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Bladder cancer is the second most frequently diagnosed neoplasm of the urinary tract.
Effects of physical activity and body fat mass on risk of bladder cancer are not well
studied. Physical activity and/or body weight may exert their effects on bladder cancer
risk through hormonal, immune, or yet other unknown causal pathways. This thesis,
using a case-control study design, investigated the association between recreational
physical activity, relative body weight (BMI), and risk of bladder cancer in men and
women separately. The analysis was based on a portion of the National Enhanced Cancer
Surveillance System dataset. The self-reported data had been collected from bladder
cancer cases and population controls during 1994-1997 in seven Canadian Provinces. The
analyzed samples were 2,312 males (670 cases and 1,642 controls) and 1,824 women
(359 cases and 1,465 controls). In men and women, the adjusted ORs (highest vs. lowest
quartile) for physical activity were 1.24 (95% CI: 0.93, 1.66) and 0.76 (95% CI: 0.52,
1.21), respectively. The corresponding ORs for BMI were 1.29 (95% CI: 0.96, 1.72) and
1.07 (95% CI: 0.74, 1.55), respectively. This study found that parous women were at
reduced risk of bladder cancer compared to nulliparous women (OR = 0.56, 95%
confidence interval: 0.39, 0.80). In agreement with other studies, certain occupations and
cigarette smoking were associated with increased risk of bladder cancer. In men, but not
in women, coffee consumption was associated with a slightly increased risk of bladder
cancer (= 1 cup per day vs. never: OR=1.30, 95% CI: 1.00, 1.68). There was not enough
evidence in this study to conclude that recreational physical activity and BMI were

related to risk of bladder cancer.



i
ACKNOWLEDGEMENTS

Without contribution of many individuals, it would not have been possible to complete
this thesis.

I find it hard to express my deep gratitude towards the thesis supervisors Dr. Rama Nair,
Dr. Anne-Marie Ugnat, Dr. Nicholas Birkett, and Dr. Ian McDowell. Many thanks for
your help and expert guidance and for making this project come to life. Each of you made
an invaluable and unique contribution to the thesis.

Dr. Rama Nair, I will not forget your continuous genuine human to human support
throughout my studies at the department. Your presence made my and many other
students’ hectic and stressful lives a more pleasant experience. Many thanks for
providing me with your invaluable knowledge and experience.

Dr. Anne-Marie Ugnat, you are a very kind soul and I am deeply grateful for everything
what you have done for me throughout my studies at the department. I also thank you for
introducing me to Health Canada without which the implementation of this project would
not have been possible. I am extremely grateful for your continuous guidance and
expertise not only with the thesis but also with aspects of my career and well-being.

Dr. Nicholas Birkett, please accept my deepest appreciations for your invaluable
expertise, time, and patience. During all this time, you were the driving force of my
scientific inspiration. It is hard to describe how much I learned from you. This thesis
would not be as good as it is now without your knowledge, cautiousness, and meticulous
or detailed view of data. Thank you again for your interest in this project.

Dr. Ian McDowell, many thanks for being one of my supervisors. I am extremely
thankful for your help, knowledge, and unique expertise to make this thesis better. I am
deeply grateful for your continuous encouragement and interest in my career. The student
life at the department would not have been the same fun without your humor and
friendliness.

Many thanks to Dr. George Wells, Dr. Yue Chen, and Dr. Robert Spasoff for their overall
support throughout my studies at the department.

Dear Fay Draper, you are the kindest soul. Words cannot describe my appreciation for
your presence.

Dear Sylvie Desrochers, Anne Grey, and Mariella Peca, thank you all very much, through
my studies and long hours at the department, you made me feel at home.

My friends and colleagues, Amira Ali, Supriya Mayank, Kevin Brand, and Ken Johnson,
thank you for your suggestions and overall support.

Thank you all at the Thomas Chalmers Centre for Systematic Reviews



To my wife Tea and my daughter Nina, your tolerance and support throughout my
courses and thesis have given me the will to do my best. Thank you for everything.

il



TABLE OF CONTENTS

Abstract
Acknowledgements
Table of Contents
List of Tables

List of Figures

1. Introduction
1.1. The Epidemiology of Bladder Cancer
1.2. Physical Activity, Body Weight, and Risk of Bladder Cancer

2. Literature Review
2.1. Biology and Clinical Features of Bladder Cancer
2.1.1. Histopathology
2.1.2. Pathophysiology
2.1.3. Signs, Symptoms, and Prognostic Factors
2.1.4. Sex-Based Differences
2.2. Trends in Bladder Cancer Incidence and Mortality
2.3. Risk Factors
2.3.1. Sex, Race, and Age
2.3.2. Tobacco Smoking
2.3.3. Occupational and Chemical Exposures
2.3.4. Dietary Factors (Nutrition)
2.3.5. Coffee, Alcohol Consumption, and Artificial Sweeteners
2.3.6. Chlorination By-products and Arsenic in Drinking Water
2.3.7. Fluid Intake
2.3.8. Urinary Tract Diseases
2.3.9. Drugs and Treatment-Related Carcinogenesis
2.3.10 Family History
2.3.11. Miscellaneous Factors
2.4. Measurement/Assessment of Physical Activity in Epidemiologic
Research
2.5. Measurement of Body Weight in Epidemiologic Research
2.6. Physical Activity, Body Weight, and Cancer Risk: Possible Roles of
Endogenous Hormones and Immune System
2.6.1. Physical Activity and Cancer Risk
2.6.2. Body Weight (Body Mass Index) and Cancer Risk
2.6.3. The Role of Endogenous Hormones
2.6.4. The Role of Immune System Capacity
2.7. Endogenous Hormones in Relation to Bladder Cancer
2.8. Physical Activity, Body Weight, and Risk of Bladder Cancer
2.9. Methodological Limitations of Previous Studies

v

if
v
vii

ix

[ I

NoRNaREN e W e WV IRV, JR V) R

28
29
30
31
31
32
35
38



3. Research Objectives
3.1. The Study Hypothesis
3.2. The Study Objectives

4. The National Enhanced Cancer Surveillance System: Design
4.1. Overview
4.2. Questionnaire Used for the Collection of Risk Factor Information
4.3. Case Recruitment
4.4, Control Recruitment

5. Methods
5.1. Inclusion Criteria
5.2. The Study Sample
5.3. Power Calculation
5.4. Main Exposure variables
5.4.1. Physical Activity
5.4.2. Body Weight and Height
5.5. Selection of Covariates
5.6. Data Cleaning and Missing Values
5.6.1. Physical Activity
5.6.2. Occupation
5.6.3. Other Variables
5.7. Derivation of Total Physical Activity Score and Body Mass Index
Calculation .
5.7.1. Total Physical Activity Score
5.7.2. Body Mass Index
5.8. Derived Covariates
5.9. Scale Definition for the Selected Variables
5.10. Data Analysis
5.10.1. Descriptive Statistics
5.10.2. Distributions of Total Physical Activity Score and Body
Mass Index in Controls
5.10.3. Model-Building Strategies
5.10.4. Software Used for the Analyses

6. Results

6.1. Data Cleaning and Missing Values
6.1.1. Physical Activity
6.1.2. Covariates

6.2. Analyses of the Sample of Men
6.2.1. Description of the Study Sample
6.2.2. Total Physical Activity Score and Body Mass Index Across
the Subsets of Male Controls
6.2.3. Model-Based Analysis

41
41
41

43
43
44
44
45

46
47
47
53
53
54
54
56
56
57
59

59
59
62
62
63
69
69

70
71
74

75
75
75
75
77
77

82
84



6.3. Analyses of the Sample of Women
6.3.1. Description of the Study Sample
6.3.2. Total Physical Activity Score and Body Mass Index Across
the Subsets of Female Controls
6.3.3. Model-Based Analysis

7. Discussion
7.1. The Sample of Men
7.1.1. Main Findings
7.1.2. Consistency of the Findings with Those of Other Studies
7.2. The Sample of Women
7.2.1. Main Findings
7.2.2. Consistency of the Findings with Those of Other Studies
7.3. The Role of Bias
7.4. Etiologic Considerations
7.5. Study Advantages
7.6. Study Limitations

8. Summary of Findings
9. Future Research
10. References

Appendices
Appendix A: NECSS Questionnaire
Appendix B: Distribution of Total Physical Activity Score and Body
Mass Index in Controls (Box-Plots)
Appendix B1 (Male Controls)
Appendix B2 (Female Controls)

90
90

97
99

110
110
110
113
115
115
116
118
126
127
128

130

131

132

139

154
155
162

Vi



vii

LIST OF TABLES
Table 1 Power Associated with Various Pre-Specified Odds Ratios 48
Table 2 The 12 Types of Recreational Physical Activity and MET values 61
Table 3 Proportions of Observations with Missing Values for Frequency

and Duration Across 12 Types Physical Activity 76
Table 4 Variables and Corresponding Implausible Values 71
Table 5 Selected Socio-Demographic, anthropometrical, and Life-Style

