asked; "Did you live on a farm during 

your first year of life" with response options "Yes/No". These questions were in reference to 

questions; B-31 and B-32 on the baseline questionnaire (See Appendix A). 

Personal and family history of cancer:   

  Utilizing the baseline questionnaire, the personal and family history of cancer was collected 

from question B-50, and B-56, respectively (See Appendix A). For personal history, the 

following question was asked; “Has a doctor or primary caregiver ever said you have cancer?” 

with response options “Yes/No/Don’t know”. For family history, participants were asked; “Have 

the following members of your biological family ever had cancer?” and the list included “Father, 

Mother and Brother/Sister” with response options (Yes/No/Don’t know)”. 

Occupational rural exposure:  

  This variable collected information about respondent’s exposure to chosen occupational 

exposures (i.e. livestock, stubble smoke, fungicides, herbicides, molds, oil/well fumes, radiation, 

solvent fumes, welding fumes, grain dust, wood dust, diesel fumes, asbestos dust, insecticides, 

mine dust, and other specify).  

   The question asked was; “Have you been exposed to any of the following in your workplace?” 

This question was based on B-58 (See Appendix A), from the baseline questionnaire. Also, 

exposure to Propane has been already dealt with in household fuel sources under contextual 

factors.  

  At this point, it is imperative to note that question (B-58) did not collect information on the 

specific types of exposure. This can be explained by considering the example of radiation 

exposure. While collecting information on this particular exposure (i.e. radiation), data were not 
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collected on whether it was exposure to solar radiation or machinery-related radiations, etc.         

However, all information collected on exposures was on work-related exposures (occupational 

exposures). If the response to the chosen work-related exposure was "Yes", the same question (i.e. 

B-58) gathered further information on the frequency of that exposure (i.e. "If Yes, how often"?).     

This sub-question on frequency was further divided into daily, weekly, monthly and, occasionally 

and was coupled with another question that collected information on the duration of that particular 

exposure by asking for the number of years (i.e. “how many years?”). 

3.1.5.1.2 Contextual factors 

Socioeconomic status (SES): For this variable, a proxy measure of household income adequacy 

was used. This variable was primarily derived from four groups that were formed following the 

definition of Statistics Canada (92). The total household income and the total number of people in 

the household were used as the basis for questions A-2 and A-20 (see Appendix A). Details on the 

four household income adequacy groups are presented below in a tabulated form. 

                    Household Income Adequacy groups and relevant details 

Number of groups  Size of household Income Band Income Adequacy 

Group 1 1 or 2 persons 

3 or 4 persons 

5 or more persons 

< $15,000 

< $20,000 

< $30,000 

 

Lowest income 

Group 2 1 or 2 persons 

3 or 4 persons 

5 or more persons 

$15,000-$29,000 

$20,000-$39,000 

$30,000-$59,000 

Lower-middle income 

Group 3 1 or 2 persons 

3 or 4 persons 

5 or more persons 

$30,000-$59,000 

$40,000-$79,000 

$60,000-$79,000 

Upper-middle income 

Group 4 1 or 2 persons 

3 or 4 persons 

≥$60,000 

≥$80,000 

Highest income 

 

Household smoking:  

  This variable had two categories "Yes/No" which denoted whether any household member used 

tobacco-related products which included cigars, cigarettes, and, pipes. For the household smoking 

variable, the following question was asked: “Do any of the people in your house use any of the 
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following tobacco products in your home?” This was obtained from question A-17 using the 

baseline questionnaire. (See Appendix A). 

Household fuel source:  

Municipality referred to whether a household of interest was located in a small town or a rural 

municipality (RM) of Saskatchewan.   

Household fuel source – Natural gas, and Propane: For collecting information on household fuel 

source, the baseline questionnaire was employed based on question A-7 (See Appendix A); the 

following question was asked; “What are the types of fuel sources used to heat your home” 

“natural gas (Yes/No)” and “propane (Yes/No)”.  

Mildew or musty smell: Using a questionnaire based on question A-14 (See Appendix A), 

information on the household indoor environment was gathered. The following question was 

asked to obtain information on variable mildew odor or musty smell; Does your home (including 

basement) frequently have mildew or musty smell?” with answers “Yes/No”. 

Quadrant: This was a categorical variable and represented the geographical location of the 

participant's households. This variable had four levels; SE, SW, NW, and, NE and were coded 1- 

4, respectively. Using the 2006 census subdivision, information on quadrants were collected. 

This was found in the baseline questionnaire. 

Farm: The "Farm" variable indicated the location of the home and/or workplaces that were 

involved in the production of agricultural-related products for sale. To derive this variable, the 

following question was asked; “Where is your home located?” and with responses “Farm, In-

town, Acreage". In the context of this thesis, the farm variable was categorized into "Non-farm" 

and "Farm". The dichotomization of the farm variable (i.e. non-farm and farm) was required as 

rural non-farming exposures are distinct as compared to rural farming exposures. The Non-farm 

variable was created by combining "In-town" and "acreage". This was obtained using the 

baseline questionnaire; question A-1 (See Appendix A). 

Household source of water: Household water source had four classes. From the baseline 

questionnaire, referring to question A-37 (See Appendix A); it was asked that; What is the source 

of water supply for drinking purposes in your home?” with options of “Bottled water”, “Deep 

well water (more than 100 feet)”, “Shallow well water (less than 100 feet)”, Spring, river or 

creek, Dugout or reservoir, Lake, and Other source”. A new variable “Water source” was 

created which had the following categories “Bottled water, deep well water (more than 100ft), 
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and shallow well water (less than 100 ft.)". Also, all the remaining classes were combined with 

"Other source". 

3.1.5.1.3 Covariates  

Age: Data on individuals age 18 years or older were collected in the SRHS at baseline. For the 

purposes of this thesis, the same age cut-off point of 18 years or older will be used. We are using 

this age cut-off point because the SRHS data set contains information on individuals aged 18 or 

older and is being used as a secondary data set in this thesis. The age variable was continuous, and 

the baseline questionnaire was employed to collect information on this variable. Age was sub-

categorized into 18-45 (reference category), 46-55, 56-65, and 65 or older.  

BMI: To derive this variable, the baseline questionnaire was used. BMI was computed using the 

following formula: [Weight in kilograms/ (Height in centimeters)2] x 100,000. Participants were 

questioned as “What is your height? _kg of ft and in” and “What is your weight? _kg or lbs". 

Respondents self-reported their weight and height. For carrying out analysis, the baseline BMI was 

obtained in three categories including; normal weight (reference category), (0 - <25kg/m2), 

overweight (25-30 kg/m2), and, obese (>30 kg/m2). These were based on B-6 and B-7 questions 

of the baseline questionnaire (see Appendix A). 

Gender: This was a variable with two categories “Male” (reference category) and “Female”. The 

question was based on B-3 (see Appendix A). 

Marital status: To establish marital status, respondents were asked this question; “What is your 

marital status?". Respondents self-reported their status by answering this question. This question 

was based on question B-8 (see Appendix A). 

3.1.5.1.4 Outcome variable  

The primary outcome variable was self-reported, primary caregiver/doctor diagnosed, breast and 

prostate cancer (HRCs). The outcome of interest was achieved using the question from the baseline 

questionnaire. The question used in determining the outcome variable was “Has a doctor or 

primary caregiver ever said you have cancer? If yes, please specify cancer type”. 

      For carrying out analysis, the “breast and prostate cancer” variable was recoded into a 

dichotomous variable (“Yes/No”), such that breast and prostate cancer cases belong to the category 

"Yes", while breast and prostate cancer non-cases belong to the category "No". This was obtained 

in accordance with question B-50 (see Appendix A). 
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3.2 Statistical Methods  

In this section, I present the methods used to analyze the data described in section 3.1 of this thesis. 

The SRHS data, as used herein was a longitudinal dataset. To achieve the objectives of this study, 

appropriate methods for longitudinal data analysis (LDA) must account for the within-cluster 

correlations that exist due to repeated measurements. In particular, marginal models were used to 

identify the risk factors for the prevalence of HRCs.  

 

3.2.1 Analyzing Longitudinal Data 

Very often in epidemiological studies, the aim is always to determine the nature of the relationship 

between an outcome and a set of independent variables. In cross-sectional studies, classical linear 

models or generalized linear models (GLMs) are used to determine such relationships (93). 

However, such models cannot be used for LDA because they do not account for the within-cluster 

correlations in longitudinal data since the independence assumption is violated (94). In this 

situation, appropriate models are developed to account for the inter-dependence or within-cluster 

correlations as a result of repeated measurements. One commonly used model for LDA is based 

on the generalized estimating equations (GEE) methodology (94). This methodology was applied 

in this thesis. 

  

3.2.1.1 Statistical Application: Prevalence Analysis 

3.2.1.1.1 Determining the Crude Prevalence  

For this thesis, the prevalence may be defined as the "proportion of people in a population that has 

a disease" (96). Mathematically, this can be expressed as 

                   
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑖𝑠𝑒𝑎𝑠𝑒𝑑 𝑝𝑒𝑜𝑝𝑙𝑒 𝑖𝑛 𝑡ℎ𝑒 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛

𝑡𝑜𝑡𝑎𝑙 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑠𝑖𝑧𝑒
 x 100   ……………………………...(Eq 3.1) 

This formula was used to estimate the crude prevalence rates of breast and prostate cancers among 

the four quadrants at baseline and follow-up. 

 

3.2.1.1.2 Determining Adjusted Prevalence  

We determined the adjusted prevalence of breast and prostate cancers by fitting separate binary 

logistic regression models for covariates. Logistic regression models based on the Generalized 

Estimating Equations (GEE) methodology were fitted using SPSS to determine significant risk 

factors for the prevalence of breast and prostate cancers at baseline and follow-up respectively.  
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Generalized estimating equations (GEEs) approach is an iterative procedure (121), which was 

originally developed to analyse repeated measures data obtained from classical longitudinal 

studies. GEE is also used to analyze hierarchical data (i.e. units of analysis generally individuals 

(1st level) are nested within a contextual level, for example household (2nd level) (121). The 

repeated observations within one subject or individuals within household are not independent of 

each other, it is because of this reason, a correction should be made to account for within-subject 

correlations. This correction is possible by using GEE. GEE uses quasi-likelihood to estimate the 

regression coefficients (121).  

      GEE conducts correction by assuming a priori a certain ‘working” correlation structure for the 

repeated measurements of the outcome variable (Y).  The most commonly used working 

correlation structures are; a) Independent structure, b) Exchangeable structure, c) Stationary (m-

dependent) structure, d) Auto-regressive correlation structure, and e) Unstructured correlation 

structure. 

     We used software SPSS and selected the exchangeable correlation matrix to account for 

hierarchy in the data.  In exchangeable correlation structure only one correlation coefficient is 

estimated.  GEE will account for clustering effect meaning by it will account for the several people 

with same characteristics within the cluster i.e. several people within same household (same people 

with same family might share the exposure).  

  For the purposes of this thesis, I used the statistical software IBM SPSS (version 26.0) to analyze 

data. As an example, and for the purposes of illustration, I have provided in the appendix a sample 

of SPSS syntax based on GEE approach that I used to build a binary regression model using HRCs 

(yes or no) as the response variable and diesel fumes (yes or no) as the predictor variable. (See 

Appendix- B) 

      A univariate and multivariate logistic regression model was used to investigate the association 

between breast and prostate cancer prevalence and a set of predictor variables. Multilevel (1st level 

- individuals nested within 2nd level - households) logistic regression models were used to assess 

the association between environmental/contextual and individual factors as well as covariates. 

Standard model building strategies were used to select the final multivariate model (97).  

       During the univariate analysis, variables with p-value<0.25 were selected for the multivariable 

modeling stage. Statistical significance was determined at 5%. Significant variables, as well as 

other biologically relevant variables, were retained in the final model even if the latter was not 
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significant. Interactions and confounding were checked for in the model building process. ORs 

and their associated 95% CIs were used to describe the strength of associations between outcome 

and predictor variables. 

 

3.2.2 Statistical Application: Incidence Analysis 

3.2.2.1 Determining the Crude Incidence  

For the purpose of this thesis, we adopted the definition of cumulative incidence also called 

incidence proportion as “the number of new events of a specific disease during a specified period 

of time in a specified population” (100). Mathematically, this can be expressed as: 

               𝐶𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑣𝑒 𝐼𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒 =
Number of new cases in a specified period

Number of people at risk in the specified population
 ………(Eq 3.2) 
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CHAPTER 4 - RESULTS 

4.1. Introduction 

The main goal of this thesis was to determine the prevalence and crude incidence of self-reported 

doctor diagnosed HRCs (i.e. breast and prostate cancers) and the risk factors associated with the 

prevalence of these malignancies. While the methods used to analyze the data contained in this 

thesis were described in the previous section, this section presents the results of the data analysis. 

4.2 Sample population 

The SRHS data set contained information of 8,261 participants aged 18 or older who were nested 

within 4,624 households at baseline and 4,867 participants within 2,797 households during follow-

up. Of these, 248 and 167 self-reported doctor diagnosed HRC cases were identified from the 

baseline and follow-up surveys respectively and included in during data analysis. For the purposes 

of this study, all these participants were included in the analysis because they were considered to 

be at risk of developing HRCs. It is worthy of note that, this study was particularly interested in 

prostate cancers among men and breast cancers among women. As a result, a single case of male 

breast cancer was identified and excluded from all analyses contained herein.  

4.3. Descriptive Statistics 

In this section, I provide descriptive statistics for the data used in this thesis. Table 4.1 presents the 

HRC cases and non-cases as stratified by the location of their homes (i.e. farm or non-farm 

residents). It is thus realized that 96 HRC cases, representing 38.9% were farm residents while the 

remaining 151 (61.1%) were non-farm residents. In total, only 3% of the study population reported 

HRC cancers while the remaining were treated as non-cases (Table 4.1). This 38:61 split in the 

proportion of HRC cancers stratified by farm and non-farm residents at baseline was similar to 

that of follow-up (Table 4.10). 

 

Table 4.1 Location of Home by HRC cases and non-cases at Baseline 

  

Location of home HRC – Cases* Non-Cases Total 

Farm 96 (38.9) 3349 (42.1) 3445 (42.0) 

Non-Farm 151 (61.1) 4612 (57.9) 4763 (58.0) 

Total 247 (3.0) 7961  8208 
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Tables 4.2 and 4.3 provide the population characteristics as stratified by the four quadrants at 

baseline and follow-up respectively. It thus appears that the four quadrants have a similar 

proportion of participants both at baseline and follow-up. At baseline, the proportion of female 

participants appears to be fairly higher than their male counterparts in all four quadrants, a 

relationship that persisted even at follow-up.  

       Study participants also appear not to be unevenly distributed across the various age groups 

considered in this study, especially within quadrants (Table 4.2). The proportion of older 

participants (> 65 years) was higher than all that for other age categories except in the north-

western quadrant of Saskatchewan (Table 4.2). However, this distribution of study participants 

was wholly true at follow-up (Table 4.3).  