Characteristics of Male Cases and Controls 78
Table 6 Frequencies of Male Cases and Controls according to Selected

Characteristics 80
Table 7 Frequencies of Male Cases and Controls With Respect to the

Categories of Cigarette Smoking, Alcohol, and Coffee

Consumption g1
Table 8 Summary Statistics for Total Physical Activity Score Across

Age, Smoking, Educational, and Income Adequacy Groups

in Male Controls 82
Table 9 Summary Statistics for Body Mass Index Across Diet,

Income Adequacy, and Educational Groups in Male Controls 83

Table 10 Age- and Province-Adjusted Odds Ratios for Recreational

Physical Activity, Body Mass Index, and Other Characteristics

in Male Cases and Controls 85
Table 11 Age- and Province-Adjusted Odds Ratios for Smoking,

Coffee and Alcohol Consumption Groups in Male Cases

and Controls 86
Table 12 Multivariable Odds Ratios for Male Bladder Cancer 88
Table 13 Selected Socio-Demographic, anthropometrical, and Life-Style

Characteristics of Female Cases and Controls 91
Table 14 Frequencies of Female Cases and Controls according to Selected

Characteristics 92
Table 15 Frequencies of Female Cases and Controls With Respect to the

Categories of Cigarette Smoking, Alcohol, and Coffee

Consumption 93
Table 16 Frequencies of Selected Reproductive Factors for Female

Cases and Controls 95
Table 17 Distribution of Age and Selected Reproductive Factors

Amongst Female Cases and Controls 96
Table 18 Summary Statistics for Total Physical Activity Score Across

Age, Smoking, Educational, and Income Adequacy Groups

in Female Controls 97

Table 19 Summary Statistics for Body Mass Index Across Diet,

Income Adequacy, and Educational Groups in Female Controls 98
Table 20 Age- and Province-Adjusted Odds Ratios for Recreational

Physical Activity, Body Mass Index, and Other Characteristics

in Female Cases and Controls 100



Table 21

Table 22

Table 23
Table 24

Age- and Province-Adjusted Odds Ratios for Smoking,
Coffee and Alcohol Consumption Groups in Female Cases
and Controls '

Age- and Province-Adjusted Odds Ratios for Reproductive
Factors in Female Cases and Controls

Multivariable Odds Ratios for Female Bladder Cancer
Multivariable Odds Ratios for Female Bladder Cancer Based
on the Post-Menopausal Sample of Women

101

103
105

167

viii



LIST OF FIGURES

Figure 1
Figure 2
Figure 3
Figure 4

Recruitment of Male Bladder Cancer Cases
Recruitment of Female Bladder Cancer Cases
Recruitment of Male Controls

Recruitment of Female Controls

49
50
51
52

ix



1. Introduction

1.1. The Epidemiology of Bladder Cancer

Bladder cancer is the second most frequently diagnosed neoplasm of the urinary tract. In
1999, nearly 263,000 cases of bladder cancer were diagnosed worldwide ', The highest
incidence rates of this type of malignancy are observed in Western Europe and North
America . The occurrence of the disease amongst whites is twice as frequent as that
amongst blacks °. Bladder cancer is the fourth most frequently diagnosed malignancy in
Canadian men. An estimated 5,000 new cases (3,700 male and 1,300 female) of bladder
cancer were expected to occur in Canada in 2003. The annual age-standardized incidence
rate (standardized to the age distribution of the 1991 Canadian population) of bladder
cancer in males for the year 2003 was 23 per 100,000 Canadian men. The éorresponding
annual rate for females was 6 per 100,000 Canadian women . According to Patton et al.,

bladder cancer was the fourth leading cause of cancer deaths in men in the United States.

The risk of bladder cancer increases sharply with age. More than 65% of bladder cancer
cases are persons older than 65 years . Men, compared with women, are approximately
two-to-four times more likely to develop bladder cancer, rendering sex as an important
risk factor 7. The excess risk in males could partially be explained by their higher
prevalence of tobacco smoking, more frequent employment in high-risk occupations, and
more intensive exposures to occupational carcinogens. However, two studies found that
even after the adjustment for these factors, the excess risk associated with being male

10-22

persisted %9, Based on this and other findings from human and animal studies , it was

suggested that hormonal (sex-hormones) factors might play an additional and



I

independent role in the sex-specific rate differences and the etiology of bladder cancer, in

-10
general 810,

The well-established risk factors for bladder cancer are tobacco smoking, certain
occupations (dye workers, truck drivers, hairdressers, petroleum workers, miners, textile
workers, welders, and others), occupational exposures to certain chemicals (aromatic
amines, rubber, painting, leather, aluminum), pharmaceutical drugs (Phenacetin and
Cyclophosphamide), and urinary tract diseases (Schistosoma Haematobium) %>, The
epidemiologic evidence is still inconclusive regarding the etiologic roles of such factors
as coffee consumption, water chlorination by-products, artificial sweeteners, diet, fluid

intake, alcohol consumption, and family history in the carcinogenesis of bladder cancer *

5,7, 23-26

Ninety-three percent of bladder cancers are transitional cell carcinomas. Squamous cell
carcinomas and adenocarcinomas account for approximately 3% of all bladder cancers >
#_The majority of the neoplasms (about 80%) at first presentation are superficial and
papillary. The remaining 20% of the tumours are muscle-invasive and are characterized

with a worse prognosis .

1.2. Physical Activity, Body Weight, and Risk of Bladder Cancer
Physical activity and body weight are known risk factors for several human cancers. High
levels of physical activity and lower weight have consistently been shown to be

associated with a reduced risk of several cancers: colon, breast, endometrial, kidney, and



oesophagus 2129  Although, the exact biclogic pathway between these factors and the
carcinogenesis of cancer is not clear, it has been hypothesized that the effect of physical
inactivity and excess body weight may be related to increased secretion of endogenous
sex hormones (estrogens and androgens), plasma insulin, and insulin-like growth factor
(IGF-I). Chronic exposure to increased levels of the above-mentioned factors has been
implicated in carcinogenesis 2731 Physical inactivity has also been shown to be
associated with decreased immune function, manifesting itself by reduced numbers of
circulating natural killer cells (lymphocytes, granulocytes, monocytes, and macrophages).

Reduced immune system capacity has been linked to carcinogenesis 2

Several studies have demonstrated the association between hormonal factors and bladder

8-22

cancer risk. Besides those studies *““ that have shown a link between the endogenous sex

hormones and risk of bladder cancer, two other studies have found positive relationship

between levels of insulin-like growth factor and risk of bladder cancer > 334,

Given the findings that physical inactivity and excess body weight are involved in the
metabolic alterations of endogenous hormones (sex hormones, plasma insulin, and
insulin-like growth factor), which in turn are linked to risk of bladder cancer, it would be
plausible that physical activity and body weight might exert their effects on bladder

cancer risk through these hormonal or immunological pathways.

Only a few epidemiologic studies have investigated the associations of physical activity

and/or body weight in relation to risk of bladder cancer * *>*!. None of these studies



focused specifically on bladder caﬁcer as the main outcome variable **. The results from
these studies regarding the associations between levels of physical activity, body weight,
and risk of bladder cancer are conflicting. Inadequate control for confounding and small
numbers of bladder cancer cases could be responsible for the observed discrepancies

across these studies.

Based on all the above-mentioned issues, epidemiologic investigation focusing
exclusively on the potential effects of physical activity and body weight on risk of
bladder risk is warranted. Moreover, the exploration of sex as an effect modifier of the
association between physical activity/body weight and bladder cancer risk is needed.
More research should be focused on the elucidation of the potential aetiological roles of
hormonal factors (directly or through proxy measurements) in the development of human

bladder cancer.



2. Literature Review

21 Biology and Clinical Features of Bladder cancer

2.1.1. Histopathology
Based on the World Health Organization (WHO) recommendations, epithelial bladder
tumours are divided into four main histological types: transitional cell carcinoma,
squamous cell carcinoma, adenocarcinoma, and undifferentiated carcinoma *>. In North
America and many parts of Western world, at least 90% of all bladder cancer cases are

transitional cell carcinomas > > *

. Squamous cell carcinomas account for approximately
2-7% ***. Only about 1% of all bladder cancers are comprised of adenocarcinomas > >

494 In Egypt, unlike North America and the Western world, squamous cell carcinomas
account for about 80% of all malignant bladder tumours **. The majority (about 60%) of

the transitional cell carcinomas are located in the mucosal layer or the lamina propria.

About one third of all transitional cell carcinomas are multifocal **.

2.1.2. Pathophysiology
Based on the mode of presentation, bladder tumours are usually divided into two broad

. . . -4
groups: superficial and muscle-invasive % **°

. Superficial tumours are mostly papillary
shaped and make up about 75-80% of all human bladder tumours. From twenty to thirty-
five percent of all bladder tumours are muscle-invasive %% *. Although superficial
papillary bladder tumours are relatively benign (mostly non-invasive), with lower grade
and stage at presentation, 10-15% of them develop invasion or metastases on average 15

years after the diagnosis. Muscle-invasive bladder tumours are more aggressive and are

characterized with a poor grade of histological differentiation and advanced stage at the



first presentation. The majority of the patients with invasive bladder cancer have muscle
invasion at the first presentation >***, It is not clear whether superficial and muscle-

invasive groups of bladder cancer have similar or different etiology **.