 

Table 4.2 Population Characteristics for HRCs by Quadrant at Baseline 

 

Characteristics# Quadrant* 

 South West South East North East North West 

 N = 1538 N = 1792 N = 2400 N = 2527 

Gender, n (%)     

Male 751 (48.8) 884 (49.3) 1198 (49.9) 1229 (48.7) 

Female 787 (51.2) 908 (50.7) 1202 (50.1) 1295 (51.3) 

Age-groups, n (%)     

18-45 343 (22.3) 465 (25.9) 486 (20.3) 650 (25.7) 

46-55 432 (28.1) 441 (24.6) 553 (23.0) 622 (24.6) 

56-65 320 (20.8) 421 (23.5) 599 (25.0) 606 (24.0) 

>65 442 (28.8) 465 (25.9) 762 (31.8) 647 (25.6) 

Location of home, n (%)     

Farm 552 (36.0) 704 (39.6) 1192 (50.0) 997 (39.7) 

Non-Farm 980 (64.0) 1072 (60.4) 1193 (50.0) 1514 (60.3) 

# Due to missing observations, variable totals may not sum to 8261 
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Table 4.3 Population Characteristics for HRCs by Quadrant at Follow-up 

 

Characteristics# Quadrant* 

 South West South East North East North West 

 N = 854 N = 1016 N = 1391  N = 1480  

        Gender, n (%)     

Male 414 (48.5) 486 (47.8) 681 (49.0) 724 (48.9) 

Female 440 (51.5) 530 (52.2) 710 (51.0) 756 (51.1) 

Age-groups, n (%)     

 18-45 97 (11.4) 158 (15.6) 126 (9.1) 232 (15.7) 

 46-55 187 (21.9) 200 (19.7) 254 (18.3) 318 (21.5) 

 56-65 241 (28.2) 313 (30.8) 407 (29.3) 402 (27.2) 

 >=65 329 (38.5) 345 (34.0) 604 (43.4) 528 (35.7) 

Location of home, N (%)     

Farm 319 (37.6) 415 (41.1) 700 (50.6) 612 (41.4) 

Non-Farm 530 (62.4) 595 (58.9) 683 (49.4) 866 (58.6) 

 

4.4. Prevalence Analysis 

4.4.1 Crude Prevalence Analysis 

As indicated earlier, one of the objectives of this thesis was to determine the prevalence of HRCs 

(i.e. breast and prostate cancers) both at baseline and follow-up. Data was analyzed to determine 

the crude prevalence of these cancers and the results are presented in the following tables (i.e. 

Tables 4.4 to 4.10). 

      Table 4.4 presents the prevalence of breast and prostate cancers combined among farm and 

non-farm residents and stratified by the various quadrants of Saskatchewan while Tables 4.5 and 

4.6 contain that for prostate and breast cancers separately.  

      It is thus seen from Table 4.4 that, HRCs were slightly more prevalent amongst non-farm 

residents (3.2%) when compared with farm residents (2.8%). It is observed that HRCs were more 

prevalent within the eastern part of the province as compared to the western part (Table 4.4) among 

both farm and non-farm residents. Further research is needed to explore these observations. 

Analogous interpretations and observations were implied by Tables 4.5 and 4.6 for the prevalence 

of prostate and breast cancers, respectively for farm and non-farm residents. 
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      It is refreshing to note that, the above commentary pertains to the baseline survey. For the 

avoidance of duplication in interpretations, Tables 4.7 through 4.9 provide similar information for 

HRCs (breast and prostate combined), prostate and breast (separately) respectively for the follow-

up survey. 

 

Table 4.4 Prevalence of HRCs Stratified by Geographic Location and Farm/Non-Farm 

Residence at Baseline. 

 

 Farm Dwellers Non-farm Dwellers Total 

Quadrant of 

Saskatchewan 

Doctor-diagnosed Self-

reported HRCs 

Doctor-diagnosed self-

reported HRCs 

Ever-diagnosed 

HRCs 

 Yes/Total (%) Yes/Total (%) Yes/Total (%) 

South West 15/552 2.7 35/980 3.6 50/1538 3.3 

South East 22/704 3.1 33/1072 3.1 56/1792 3.1 

North East 40/1192 3.4 42/1193 3.5 82/2400 3.4 

North West 19/997 1.9 41/1514 2.7 60/2527 2.4 

Total 96/3445 2.8 151/4763 3.2 248/8261 3.0 

 

Table 4.5 Prevalence of Prostate Cancer Stratified by Geographic Location and Farm/Non-

Farm Residence at Baseline. 

 

 Farm Dwellers Non-farm Dwellers Total 

Quadrant of 

Saskatchewan 

Doctor-diagnosed Self-

Reported Prostate Cancer 

Doctor-diagnosed Self-

reported Prostate Cancer 

Ever-diagnosed 

Prostate Cancer 

 Yes/Total (%) Yes/Total (%) Yes/Total (%) 

South West 8/296 2.7 16/452 3.5 24/751 3.2 

South East 12/362 3.3 14/513 2.7 27/884 3.1 

North East 22/626 3.5 20/565 3.5 42/1198 3.5 

North West 10/508 2.0 14/712 2.0 24/1229 2.0 

Total 52/1792 2.9 64/2244 2.9 117/4064 2.9 
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Table 4.6 Prevalence of Breast Cancer Stratified by Geographic Location and Farm/Non-

Farm Residence at Baseline. 

 

 Farm Dwellers Non-farm Dwellers Total 

Quadrant of 

Saskatchewan 

Doctor-diagnosed Self-

reported Breast Cancer 

Doctor-diagnosed self-

reported Breast Cancer 

Ever-diagnosed Breast 

Cancer 

 Yes/Total (%) Yes/Total (%) Yes/Total (%) 

South West 7/256 2.7 18/528 3.4 25/787 3.2 

South East 10/342 2.9 19/559 3.4 29/908 3.2 

North East 18/566 3.2 22/628 3.5 40/1202 3.3 

North West 9/489 1.8 27/800 3.4 36/1295 2.8 

Total 44/1653 2.7 86/2517 3.4 130/4194 3.1 

 

 

Table 4.7 Prevalence of HRCs Stratified by Geographic Location and Farm/Non-Farm 

Residence at Follow-up. 

 

 Farm Dwellers Non-farm Dwellers Total 

Quadrant of 

Saskatchewan 

Doctor-diagnosed self-reported 

HRCs 

Doctor-diagnosed self-reported 

HRCs 

Ever-diagnosed 

HRCs 

 Yes/Total (%) Yes/Total (%) Yes/Total (%) 

South West 9/319 14.5 22/530  21.6 31/854 18.9 

South East 15/415 24.2 27/595 26.5 42/1016 25.6 

North East 25/700 40.3 24/683 23.5 49/1391 29.9 

North West 13/612  21.0 29/866 28.4 42/1480 25.6 

Total 62/2046 3.0 102/2674 3.8 164/4741 3.5 

 

Table 4.8 Prevalence of Prostate Cancer Stratified by Geographic Location and Farm/Non-

Farm Residence at Follow-up. 

 

 Farm Dwellers Non-farm Dwellers Total 

Quadrant of 

Saskatchewan 

Doctor-diagnosed self-

reported Prostate Cancer 

Doctor-diagnosed self-

reported Prostate Cancer 

Ever-diagnosed 

Prostate Cancer 

 Yes/Total (%) Yes/Total (%) Yes/Total (%) 
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South West 5/169 3.0 14/243 5.8 19/414 4.6 

South East 6/214 2.8 11/269 4.1 17/486 3.5 

North East 15/364 4.1 6/313 1.9 21/681 3.1 

North West 6/314 1.9 10/408 2.5 16/724 2.2 

Total 32/1061 3.0 41/1233 3.3 73/2305 3.2 

 

Table 4.9 Prevalence of Breast Cancer Stratified by Geographic Location and Farm/Non-

Farm Residence at Follow-up. 

 

 Farm Dwellers Non-farm Dwellers Total 

Quadrant of 

Saskatchewan 

Doctor-diagnosed self-

reported Breast Cancer 

Doctor-diagnosed self-

reported Breast Cancer 

Ever-diagnosed Breast 

Cancer 

 Yes/Total (%) Yes/Total (%) Yes/Total (%) 

South West 4/150 2.7 8/287 2.8 12/440 2.7 

South East 9/201 4.5 16/326 4.9 25/530 4.7 

North East 10/336 3.0 18/370 4.9 28/710 3.9 

North West 7/298 2.3 19/458 5.1 26/756 3.4 

Total 30/985 3.0 61/1441 4.2 91/2436 3.7 

 

Table 4.10 Location of home by HRCs cases and non-cases at follow-up 

  

Location of home HRC - Cases (%) Non-Cases (%) Total (%) 

Farm 64 (38.3) 2032 (43.4) 2096 (43.2) 

Non-Farm 103 (61.7) 2646 (56.6) 2749 (56.7) 

Total 167 (3.4) 4678 (96.6) 4845 

 

 

4.4.1.1 Population Characteristics of HRCs   

In the following section: potential risk factors for HRCs considered in this thesis are described. 

Table 4.11 provides the proportions of these characteristics at baseline and follow-up. In particular, 

the percentage of HRC cases and non-cases for the two time periods are provided in Table 4.11.  

Several contextual factors were included in the study. For socioeconomic status at baseline, a 

higher percentage of participants reported that they had "some money" (63.5% vs. 59.3%) left at 

the end of the month as compared to those who had “just enough money” and “not enough money” 
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amongst cases and non-cases respectively. Twenty-four (24) of 248 participants, representing 

9.7% at baseline and 1,225 of 7968, representing 15.4% reported that there was household smoking 

in their homes while remaining 224 (90.3%) and 6743 (84.6) cases and non-cases (respectively) 

did not.  

       Also, almost 70% of HRC cases and non-cases reported natural gas as their main source of 

household fuel (Table 4.11). Only a small number of cases (16.4) and non-cases (17.1) had mildew 

or musty smell in their homes including the basement while the majority did not (83.6 vs. 82.9 

respectively).  

      Amongst cases, about 35% of study participants reported bottled water as their household 

source of water while almost 15% reported lakes, springs, dugouts, etc. as their household source 

of water. While 27.2% of cases reported deep wells (more than 100 ft), 22.9% reported shallow 

wells (less than 100 ft) as their source of household water supply. A similar distribution was 

observed amongst non-cases (Table 4.11). 

     Three individual or lifestyle-related factors were considered in this study. These include; 

smoking status, alcohol consumption, and physical activity. The majority of cases (50.2%) and 

non-cases (52.7%) reported being "never smokers" while only 8.5% of cases and 11.9% of non-

cases were current smokers at baseline. It is also important to note that a moderate percentage of 

cases (41.2%) and non-cases (35.4%) were ex-smokers.  

      A considerable number of cases (27.8%) reported never drinking alcohol while a few (8.5%) 

reported being daily consumers of alcohol. Similarly, amongst non-cases, only 10.6% were 

“everyday drinkers” of alcohol (Table 4.11). Regarding physical activity, a slightly higher 

percentage of both cases (59.2%) and non-cases (57.4%) self-reported engagement in any form of 

physical activity, while their counterparts did not (cases - 40.8%; non-cases - 42.6%). 

      Early childhood exposures were also explored in the present study. 90.7% of HRC cases and 

82.6% of non-cases ever lived on a farm. In addition, while 79.1% of cases lived on a farm in their 

first year of life, 20.9% did not. A similar percentage distribution was observed amongst non-cases 

(Table 4.11). 

      A family history of cancer was also included in the current study. The cancer history of study 

participants' first-degree relatives (FDRs) was self-reported. All persons who reported breast or 

prostate cancers in this thesis also reported a previous history of malignancies other than HRCs 

(Table 4.11). A relatively lower percentage of cases reported that their fathers (38.1%), mothers 
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(32.6), and/or siblings (i.e. brother or sister) (45.3%) had a positive history of cancer. A similarly 

low percentage of participants who reported a positive history of cancer in either of their FDRs 

was observed amongst non-cases as well (Table 4.11). 

      Several occupational exposures were included in the current study. These include asbestos 

dust, diesel fumes, fungicides (to treat grain), grain dust, pesticides (to kill insects and weeds), 

livestock exposure, mine dust, molds, oil/gas well fumes, propane, radiation, stubble smoke, 

solvent and welding fumes. The distribution of the percentage of study participants, stratified cases 

and non-cases are provided in Table 4.11.  

     Besides, the current study explored some demographic factors including age, BMI, gender, 

level of education, and marital status. The study population both amongst cases and non-cases was 

predominantly older (>65 years). A slightly higher percentage of females (52.4%) than males 

(47.6%) cases recorded. However, amongst non-cases, it was a near 50-50 split (Table 4.11). The 

majority of both cases (42%) and non-cases (40.9%) were over-weighted. Data analysis also 

revealed that a higher percentage of both cases (71.9%) and non-cases (60.2%) completed grade 

12 or lower. Many cases were also married or living together while a relatively small percentage 

of study participants were either divorced, widowed, separated or never married. 

       It is imperative to note that, the fore-running commentary on the statistics provided above 

describes the baseline survey and much be interpreted accordingly. Columns 3 and 4 of table 4.11 

provide descriptive statistics for the follow-up survey and consequently, similar interpretations are 

implied. 