2.1.3. Signs, Symptoms, and Prognostic Factors
The first and most frequent sign of early bladder cancer is the presence of asymptomatic
macroscopic hematuria or irritating voiding symptom. The proportion of bladder cancer
patients presenting with vesical irritation may range from 30% to 60%. Other signs of
bladder cancer include dysuria and incontinence. The patients with advanced bladder
cancer may present with pelvic or bone pain. Tumour stage and grade are the most

important prognostic factors for bladder cancer 2446

2.1.4. Sex-Based Differences
Sex-specific differences in clinical, pathological characteristics, and natural history of the
disease could provide important clues to the etiology of bladder cancer. Furthermore, the
above-mentioned factors may yield additional knowledge or insight in the explanation of
the observed sex-dependent variation in the risk of bladder cancer. A number of studies,
using either newly diagnosed patients or cases obtained from cancer registries, have
investigated distributions of clinical and pathological characteristics in males and females

46; 48

4549 The results of these studies are conflicting. Two studies concluded that males

had more advanced forms of the disease relative to females as demonstrated by a higher
incidence of high-grade and high-stage tumours in men. In contrast, the other two studies

449 suggested that male patients were diagnosed with lower staged disease than female



patients. For example, one study 9 found that the odds of being diagnosed with
superficial bladder cancer were lower in females as compared to males (OR = 0.24, 95%
CI 0.06, 0.94). The other study ¥ observed that women were more likely to be diagnosed
at later stage and with more advanced disease than men (33.1% and 27.7% for women
and men, respectively). It has been suggested that the higher proportion of advanced
forms of disease amongst women could be due to the lower incidence of the disease in
women; doctors may be less likely to consider the diagnosis of bladder cancer at their
first visit. An alternative hypothesis considers the operation of sex-related biologic

factors that could be responsible for the observed differences ¥/

One study compared the frequency of commonly encountered symptoms (vesical
irritation, hematuria, and dysuria) during the diagnosis of bladder cancer in men and
women. The results of the study indicated that most of the symptoms did not differ across
sex. However, women reported incontinence at first presentation more frequently than

men 46.

2.2. Trends in Bladder Cancer Incidence and Mortality
In 1999, nearly 263,000 new cases of bladder cancer were diagnosed worldwide . The
highest incidence rates of bladder cancer are observed in Western Europe and North
America. For example, amongst males, the highest age-adjusted (world standard) rates
(1978 101982) were recorded in Italy (26 per 100,000 person-years), Denmark (24 per
100,000 person-years), France (21 per 100,000 person-years), the U.S. (20 per 100,000

person-years), and Canada (20 per 100,000 person-years) .



North Africa and Western Asia are also high-risk areas . For example, Egypt is an

endemic area for schistosoma haematobium, which predisposes patients to bladder cancer

5

Lower sex-specific age-adjusted incidence rates (ranging from 2 to 12 per 100,000
person-years) of bladder cancer are observed in Eastern Europe (Poland and Hungary)

and some parts of Asia (Philippines, India, and Kuwait).

The geographic variation in bladder cancer incidence could partially be due to the
differences in local practices of tumour registration. For example, registration of benign
tumours or papillomas as cancer may vary according to a geographic area. Furthermore,
for developing countries, under-coverage of cancer cases by local tumour registries could

be a common problem °.

Bladder cancer is the fourth most frequently diagnosed malignancy in Canadian men. An
estimated 5,000 new cases (3,700 male and 1,300 female) of bladder cancer were
expected to occur in Canada in 2003. The annual age-standardized incidence rate
(standardized to the age distribution of the 1991 Canadian population) of bladder cancer
in males for the year 2003 was 23 per 100,000 Canadian men. The corresponding annual

rate for females was 6 per 100,000 Canadian women 8,

The estimated age-standardized bladder cancer mortality rates for 2003, in men and

women, were 7 and 2 per 100,000 Canadians, respectively. It was estimated that in 2003,



1,100 men and 460 women would die from bladder cancer in Canada. According to
Canadian statistics, between 1974 and 1998, the annual age-standardized incidence rates
of male bladder cancer decreased from 26.4 to 23.5 per 100,000 Canadian men. Over the
same period, the age-standardized mortality rates for males due to bladder cancer
decreased from 8.5 to 7.5 per 100,000 Canadian men ®. In the United States between
1969 and 1986, the annual age-standardized incidence rates of bladder cancer exhibited
increasing trends in men and women of both race (Whites and blacks). The large part of
this rise in incidence appears to be a result of the increased detection of localized bladder

cancer. In contrast, the corresponding mortality rates decreased over the same period ’,

2.3. Risk Factors
The well-established risk factors for bladder cancer are age, sex, tobacco smoking,
occupational/chemical exposures, and certain urinary tract diseases. This section will
briefly review the evidence for these factors. It will be followed by a review of several
suspected risk factors for which the evidence is less convincing. A detailed review of the
factors (physical activity, body weight, and hormonal factors) of primary interest to this

thesis will be deferred to sections 2.7. and 2.8.

2.3.1. Sex, Race, and Age
Men are about two-to-four times more likely to get bladder cancer than women %7,

Sex-specific differences with respect to tobacco smoking and employment in the high

risk occupations explain only a part of the male excess risk for bladder cancer. It has been



10

suggested that sex-specific factors (i.e., endogenous hormones) might additionally

explain these differences 822,

The incidence rate of bladder cancer in blacks is about half of that amongst whites °.
Hispanic groups and American Indians have lower risks of bladder cancer than blacks ’,
The black-white difference in incidence rates persists after adjustment for social class,

smoking, and occupation %9,

For both, men and women, the risk of bladder cancer increases sharply with age. More
than 65% of bladder cancer cases are subjects older than 65 years ©*°. For example, in
Canada, the ten-year probability (expressed as a percentage) of developing bladder cancer
for amale is 0.1, 0.2, 0.7, 1.3, and 1.5 for age groups (in years) of 40-49, 50-59, 60-69,
70-79, and 80-89, respectively. For women, the corresponding probabilities are 0.04, 0.1,

0.2, 0.3, and 0.4, respectively °.

2.3.2. Tobacco Smoking
Cigarette smoking is a well-established risk factor for human bladder cancer. According
to several review articles, the strong causal link has consistently been demonstrated in
many epidemiologic studies (cohort, case-control, and cross-sectional study designs) 35
7:22-26,42 Almost all studies have documented the existence of dose-response relationship
between the amounts of cigarette smoking and risk of bladder cancer across sex, age or
race groups. The relative risk estimates from the majority of the studies range from about

2.0 to 5.0 (smokers vs. non-smokers). The magnitude of risk depends on the intensity and
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duration of smoking . Many studies have also shown that current smokers are at
increased risk of developing bladder cancer as compared to former smokers. Some of the
studies found that risk of bladder cancer decreased following the cessation of smoking %
. Smokers of black-tobacco cigarettes are at higher risk than smokers of blond-tobacco

cigarettes %

In the Western world, cigarette smoking is responsible for the occurrence of 25-30% and
50-60% of all bladder cancer cases in women and men, respectively, rendering it the most
important risk factor for bladder cancer > >, About half of all male bladder cancer
deaths in the United States are attributable to cigarette smoking. Amongst women,

cigarette smoking is responsible for about 37% of bladder cancer deaths *.

The exact biologic and carcinogenic mechanism of cigarette smoking in relation to
bladder cancer is not yet determined > %, It is thought that aromatic amines (2-
naphthylamine and 4-aminobiphenyl), the agents known to cause bladder cancer, are
present in tobacco smoke and are responsible for triggering the carcinogenic process in
the human bladder 2> **. This mechanism could be supported by the fact that black
tobacco has higher concentrations of aromatic amines than blond tobacco and that
smokers of black-tobacco cigarettes are at higher risk than smokers of blond-tobacco
cigarettes **. It has also been hypothesized that there may be some additional factors that
could modify smoking-related risks of bladder cancer *°. For example, some ethnic
groups (e.g., Polynesian men and African-Americans) experience lower incidence of

bladder cancer than whites despite higher rates of smoking. The factors leading to these
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differences are thought to be related to metabolism of smoking-related carcinogens and

exogenous factors such as diet or vitamin intake 2> **.