Table 4.11 Population Characteristics for HRC Cases and Non-cases at Baseline and 

Follow-up 

 

 Baseline (2010) Follow-up (2014) 

Description Cases  

(N = 247)  

(%) 

Non-cases  

(N = 8013) 

(%) 

Cases  

(N = 167) 

(%) 

Non-cases  

(N = 4700) 

(%) 

CONTEXTUAL FACTORS     

Socioeconomic     

 Some money 139 (63.5) 4288 (59.3) 105 (68.2) 2853 (67.8) 

 Just enough money 39 (17.8) 1556 (21.5) 32 (20.8) 835 (19.8) 

 Not enough money 41 (18.7) 1387 (19.2) 17 (11.0) 522 (12.4) 
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Quadrant     

 South West 50 (20.2) 1488 (18.6) 31 (18.9) 1507 (18.6) 

 South East 56 (22.6) 1736 (21.7) 42 (25.6) 1750 (21.6) 

 North East 82 (33.1) 2318 (28.9) 49 (29.9) 2351 (29.0) 

 North West 60 (24.2) 2467 (30.8) 42 (25.6) 2485 (30.7) 

Household smoking     

 Yes 24 (9.7) 1225 (15.4) 14 (8.4) 489 (10.4) 

 No 224 (90.3) 6743 (84.6) 153 (91.6) 4211 (89.6) 

Fuel source – Natural gas     

 Yes 172 (69.9) 5415 (67.8) 123 (74.5) 3137 (67.1) 

 No 74 (30.1) 2567 (32.2) 42 (25.5) 1540 (32.9) 

Mildew or musty smell     

 Yes 40 (16.4) 1328 (17.1) 17 (10.4) 747 (16.3) 

 No 204 (83.6) 6451 (82.9) 147 (89.6) 3839 (83.7) 

Household source of water     

 Bottled water 2415 (35.0) 71 (36.0) 46 (34.8) 1306 (34.1) 

 Deep well water (>100ft) 1874 (27.2) 62 (31.5) 41 (31.1) 1083 (28.2) 

 Shallow well water (<100ft) 1581 (22.9) 30 (15.2) 23 (17.4) 895 (23.3) 

 Others 1023 (14.8) 34 (17.3) 22 (16.7) 551 (14.4) 

Location of home      

 Farm  96 (38.9) 3349 (42.1) 64 (38.3) 2032 (43.4) 

 Non-farm 151 (61.1) 4612 (57.9) 103 (61.7) 2646 (56.6) 

INDIVIDUAL FACTORS     

Smoking Status     

 Current Smoker 21 (8.5) 947 (11.9) 12 (7.2) 430 (9.2) 

 Ex-smoker 102 (41.3) 2821 (35.4) 72 (43.4) 1773 (38.0) 

 Never smoker 124 (50.2) 4201 (52.7) 82 (49.4) 2461 (52.8) 

Alcohol consumption     

 Never 69 (27.8) 1403 (17.6) 44 (26.3) 790 (16.9) 

 Less than once a month 61 (24.6) 1679 (21.0) 32 (19.2) 955 (20.4) 

 At most 2-3 times a month 56 (22.6) 2136 (26.8) 39 (23.4) 1207 (25.8) 

 At most 2-3 times a week 41 (16.5) 1914 (24.0) 31 (18.6) 1119 (24.0) 

 Everyday 21 (8.5) 645 (10.6)  21 (12.6) 599 (12.8) 

Physical activity     

 Yes 138 (59.2) 4481 (57.4) 87 (52.7) 2494 (54.3) 

 No 95 (40.8) 3326 (42.6) 78 (47.3) 2103 (45.7) 
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Early life-exposures:     

Ever lived on a farm     

Yes 224 (90.7) 6598 (82.6) 149 (89.2) 4061 (86.5) 

No 23 (9.3) 1392 (17.4) 18 (10.8) 634 (13.5) 

Lived first year of life on farm     

Yes 193 (79.1) 5362 (67.6) 126 (76.4) 3370 (72.3) 

No 51 (20.9) 2565 (32.4) 39 (23.6) 1293 (27.7) 

Familial History of other cancers:      

Personal      

Yes 247 (100.0) 427 (5.4) 167 (100) 399 (8.6) 

No 0 (0.0) 7478 (94.6) 0 (0.0) 4218 (91.4) 

Father      

Yes 88 (38.1) 2038 (27.9) 69 (50.7) 1480 (39.3) 

No 143 (61.9) 5254 (72.1) 67 (49.3) 2286 (60.7) 

Mother      

Yes 73 (32.6) 1818 (24.4) 52 (40.3) 1356 (35.4) 

No 151 (67.4) 5633 (75.6) 77 (59.7) 2470 (64.6) 

Sibling(s)      

Yes 97 (45.3) 1518 (22.2) 76 (58.9) 1283 (36.6) 

No 117 (54.7) 5321 (77.8) 53 (41.1) 2227 (63.4) 

Occupational Exposures:     

At work, ever exposed to:     

Asbestos dust     

Yes 19 (7.9) 524 (6.7) 13 (8.0) 350 (7.7) 

No 221 (92.1) 7332 (93.3) 149 (92.0) 4170 (92.3) 

Diesel fumes     

Yes 142 (59.2) 4609 (58.7) 104 (63.8) 2906 (63.7) 

No 98 (40.8) 3247 (41.3) 59 (36.2) 1658 (36.3) 

Fungicides (to treat grain)     

Yes 99 (41.3) 2557 (32.5) 69 (43.1) 1808 (40.0) 

No 141 (58.8) 5299 (67.5) 91 (56.9) 2710 (60.0) 

Grain dust     

Yes 176 (73.3) 5347 (68.1) 129 (78.7) 3382 (73.7) 

No 64 (26.7) 2509 (31.9) 35 (21.3) 1205 (26.3) 

Pesticides     

Yes 85 (34.3) 3710 (46.3) 55 (32.9) 1954 (41.6) 
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No 163 (65.7) 4303 (53.7) 112 (67.1) 2746 (58.4) 

Livestock     

Yes 137 (57.1) 4020 (51.2) 100 (61.7) 2727 (59.8) 

No 103 (42.9) 3836 (48.8) 62 (38.3) 1837 (40.2) 

Mine dust     

Yes 7 (2.9) 438 (5.6) 4 (2.5) 316 (7.0) 

No 233 (97.1) 7418 (94.4) 158 (97.5) 4206 (93.0) 

Molds     

Yes 82 (34.2) 2721 (34.6) 64 (40.0) 1869 (41.3) 

No 158 (65.8) 5135 (65.4) 96 (60.0) 2657 (58.7) 

Oil/Gas well fumes     

Yes 59 (24.6) 1885 (24.0) 51 (31.9) 1300 (28.8) 

No 181 (75.4) 5971 (76.0) 109 (68.1) 3220 (71.2) 

Propane use     

Yes 14 (5.7) 589 (7.4) 8 (4.8) 371 (7.9) 

No 232 (94.3) 7393 (92.6) 157 (95.2) 4304 (92.1) 

Radiation     

Yes 52 (21.7) 636 (8.1) 41 (25.5) 445 (9.9) 

No 188 (78.3) 7220 (91.9) 120 (74.5) 4045 (90.1) 

Stubble smoke     

Yes 109 (45.4) 3146 (40.0) 85 (52.1) 2083 (45.8) 

No 131 (54.6) 4710 (60.0) 78 (47.9) 2465 (54.2) 

Solvent fumes     

Yes 77 (32.1) 2788 (35.5) 57 (35.4) 1812 (40.1) 

No 163 (67.9) 5068 (64.5) 104 (64.6) 2712 (59.9) 

Welding fumes     

Yes 104 (43.3) 3223 (41.0) 71 (43.8) 2030 (44.8) 

No 136 (56.7) 4633 (59.0) 91 (56.2) 2499 (55.2) 

Wood dust     

Yes 90 (37.5) 3022 (38.5) 75 (46.3) 2051 (45.1) 

No 150 (62.5) 4834 (61.5) 87 (53.7) 2498 (54.9) 

Covariates     

Age (yrs.)     

 18-45 3 (1.2) 1941 (24.2) 2 (1.2) 650 (13.8) 

 46-55 21 (8.5) 2027 (25.3) 8 (4.8) 982 (20.9) 

 56-65 57 (23.0) 1891 (23.6) 31 (18.6) 1355 (28.8) 
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 >=65 167 (67.3) 2151 (26.9) 126 (75.4) 1713 (36.4) 

BMI (kg/m2)     

 Normal (0-<25) 77 (32.4) 2268 (29.8) 50 (32.1) 1325 (29.8) 

 Overweight (25-30) 100 (42.0) 3107 (40.9) 63 (40.4) 1832 (41.2) 

 Obese (>30) 61 (25.6) 2228 (29.3) 43 (27.6) 1292 (29.0) 

Sex     

 Male 118 (47.6) 3946 (49.3) 73 (43.7) 2291 (48.8) 

 Female 130 (52.4) 4064 (50.7) 94 (56.3) 2408 (51.2) 

Level of education     

 <= Grade 12 174 (71.9) 4767 (60.2) 106 (64.6) 2636 (56.9) 

              > Grade 12 68 (28.1) 3150 (39.8) 58 (35.4) 2000 (43.1) 

Marital status     

Married/common law/living together 185 (74.9) 6595 (82.7) 136 (81.4) 3983 (85.0) 

Widowed/divorced/single/separated 62 (25.1) 1384 (17.3) 31 (18.6) 702 (15.0) 

 

 

4.4.2 Adjusted Prevalence Analysis 

4.4.2.1 Univariable analysis for HRCs 

As described in Chapter 3 of this thesis, standard model building procedures were followed to 

select significant risk factors for the adjusted prevalence of HRCs. Tables 4.12, 4.14, and 4.16 

present the univariable analysis of the association between HRCs (i.e. breast and prostate cancers 

combined), breast and prostate cancers (separately) and contextual, individual factors as well as 

covariates. Odds ratios are used to describe the associations and a p-value of 0.25 and 0.05 was 

used as the cut-off point for significance in the univariable and multivariable modeling 

respectively. The clustering effects of more than one individual within a household were accounted 

for using multilevel binary logistic regression based on generalized estimating equations (GEE) 

approach. 

      At baseline, significant predictors of HRCs included contextual (quadrant, household smoking, 

household water source), individual (smoking status and alcohol consumption), early life 

exposures (whether or not an individual ever lived on farm, living on farm during one’s first year 

of life), family history of cancer (father, mother or sibling’s positive history of cancer), 

occupational exposures (i.e. fungicides, grain dust, pesticides, exposure to livestock, mine dust, 

radiation, and stubble smoke), and other important covariates including age, educational and 
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marital status (Table 4.12).  The last two columns of Table 4.12 respectively provide the unadjusted 

ORs and p-value for the univariable modeling of HRCs risk at follow-up. Details of the univariable 

analysis are presented below in Table 4.12. 

 

TABLE 4.12 Univariable Analysis of the Relationship between HRCs (Prostate and Breast 

cancers combined) and Contextual Factors, Individual Factors, and Covariates by Odds 

Ratio (OR), 95% CI, and P-value by Time-point 

Predictor        Baseline (2010)      Follow-up (2014) 

 

Description 

Unadjusted  

Odds Ratio (OR)* 

(95% CI) 

 

P-value# 

Unadjusted  

Odds Ratio (OR)* 

(95% CI) 

 

P-value# 

CONTEXTUAL FACTORS     

Socioeconomic  0.36  0.87 

 Some money 1.00  1.00  

 Just enough money 0.77 (0.54, 1.11)  1.04 (0.70, 1.55)  

 Not enough money 0.91 (0.64, 1.23)  0.89 (0.52, 1.52)  

Quadrant  0.16  0.37 

 South West 1.00    

 South East 0.96 (0.65, 1.42)  1.15 (0.72, 1.83)  

 North East 1.05 (0.74, 1.50)  0.97 (0.62, 1.52)  

 North West 0.72 (0.49, 1.06)  0.76 (0.49, 1.24)  

Environmental:     

Household smoking  0.19  0.40 

 Yes 1.46 (0.83, 2.55)  0.79 (0.46, 1.36)  

 No 1.00  1.00  

Location of home   0.32  0.19 

 Farm  0.88 (0.67, 1.14)  0.81 (0.59, 1.11)  

 Non-farm 1.00  1.00  

Water source  0.01  0.36 

 Bottled Water 1.00  1.00  

 Deep well water  1.13 (0.79, 1.60)  1.08 (0.70, 1.65)  

 Shallow well water  0.65 (0.42, 1.00)  0.73 (0.44, 1.21)  

 Other sources 1.34 (0.99, 1.87)  1.12 (0.75, 1.68)  

Fuel source – Natural gas  0.49  0.04 

 Yes 1.10 (0.83, 1.45)  1.44 (1.01, 2.04)  
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 No 1.00  1.00  

Household Propane Use  0.35  0.15 

 Yes 0.76 (0.43, 1.35)  0.59 (0.29, 1.20)  

 No 1.00  1.00  

Mildew odor or musty smell in home  0.77  0.04 

 Yes 0.95 (0.68, 1.33)  0.59 (0.36, 0.98)  

 No 1.00  1.00  

INDIVIDUAL FACTORS     

Smoking Status  0.09  0.32 

 Current Smoker 0.75 (0.47, 1.20)  0.84 (0.46, 1.54)  

 Ex-smoker 1.22 (0.94, 1.60)  1.22 (0.89, 1.68)  

 Never smoker 1.00  1.00  

Alcohol consumption  <0.001  0.03 

 Never 1.00  1.00  

 Less than once a month 0.74 (0.52, 1.06)  0.60 (0.38, 0.96)  

 At most 2-3 times a month 0.54 (0.37, 0.77)  0.58 (0.37, 0.90)  

 At most 2-3 times a week 0.44 (0.30, 0.65)  0.50 (0.31, 0.80)  

 Everyday 0.51 (0.31, 0.83)  0.63 (0.37, 1.07)  

Physical activity  0.75  0.70 

 Yes 1.08 (0.83, 1.41)  0.94 (0.69, 1.28)  

 No 1.00  1.00  

Early life-exposures:     

Ever lived on a farm  <0.001   

 Yes 2.04 (1.33, 3.14)  1.29 (0.79, 2.11) 0.31 

 No 1.00  1.00  

Lived on a farm in first year of life  <0.001   

 Yes 1.84 (1.33, 2.46)  1.24 (0.86, 1.78) 0.25 

 No 1.00  1.00  

Familial History of cancer:     

Father ever had cancer  <0.001  0.001 

 Yes 1.58 (1.21, 2.08)  1.59 (1.12, 2.25)  

 No 1.00  1.00  

Mother ever had cancer  <0.001  0.26 

 Yes 1.49 (1.12, 1.98)  1.23 (0.86, 1.76)  

 No 1.00  1.00  

Sibling(s) ever had cancer  <0.001  <0.001 

 Yes 2.90 (2.20, 3.83)  2.49 (1.75, 3.56)  
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 No 1.00  1.00  

Occupational Exposures:     

At work, ever exposed to:     

Asbestos dust 1.20 (0.73, 1.97) 0.47 1.04 (0.59, 1.85) 0.90 

Diesel fumes 1.02 (.78, 1.32) 0.89 1.01 (0.73, 1.40) 0.97 

Fungicides (to treat grain) 1.45 (1.12, 1.89) 0.01 1.14 (0.83, 1.57) 0.43 

Grain dust 1.29 (0.97, 1.72) 0.09 1.31 (0.90, 1.91) 0.16 

Pesticides (to kill plants and insects) 1.65 (1.28, 2.12) <0.001 1.38 (0.99, 1.92) 0.06 

Livestock 1.27 (0.98, 1.64) 0.07 1.09 (0.79, 1.50) 0.61 

Mine dust 0.51 (0.24, 1.09) 0.08 0.34 (0.12, 0.91) 0.03 

Molds 0.98 (0.75, 1.29) 0.89 0.95 (0.69, 1.31) 0.75 

Oil/Gas well fumes 1.04 (0.77, 1.40) 0.82 1.12 (0.82, 1.63) 0.40 

Radiation 3.14 (2.28, 4.33) <0.001 3.11 (2.14, 4.53) <0.001 

Stubble smoke 1.24 (0.96, 1.61) 0.10 1.29 (0.94, 1.77) 0.11 

Solvent fumes 0.86 (0.65, 1.13) 0.28 0.82 (0.59, 1.14) 0.24 

Welding fumes 1.10 (0.85, 1.42) 0.47 0.96 (0.70, 1.32) 0.81 

Wood dust 0.96 (0.74, 1.25) 0.76 1.05 (0.77, 1.44) 0.76 

Covariates     

Age (yrs.)  <0.001  <0.001 

 18-45 1.00  1.00  

 46-55 6.70 (2.0, 22.50)  2.49 (0.53, 11.77)  

 56-65 19.50 (6.10, 62.37)  7.00 (1.67, 29.31)  

 >65 50.23 (16.02, 

157.49) 

 22.50 (5.56, 91.13)  

BMI (kg/m2)  0.44  0.82 

 Normal (0-<25) 1.00  1.00  

 Overweight (25-30) 0.95 (0.70, 1.28)  0.91 (0.62, 1.33)  

 Obese (>30) 0.81 (0.56, 1.13)  0.88 (0.58, 1.34)  

Education  <0.001  0.05 

 ≤ Grade 12 1.68 (1.27, 2.23)  1.39 (1.00, 1.92)  

 > Grade 12 1.00  1.00  

Marital status  <0.001  0.21 

  Married/common law/living together 0.63 (0.47, 0.84)  0.77 (0.52, 1.15)  

Widowed/Divorced/separated/single/never 

married 

1.00  1.00  
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Significant risk factors at p < 0.25 in the univariable analysis were candidates for multivariable 

modeling. In tandem with established model building procedures, biologically relevant variables 

such as BMI, although not significant in the univariable modeling stage, were still included in the 

multivariable models. This is presented next. 

 

4.4.2.2 Multivariable analysis for HRCs 

After the multivariable adjustment, the significant predictors for the adjusted prevalence of HRCs 

at baseline were; the household source of water supply, father and sibling positive history of 

cancer, exposure to mine dust, and radiation, and age (Table 4.13-A). From the final multivariable 

model at baseline, the association between household source of water supply and HRCs risk was 

that of borderline significance. Our analysis revealed that individuals who self-reported their 

source of water supply as being deep well water were at lower risk of developing HRCs as 

compared to bottled water. A significant relationship was observed between the consumption of 

shallow well water and the HRCs risk. In particular, shallow well was associated with a reduced 

risk of HRCs. Our analysis further revealed that other sources of water (including lakes, dugouts, 

springs, etc.) were associated with a reduced HRCs risk although this association was not 

statistically significant and must be interpreted with caution. This latest finding was inconsistent 

with our hypothesis that lake/spring or dugout water would be associated with higher HRCs risk. 

     A family history of cancer was explored in multivariable modeling. We found that having a 

father with a positive history of cancer was associated with an elevated risk of being diagnosed 

with HRCs. This association was however recorded to be of borderline significance (p-

value=0.05). Thus, for persons having a father with a previous history of cancer were 1.4 times 

more likely to be diagnosed with HRCs as compared to their counterparts with parents who had 

no such history (OR=1.37; 95% CI = 1.01, 1.86).  

      The data revealed a similar association between having a sibling (i.e. brother or sister) with a 

previous history of cancer and HRCs risk (Table 4.13-A). Thus, having a sibling with a positive 

history of cancer was associated with an almost doubled risk of developing HRCs as compared to 

having a sibling with no such history and this was statistically significant (OR = 1.51, 95% CI: 

1.11, 2.07).    Exposure to mine dust was associated with a significantly lower risk of developing 

HRCs (OR = 0.33; 95% CI: 0.12, 0.92) as compared to persons who were not. This finding might 

be due to a smaller number of observations. 
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      It is important to note that, the current study revealed that, exposure to radiation was strongly 

and significantly associated with an increased risk of being diagnosed with HRCs. Thus, for 

individuals exposed to work-related radiations were associated with a more-than-three-times 

higher risk of developing HRCs as compared to individuals who were not exposed to radiation 

(OR = 3.39; 95% CI: 2.23, 4.84) (Table 4.13-A).  

    Covariates were also included in the multivariable adjustment. A significant dose-response 

relation was observed between age and HRCs risk. One must be very cautious when interpreting 

this finding/association, as confidence intervals appear to be very wide (Table 4.13-A). Although 

BMI, educational, and marital status qualified to be included in the final multivariable model as 

contained, they did not significantly predict the adjusted prevalence of HRCs at baseline (Table 

4.13-A). The current study did not find any significant interactions among significant risk factors 

for the adjusted prevalence of HRCs and as a result, no interactions were reported.  

      The discussion provided above describes the situation for baseline analysis. The sixth column 

of Table 4.13-A provides the adjusted ORs associated with risk factors for the adjusted prevalence 

of HRC risk at follow-up and may be interpreted analogously. Moreover, the above discussion 

relative to risk factors for the adjusted prevalence of HRCs was done for the combination of breast 

and prostate cancers, called HRCs in this thesis. One must, therefore, exercise caution when 

interpreting or using these results as they pertain to HRCs (breast and prostate cancers combined). 

 

TABLE 4.13-A: Multivariable Analysis of the Relationship between HRCs (Prostate and 

Breast cancers combined) and Contextual Factors, Individual Factors, and Covariates by 

Odds Ratio (OR), 95% CI, and P-value by Time-point 

Predictor Baseline (2010) Follow-up (2014) 

 

Description 

 

�̂�[𝑺𝑬(�̂�)] 

Adjusted  

Odds Ratio 

(OR)* 

(95% CI) 

 

P-

value 

 

�̂�[𝑺𝑬(�̂�)] 

Adjusted  

Odds Ratio 

(OR)* 

(95% CI) 

 

P-

value 

CONTEXTUAL FACTORS       

Location of home       0.67 

 Farm     -1.12 

(0.27) 

0.89 (0.52, 

1.52) 

 



  

44  

 

 Non-farm  1.00   1.00  

Water source   0.04    

 Bottled Water  1.00   1.00  

 Deep well water  -0.12 (0.20) 0.88 (0.60, 

1.31) 

    

 Shallow well water  -0.71 (0.27) 0.59 (0.29, 

0.82) 

    

 Other sources -0.10 (0.20) 0.99 (0.67, 

1.46) 

    

Fuel source – Natural gas      0.27 

 Yes    0.36 

(0.33) 

1.43 (0.75, 

2.71) 

 

 No  1.00   1.00  

Household Propane Use      0.47 

 Yes    0.36 

(0.49) 

1.43 (0.54, 

3.75) 

 

 No  1.00   1.00  

Mildew odor or musty smell in 

home 

     0.24 

 Yes    -0.41 

(0.36) 

0.66 (0.33, 

1.32) 

 

 No  1.00   1.00  

INDIVIDUAL FACTORS       

Alcohol consumption   0.72   0.54 

 Never Ref 1.00   1.00  

 Less than once a month -0.02 (0.22) 0.98 (0.64, 

1.49) 

 -.50 

(0.34) 

0.61 (0.31, 

1.19) 

 

 At most 2-3 times a month -0.18 (0.23) 0.83 (0.53, 

1.31) 

 -0.39 

(0.32) 

0.67 (0.36, 

1.27) 

 

 At most 2-3 times a week -0.19 (0.25) 0.83 (0.51, 

1.34) 

 -0.16 

(0.33) 

0.85 (0.44, 

1.64) 

 

 Everyday -0.37 (0.30) 0.70 (0.38, 

1.26) 

 -0.05 

(0.34) 

0.95 (0.49, 

1.185) 

 

Early life-exposures:       

Ever lived on a farm   0.74    

 Yes 0.11 (0.34) 1.12 (0.58, 

2.16) 
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 No  1.00     

Lived on a farm in first year of life   0.74   0.67 

 Yes -0.08 (0.24) 0.92 (0.56, 

1.48) 

 -0.12 

(0.30) 

0.88 (0.50, 

1.58) 

 

 No  1.00   1.00  

Familial History of cancer:       

Father ever had cancer   0.05   0.65 

 Yes 0.31 (0.16) 1.37 (1.01, 

1.86) 

 0.10 

(0.22) 

1.10 (0.72, 

1.68) 

 

 No  1.00   1.00  

Mother ever had cancer      0.95 

 Yes    0.01 

(0.23) 

1.01 (0.65, 

1.58) 

 

 No     1.00  

Sibling(s) ever had cancer   0.001   0.30 

 Yes 0.42 (0.16) 1.51 (1.11, 

2.07) 

 0.22 

(0.21) 

1.25 (0.82, 

1.90) 

 

 No  1.00   1.00  

Occupational Exposures:       

At work, ever exposed to:       

Grain dust 0.10 (0.22) 1.11 (0.71, 

1.72) 

0.65 0.10 

(0.33) 

1.10 (0.58, 

2.01) 

0.77 

Pesticides (to kill plants and insects) 0.22 (0.18) 1.25 (0.87, 

1.79) 

0.23 -0.20 

(0.30) 

0.82 (0.45, 

1.47) 

0.49 

Livestock -0.14 (0.20) 0.87 (0.59, 

1.28) 

0.48    

Mine dust -1.12 (0.53) 0.33 (0.12, 

0.92) 

0.03 -1.13 

(0.73) 

0.32 (0.08, 

1.34) 

0.12 

Molds       

Oil/Gas well fumes       

Radiation 1.19 (1.20) 3.29 (2.23, 

4.84) 

<0.00

1 

1.18 

(0.27) 

3.25 (1.90, 

5.57) 

<0.0

01 

Stubble smoke -0.18 (1.81) 0.84 (0.59, 

1.19) 

0.32 0.15 

(0.27) 

1.16 (0.68, 

1.97) 

0.59 

Solvent fumes    -0.66 

(0.27) 

0.52 (0.31, 

0.87) 

0.01 

Covariates       



  

46  

 

Age (yrs.)   <0.00

1 

  <0.0

01 

 18-45 Ref. 1.00  Ref.  1.00  

 46-55 1.70 (0.63) 5.50 (1.61, 

18.81) 

 0.53 

(0.84) 

1.70 (0.33, 

8.84) 

 

 56-65 2.74 (0.60) 15.54 (4.78, 

50.45) 

 1.45 

(0.75) 

4.26 (0.98, 

18.51) 

 

 >=65 3.44 (0.59) 31.03 (9.68, 

99.42) 

 2.71 

(0.73) 

15.09 

(3.61, 

63.11) 

 

BMI (kg/m2)   0.42   0.82 

 Normal (0-<25)  1.00   1.00  

 Overweight (25-30) -0.10 (0.18) 0.90 (0.63, 

1.29) 

 -0.09 

(0.30) 

0.99 (0.55, 

1.78)  

 

 Obese (>30) -0.12 (0.20) 0.89 (0.60, 

1.32) 

 -0.20 

(0.34) 

0.82 (0.42, 

1.60) 

 

Education   0.17   0.27 

 ≤ Grade 12 0.24 (1.79) 1.28 (0.90, 

1.81) 

 0.26 

(0.24) 

1.30 (0.81, 

2.09) 

 

 > Grade 12  1.00   1.00  

Marital status   0.40   0.67 

  Married/common law/living together -0.16 (1.94) 0.85 (0.58, 

1.24) 

 0.13 

(0.29) 

1.14 (0.64, 

2.01) 

 

Widowed/Divorced/separated/single/n

ever married 

 1.00   1.00  

 

For the purposes of computing prediction probabilities, after the univariable analysis of HRCs, 

variables at p<0.25 and biologically or clinically relevant variables were selected. We fitted a 

model based on all the variables selected using the purposeful selection technique. Since some of 

the variable such as; age, quadrant, home location (farm, non-farm), were purposeful. Therefore, 

we retained all those variables in the model, even those were not significant at univariate or 

multivariate steps.  

   As a result, we obtained a full model containing twenty variables. Now, we selected variables at 

p<0.05 and biologically or clinically relevant variables to get a reduced model. The reduced model 

thus obtained comprised of six variables (i.e. age, quadrant, home location, sibling cancer, 
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radiation, and mine dust). Here, the variables like quadrant, and home location were found, not 

significant. However, history of sibling cancer, age, and work-related exposure to radiation 

remained significant.  

     Next, again at p<0.05 we selected variables to obtain the final model. Five variables qualified 

for this. In the final model the significant predictors for the adjusted prevalence of HRCs at the 

baseline were; age, quadrant, history of sibling cancer, and exposure to radiation. It was observed 

that age, exposure to radiations, history of sibling cancer, and quadrants independently contributed 

to increased risk of HRCs (Table 4.13-B).  

    At this point, it is refreshing to note that, same steps were followed to carry out univariate, and 

multivariate analysis of HRCs at the follow-up, and for breast & prostate cancer separately, at the 

baseline and follow-up, respectively.  

    For HRCs at the follow-up, our final model revealed that the significant predictors for the 

adjusted prevalence of HRCs were; age, quadrant, and work-related exposure to radiation (Table 

4.13-B) 

 

TABLE 4.13-B: Prediction Probabilities; Multivariable Analysis of the Relationship 

between HRCs (Prostate and Breast cancers combined) and Contextual Factors, Individual 

Factors, and Covariates by Odds Ratio (OR), 95% CI, and P-value by Time-point 

Predictor Baseline (2010) Follow-up (2014) 

 

Description 

 

�̂�[𝑺𝑬(�̂�)] 

Adjusted  

Odds Ratio 

(OR)* 

(95% CI) 

 

P-

value 

 

�̂�[𝑺𝑬(�̂�)] 

Adjusted  

Odds Ratio 

(OR)* 

(95% CI) 

 

P-

value 

CONTEXTUAL FACTORS       

Location of home        

 Farm                                                                      .08(0.15)                   1.08 (0.81, 

1.45)            

0.59 -

0.10(0.1

6) 

0.90(0.65, 

1.25) 

0.54 

Sibling(s) ever had cancer       

 Yes 0.42(0.15)            1.52 (1.13, 

2.03)            

0.005   ----------- ------

-- 
 

      

Occupational Exposures:       
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At work, ever exposed to:       

Radiation 1.08(0.18)                   2.94(2.06, 

4.19) 

<0.00

1 

1.05(0.1

9) 

2.87(1.96, 

4.20) 

<0.0

01 

Covariates       

Age (yrs.)       

 18-45 Ref. 1.00  Ref.  1.00  

 46-55 1.83 (0.62) 6.23 (1.87, 

21.03) 

0.003 

 

0.96(0.7

9) 

2.6 (0.5, 

12.4) 

0.22 

 56-65 2.83 (0.59) 17.06 (5.33, 

54.55) 

<0.00

1 

1.92(0.7

3) 

   6.8 (1.6,  

28.6) 

0.009 

 >=65 3.67 (0.58) 39.28 (12.41, 

124) 

<0.00

1 

3.08(0.7

2) 

  21.7 (5.3, 

88.5) 

<0.0

01 

Quadrant       

  South West 

South East                                                                      

North East 

 North West 

0  

-0.138 

(0.22) 

-0.123 

(0.19) 

-0.425 

(0.21) 

1 

  0.871 (0.56, 

1.35) 

  0.885 (0.60, 

1.30) 

  0.654 (0.43, 

0.99) 

 

 

0.54 

0.53 

0.05 

0 

0.32 

(0.25) 

-0.03 

(0.24) 

-0.04 

(0.25) 

1 

1.4 (0.8, 

2.3) 

0.97 (0.6, 

1.5) 

0.003 

(0.001, 

0.01) 

 

0.207 

0.888 

<0.0

01 

 
      

*----- indicates that the corresponding variables were not found significant at the final model although we 

retained the purposeful or otherwise biologically relevant variables in the model. 
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The probability of getting HRCs with age, and with work related exposure to radiations at the 

baseline are shown below in the figure 4.1a, and graph 4.1b, respectively.  

 

Figure 4.1a: HRCs and Age (Baseline) 

 

 

Figure 4.1a, indicates the probability of getting HRCs with age at the baseline.  

   Overall, there was a clear dose-response probability of having HRCs with increase in the age 

(i.e. 0.17% to 7.31%).  

    

In terms of discrete age groups; the probability of having HRCs was 0.17% in the age group of 18-

45 years, however for the age group 46-55 years, the probability constituted 1.12%, whereas for 

the age group 56-65 years this was 3.07%. Finally, for age group >65 years the probability reached 

to 7.31%. (Figure 4.1a) 
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Figure 4.1b: HRCs and Exposure to Radiation (Baseline) 

 

 

 

 

Figure 4.1b, shows the probability of getting HRCs with work related exposure to radiation at the 

baseline.  