2.3.3. Occupational and Chemical Exposures
In 1895, Dr. Rehn described 3 cases of bladder cancer in subjects who had worked in the
German chemical dye industry. Based on his findings, Dr. Rehn suggested a role for
occupational chemicals in the etiology of bladder cancer. Later, large-scale studies
conducted amongst industrial workers in the dye, rubber, textile, leather, and aluminum
industries, confirmed the findings of Dr. Rehn, and identified 2-naphthylamine,
benzidine, 4-amino-biphenyl (4-ABP), aniline, and other aromatic amines as carcinogens
responsible for the development of human bladder cancer. For example, one important
cohort study showed a 20-fold excess of bladder cancer in textile dye industry workers
compared to the general population *°. Presently, benzidine, 4-ABP, and 2-naphthylamine
are banned for use in the work place > ***. In the 1990s, additional aromatic amines and
related chemicals (4,4-methylene 2-chloroaniline and o-toluidine) associated with the
development of bladder cancer, were identified °. Based on the findings of many
epidemiologic and occupational studies, many occupations have been declared as high-
risk occupations. Especially strong associations are found for workers in the dye, rubber,
and chemical industries. Other well-established or suggested high-risk occupations are
leather workers, painters, drivers of trucks, buses or cabs, aluminum, steel or iron
workers, hairdressers, printers, dry cleaners, carpenters, cooks, tailors, petroleum
workers, clerical workers, welders, railroad workers, food processing workers, and
butchers. Yet for many of these occupations, specific chemicals responsible for the

development of bladder cancer have not been identified > ***. Associations between the
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duration of employment and risk of bladder cancer, found in many studies, support a

dose-response relationship ~* %

It has been estimated that about 20-25% and 11% of all bladder cancers in men and

women, respectively, are attributable to occupational factors *4 12,

2.3.4. Dietary Factors (Nutrition)
A role of diet in the development of human bladder cancer is plausible. It is well known
that many food substances and their metabolites are excreted through the urinary tract.
Some of these metabolites may be carcinogens. Some studies have also shown that
supplementation with dietary retinoids inhibited bladder carcinogenesis in experimental
animals. Epidemiologic evidence on the effects of dietary factors in relation to bladder
cancer risk is not very convincing. The majority of the small number of studies that
investigated fruit and vegetable consumption found inverse associations between the
levels of fruit and vegetable consumption and risk for bladder cancer. Moreover, intake
of carotenoids and Vitamin A has been associated with a decreased risk of bladder
cancer. Some studies have demonstrated a positive relationship between fat intake and
risk of bladder cancer > 7 *. One meta-analysis reviewed 38 articles (case-control and
cohort studies) reporting the associations between dietary factors and risk of bladder
cancer >, Elevated risks were found for diets low in fruit intake (RR=1.40,95% CL:
1.08, 1.83). Diets, low in vegetable intake, were related to a slightly increased risk (RR =
1.16, 95% CI: 1.01, 1.34). This study has also shown that those with a diet high in fat
intake, compared to those with a diet low in fat intake, were at increased risk of bladder

cancer (RR =1.37,95% CI: 1.16, 1.62).
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2.3.5. Cofiee, Alcohol Consumption, and Artificial Sweeteners
Many epidemiologic and meta-analytical studies have assessed the relationship between
coffee consumption and risk of bladder cancer. In general, the findings are inconsistent.
Only few of the positive findings exhibited dose-response relationship °. In human

studies positive and weak relationships have been found more often.

The accurate measurement of coffee consumption in epidemiologic studies is difficult.
The problems related to an accurate measurement may lead to exposure misclassification
of the study subjects with respect to levels of coffee consumption. Another concern is
that observed positive relationships between coffee intake and bladder cancer risk might
partially or entirely be due to inadequate control for smoking status, resulting in residual

confounding > **. This makes the interpretation of study results even more difficult.

Two systematic reviews attempted to pool the results from case-control studies on the
association between coffee drinking and the risk of bladder cancer °*°. The first study
found a weak positive association between coffee drinking and bladder cancer risk only
in men (4-5 cups per day vs. non-drinkers: OR = 1.16, 95% CI: 1.05, 1.28) >*. The
second study analyzed only non-smokers in order to avoid the presence of residual
confounding by smoking >°. An increased risk associated with thel consumption of ten or
more cups per day was observed for both women (OR = 2.0, 95% CIL: 0.9, 4.4) and men
(OR = 1.8, 95% CI: 0.7, 4.3). However, none of the estimates reached conventional levels
of statistical significance. The authors of this review concluded that heavy coffee drinkers

had a small excess risk relative to non-drinkers which could not be attributed to
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confounding by smoking. In summary, based on the evidence overall, which is not so
strong, one could suggest that if coffee is a carcinogenic substance to human bladder,

then it is a2 weak one.

Alcohol consumption as a risk factor for bladder cancer has also been investigated. The
results are not consistent. However, the majority of the evidence has indicated that there
was no association between alcohol intake and bladder cancer risk. One meta-analysis of
observational studies showed a slightly elevated, although statistically non-significant
risk of male bladder cancer. The age- and smoking-adjusted summary odds ratio for
current alcohol drinkers compared to non-drinkers was 1.3 (95% CIL 0.90, 2.00) **. In a
hospital-based case-control study conducted by Pelucchi et al., an estimate of OR for
alcohol drinkers ( 26 drinks/day), relative to non-drinkers, was 0.84 (95% CI. 0.58, 1.22).
The risk of bladder cancer in wine drinkers (= 5 drinks/day) was not statistically

significantly different from that in non-drinkers (OR = 0.86, 95% CI: 0.60, 1.23) ',

It has been suggested that the positive findings regarding the effects of alcohol

consumption on bladder cancer risk could reflect chance or residual confounding > *+ .

Animal experiments have demonstrated that male rats fed with high doses of saccharine
or cyclamate in utero developed bladder cancer. This finding could not be confirmed by
animal studies using postnatal exposure to saccharine in rats °. Human studies looking at
maternal intake of saccharine during pregnancy and the risk of bladder cancer in the

offspring have not yet been conducted. The evidence based on epidemiologic studies has
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indicated that the consumption of artificial sweeteners is not associated with risk of
bladder cancer. For example, one large population-based case-control study (3,000 cases
and 5,700 controls) observed a relative risk of 1.02 (95% CI. 0.92, 1.11) for ever users
versus never users of artificial sweeteners '. Based on the reviewed evidence, results from
most case-control studies exploring the association between the consumption of artificial

sweeteners and risk of bladder cancer, have been negative > "+ 2% %,

2.3.6. Chlorination By-Products and Arsenic in Drinking Water
Some studies have suggested that the presence of chlorination by-products or arsenic in
drinking water might be associated with an increased risk of bladder cancer > " *. One
meta-analysis systematically reviewed six case-control and two cohort studies of
chlorination by-products and bladder cancer **. The summary OR estimates indicated that
men who had ever consumed chlorinated drinking water had a slightly increased risk of
bladder cancer (OR = 1.4, 95% CIL: 1.1, 1.9), but women did not have any increased risk
(OR =1.2,95% CI: 0.7, 1.8). Two case-control studies investigated the association
between the duration of chlorinated water use and risk of bladder cancer . The first
study demonstrated that those who used chlorinated surface water for 35 years or longer
had 1.41 times the risk of those whose period of exposure was under 10 years (OR =
1.41, 95% CI: 1.09, 1.81) *°. The second study showed a dose-response relationship
between the duration of exposure to chlorinated water (surface and ground) and risk of
bladder cancer in men. Specifically, the ORs for chlorinated surface water use were 1.0
(veferent), 1.1, 1.3, 1.5, and 1.9 for 0, 1-19, 20-39, 40-59, = 60 years of exposure,

respectivety .
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Between 1989 and 1999, the U.S. Environmental Protection Agency (EPA) conducted a
risk assessment for arsenic in drinking water and found sufficient evidence to conclude
that ingestion of arsenic in drinking water causes skin, bladder, and lung cancer 7. Before
EPA initiated its investigation, two studies had examined the association between the
concentration of arsenic in drinking water and bladder cancer-specific mortality rate.
Both studies found positive associations * 2. Specifically, Wu et al., used direct
standardization to calculate age-adjusted mortality rates from bladder cancer for groups
of the Taiwanese population in an endemic area of blackfoot disease, who ingested water
with different levels of arsenic. The calculation of mortality rates by sex were based on
the 1976 world population. For both men and women, significant dose-response
relationships were observed between arsenic levels in well water (Natelson’s method for
the measurement of water arsenic concentration) and mortality rates from bladder cancer.
In men, the age-adjusted mortality rates were 22.64, 61.02, and 92.71 (P value for trend <
0.01) for < 0.30, 0.30 - 0.59, and > 0.59 ppm of water arsenic concentrations,
respectively. In women, the corresponding rates were 25.60, 57.02, and 111.30 (P value
for trend < 0.01) ®'. The other study used indirectly standardized mortality ratios (SMR)
in order {o compare bladder cancer mortality rate in an endemic area of blackfoot disease
to that in the general population of Taiwan (the 1971 population of Taiwan as standard).
Those who used water from artesian wells with higher concentrations of arsenic
experienced a higher bladder cancer mortality rate compared to the general population of
Taiwan (Men: SMR = 11, 95% CI: 9.33, 12.67; Women: SMR = 20, 95% CI: 17.02,

23.16) .
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2.3.7. Fluid Intake
Bladder urotheliﬁm is in direct contact with carcinogens excreted in the urine. Based on
this, it has been suggested that increased consumption of fluids may reduce the exposure
to these carcinogens by diluting the urine and shortening the period of contact due to
increased frequency of urination °. According to the reviewed evidence, the results
stemming from case-control and cohort studies regarding the protective effect of high
fluid intake are conflicting > ***, For example, one American cohort study found that
men with the highest fluid intake had half the risk of bladder cancer compared to those
with the lowest intake (RR = 0.51, 95% CI: 0.32, 0.80). The protective effect was
observed for water as well as for other beverages *. In contrast, a Duich cohort study
obtained negative results suggesting that total fluid intake was not associated with the
risk of bladder cancer in men and women (RR = 0.91, 95% CIL 0.65, 1.29) %. One large
population-based case-control study, conducted in the United States (Utah), found no

relationship between total fluid intake and bladder cancer risk *.