     

It is clear from the above graph that the probability of getting HRCs among those exposed to 

radiations was higher (7.83%) than those who were not exposed (2.62%).  

   Next, the probability of getting HRCs with age, and work-related exposure to radiations at the 

follow up is shown below in the figure 4.2a, and figure 4.2b, respectively. 
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Figure 4.2a: HRCs and Age (Follow-up) 

 

 

 

The figure 4.2a above shows the probability of getting HRCs with age at the follow up.  

   Overall, it was observed that there was a clear dose-response probability of having HRCs with 

increase in the age (i.e. 0.50% to 7.03%).  

   

 In terms of discrete age groups, the probability of having HRCs was 0.50% in age group of 18-

45 years, however for age group 46-55 years the probability constituted 1.5%, whereas for age 

group 56-65 years the probability was 3.95%. Finally, for the age group >65 years, this reached 

to 7.03% (Figure 4.2a). 
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Graph 4.2b: HRCs and Exposure to Radiations (Follow-up) 

 

 

 

 

Figure 4.2b above shows the probability of getting HRCs with work related exposure to radiation 

at the follow up.  It is evident from the figure 4.2b, that the probability of getting HRCs among 

those exposed to radiations were greater (8.6%) than those who were not exposed (2.9%), at the 

follow up.  

    It is imperative to note that, both figures (i.e. figure 4a, and figure 4b ) for HRCs and exposure 

to radiations at the follow up expressed the same trend that was observed earlier for HRCs and 

age in (figure 4.1a, and, figure 4.1b), at the baseline. This implied that age continued to express a 

clear does-response relationship with having HRCs, meaning by as the age increased the 

probability of having HRCs increased.  Similarly, for work related exposure to radiations, the 

same pattern was observed i.e.  the probability of getting HRCs remained higher in those who 
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were exposed to work-place radiations as compared to those who were not, both at the baseline 

and at the follow up. 

     Next, tables 4.14 and 4.15-A respectively, describe the univariable and multivariable 

associations between potential risk factors for the adjusted prevalence of breast cancer. This will 

be followed by model building for prediction probabilities of the breast cancer at base line and 

follow up, results of those are shown in Table 4.15-B.  

 

4.4.2.3 Univariable Analysis of Breast Cancer 

The univariable associations between breast cancer and contextual factors, individual factors, and 

covariates were assessed. A p-value<0.25 was used as the cut-off to define significance. Table 

4.14 presents the results of these univariable associations at both baseline and follow-up.       

Significant predictors of breast cancer at baseline include household smoking, location of home 

(farm or non-farm), household use of propane, mildew or musty smell in home, alcohol 

consumption, ever living on farm, living on farm in first year of life, family history of cancer (i.e. 

father, mother, and sibling’s positive history of cancer), occupational exposure to asbestos, grain 

dust, pesticides, radiation and age. A significant dose-response relationship was noted between age 

and breast cancer risk (Table 4.14). At follow-up, significant predictors of breast cancer include; 

location of home (farm or non-farm), household source of water, household use of natural gas or 

fuel source, and propane use, mildew or musty smell in home, living on farm in first year of life, 

sibling’s positive history of cancer, occupational exposure to grain dust, pesticides, radiation, age, 

educational and marital statuses. A significant dose-response relationship was also observed 

between age and the odds of developing breast cancer.    

 

TABLE 4.14 Univariable Analysis of the Relationship between Breast Cancer and 

Contextual Factors, Individual Factors, and Covariates by Odds Ratio (OR), 95% CI, and 

P-value by Time-point 

Predictor Baseline (2010) Follow-up (2014) 

 

Description 

Unadjusted  

Odds Ratio (OR)* 

(95% CI) 

 

P-value# 

Unadjusted  

Odds Ratio 

(OR)* 

(95% CI) 

 

P-

value# 
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CONTEXTUAL FACTORS     

Socioeconomic  0.58  0.88 

 Some money 1.00  1.00  

 Just enough money 0.78 (0.48, 1.26)  0.89 (0.51, 1.57)  

 Not enough money 0.91 (0.56, 1.47)  1.08 (0.57, 2.04)  

Quadrant  0.87  0.41 

 South West 1.00  1.000  

 South East 1.01 (0.58, 1.73)  1.77 (0.88, 3.55)  

 North East 1.05 (0.63, 1.74)  1.46 (0.74, 2.91)  

 North West 0.87 (0.52, 1.46)  1.27 (0.64, 2.54)  

Environmental:     

Household smoking  0.19  0.58 

 Yes 0.69 (0.39, 1.20)  0.81 (0.39, 1.69)  

 No 1.00  1.00  

Location of home   0.17  0.18 

 Farm  0.77 (0.53, 1.12)  0.74 (0.48, 1.14)  

 Non-farm 1.00  1.00  

Water source  0.28  0.10 

 Bottled Water 1.00  1.00  

 Deep well water (more than 100ft) 1.07 (0.68, 1.71)  1.03 (0.58, 1.83)  

 Shallow well water (less than 100ft) 0.66 (0.37, 1.18)  0.47 (0.21, 1.05)  

 Other sources 1.17 (0.75, 1.83)  1.27 (0.76, 2.14)  

Fuel source – Natural gas  0.27  0.11 

 Yes 1.25 (0.84, 1.86)  1.49 (0.91, 2.41)  

 No 1.00  1.00  

Household Propane Use  0.18  0.14 

 Yes 0.54 (0.22, 1.33)  0.42 (0.13, 1.33)  

 No 1.00  1.00  

Mildew odor or musty smell in home  0.14  0.09 

 Yes 0.67 (0.40, 1.14)  0.54 (0.27, 1.10)  

 No 1.00  1.00  

INDIVIDUAL FACTORS     

Smoking Status  0.35  0.90 

 Current Smoker 0.62 (0.32, 1.21)  0.88 (0.42, 1.88)  

 Ex-smoker 0.88 (0.60, 1.30)  0.92 (0.58, 1.44)  

 Never smoker 1.00  1.00  

Alcohol consumption  0.10  0.44 
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 Never 1.00  1.00  

 Less than once a month 0.93 (0.59, 1.47)  0.73 (0.41, 1.30)  

 At most 2-3 times a month 0.53 (0.31, 0.89)  0.58 (0.32, 1.05)  

 At most 2-3 times a week 0.62 (0.36, 1.09)  0.73 (0.39, 1.36)  

 Everyday 0.79 (0.37, 1.66)  0.58 (0.25, 1.37)  

Physical activity  0.86  0.44 

 Yes 1.03 (0.71, 1.51)  0.85 (0.58, 1.29)  

 No 1.00  1.00  

Early life-exposures:     

Ever lived on a farm  0.13  0.34 

 Yes 1.49 (0.89, 2.50)  1.38 (0.71, 2.69)  

 No 1.00  1.00  

Lived on a farm in first year of life  0.01  0.20 

 Yes 1.74 (1.17, 2.59)  1.35 (0.85, 2.14)  

 No 1.00  1.00  

Familial History of cancer:     

Father ever had cancer  0.08  0.43 

 Yes 1.40 (0.95, 2.02)  1.21 (0.76, 1.92)  

 No 1.00  1.00  

Mother ever had cancer  0.03  0.58 

 Yes 1.52 (1.03, 2.23)  1.14 (0.71, 1.83)  

 No 1.00  1.00  

Sibling(s) ever had cancer  <0.001  <0.001 

 Yes 3.28 (2.25, 4.76)  2.28 (1.44, 3.62)  

 No 1.00  1.00  

Occupational Exposures:     

At work, ever exposed to:     

Asbestos dust 1.90 (0.87, 4.17) 0.11 0.52 (0.13, 2.15) 0.37 

Diesel fumes 0.99 (0.69, 1.44) 0.97 0.94 (0.61, 1.44) 0.76 

Fungicides (to treat grain) 1.28 (0.82, 2.00) 0.28 1.24 (0.76, 2.03) 0.40 

Grain dust 1.25 (0.87, 1.79) 0.23 1.31 (0.84, 2.04) 0.23 

Pesticides (to kill plants and insects) 1.52 (1.05, 2.19) 0.03 1.56 (1.03, 2.36) 0.04 

Livestock 1.06 (0.74, 1.52) 0.76 1.04 (0.68, 1.58) 0.87 

Mine dust 0.44 (0.06, 3.17) 0.41 0.48 (0.07, 3.55) 0.48 

Molds 0.97 (0.65, 1.45) 0.88 1.04 (0.67, 1.64) 0.86 

Oil/Gas well fumes 0.91 (0.53, 1.57) 0.72 0.99 (0.55, 1.78) 0.98 
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Radiation 4.04 (2.63, 6.21) <0.001 3.94 (2.44, 6.36) <0.001 

Stubble smoke 1.14 (0.78, 1.67) 0.50 1.20 (0.78, 1.89) 0.41 

Solvent fumes 0.91 (0.58, 1.43) 0.68 0.76 (0.44, 1.30) 0.32 

Welding fumes 0.82 (0.47, 1.43) 0.48 0.91 (0.49, 1.68) 0.75 

Wood dust 1.02 (0.67, 1.55) 0.91 1.06 (0.67, 1.68) 0.81 

Covariates     

Age (yrs.)  <0.001  <0.001 

 18-45 1.00  1.00  

 46-55 5.01 (1.45, 17.38)  2.06 (0.41, 

10.24) 

 

 56-65 13.27 (4.07, 

43.22) 

 4.26 (0.97, 

18.61) 

 

 >=65 25.02 (7.87, 

79.57) 

 14.78 (3.61, 

60.61) 

 

BMI (kg/m2)  0.44  0.66 

 Normal (0-<25) 1.00  1.00  

 Overweight (25-30) 1.31 (0.86, 1.99)  1.17 (0.72, 1.89)  

 Obese (>30) 1.15 (0.72, 1.82)  0.91 (0.53, 1.58)  

Education  0.05  0.18 

 ≤ Grade 12 1.45 (1.01, 2.09)  1.33 (0.88, 2.01)  

 > Grade 12 1.00  1.00  

Marital status  0.002  0.11 

  Married/common law/living together   0.68 (0.42, 1.10)  

Widowed/Divorced/separated/single/never 

married 

1.00  1.00  

 

4.4.2.4 Multivariable analysis of Breast Cancer  

Table 4.15-A presents the multivariable associations between breast cancer and predictors at both 

baseline and follow-up. At baseline, after a multivariable adjustment, statistically significant 

predictors of breast cancer included; sibling’s positive history of other malignancies, work-related 

exposure to radiation, and age while that of follow-up included; work-related exposure to radiation, 

and age. These were associated with higher odds of developing breast cancer among persons with 

such characteristics.  
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    In particular, a statistically significant dose-response relation was observed between the odds of 

developing breast cancer and age at baseline although the confidence intervals associated with the 

odds ratios appear to be fairly wide (Table 4.15-A).  

 

TABLE 4.15-A: Multivariable Analysis of the Relationship between Breast cancers and 

Contextual Factors, Individual Factors, and Covariates by Odds Ratio (OR), 95% CI, and 

P-value by Time-point 

 

Predictor Baseline (2010) Follow-up (2014) 

 

Description 

 

�̂�[𝑺𝑬(�̂�)] 

Unadjuste

d  

Odds 

Ratio 

(OR)* 

(95% CI) 

 

P-

value 

 

�̂�[𝑺𝑬(�̂�)] 

Unadjusted  

Odds Ratio 

(OR)* 

(95% CI) 

 

P-

value 

CONTEXTUAL FACTORS       

Environmental:       

Water source      0.29 

 Bottled Water  1.00   1.00  

 Deep well water     -1.39 

(1.02) 

0.25 (0.03, 

1.85) 

 

 Shallow well water     -0.86 

(0.49) 

0.42 (0.16, 

1.11) 

 

 Other sources    -0.11 

(0.31) 

0.89 (0.48, 

1.66) 

 

Household Propane Use      0.17 

 Yes    -1.39 

(1.02) 

0.25 (0.03, 

1.85) 

 

 No  1.00   1.00  

Mildew odor or musty smell in home   0.20    

 Yes -0.39 

(0.34) 

0.68 (0.35, 

1.33) 

 -0.63 

(0.45) 

0.54 (0.22, 

1.29) 

0.16 

 No  1.00   1.00  

Familial History of cancer:       

Father ever had cancer   0.20    
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 Yes 0.20 

(0.22) 

1.23 (0.80, 

1.87) 

    

 No  1.00   1.00  

Sibling(s) ever had cancer   0.001    

 Yes 0.72 

(0.22) 

2.05 (1.34, 

3.13) 

    

 No  1.00   1.00  

Occupational Exposures:       

At work, ever exposed to:       

Grain dust    0.16 

(0.28) 

1.17 (0.66, 

2.05) 

0.58 

Radiation 1.37 

(0.26) 

3.94 (2.41, 

6.43) 

<0.00

1 

1.33 

(0.30) 

3.80 (2.11, 

6.82) 

<0.00

1 

Covariates       

Age (yrs.)   <0.00

1 

  <0.00

1 

 18-45  1.00   1.00  

 46-55 1.37 

(0.65) 

3.95 (1.11, 

14.01) 

 1.14 

(1.12) 

3.13 (0.35, 

28.10) 

 

 56-65 2.30 

(0.61) 

9.97 (3.04, 

32.74) 

 1.99 

(1.05) 

6.99 (0.89, 

24.55) 

 

 >=65 2.72 

(0.61) 

15.18 

(4.62, 

49.83) 

 3.2 (1.01) 24.64 

(3.38,79.77

) 

 

BMI (kg/m2)   0.86   0.83 

 Normal (0-<25)  1.00   1.00  

 Overweight (25-30) 0.21 

(0.25) 

1.24 (0.76, 

2.01) 

 -0.01 

(0.30) 

0.99 (0.55, 

1.78) 

 

 Obese (>30) 0.14 

(0.27) 

1.15 (0.68, 

1.94) 

 -0.19 

(0.34) 

0.83 (0.42, 

1.61) 

 

Education      0.60 

 ≤ Grade 12    0.15 

(0.27) 

1.16 (0.68, 

1.97) 

 

 > Grade 12  1.00   1.00  

Marital status      0.69 

  Married/common law/living together    0.11 

(0.28) 

1.12 (0.64, 

1.94) 
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Widowed/Divorced/separated/single/nev

er married 

 1.00   1.00  

 

As mentioned earlier in this thesis that, for the purposes of prediction probabilities for breast cancer 

at the baseline and follow up, we repeated the same steps of model building as carried out for 

HRCs multivariate analysis.  On obtaining the final model, it was found that the following 

variables (i.e. history of sibling cancer, exposure to radiations, and age) at the baseline 

independently contributed to increased risk of breast cancer (Table 4.15-B). However, at the follow 

up our final model revealed that the significant predictor of breast cancer included; quadrant, 

exposure to radiation, and age. (Table 4.15- B) 

 

Table 4.15-B: Predictor probabilities; Multivariable Analysis of the Relationship between 

Breast cancers and Contextual Factors, Individual Factors, and Covariates by Odds Ratio 

(OR), 95% CI, and P-value by Time-point 

 

Predictor Baseline (2010) Follow-up (2014) 

 

Description 

 

�̂�[𝑺𝑬(�̂�)] 

Adjusted  

Odds Ratio 

(OR)* 

(95% CI) 

 

P-

value 

 

�̂�[𝑺𝑬(�̂�)] 

Adjusted  

Odds Ratio 

(OR)* 

(95% CI) 

 

P-

value 

CONTEXTUAL FACTORS       

Location of home        

 Farm                                                                      -0.07 (0.21)                   0.93 

(0.61,1.40)            

0.714 -0.21 

(0.24) 

0.80 (0.51, 

1.29) 

0.372 

Sibling(s) ever had cancer       

 Yes 0.65 (0.20)            1.92 (1.29, 

2.87)            

<0.00

1 

  ----------- ------

-- 
 

      

Occupational Exposures:       

At work, ever exposed to:       

Radiation 1.26 (0.24)  3.52 (2.19, 

5.66) 

<0.00

1 

1.33 

(0.25) 

3.77 (2.31, 

6.14) 

<0.0

01 

Covariates       

Age (yrs.)       
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 18-45 Ref. 1.00  Ref.  1.00  

 46-55 1.51 (0.64) 4.55 (1.29, 

15.9) 

0.018 

 

0.77 

(0.83) 

 

2.15 (0.43, 

10.9)  

 

0.353 

 

 56-65 2.42 (0.60) 11.29 (3.5, 

36.6) 

<0.00

1 

1.34 

(0.76) 

   3.8 (0.86, 

16.9) 

0.079 

 >=65 2.85 (0.60) 17.35 (5.3, 

56.6) 

<0.00

1 

2.60 

(0.73) 

  1.35 (3.2, 

56.7) 

<0.0

01 

Quadrant       

  South West 

South East                                                                      

North East 

 North West 

0  

0.04 (0.31) 

0.06 (0.28) 

-0.17 (0.29) 

1 

  1.05 (0.57, 

1.93) 

  1.06 (0.60, 

1.87) 

  0.84 (0.47, 

1.51) 

 

0.883 

0.836 

0.570 

0 

0.87 

(0.39) 

0.55 

(0.38) 

0.59 

(0.39) 

1 

2.39 (1.10, 

5.19) 

1.74 (0.81, 

3.73) 

1.82 (0.84, 

3.94) 

 

0.028 

0.154 

0.130 

 
      

*----- indicates that the corresponding variables were not found significant at the final model although we 

retained the purposeful or otherwise biologically relevant variables in the model. 
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The probability of getting breast cancer with age- and work-related exposure to radiations at the 

baseline are shown below in the figure 4.3a, and graph 4.3b, respectively.  

 

Figure 4.3a Breast cancer and Age (Baseline) 

 

 

The figure 4.3a above shows the probability of getting breast cancer with age at the baseline.  

   Overall a clear dose-response probability of having breast cancer with increase in the age was 

observed (i.e. 0.31% to 6.70%).  

 

   In terms of discrete age groups, the probability of having breast cancer was 0.31% in the age 

group of 18-45 years, however for age group 46-55 years the probability constituted 1.50%, 

whereas for age group 56-65 years, the probability was 3.91%, and finally for age group >65 

years this reached to 6.70 % (Figure 4.3a) 
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Figure 4.3b: Breast cancer and Exposure to Radiations (Baseline) 

 

 

 

Figure 4.3b above shows the probability of getting breast cancer with exposure to radiation at the 

baseline.  It is evident from the figure 4.3b, that a probability of getting breast cancer among 

those exposed to radiations was greater (9.33%) than those who were not exposed (2.60%). 

 

Now, the probability of getting breast cancer with age, and work-related exposure to radiations at 

the follow up are shown below in the figure 4.4a, and figure 4.4b, respectively.  
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Figure 4.4a Breast cancer and Age (Follow-up) 

 

 

 

   The figure 4.4a shows the probability of getting breast cancer with age at the follow-up.  

Overall a clear dose-response probability of having breast cancer with increase in the age was 

observed (i.e. 0.59% to 7.56%).  

    

Considering various age groups, the probability of having breast cancer was 0.59% in the age 

group of 18-45 years, however for the age group 46-55 years; the probability comprised 1.21%, 

whereas for the age group 56-65 years; the probability of 2.15%, was observed. Finally, this 

attained 7.56 % for age group >65 years (Figure 4.4a) 
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Figure 4.4b Breast cancer and Exposure to Radiations (Follow-up) 

 

 

 

Figure 4.4b above shows the probability of getting breast cancer with work related exposure to 

radiation at the follow up.   

  It is evident from the figure above, that a probability of having breast cancer among those 

exposed to radiations was greater (11.01%) than those who were not exposed (2.90%). 

  

4.4.2.5 Univariable analysis of Prostate Cancer: 

This section presents the univariable associations between prostate cancer and risk factors both at 

baseline and follow-up. With a p-value<0.25, significant predictors of prostate cancer in the 

univariable analysis at baseline were; quadrant, household smoking, household water source, 

mildew or musty smell in home, smoking status, alcohol consumption, ever living on farm, living 

on farm in first year of life, family history of cancer (i.e. father, mother, and sibling’s positive 

history of cancer), occupational exposure to asbestos dust, fungicides, grain dust, pesticides, 
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livestock, mine dust, radiation, smokes stubble, welding fumes, BMI, and educational status (Table 

4.16).  

     On the other, hand, significant predictors of prostate cancers at follow-up in the univariable 

analysis included; quadrant, household use of natural gas, smoking status, alcohol consumption, 

ever living on farm, sibling’s positive history of cancer, diesel fumes, grain dust, pesticides, mine 

dust, oil and gas well fumes, radiation, welding fumes, and educational status (Table 4.16) 

TABLE 4.16 Univariable Analysis of the Relationship between Prostate cancer and 

Contextual Factors, Individual Factors, and Covariates by Odds Ratio (OR), 95% CI, and 

P-value by Time-point 

Predictor Baseline (2010) Follow-up (2014) 

 

Description 

Unadjusted  

Odds Ratio 

(OR)* 

(95% CI) 

 

P-value# 

Unadjusted  

Odds Ratio 

(OR)* 

(95% CI) 

 

P-

value# 

CONTEXTUAL FACTORS     

Socioeconomic  0.59  0.39 

 Some money 1.00  1.00  

 Just enough money 0.76 (0.44, 1.31)  1.23 (0.69, 2.20)  

 Not enough money 0.87 (0.51, 1.48)  0.61 (0.24, 1.55)  

Quadrant  0.13  0.18 

 South West 1.00  1.00  

 South East 0.95 (0.55, 1.67)  0.75 (0.39, 1.47)  

 North East 1.10 (0.66, 1.83)  0.66 (0.35, 1.25)  

 North West 0.60 (0.34, 1.07)  0.47 (2.4, 0.93)  

Environmental:     

Household smoking  0.02  0.53 

 Yes 0.44 (0.22, 0.88)  0.76 (0.33, 1.77)  

 No 1.00  1.00  

Location of home   0.93  0.73 

 Farm  1.02 (0.70, 1.48)  0.92 (0.56, 1.47)  

 Non-farm 1.00  1.00  

Water source  0.03  0.94 

 Bottled Water 1.00  1.00  
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 Deep well water (more than 100ft) 1.19 (0.71, 1.99)  1.12 (0.59, 2.14)  

 Shallow well water (less than 100ft) 0.64 (0.34, 1.22)  1.04 (0.53, 2.06)  

 Other sources 1.56 (0.97, 2.53)  0.91 (0.48, 1.73)  

Fuel source – Natural gas  0.81  0.25 

 Yes 0.95 (0.65, 1.41)  1.36 (0.81, 2.30)  

 No 1.00  1.00  

Household Propane Use  0.98  0.64 

 Yes 0.99 (0.50, 1.98)  0.80 (0.32, 2.02)  

 No 1.00  1.00  

Mildew odor or musty smell in home  0.22  0.27 

 Yes 1.33 (0.84, 2.11)  0.66 (0.31, 1.38)  

 No 1.00  1.00  

INDIVIDUAL FACTORS     

Smoking Status  0.001  0.03 

 Current Smoker 0.89 (0.45, 1.78)  0.80 (0.28, 2.33)  

 Ex-smoker 1.75 (1.19, 2.59)  1.82 (1.11, 2.98)  

 Never smoker 1.00  1.00  

Alcohol consumption  <0.001  0.04 

 Never 1.00  1.00  

 Less than once a month 0.53 (0.30, 0.93)  0.40 (0.17, 0.92)  

 At most 2-3 times a month 0.51 (0.31, 0.83)  0.58 (0.30, 1.11)  

 At most 2-3 times a week 0.29 (0.17, 0.51)  0.34 (0.16, 0.69)  

 Everyday 0.35 (0.18, 0.68)  0.64 (0.32, 1.30)  

Physical activity  0.68  0.98 

 Yes 1.08 (0.74, 1.58)  1.01 (0.63, 1.61)  

 No 1.00  1.00  

Early life-exposures:     

Ever lived on a farm  0.002  0.64 

 Yes 3.61 (1.58, 8.25)  1.19 (0.57, 2.51)  

 No 1.00  1.00  

Lived on a farm in first year of life  0.008  0.59 

 Yes 2.02 (1.20, 3.40)  1.18 (0.64, 2.18)  

 No 1.00  1.00  

Familial History of cancer:     

Father ever had cancer  0.003  0.002 

 Yes 1.83 (1.23, 2.72)  2.24 (1.33, 3.77)  

 No 1.00  1.00  



  

67  

 

Mother ever had cancer  0.08  0.26 

 Yes 1.47 (0.96, 2.26)  1.37 (0.79, 2.38)  

 No 1.00  1.00  

Sibling(s) ever had cancer  <0.001  <0.001 

 Yes 2.52 (1.67, 3.79)  2.91 (1.64, 5.15)  

 No 1.00  1.00  

Occupational Exposures:     

At work, ever exposed to:     

Asbestos dust 1.00 (0.55, 1.84) 0.99 1.39 (0.72, 2.68) 0.32 

Diesel fumes 1.18 (0.73, 1.90) 0.51 1.99 (0.86, 4.61) 0.11 

Fungicides (to treat grain) 1.86 (1.27, 2.73) 0.002 1.31 (0.80, 2.14)       

0.29 

Grain dust 1.71 (0.93, 3.12) 0.08 2.33 (0.84, 6.43) 0.10 

Pesticides (to kill plants and insects) 2.13 (1.42, 3.17) <0.001 1.50 (0.80, 2.81) 0.20 

Livestock 1.70 (1.12, 2.57) 0.01 1.34 (0.77, 2.32) 0.30 

Mine dust 0.53 (0.23, 1.21) 0.13 0.32 (0.10, 1.03) 0.06 

Molds 1.01 (0.69, 1.46) 0.98 0.91 (0.57, 1.46) 0.69 

Oil/Gas well fumes 1.14 (0.78, 1.67) 0.50 1.48 (0.93, 2.37) 0.10 

Radiation 2.40 (1.49, 3.87) <0.001 2.28 (1.27, 4.09) 0.01 

Stubble smoke 1.42 (0.98, 2.08) 0.06 1.66 (1.00, 2.76) 0.05 

Solvent fumes 0.84 (0.58, 1.21) 0.34 0.96 (0.60, 1.54) 0.87 

Welding fumes 1.58 (1.01, 2.45) 0.04 1.41 (0.78, 2.55) 0.25 

Wood dust 0.94 (0.65, 1.36) 0.75 1.22 (0.75, 1.99)       

0.43 

Covariates     

BMI (kg/m2)  0.03  0.66 

 Normal (0-<25) 1.00  1.00  

 Overweight (25-30) 0.64 (0.41, 1.00)  0.76 (0.40, 1.42)  

 Obese (>30) 0.52 (0.31, 0.86)  0.89 (0.46, 1.73)  

Education  0.001  0.05 

 ≤ Grade 12 2.33 (1.42, 3.83)  1.75 (0.99, 3.07)  

 > Grade 12 1.00  1.00  

Marital status  0.26  0.83 

  Married/common law/living together 0.76 (0.48, 1.21)  1.09 (0.52, 2.28)  

Widowed/Divorced/separated/single/never 

married 

1.00  1.00  
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4.4.2.6 Multivariable analysis of Prostate Cancer 

Variables selected in section 4.4.2.5 as significant were candidates for the multivariable modelling.  

Table 4.17-A presents the results of the multivariable associations between prostate cancer and 

predictors at both baseline and follow-up.  

    At baseline, statistically significant predictors of prostate cancer included; sibling’s positive 

history of other malignancies, work-related exposure to radiation or pesticides, and age.  

    On the other hand, significant predictors of prostate cancer at follow-up included household use 

of natural gas and sibling’s positive history of cancer (Table 4.17-A).  

TABLE 4.17-A: Multivariable Analysis of the Relationship between Prostate cancers and 

Contextual Factors, Individual Factors, and Covariates by Odds Ratio (OR), 95% CI, and 

P-value by Time-point 

Predictor Baseline (2010) Follow-up (2014) 

 

Description 

 

�̂�[𝑺𝑬(�̂�)] 

Unadjusted  

Odds Ratio 

(OR)* 

(95% CI) 

 

P-

value 

 

�̂�[𝑺𝑬(�̂�)] 

Unadjusted  

Odds Ratio 

(OR)* 

(95% CI) 

 

P-

valu

e 

CONTEXTUAL FACTORS       

Quadrant   0.11   0.06 

 South West  1.00   1.00  

 South East -0.46 (0.35) 0.63 (0.32, 

1.27) 

 -1.30 

(0.56) 

0.27 (0.09, 

0.81) 

 

 North East -0.37 (0.31) 0.69 (0.38, 

1.28) 

 -0.69 

(0.42) 

0.50 (0.22, 

1.15 

 

 North West -0.88 (0.36) 0.42 (0.21, 

0.84) 

 -1.05 

(0.48) 

0.35 (0.13, 

0.91) 

 

Environmental:       

Household smoking   0.06    

 Yes -0.90 (0.48) 0.41 (0.16, 

1.04) 

    

 No  1.00   1.00  

Water source   0.06    

 Bottled Water  1.00     
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 Deep well water  -0.08 (0.32) 0.92 (0.49, 

1.73) 

    

 Shallow well water  -0.66 (0.39) 0.52 (0.24, 

1.11) 

    

 Other sources 0.36 (0.30) 1.44 (0.80, 

2.58) 

    

Fuel source – Natural gas      0.04 

 Yes    0.85 

(0.41) 

2.33 (1.05, 

5.18) 

 

 No     1.00  

Mildew odor or musty smell in 

home 

  0.11    

 Yes 0.42 (0.26) 1.52 (0.91, 

2.56) 

    

 No  1.00   1.00  

INDIVIDUAL FACTORS       

Smoking Status   0.14    

 Current Smoker 0.46 (0.48) 1.58 (0.62, 

4.03) 

    

 Ex-smoker 0.50 (0.26) 1.65 (1.00, 

2.73) 

    

 Never smoker  1.00   1.00  

Alcohol consumption   0.05   0.15 

 Never  1.00   1.00  

 Less than once a month -0.31 (0.35) 0.73 (0.37, 

1.45) 

 -1.13 

(0.60) 

0.32 (0.10, 

1.04) 

 