Difficulties in measuring total daily fluid intake accurately and reliably could contribute
to obtaining these conflicting results . Another explanation for the inconsistent results
across studies is that in some regions drinking water contains relatively high levels of
chlorination disinfection by-products effect of which could offset the benefit of high
volume fluid intake (reduced risk for bladder cancer) or simply increase the risk. Because
drinking water with high levels of chlorination by-products has an unpleasant taste,

certain proportion of population will consume bottled water. Given this, two studies
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conducted in the same region but failing to account for this factor could vield different

results &,

2.3.8. Urinary Tract Diseases
Schistosoma haematobium has been linked to bladder cancer, but only to squamous cell
carcinoma, not to transitional cell carcinoma - the predominate type of bladder cancer in
North America. Especially high rates of squamous cell carcinoma of the bladder are
observed in the Middle East and some parts of Africa, where schistosomiasis is a wide-
spread problem (endemic areas)’. The link between schistosoma haematobium and
squamous cell carcinoma of bladder is not well understood. It is thought that eggs of the
parasite are deposited in the bladder wall and urine, causing chronic irritation of
urothelium, cystitis, and haematuria. The chronic inflammatory process is hypothesized
to result in increased cell proliferation and neoplastic changes in the urothelium, leading
to squamous metaplasia ****. Other hypotheses have suggested that schistosoma
haematobium parasites could produce carcinogenic nitroso compounds in the patient’s

urine, or the parasite’s antigen might depress the immune system of infected patients > **.

Certain medical conditions (i.e. prostatic hypertrophy, kidney stones) leading to urinary
stasis may also increase the risk of developing bladder cancer. One review article
reported a Swedish cohort study in which 61,114 patients hospitalized for kidney stones
were followed up by means of record linkage for 18 years. The age- and sex-standardized
incidence ratio was statistically significant, indicating an elevated risk of bladder cancer
for the patients diagnosed with kidney stones, compared to the general population (SIR =

1.4,95% CL 1.3, 1.6).
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2.3.9. Drugs and Treatment-Related Carcinogenesis
A number of pharmaceutical agents have been linked to bladder cancer. The strongest
evidence concerns high consumption of phenacetin-containing analgesics. Based on the
resulis of several case-control studies, the estimates of relative risk for ever users of

phenacetin versus non-users ranged from 1.5 to 6.5 >,

Case reports and case-series have suggested that cyclophosphamide, an alkylating agent
used for the treatment of tumours, may be associated with an increased risk of bladder

cancer °. In a Danish prospective study, patients with non-Hodgkin’s lymphoma treated
with cyclophosphamide had about a sevenfold risk of bladder cancer compared to those

who had not been treated with cyclophosphamide (RR = 6.8, 95% CI: 3.2, 14.2) %.

Exposure to radiation may also increase the risk of bladder cancer. A few studies,
summarized in one review article, have shown that female patients who underwent
therapeutic pelvic radiation for uterine bleeding were at two-to-four fold increased risk of

bladder cancer °.

2.3.10. Family Histery
Based on the reviewed evidence, results from a few case-control studies suggest the
existence of familial predisposition to bladder cancer. In one case-control study, an odds
ratio of 2.50 (95% CI: 1.10, 5.80) was found for positive family history in males

compared to matched controls **. One large case-control study even found that the



21

familial risk of bladder cancer was especially high among heavy smokers, suggesting the

presence of gene-environmental interactions .

2.3.11. Miscellaneocus Factors
The follow-up study of 75,991 atomic bomb survivors in Japan (between 1950 and 1985)
found an increased bladder cancer-specific mortality rate amongst those exposed to a
higher dose of ionizing radiation (> 0.005 Gy), as compared to those exposed to a lower

dose of ionizing radiation (< 0.005 Gy) (RR =2.13, 90% CI: 1.40, 3.28) %,

2.4. Measurement/Assessment of Physical Activity in Epidemiologic Research
Physical activity may be defined as any bodily movement produced by skeletal muscles
that results in energy expenditure *°. Physical activity, depending on its purpose, may be
divided into three main groups: occupational (work-related), household (garden and other
household activities), and leisure-time or recreational (exercise and sport) *®. Depending
on the study question, researchers use leisure-time (or recreational) activity separately or

combined with occupational physical activity 7.

The methods for measuring physical activity/energy expenditure include: laboratory
(direct/indirect calorimetry), physiological (doubly labelled water, resting heart rate, and
maximal oxygen uptake VO,), and field methods (questionnaires). Although laboratory
and physiological methods measure physical activity/energy expenditure more accurately
than questionnaires, they are not widely used in epidemiologic studies due to high costs

and restricted applicability ©7°,
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Epidemiologic research for the assessment of physical activity often employs field
methods, chiefly self- or interviewer-administered questionnaires. The responses on the
questionnaires are used to estimate the physical activity level/energy expenditure for the
individual. Specifically, the responses are counted and converted into (kilo-) joules per
day or week, (kilo-) calories, in hours (duration), metabolic equivalents (MET-values), or

as a summary activity score

The questionnaires may elicit general patterns or precise details of physical activity over
a given period of time. There are three main groups of physical activity questionnaires:
global, single-item, and comprehensive. Global questionnaires differ from single-item or
comprehensive questionnaires in a way that they assess an individual’s level of physical
activity in relative terms, whereas single-item and comprehensive questionnaires
summarize actual levels of physical activity in absolute terms. Global and single-item
questionnaires are easy to use and they allow relatively quick assessment of general
patterns of physical activity. For example, a global questionnaire may ask a study
participant to compare his/her activity level to that of other people of the same sex or age.
The responses could fall in the following categories: much less, less, the same as, more,
or much more than others (men or women of the same age). A single-item questionnaire
can measure weekly (or monthly) frequency of moderate and vigorous physical activity.
A comprehensive questionnaire may assess the time spent in sleep, moderate, hard, and
very hard physical activities. This type of questionnaire can simultaneously elicit the
physical activity information on work and leisure-time activities. The frequency of

physical activity is measured by recording the number of times per week, month or year,



or the number of months per year that a particular activity was performed. In some cases,
the study subjects are simply grouped with respect to session frequency categories (often,

very often, and always) .

Ideally, a questionnaire should address four dimensions of physical activity: type
(occupational, recreational, or household), frequency (e.g., number of days per week),
duration (e.g., number of hours per day), and intensity (light, moderate, and
strenuous/vigorous). Epidemiologic studies use a wide range of methods to measure the
dimensions of physical activity. Depending on the availability of data, researchers
categorize study subjects with respect to levels of physical activity defined by different
combinations of duration, frequency, type, and intensity. If data are available on all
dimensions of physical activity (type, frequency, duration, and intensity), then a summary
score is calculated by combining data on the frequency, duration, and intensity of each
specific type of activity > ¥ The information on type, duration, frequency, and intensity of
activity, elicited by a questionnaire, is usually converted into units of energy expenditure
by using tables published in literature ®. Often the session frequency and/or duration (in
minutes) are weighted by the intensity scores for each type of activity in order to
calculate a summary physical activity score for all the performed activities (for example,

expressed as the number of MET-hours per year/month/week) 2.