 At most 2-3 times a month -0.53 (0.33) 0.59 (0.31, 

1.12) 

 -0.82 

(0.52) 

0.44 (0.16, 

1.22) 

 

 At most 2-3 times a week -0.99 (0.36) 0.37 (0.18, 

0.76) 

 -1.26 

(0.54) 

0.28 (0.10, 

0.81) 

 

 Everyday -0.99 (0.44) 0.37 (0.16, 

0.88) 

 -0.56 

(0.50) 

0.57 (0.21, 

1.53) 

 

Early life-exposures:       

Ever lived on a farm   0.15    

 Yes 0.72 (0.49) 2.05 (0.78, 

5.35) 

    

 No  1.00   1.00  
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Familial History of cancer:       

Father ever had cancer   0.07   0.40 

 Yes 0.44 (0.25) 1.56 (0.96, 

2.53) 

 0.28 

(0.33) 

1.33 (0.69)  

 No  1.00   1.00  

Sibling(s) ever had cancer   0.02   0.01 

 Yes 0.58 (0.25) 1.78 (1.08, 

2.93) 

 0.92 

(0.33) 

2.52 (1.31, 

4.84) 

 

 No  1.00   1.00  

Occupational Exposures:       

At work, ever exposed to:       

Grain dust    0.76 

(0.89) 

2.13 (0.37, 

12.12) 

0.39 

Pesticides (to kill plants and insects) 0.58 (0.28) 1.80 (1.04, 

3.11) 

0.04    

Livestock 0.22 (0.30) 1.24 (0.68, 

2.26) 

0.48    

Mine dust -0.84 (0.55) 0.43 (0.15, 

1.26) 

0.12 -0.53 

(0.66) 

0.59 (0.16, 

2.16) 

0.43 

Molds       

Oil/Gas well fumes       

Radiation 0.73 (0.30) 2.08 (1.15, 

3.77) 

0.02 0.71 

(0.46) 

2.03 (0.83, 

4.99) 

0.12 

Stubble smoke    0.41 

(0.46) 

1.51 (0.61, 

3.70) 

0.37 

Solvent fumes       

Welding fumes    -0.31 

(0.46) 

0.74 (0.30, 

1.80) 

0.50 

Covariates       

BMI (kg/m2)   0.15   0.51 

 Normal (0-<25)  1.00   1.00  

 Overweight (25-30) -0.42 (0.28) 0.66 (0.38, 

1.13) 

 0.53 

(0.47) 

1.70 (0.68, 

4.29) 

 

 Obese (>30) -0.56 (0.32) 0.56 (0.30, 

1.05) 

 0.53 

(0.47) 

1.67 (0.61, 

4.57) 

 

Education   0.06   0.18 
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 ≤ Grade 12 0.61 (0.33) 1.84 (0.97, 

3.51) 

 0.51 

(0.38) 

1.67 (0.79, 

3.51) 

 

 > Grade 12  1.00   1.00  

Marital status       

  Married/common law/living 

together 

      

Widowed/Divorced/separated/single

/never married 

 1.00   1.00  

 

For the purposes of prediction probabilities for prostate cancer at the baseline and follow up, we 

adopted the standard model building approach as it was employed earlier to carry out univariable 

and multivariable analysis for HRCs and breast cancer.  

   On obtaining the final model, it was found that the following variables were significant in the 

multivariate analysis at the baseline; age, work related exposure to radiations and pesticides, 

alcohol consumption, household water source, and musty smell (Table 4.17-B).  

   However, at the follow up, the significant predictor of prostate cancer in the multivariate analysis 

included age only. (Table 4.17-B)  

   It is imperative to note that the age categories used previously in model building for HRCs and 

breast cancer were not employed in model building for assessing univariate and multivariate 

association between prostate cancer and risk factors, both at the baseline and follow up.  

    Instead we collapsed the age category of (18 years – 45 years) and (46 years to 55 years). This 

was because the number of cases in either category (i.e. 18 – 45 years) and (35- 55 years) were 

low and thus was producing unstable results (i.e. wide CIs). 

 

TABLE 4.17-B: Predictor Probabilities; Multivariable Analysis of the Relationship 

between Prostate cancers and Contextual Factors, Individual Factors, and Covariates by 

Odds Ratio (OR), 95% CI, and P-value by Time-point 

Predictor Baseline (2010) Follow-up (2014) 

 

Description 

 

�̂�[𝑺𝑬(�̂�)] 

Unadjusted  

Odds Ratio 

(OR)* 

(95% CI) 

 

P-

value 

 

�̂�[𝑺𝑬(�̂�)] 

Unadjusted  

Odds Ratio 

(OR)* 

(95% CI) 

 

P-

valu

e 
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CONTEXTUAL FACTORS       

Quadrant       

 South West  1.00   

 

  

 South East -0.19 (0.32) 0.83 (0.44, 

1.54) 

0.55 -0.70 

(0.53) 

0.49 (0.17, 

1.39) 

0.18 

 North East -1.70 (0.27) 0.84 (0.49, 

1.45) 

0.54  -0.37 

(0.42) 

0.68 (0.30, 

1.56) 

0.37 

 North West -0.43 (0.31) 0.65 (0.35, 

1.18) 

0.16  -0.71 

(0.47) 

0.49 (0.19, 

1.24) 

0.13 

Environmental:       

Location of home       

               Farm                                                                                                              0.17 

(0.22) 

1.19 (0.77, 

1.85) 

   

0.43 

   -0.34 

(0.34) 

  0.71 (0.37, 

1.38) 

   

0.32 

Water source 

               Bottled water 

               Deep well water (more 

than 100 ft) 

               Shallow well water (less 

than 100 ft) 

               Other sources 

 

 

     -0.12 

(0.28) 

     -0.78 

(0.35) 

      0.22 

(0.26) 

     

 

             1.00 

0.98 (0.57, 

1.71) 

0.45 (0.23, 

0.90) 

1.25 (0.001, 

0.01) 

 

 

 

0.95 

0.02 

0.39 

 

 

   -------- 

   -------- 

   -------- 

 

 

-------- 

-------- 

-------- 

 

 

------

-- 

------

-- 

------

-- 

Mildew odour or musty smell in 

home 

                Yes                                                                         

 

       0.54 

(0.25) 

 

1.72 (1.06, 

2.80) 

 

0.03 

 

   -------- 

 

-------- 

 

------

-- 

INDIVIDUAL FACTORS       

Alcohol consumption       

 Never       -0.29 

(0.31) 

0.75 (0.41, 

1.37) 

0.35 ------ ----------- ------

- 

 Less than once a month 

            

                    At most 2-3 times a 

month                                           

 

                    Everyday 

    -0.13 

(0.27) 

 

  -

0.48(0.31) 

 

-0.71(0.37)                     

0.88 (0.52, 

1.51) 

 

0.61 (0.33, 

1.13) 

 

0.65 

 

0.12 

 

0.05 

------ 

 

------ 

 

------ 

----------- 

 

----------- 

 

----------- 

------

- 

 

------

- 

 



  

73  

 

0.50 (0.24, 

1.02) 

------

- 

Occupational Exposures:       

At work, ever exposed to:       

Pesticides (to kill plants and insects) 0.48 (0.22) 1.61 (1.04, 

2.50) 

0.03      ------- ---------- ------

-- 

Radiation 0.67 (0.26) 1.96 (1.17, 

3.29) 

0.01      ------- ----------- ------

-- 

Covariates       

Age (yrs) 

                 18 – 55 

                 56- 65 

                  >65 

 

 

1.94 (0.46) 

3.2 (0.42) 

 

1.00  

6.94 (2.8, 17.2) 

23.4 (10.3, 

53.4) 

 

 

<0.00

1 

<0.00

1 

 

 

2.13 

(1.06) 

3.43 

(1.02) 

 

1.00 

8.45 (1.05, 

67.8) 

30.8 (4.2, 

227.4) 

 

 

0.04 

<0.0

01 

 
 

      

*----- indicates that the corresponding variables were not found significant at the final model although we 

retained the purposeful or otherwise biologically relevant variables in the model. 

 

Next, the probability of getting prostate cancer with age, and work-related exposure to radiations 

at the baseline are shown below in the figure 4.5a, and 4.5b, respectively.  
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Figure 4.5a: Prostate Cancer and Age (Baseline) 

 

 

 

 

The figure 4.5a shows the probability of having prostate cancer with age at the baseline.  

Overall a clear dose-response probability of getting prostate cancer with increase in the age was 

observed (i.e. 0.32% to 7.38%).  

     

In age groups like 18 -55 years, the probability of getting prostate cancer was 0.32%, however 

for the age group 56-65 years; the probability constituted 2.18%. Finally, this reached 7.38 % for 

age group >65 years (Figure 4.5a) 
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Figure 4.5b: Prostate Cancer and Exposure to Radiations (Baseline) 

 

 

 

 

Figure 4.5b above shows the probability of getting prostate cancer with work-related exposure to 

radiation at the baseline.   

  It is evident from the figure above, that a probability of having prostate cancer among those 

exposed to radiations was greater (5.71%) than those who were not exposed (2.54%). 

 Here, a graphical presentation of age with prostate cancer at the follow-up is shown in figure 4.6a. 

    At this point, it is refreshing to note that the age groups used for prostate cancer were unlike 

those used for HRCs and breast cancer separately, i.e. for prostate cancer only three categories of 

age groups were employed: 18-55 years, 56-66 years, and >65 years. The reason was small 

numbers in the first two categories; therefore, a decision was made to combine the first two 

categories (i.e. 18-45, and 46-55 years).  
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Figure 4.6a Prostate Cancer and Age (Follow-up) 

 

 

 

 

The figure 4.6a shows the probability of having prostate cancer with age at the follow up.  

Overall a clear dose-response probability of getting prostate cancer with increase in the age was 

observed (i.e. 0.22% to 6.55%).  

In terms of discrete age groups like 18 -55 years, and 56-65 years, the probability of getting 

prostate cancer was 0.22%, and 1.81%, respectively. Although, the age group >65 years showed 

the highest probability (6.55%) (Figure 4.6a) 

 

4.5 Incidence Analysis 

4.5.1 Cumulative Incidence Calculation 

I used the formula: Cumulative Incidence = (Total number of new cases in a specified period / 

Total number of people at risk in the specified period) * 100, to calculate the cumulative 

incidence for breast and prostate cancers combined and separately. Therefore, the incidence 

analysis contains only new cancer cases over the four years period (i.e. 2010 to 2014).  



  

77  

 

The table below (4.18) shows the calculation of the cumulative incidence for these malignancies. 

 

Table 4.18 Calculation of New cases and Cumulative Incidence  

 

 

 

Cancer type 

Prevalence  Incidence [Method adopted from Ref 

(120)] 

 

Baseline 

 

Follow-up 

Percentage 

of Valid Sample that must 

be New Cases  

(Cumulative Incidence) 

Actual 

Number of 

New Cases 

Breast cancer 130

4195
∗ 100 = 3.09% 

94

2502
∗ 100 = 3.75% 

36

4195
∗  100 = 0.86% 

          36 

Prostate 117

4065
∗ 100 = 2.87% 

73

2364
∗ 100 = 3.08% 

44

4065
∗  100 = 1.08%  

44 

HRC 247

8260
∗ 100 = 2.99% 

167

4866
∗ 100 = 3.43% 

80

8260
∗  100 = 0.97% 

80 

 

*From the 4741 individuals that took part in survey at two time-points, one male respondent who self-reported to be 

a case of breast cancer was excluded. This gave the total number of individuals that took part in both surveys as 

4740. 

 

From results contained in Table 4.18, there were 36 and 44 incident cases of breast and prostate 

cancers respectively after the four years of follow-up. In total, 80 incident cases of HRCs were 

observed. As a result, the cumulative incidence (incidence proportion) for breast and prostate 

cancers were 0.86% and 1.08%, respectively. When combined (i.e. breast and prostate cancer 

together) the cumulative incidence of HRCs was 0.97%. The number of disease-free individuals 

at the baseline for breast cancer were 4064 and at the follow-up were 2408. However, the number 

of disease-free individuals at the baseline for prostate cancer were 3947, and at follow-up were 

2291. 

 

 

 

 

 

 



  

78  

 

Chapter 5: DISCUSSION & CONCLUSION 

5.1 Introduction 

In this chapter, the results of this study are discussed. Section 5.2 and its subsection 5.2.1 

respectively, provides a discussion of the results for the prevalence (crude) and risk factors for the 

adjusted prevalence of HRCs. Incidence (crude) of HRCs are given in sections 5.3. Section 5.4 

entails discussion around study strengths as well as the limitation of the current study under sub-

sections 5.4.1 and 5.4.2, respectively. Finally, this study makes some recommendations in section 

5.5 and stated the conclusion under section 5.6.  

5.2 Prevalence 

At the baseline, a total of 247 out of 8261 participants self-reported as doctor diagnosed HRC cases 

(i.e. 117 prostate and 130 breast cancer cases), however, at the follow-up, HRC cases were 167 

out of 4867 (i.e. 94 breast and 73 prostate cancers cases). As mentioned earlier in this thesis that, 

the HRCs cases of 167 at the follow-up were inclusive of HRC cases at the baseline. In this study, 

the crude prevalence of HRC cases at the baseline and follow up were 3.0%, and 3.4%, 

respectively.  

     In particular, the unadjusted prevalence of prostate cancer was 3.0% and 3.3%, for farm and 

non-farm male residents respectively, at the follow-up. This finding of our study was comparable 

with a study conducted earlier by Sharma and colleagues on parts of rural Saskatchewan (115), 

where the age-standardized prevalence of prostate cancer was expressed as 3.32% (115).  

    A slight difference in the prevalence rates could be attributed to the selection of a different age 

group by Sharma and colleagues (i.e. 40 years and older) (115), however, the age group chosen 

for current project was 18 years and older.  

    For breast cancer, our study reported the crude prevalence of 3.0% and 4.2% among farm and 

non-farm female residents respectively, at the follow-up. To my knowledge, I did not find any 

study investigating the prevalence of breast cancer among female residents of rural Saskatchewan. 

Therefore, the unadjusted prevalence of breast cancer obtained in this analysis could not be 

compared for the province of Saskatchewan.  

       Generally, in Canada, the age-adjusted prevalence of cancers has increased slightly during the 

most recent 10 years (from 5.9% to 6.8%) (109). In particular, Ontario cancer statistics 2016 report 

identified prostate cancer as the leading 10-year prevalent cancer cases among males (1147 per 
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105), and for females, the leading prevalent cases were of carcinoma breast (988.2 per 105), during 

the years 2002-2012 (110). 

     While reviewing the studies that examined the relationship between farm residence and HRCs 

prevalence; Sharma and colleagues reported that farm residence was a significant risk factor that 

was associated with the prevalence of prostate cancer (115). Similarly, for breast cancers, an 

epidemiological study highlighted an association between breast cancer prevalence and living near 

agricultural areas (119).  

      Our study finding, however, contradicted this result as HRCs were slightly more prevalent 

amongst non-farm residents (3.2%) when compared with farm residents (2.8%). 

 

5.2.1 Risk factors for the Adjusted Prevalence of HRCs  

As described earlier in Chapter 4 that, after a multivariable adjustment, the significant predictors 

for the adjusted prevalence of HRCs at baseline were: the household source of water supply, father 

and sibling positive history of cancer, exposure to mine dust and radiation, and age. 