The intensity of physical activity is a very important component, indicating the amount of
energy expenditure or oxygen consumption per unit of time. Specific physical activities

differ in terms of their intensity (e.g. walking vs. running). Often researchers employ
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different coding systems for expressing the intensity of physical activity. These
differences, in turn, limit the comparability of results across studies. One common way to
express the intensity of a specific activity is to assign a metabolic equivalency threshold
(MET) value. One MET is an amount of energy expended while sitting in a rested state,
and is equal to 3.5 ml of oxygen consumed per kilogram body weight per minute or 1
kilocalorie per kilogram body weight per hour. After assigning a MET value to each
specific activity, the intensity is then expressed in relative terms, as the ratio of the

associated metabolic rate for the specific activity divided by the resting metabolic rate %%

69

Some researchers assess work-related physical activity by using occupational status
(based on job title) or work-related activity as a surrogate measure to estimate levels of
physical activity for a certain point or time period ’°. A common method is to compare
separate risks of a health-related outcome (e.g., cancer) for two or more different
occupational groups (by specifying current and/or longest-held job over the person’s
lifetime) relative to a reference category requiring the least amount of physical activity
(e.g., housewife). Other studies have investigated the relationship between occupational
physical activity and cancer risk in a single occupational setting (industry), by comparing
risks of office workers (sedentary activity group) to those of workers with other job-
related duties requiring light, medium, or heavy activities. Some researchers have
grouped the study subjects according to the duration of physical activity (the percentage
of the time as sedentary, moderate, and/or rigorous/strenuous), required by any specific

job title %,



25

The number of years and types of physical activity as well as total lifetime physical
activity may be as important in the etiologic process of any given disease as changes in
physical activity over time. If the elicited information does not pertain to an etiologically
relevant time period, a questionnaire ¢ven though reliable and/or valid, may fail to detect
an existing important effect of physical activity. Therefore, prospectively recorded and
gathered data on all four dimensions (type, frequency, duration, and intensity) throughout
the subject’s lifetime would provide crucial information in assessing the cumulative
influence of physical activity on risk of a disease. The best approach would be to measure
physical activity repeatedly over many years with a follow-up for incident cases of a

disease. But this approach is often costly and not feasible 7.

As an exposure, physical activity is a complex and multidimensional variable, which in
its entirety has a wide range and is not constant over one’s lifetime. Therefore, the
accurate measurement of physical activity in epidemiologic investigation is challenging
and problematic. The presence of these methodological difficulties limits the

interpretability of some studies *"% %70,

The methods used to estimate physical activity are subject to systematic, random, or both
(simultaneous occurrence) types of errors. For example, self-report of physical activity
may be inaccurate because of difficulties in recall of the performed activities in previous
years. Besides, the perception of intensity and duration of physical activity may be
subjective 2" In general, whether the recall is for a recent or earlier period, it is more

accurate for strenuous physical activity than for moderate-intensity activity 2% .
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It is very important to validate/test a questionnaire by estimating the magnitude of error,
i.e., assess its degree of reproducibility and validity in a sample of subjects who would be

representative of the final study sample.

In epidemiologic research the most common method to determine the degree of
reproducibility is based on test-retest of the same questionnaire over a pre-specified
period of time. The estimated reproducibility of any physical activity questionnaire varies
with the time period (if the period is too short, the subject’s recall may influence his
response; if the period is too long, changes may occur in activity patterns) between two or

more administrations of the same questionnaire and the wording of questions.

If a questionnaire systematically under- or over-estimates the true levels of physical
activity, its validity should be questioned. The assessment of the questionnaire’s validity
(criterion/concurrent validity) involves finding an appropriate ‘gold standard’ method.
However, it is hard to find a ‘gold standard’ for physical activity measurement. This is
related to high costs, different constructs (physical activity versus physical fitness) and
units of measurement %. The physical activity questionnaires used in recent
epidemiologic studies have been shown to correlate with oxygen uptake, resting pulse,
treadmill fitness tests, and the results of other physical activity surveys. The majority of

correlation coefficients were 0.50 or greater *°.
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2.5. Measurement of Body Weight in Epidemiologic Research
Body fat is an important health determinant. The measurement of body fat in
epidemiologic studies is very difficult. The laboratory standard involves 100% immersion

in water and is clearly not feasible in population-based studies *.

Body weight has been used in epidemiologic studies as an indirect measure of body fat
mass. However, body weight is not a good measure of body fat because it is confounded
by height and muscle bulk. A number of measures have been proposed to estimate body
fat mass (change in weight, waist-to-hip ratio, skinfold and waist circumference).
However, the most commonly employed measure is the Quetelet or body mass index,
calculated by dividing the weight in kilograms by the square of the height in meters
(kg/m®). Adjusting for height, by calculating body mass index (BMI), removes variation
in weight due to height, and renders BMI as a better indicator of body fat mass. But
because BMI cannot differentiate muscle mass from fat mass, it is not an ideal measure of
body fatness or adiposity. Body mass index has been validated as a measure of body fat

mass, showing a strong correlation ranging from 0.82 to 0.91 %,

The body mass index should be based on measured height and weight. However,
epidemiologic studies often use self-reported weights. Despite the tendency to over- or
under-report weight, self-reported weights have been shown to correlate highly with
measured weights (usually, r > 0.95), and to be consistently associated with diseases that
are known to be related to excess adiposity *°. Self-reported weights, referring to periods

many years in the past, retain a high degree of validity &I
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Although it is easy to measure study subjects’ body weight or BMI, investigators should
be aware of the potential for reverse causality. Retrospective studies may be prone to this
kind of bias. If anthropometric measures are collected around the time of diagnosis and
treatment, it would be hard to determine whether these measurements were consequence
or cause of the disease of interest. For example, in a case-control study, if cases reported
lower weight or BMI, compared to controls, at the time of interview, it would not be clear
whether low body weight/BMI led to increased risk of the disease or low body

weight/BMI arose as consequence of the disease (e.g. cachexia due to cancer).

2.6. Physical Activity, Body Weight and Cancer Risk: Possible Roles of
Endogenous Hormones and Immune System
Substantial epidemiologic evidence, accumulated over the past two decades, suggests that
an excess body weight and physical inactivity are associated with increased risk of some
types of cancers. For example, the International Agency for Research on cancer (IARC)-
working group estimated that about 11% of all colon cancers are attributable to high BMI

and 13-14% to physical inactivity .

Based on the results obtained from many studies, it appears that effects of physical
activity and body weight on cancer risk are independent of each other * 7, However,
since these two factors are closely related, it is also possible that the protective effect of
physical activity against cancer operates through inducing a body weight reduction:

regular or high levels of physical activity might lead to the reduction of body fat mass.
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Depending on the study hypothesis, adjustment of the effect of physical activity for

indices of body weight (or fat) may not be appropriate %',

One hypothesis is that the effects of physical activity and body weight on cancer risk
might operate through alterations in the metabolism of endogenous hormones (sex
steroids, insulin, and insulin-like growth factor-I) 2" >, Another mechanism suggests
that the protective effect of physical activity against cancer might be mediated by

changes in body immune system capacity 2.

2.6.1. Physical Activity and Cancer Risk
The evidence based on the findings of many case-control and cohort studies of men and
women suggests that both leisure-time and occupational physical activity protect against
overall cancer risk . Epidemiologic findings regarding the protective effects of regular
physical activity are relatively consistent for colon, postmenopausal breast, endometrial,
prostate, and esophageal (adenccarcinoma) cancers 2%, For example, an average risk
reduction for colon cancer ranged from 40 to 50% when the highest and lowest levels of
physical activity were compared. Most studies of colon and breast cancer have found that
these protective effects could be achieved either through increased intensity, duration or
frequency of physical activity. The majority of the studies focusing on breast cancer
demonstrated 20 — 40% risk reduction in the most physically active women relative to

those with non-active or sedentary life-styles **%.
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2.6.2. Body Weight (Body Mass Index) and Cancer Risk
Based on the detailed review conducted by the IARC group, there was sufficient evidence
to suggest that excess body weight was associated with an increased risk of cancers of the
colon, breast in postmenopausal women, endometrium, kidney (renal cell tumours), and

adenocarcinomas of the esophagus .

Amongst women with a BMI above 25 kg/m’, an excess body weight has been found to
be associated with two- or three-fold increased risk for endometrial cancer. In most
epidemiologic studies (case-control and cohort) of body weight and colon cancer (men
and womeny), the relative risk for those in the highest versus the lowest quartiles/tertiles
of BMI, has been shown to range from 1.4 to 3.0 *"*°. The majority of the colon cancer
studies found that those with BMI > 30 kg/m* had about a double risk of those with BMI

<23 kg/m* %,

Besides demonstrating the harmful effect of an excess body weight, measured at one
point in time, adult weight gain over time has also been found to be an important

predictor for breast and colon cancers 273,

The results obtained from studies investigating body weight and cancer occurrence are
more convincing and consistent than those on physical activity. This could partially be
due to the well-known difficulties involved in measuring a multidimensional variable

such as physical activity 7
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2.6.3. The Role of Endogenous Hormones
The most important biologic mechanism hypothesized to link physical activity, body
weight, and risk of cancer, involves the modulation of endogenous hormones. Although
the exact pathway between physical activity, body weight and cancer risk is not known, it
has been postulated and shown that physical inactivity and excess body weight may lead
to insulin resistance and increased secretion/circulation of such endogenous hormones as
plasma insulin, sex hormones (estrogens and androgens), and insulin-like growth factor
(IGF-I) 7131 The excess of insulin in blood is related to the decreased levels of insulin-
like growth factor-binding proteins (IGFBPs) and sex-hormone binding globulin
(SHBG). The decreased levels of insulin-like growth factor-binding proteins and sex-
hormone binding globulin lead to the increased levels of insulin-like growth factor and
free sex hormones. The chronic exposure to high levels of insulin-like growth factor and

sex hormones is implicated in enhancing carcinogenesis *'~5 7273,

2.6.4. The Role of Immune System Capacity
Another proposed mechanism suggests that the effects of physical activity on risk of
cancer may operate through immune function. The immune system has a capacity of
detecting and eliminating neoplastic cells 2. It has been postulated that physical activity
increases the numbers and activities of circulating natural killer cells such as
Iymphocytes, granulocytes, monocytes, and macrophages, which in turn may inhibit the
carcinogenic process 2 The magnitude and direction of physical activity-related immune
response in relation to cancer is not clear but it is thought to depend on exercise type,

intensity, and duration *’. The role of natural killer cells in tumour immunity has been
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demonstrated in animal studies indicating that exercise-induced enhancement of innate
immunity may have a protective role >, Further research is warranted to elucidate the
potential role of physical activity-induced enhancement of immune function in relation to

the reduction of cancer risk.

2.7. Endogenous Hormeones in Relation to Bladder Cancer
Results of many studies indicate the involvement of endogenous hormonal factors in the
carcinogenesis of bladder cancer *?*. For example, unexplained male excess risk for
human bladder cancer might be due to the sex-based differences in the exposure to
endogenous sex hormones *'°. Other retrospective studies on humans have shown that
sex hormones or their proxies (reproductive factors) could modify bladder cancer risk '
12:19:21 por example, Cantor et al., observed a decreased risk of bladder cancer in women
with one or more live births relative to nulliparous women (OR = 0.51, 95% CI: 0.30,
0.88) '°. One study found that women with bladder cancer had lower levels of
progesterone and a shorter reproductive period than controls 1 Another case-control
study in Italy found that women who had ever used hormone-replacement therapy had an
increased risk of bladder cancer relative to those who had never used it (OR =3.29, 95%
CL: 1.49, 7.25) **. A study in Finland looked at the expression of androgen receptor
protein as a possible marker of androgen action in the cystectomy specimens of human
bladder cancer. About 70% (6 out of 9) of the cases had expressed androgen receptor.
Based on the high frequency of androgen receptor expression, the authors of this study
suggested a possible role for androgens in the bladder carcinogenesis '*. Zhao et al., in a

nested case-control study, showed that higher levels of insulin-like growth factor were
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related to an increased risk of bladder cancer (highest exposure quartile vs. lowest OR =
3.10, 95% CI: 1.43, 6.70) **. Three studies investigated the effects of reproductive factors
on cancer mortality 7%, One of them demonstrated a statistically significant finding
indicating that women with at least one live birth, relative to those without any live birth,
experienced a lower rate of mortality from bladder cancer: SMR-s across the groups
defined by the number of live births 0, 1, 2, 3, and 4 were 2.25, 1.17, 0.59, 0.86, and 0.47,
respectively (Test for trend, Chi-square = 4.8) 7 One should be cautious when
interpreting results from mortality studies, since mortality reflects not only the incidence

(or risk) of bladder cancer but also survival.

Apart from the studies investigating hormonal factors and the incidence of human bladder
cancer, a number of animal studies have shown an effect of endogenous hormones on
bladder cancer incidence ' "%, For example, two studies have demonstrated that rats
treated with endogenous sex hormones such as testosterone or estradiol experienced
higher bladder cancer incidence than control series of rats 1620 Moreover, castrated male
rats experienced a lower incidence of bladder tumours compared to control male rats
{(approximating the incidence found in female rats). Female rats treated with testosterone
had higher tumour incidence than those in control groups. In their study, Reid et al.l
observed accelerated growth of a transitional cell tumour of the bladder when treated
with androgens. Although estrogens suppressed the growth of transitional cell tumour,

they appeared to promote the formation of neoplastic squamous cells with a propensity

- B 14
for greater mvasion = .
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In summary, the accumulated evidence of animal and human studies suggests that
endogenous hormones may be involved in the carcinogenesis of urinary bladder. The

majority of studies have shown that male sex hormones androgens (testosterone,

- . . 2 ~-15: e
dehydroepiandrosterone) enhance the carcinogenesis of bladder cancer 121415, 2021

Zhuang et al. and Imaoka et al., based on their findings hypothesized that androgens may

in part explain the excess risk in men compared to women 1215 There is very little

14; 16

evidence regarding the effects of endogenous estrogens and female reproductive

10; 74-76

factors (as proxies of estrogens) on bladder cancer risk. The results of these

10; 74-76

studies are not consistent. Out of the four human studies , two demonstrated a

harmful effect of nulliparity used as a proxy of increased estrogen exposure during

416 one found that the administration of

reproductive period '% ™. In two animal studies
estrogens (estradiol) was related to the increased incidence of bladder cancer ' Inthe

other study the estrogens were shown to promote the growth of squamous cell

carcinomas but not transitional cell tumours of bladder 1*.

Based on the reviewed evidence, it seems that androgens are more potent carcinogens of
urinary bladder than estrogens, and this difference may be in part responsible for higher
incidence of bladder cancer in men than in women. Moreover, exposure to different
levels of androgens may be an explanatory factor of within sex differences in bladder
cancer risk (in men) ' '% > ?! The carcinogenic role of estrogens in the development of
female bladder cancer should not be excluded (i.e. women with reduced exposure to

estrogen may have lower risk of bladder cancer) '% %257,
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2.8. Physical Activity, Body Weight, and Risk of Bladder Cancer
An extensive literature search identified and retrieved 11 epidemiologic studies that
investigated the associations of physical activity and/or body weight in relation to risk of

bladder cancer 2% 374E77179,

Six studies (two case-control and four cohort) examined the link between physical
activity and risk of bladder cancer >>*%*® " The two case-control studies investigated the
relationship between occupational physical activity and risk of various cancers in males
47 Both studies used hospital-based controls diagnosed with cancer or other non-
cancerous conditions. Subjects in both studies were categorized with respect to their
physical activity levels based on occupational job codes. The results from both studies,
based on the age- and smoking-adjusted ORs, indicated that levels of occupational
physical activity were not associated with risk of bladder cancer in men. Specifically,
men with low (or moderate) occupational physical activity levels had about the same risk
of bladder cancer as those with high levels of occupational activity (OR = 1.0; 95% CI:
0.6, 1.5 and OR = 1.1; 95% CI: 0.8, 1.5). The number of bladder cancer cases analyzed in
these studies ranged from 267 to 1,080.

35-38

Of the four cohort studies , three found no association between levels of recreational

physical activity and bladder cancer risk *>>%*®, In two studies ¢

, men in physically
active groups had similar risks for bladder cancer to those in non-active groups (age-
adjusted RR = 0.72, P-value = 0.30 and age-, BMI-, smoking-adjusted RR = 1.05, 95%

CI: 0.60, 1.84). The number of cases in these studies ranged from 58 to 70 3538, Similarly,
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in a follow-up study of postmenopausal women, Tripathi et al., found no evidence for an
association between leisure-time physical activity and risk of female bladder cancer. This
study was based on 112 newly diagnosed bladder cancer cases. The age-adjusted RR for
bladder cancer amongst women in ‘high’ activity group relative to ‘low’ activity group
was 0.73 (95% CI: 0.46, 1.17) 3% In contrast, one cohort study found that the level of
physical activity was associated with risk of male bladder cancer *’. Wannamethee et al.,
based on 92 incident cases of bladder cancer, observed a statistically significantly
increased risk of bladder cancer in men who engaged in vigorous physical activity as
compared to those who were physically inactive (age-, smoking-, BMI-, alcohol intake-
adjusted RR =2.06, 95% CI: 1.08, 3.97). The authors also demonstrated a marginally
statistically significant dose-response relationship between the levels of physical activity
and bladder cancer risk (test for trend=0.04) *’.

Two Scandinavian ccohort studies 578

employed a method of indirect standardization to
compare the cancer experience in cohorts (men and women) of subjects discharged from
hospitals with a diagnosis of obesity to that in the general population. In both studies age-
standardized incidence ratios (SIRs) and 95% ClIs were computed. The results are
conflicting 178 Moller et al., who ascertained 64 male and 35 female bladder cancer
cases, found an obesity-related excess risk for bladder cancer in men (SIR = 1.3, 95% CL
1.0, 1.6), but not in women (SIR = 1.1, 95% CI: 0.7, 1.5) % In contrast, Wolk et al.,
based on 32 male and 35 female bladder cancer cases, demonstrated that the study cohort

of male subjects (men with discharge diagnosis of obesity; BMI > 30.0 kg/m°%)

experienced similar bladder cancer incidence as the general population of men (SIR =
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1.1, 95% CI: 0.8, 1.6). As for women, the study cohort (women with discharge diagnosis
of obesity; BMI > 28.6 kg/m”), experienced an elevated bladder cancer incidence relative

to the general population of women (SIR = 1.4, 95% CI: 1.0, 1.9) i

Three case-control studies have also been done *%°% "7 Whittemore et al. investigated the
association between weight and bladder cancer risk in former college men. Each of the
106 bladder cancer cases was matched to four randomly chosen classmates (controls)
born in the same year and known to be free of bladder cancer at the time of the case’s
diagnosis. The authors found that a gain of 10 pounds in body weight corresponded, on
average, to a 10% increase in bladder cancer risk (age-, college, and class year-adjusted
RR =1.1, 95% CI: 1.0, 1.3). However, the study results did not support the association
between BMI and bladder cancer risk *°. Two hospital-based exploratory case-control
studies of bladder cancer examined the association between BMI and risk of bladder
cancer in women > "', Based on the analysis of 110 bladder cancer cases and 298
controls, Pelucchi et al., did not find an association between BMI and bladder cancer risk.
The adjusted (for age, study center, and cigarette smoking) estimate of OR for women in
the highest BMI tertile (BMI > 27.25) versus the lowest tertile (BMI < 23.75) was 0.61
(95% CI: 0.33, 1.14) 22 Kabat et al. 77 in a matched case-control study investigated
various characteristics in relation to bladder cancer risk amongst non-smoking men and
women. Seventy-six male and 76 female cases of bladder cancer were matched to 238
male and 254 female controls, respectively. The matching variables were sex, age (within