       For the household source of water supply, there is a growing body of epidemiological evidence 

expressing the association of household sources of water supply with one or more cancers, and 

this evidence has been consistent (101).  

       A study conducted in Iowa investigating the association between prostate cancer and level of 

arsenic in drinking water from public and private wells reported a significant dose-dependent 

relationship between arsenic exposure and prostate cancer i.e. RR of prostate cancer were 1.23 

(95% CI, 1.16–1.30) in the medium arsenic level groups, and 1.28 (95% CI, 1.21–1.35) in the high 

arsenic level groups (102).  

       Another study evaluated breast cancer risk and drinking water contaminated by wastewater 

reported that individuals using a water supply of public wells had a higher breast cancer risk, 

however, this association was small and statistically unstable (OR = 1.4; 95% CI 0.8–2.4) (103).  

      Our findings, however, contradicted these findings and revealed that individuals who self-

reported their source of water supply as being deep-well water wells (OR = 0.88; CI 0.60-1.31) 

and/or shallow well water (OR=0.29; CI 0.29-0.82) were associated with a lower risk of 

developing HRCs. It is important to note that the association between the consumption of shallow 

well water and the odds of developing HRCs was significant. From the final multivariable model 
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at baseline, our results showed that the association between household source of water supply and 

the risk of HRCs was that of borderline significance. 

      A family history of cancer was also explored in multivariable modeling.  Our analysis showed 

that having a father with a positive history of cancer was associated with a higher prevalence of 

(OR=1.37; 95% CI = 1.01, 1.86) HRCs in the baseline study. Our data revealed a similar 

association between having a sibling (i.e. brother or sister) with a previous history of cancer and 

HRCs risk (OR = 1.51, 95% CI: 1.11, 2.07).  

     Our study findings are consistent with an epidemiological study examining association of 

family history and prostate cancer risk in a population-based cohort of Iowa men which stated that; 

a history of prostate cancer in father or brother was positively associated with a prostate cancer 

risk (RR = 3.2; 95% CI = 1.8-5.7) (104). Brewer and colleagues had found a similar relationship 

between breast cancer risk and a family history of cancer with a 3.5-fold increase (95% CI 2.56–

4.79) risk of breast cancer (105). 

       As indicated earlier in this thesis that, age plays a significant role in breast cancer development 

(47) as well as in causing prostate cancer (63). Our study findings although observed a significant 

dose-response relation between age and HRCs risk, yet it should be interpreted with caution as 

confidence intervals appear to be very wide.  

      Our finding is supported by a study that reported that with advancing age there was an 

increased risk of carcinoma breast which doubles about every ten years until menopause (47). 

Contrary to this view, prostate cancer development is typically reported in older men and about 6 

of every 10 cases of diagnosed prostate cancer is reported in men aged 65 or older (64). These 

findings indicate that age remains a risk factor when HRCs are assessed against it.  

       It is imperative to note in the current study that, exposure to radiation was significantly 

associated with more than three times the odds of developing HRCs (OR = 3.39; 95% CI: 2.23, 

4.84). Our study finding was supported by Esther M. John and colleagues who reported an 

increased risk (OR = 3.55, CI = 1.47–8.54) of breast cancer in women who had history of radiation 

exposure (i.e. radiotherapy for a previous cancer) (106).  

      Besides, John et al confirmed a dose-response relation between breast cancer risk and exposure 

to radiation (107). For prostate cancer, the analogous trend was observed by one of the case-control 

studies examining exposure to radiation and the risk of prostate cancer (108). Their study found 



  

81  

 

that exposure to radiations (adjusted OR 2.23, 95% CI 1.42–3.49) was significantly associated 

with increased prostate cancer (108). 

  

5.3 Incidence 

Our study reported cumulative incidence for breast and prostate cancers in rural Saskatchewan as 

0.86% and 1.08%, respectively. When combined (i.e. breast and prostate cancers together) the 

cumulative incidence of HRCs was 0.97%. Our finding on incidence analysis (unadjusted) was not 

comparable with other studies, this is because most of the reports, as discussed below, showed a 

relatively higher rate for HRCs.  

      In the 1990s, Saskatchewan recorded breast cancer cases (i.e.14,984 cases of invasive breast 

cancer) that were registered by the Saskatchewan Cancer Foundation during a 59-year study period 

(1932 to 1990) which showed a significant increase in trends over time in the overall crude (114). 

According to the recent cancer statistics from Saskatchewan, carcinoma breasts continued to be 

the most prevalent cancer-types in Saskatchewan women (29).  

       Similarly, for prostate cancer, an older study (1970 to 1997 inclusive) reported cancer of 

prostate diagnosed in the province of Saskatchewan alone (identified in the Saskatchewan Cancer 

Registry) showed that in 1970, the age-adjusted incidence for carcinoma prostate was 60.5 per 105, 

this rose to 101.5 per 105 in 1989 (116). Also, the prostate cancer incident rate steeped up in 1993, 

expressing a peak of 163.1 per 105 (116).  

     This trend is also true now-a-days where Saskatchewan cancer statistics at glance in the 

Canadian Cancer Statistics 2019 report, stated that, for men in Saskatchewan, prostate cancer is 

the most frequently diagnosed type of cancer, and for Saskatchewan women, breast cancer is the 

most frequently diagnosed type of cancer (57). According to the same report, an estimated 710 per 

545,785 men will be diagnosed with prostate cancer and an estimated 730 per 552,565 women will 

be diagnosed with breast cancer, in the province of Saskatchewan alone (57). 

       In Canada, the number of new cancer cases diagnosed each year continues to increase (109). 

In particular, for HRCs (i.e. breast and prostate cancers), one of the reports on cancer incidence 

counts and rates by cancer type and sex, 2013, expressed incident rates for breast cancer in females 

as 13.3% with ASIR 95% CI (138.8–144.3). The same report showed the percentage of new cases 

of prostate cancer as 9.9% with ASIR 95% CI (115.8–121.1) (110).  
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      Moreover, projected new cases (2019 estimates) for Canadian women identified that 128 per 

105 women will be diagnosed with breast cancer representing 25% of all new cancer cases in 

women (113). This estimation of breast cancer cases reflects an average of 74 Canadian women to 

be diagnosed with breast cancer every day (113). Besides, for Canadian men, 118.1 per 105 men 

will be diagnosed with prostate cancer representing 20% of all new cancer cases in men and an 

average of 63 Canadian men will be diagnosed with prostate cancer every day (112). 

     In surmising findings on incident rates of breast and prostate cancers, it is refreshing to note 

that our data analysis revealed finding on rural Saskatchewan only and a total of 8261 participants, 

out of this number 247 participants at the baseline, reported as HCR cases (i.e. 117 prostate and 

130 breast cancer cases), however, at the follow-up, HRC cases were 167 (i.e. 94 breast and 73 

prostate cancers cases). The incidence analysis contained only new cancer cases over the four years 

period (i.e. 2010 to 2014) and expressed the cumulative incidence for HRCs as 0.97%.  

 

5.4 Strengths and Limitations of the study 

5.4.1 Strengths 

This study established the prevalence and incidence of HRCs (i.e. breast and prostate cancers) 

alongside examined the potential risk factors associated with their prevalence in a rural population. 

The results of our study identified that work-related exposure to radiation was strongly and 

significantly associated with an increased risk of being diagnosed with HRCs. It provided the odds 

ratio to reflect the observed association between work-related exposure to radiation and the risk of 

HRCs development. 

      Our study further reported on having a sibling with a positive history of cancer was 

significantly associated with an elevated risk of being diagnosed with HRCs. A significant dose-

response relation was observed between age and HRCs risk. The majority of our findings were 

comparable with the already published studies in the literature. Our study laid a foundation on 

which newer studies can be built upon by extending different aspects of this work. 

     The current study employed data from SRHS which involved the extensive collection of 

information on various factors i.e. individual, and contextual factors as well as the covariates. Most 

importantly, the SRHS was able to collect detailed information on family history of cancers. A 

self-administered mailed out questionnaire was used to gather the information that has been 

regarded by many authors as the best option for gathering data in far off areas (117).  
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      Moreover, the content of the baseline questionnaire was optimized using a pilot's survey (88). 

Response rates for both the baseline and follow-up surveys were maximized using a modified 

version of Dillman's method for mail and telephone surveys (91). Quantitative data was mainly 

collected and analyzed using appropriate standard statistical techniques. The study used a concept 

of Health Canada's Population Health Framework (PHF) which has been successfully 

implemented in one of the similar cohort studies (68). 

      In addition, the population of SRHS involved all four quadrants of the southern half of the rural 

Saskatchewan. This expressed the best possible coverage of the geographical areas of the province. 

One of the advantages of this vast coverage is that it lessened the likelihood of bias that might have 

been introduced if the study was limited to one or a maximum of two quadrants of Saskatchewan. 

    The SRHS team was composed of researchers from a diverse background including project 

managers, epidemiologists, biostatisticians, nurses, geographers, the rural municipality and small 

town's members, all of those worked in tandem until the successful completion of the work. The 

heterogeneous composition of the SRHS research team extended a unique insight into this project 

and contributed to invaluable feedback based on one health paradigm.  

 

5.4.2 Limitations 

Like any other epidemiological study, the current study was also not void of certain limitations. 

The major limitation of this study was a relatively smaller number of HRC cases both in the 

baseline (247/8261) as well as at the follow-up (167/4867). The number of HRC cases that were 

identified from the SRHS was relatively small. Resultantly, low statistical power led to a 

compromised power of the models and consequently, our data was not able to predict time-to-

HRCs (i.e. risk factors associated with the incidence of HRCs). Small statistical power could also 

be a reason why we obtained many statistically not-significant associations in our study.  

       Another limitation of the current study was that the prevalence and incidence rates were 

established based on a self-reported diagnosis of HRC as we were not able to link our data to the 

Cancer Registry. Moreover, information was available only at the two discrete points or a short 

follow up of four years. Dropouts from the initial cohort along with missing information were 

other limitations of this study.  
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In terms of the response rate, although it was moderate (i.e. 42%) still this would have been worked 

upon to better strengthen the statistical power which could facilitate more refined scrutiny of the 

risk factors that play role in the development of HRCs.   

      Occupational exposures (e.g. workplace exposure to radiations etc.) might be associated with 

recall bias and this could result in underestimation or overestimation of the exposure history. In 

addition, an overestimation of HRC cases could also occur if disease-free individuals were less 

likely to return completed questionnaires. 

      For work-related exposure to radiation, data was not collected on the specific type of radiation 

exposure. Meaning by, it referred to all radiation types at workplace (i.e. solar related or machinery 

related exposure to radiation, etc.). Since we lacked details on the specific type of radiation 

exposure, therefore this has been identified as one of the limitations of the current study. 

      The findings of our study can certainly be generalized while conducting a comparison to other 

parts of rural Canada where population characteristics are either alike or at least closer to 

Saskatchewan. At the same time, we are limited in the generalizability of our study findings to 

populations of urban Canada, given the fact that the population of SRHS was composed of rural 

inhabitants. Also, a majority of the study population was Caucasians, which poses a greater 

challenge when contrast is made with the rest of Canada where ethnicity is predominantly diverse.  

 

5.5 Recommendations 

 As we were able to capture relatively low prevalence and incidence of HRCs in rural 

Saskatchewan, we would consider a case-control study design in the future to carry out the 

analysis. This is because of multiple reasons; a) In studies with case-control design, we can 

maintain a good statistical power by increasing the number of controls i.e. recruiting multiple 

controls for each case (provided we are limited in the number of cases obtained and data is 

obtainable at no added cost) (118)  b) case-control study is useful to examine outcomes with long 

latency periods between exposure and disease manifestation (118) c) case-control study design is 

typically advantageous when investigation of multiple exposures is required towards the same 

outcome (118).  

      Analysis in the current project was limited to unadjusted incidence analysis only, this invites 

future research to find adjusted incidence for HRCs, using the same data.  Besides, it would be 

prudent to conduct research that collects data specifically tailored to examine the potential risk 
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factors that play a role in the development of HRCs. This will help to predict the risk factors that 

could potentially predict the incidence of HRCs (i.e. time-to-HRCs).  

5.6 Conclusions 

The crude prevalence of HRC cases was 3.0% at the baseline and 3.4% at the follow-up. HRCs 

were slightly more prevalent amongst non-farm residents 3.2% when compared with farm 

residents 2.8%. In addition, it appeared that HRCs were more prevalent within the eastern part of 

the province (6.5%, 6.6%, respectively) as compared to the western part (4.6%, 6.3%, 

respectively), among both farm and non-farm residents, at the baseline.  

      In summarizing our findings, the prevalence of HRCs in this cohort was comparable with other 

studies conducted on rural Saskatchewan. In particular, our analysis revealed the prevalence of 

prostate cancer as 3.0% and 3.3% for farm & non-farm male residents at the follow-up, which was 

comparable with the other study conducted on rural Saskatchewan by Sharma and colleagues 

expressing it as 3.32% (115).  

     For breast cancers, the prevalence obtained in the current study, was 3.0% and 4.2% for farm 

& non-farm female residents, at the follow-up. Since no other study was found investigating the 

prevalence of breast cancers among female residents of rural Saskatchewan, therefore, this 

comparison was not possible in the context of rural studies of the same province. 

    Our study expressed cumulative incidence for breast and prostate cancers in rural Saskatchewan 

as 0.86% and 1.08%, respectively. The cumulative incidence for HRCs was 0.97%. In carrying 

out comparison for the cumulative incidence with the other studies, it was revealed that, a relatively 

higher rate for the cumulative incidence of HRCs have been reported. 

    In terms of risk factors associated with the prevalence of HRCs, our study found that; exposure 

to radiation and history of cancer in a first-degree relative was significantly associated with HRCs. 

It appeared that the prevalence of HRCs among farm and non-farm rural residents depends on the 

complex interplay among a variety of factors such as individual and contextual factors.  
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Appendix A: The SRHS Baseline Questionnaire  
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Appendix- B: Example of Syntax from SPSS 

 

 

 

 

 

* Generalized Estimating Equations. 

GENLIN HRC_CANCERS_BASELINE (REFERENCE=FIRST) BY DIESEL_RECODED 

(ORDER=DESCENDING) 

/MODEL DIESEL_RECODED INTERCEPT=YES 

DISTRIBUTION=BINOMIAL LINK=LOGIT 

/CRITERIA METHOD=FISHER(1) SCALE=1 MAXITERATIONS=100 MAXSTEPHALVING=5 

PCONVERGE=1E-006(ABSOLUTE) 

SINGULAR=1E-012 ANALYSISTYPE=3(WALD) CILEVEL=95 LIKELIHOOD=FULL 

/REPEATED SUBJECT=HOUSEID WITHINSUBJECT=PERSONID SORT=YES 

CORRTYPE=EXCHANGEABLE ADJUSTCORR=YES 

COVB=ROBUST MAXITERATIONS=100 PCONVERGE=1e-006(ABSOLUTE) UPDATECORR=1 

/MISSING CLASSMISSING=EXCLUDE 

/PRINT CPS DESCRIPTIVES MODELINFO FIT SUMMARY SOLUTION 

(EXPONENTIATED). 
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