5 years), race, hospital, and year of interview. The authors did not find any association
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between body mass index and bladder cancer risk (ORs and 95% Cls were not reported)

77

In summary, for both men and women, the results from studies reporting relationships
between body weight and bladder cancer risk, are not consistent 25> *5 7778 Ag for the
studies reporting the associations between levels of physical activity and risk of bladder
cancer in men, four out of five found no association *>>%*% ", There was only one study
that investigated the association between physical activity and bladder cancer in women,
results of which indicated that physical activity was not associated with risk of bladder

cancer 38.

An epidemiologic study exploring simultaneously physical activity, relative body weight,
and risk of bladder cancer, as main exposure and outcome variables, has not been

previously reported 2,

2.9. Methodological Limitations of Previous Studies
The approaches used by the above-mentioned studies for the specific investigation of the
association between physical activity, body weight, and risk of bladder cancer were
methodologically deficient or inadequately rigorous. Many of the studies had limitations
in the adequate measurement of physical activity. A common problem was that the
physical activity indices were too crude to appropriately classify the subjects with respect
to their daily activities. For example, two studies did not have direct measurements of

physical activity levels, but instead they used occupational codes as proxies to the
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subjects’ activity levels. Both studies used relatively crude categories (low or sedentary,
moderate, and high or active) of physical activity levels ** . Two cohort studies used
physical activity indices that did not include one important component - duration of each
performed activity 3738 One cohort study simply dichotomized the study subjects based
on whether or not they had been engaged in sports as college students (cut-point 5 hours

per week) -

Another methodological limitation common to these studies was inadequate control for
confounding of the relationship of interest. For example, the studies which did not focus
exclusively on bladder cancer as the outcome were not able to adjust the associations of
interest for occupation - an important risk factor of bladder cancer *>7 #5787 gince
the two Scandinavian cohort studies calculated SIRs, their ability to control for
confounding was limited to age and sex only *H78 Only three studies controlled for
smoking adequately by considering smoking duration, number of cigarettes smoked per
day (in packs), and smoking status (never, former or current) 223839 One study, in order
to adjust for smoking, used the number of cigarettes smoked per day only for current
smokers but not for former smokers *’. Another study adjusted for smoking through crude
dichotomization of smoking status (never vs. ever) **. In only three of the 11 studies were

physical activity and body weight adjusted for each other 3638,

Selection bias may have been present in the case-control studies that used patients with
certain types of cancer (or other conditions) as controls (hospital-based) 47 The

direction of the resultant bias could be towards the dilution of the effect estimates.
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Sample-size limitation is also a problem. The majority of studies based their analyses and
conclusions on very small numbers of bladder cancer cases. For example, the sample size
of six studies ranged from 32 to 106 male cases "% The conclusions on women
were also based on small numbers of bladder cancer cases, ranging from 35 to 112 247%

178 Small numbers are known to result in unstable effect estimates and low study power

42
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3.

Research Objectives

Physical activity and/or body weight may exert their effects on bladder cancer risk
through hormonal (serum insulin, androgens, estrogens, and insulin-like growth factors),
immune or yet other unknown causal pathways. Based on the well-known differences in
hormonal milieu between men and women, it is plausible that the effects of physical
activity and body weight on bladder cancer risk are mediated differently in men and
women. Moreover, given the findings of several studies between female hormonal factors
{endogenous or exogenous) and bladder cancer risk, one may hypothesize that female
reproductive factors, taken as surrogate measures of exposure to endogenous estrogens,
are independently (of physical activity and body fat mass) related to bladder cancer risk

in women.

3.1. The Study Hypotheses
The underlying hypothesis of this study is that physical activity and/or body weight are
related to risk of bladder cancer. The effects of physical activity and/or relative body
weight differ in men and women. There is a relationship between female reproductive

factor(s) and risk of bladder cancer.

3.2. The Study Objectives
1. To explore the effects of recreational physical activity and relative body weight (body
mass index) in relation to risk of bladder cancer in men and women
2. To determine whether sex is an effect modifier of the effects of recreational physical

activity and relative body weight (body mass index) on risk of bladder cancer



3. To examine relationships between female reproductive factors (taken as surrogate

measures of endogenous estrogens) and risk of bladder cancer

42
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4. The National Enhanced Cancer Surveillance System: ]

4.1 Overview
This thesis is based on case-control data obtained from the National Enhanced Cancer
Surveillance System (NECSS) database. The NECSS is a collaborative effort between
Health Canada and the Provincial Cancer Registries. This initiative was funded through
the Action Plan on Health and the Environment, Health Canada’s part of the Federal
Government’s Green Plan. The NECSS was developed between 1993 and 1998 to

systematically investigate cancer-environment and cancer-lifestyle risk issues in Canada

80

One of the major components of the NECSS was a case-control surveillance system
whose main purpose was the systematic collection of risk factor information from a
national population-based sample of newly diagnosed cancer cases and population
controls. The objective of this surveillance was to assess the impact of environmental
factors on cancer occurrence. The case-control methodology helped to minimize or avoid
many limitations that arise in ecological studies. For example, in ecologic studies there
are many unmeasured confounding factors that are responsible for the observed patterns
on a group level. The ecological fallacy makes it difficult to extrapolate the inferences

from the group level fo the individual level 80,

The case-control component of the NECSS consists of 20,755 subjects diagnosed with
cancer (18 primary sites) in Canada between 1994 and 1997, and 5,039 population

controls, randomly selected within the same period. The cases and controls were selected
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from the following eight Canadian Provinces: British Columbia, Alberta, Saskatchewan,
Manitoba, Nova Scotia, Newfoundland, Ontario, and Pﬁnce Edward Island. Information
on risk factors from cases and controls was collected using the same protocol. Current
military personnel (and their families) and indigenous peoples were excluded from the

selection process .

4.2. Questionnaire Used for the Collection of Risk Factor Information
A mailed questionnaire (see Appendix A), developed by the former Laboratory Centre
for Disease Control (LCDC) and the Provincial Cancer Registries, was used to collect
detailed risk factor information from the cases and controls. This information included
socio-demographic characteristics (sex, race/ethnicity, age at interview, education,
income, and marital status), life-time residential history (up to 1997), occupational
history, anthropometric measures (height and weight), lifestyle (recreational physical
activity, smoking history, and alcohol consumption), dietary habits (meat, vegetable,
vitamin/mineral supplements, and coffee consumption), and reproductive history (age at

menarche, menopausal status, age at menopause, age at first pregnancy, and parity) 80,

4.3. Case Recruitment
Between 1994 and 1997, the Provincial Cancer Registries identified subjects diagnosed
with 18 primary cite-specific cancers (prostate, breast, colon, leukemia, bladder, kidney,
rectum, non-Hodgkin’s lymphoma, liver, testis, pancreas, lung, brain, stomach,
bone/cartilage, salivary, multiple myeloma, and mescthelioma) through

medical/pathology records, and obtained physician consent to contact them. The



diagnosis of cancer was based on the International Classification of Diseases for
Oncology-M 81 After getting physician consent, the questionnaire (see Appendix A) was
mailed to the cancer cases (within one to four months of the case’s diagnosis). Non-

responders were followed-up by telephone.

4.4. Control Recruitment
The Provincial Cancer Registries were also responsible for the recruitment of controls.
Controls were selected throughout the 1996 calendar year. A quota of controls to be
sampled by age and sex strata was determined for each Province. The methodology of
control sampling differed across the Provinces. Specifically, Provincial health insurance
registration databases were used in British Columbia, Saskatchewan, Manitoba, Prince
Edward Island, and Nova Scotia. Random digit dialling was used in Alberta and
Newfoundland. Controls in Ontario were sampled using the Ontario Ministry of Finance
Property Assessment Database. In each Province controls were selected by using
stratified sampling method so that the age and sex distribution of the entire control series
would be similar to that of the entire case series (frequency matching on age and sex).
The controls from younger population were over-sampled in order to study types of
cancer occurring at younger age. The associations between risk factors and cancer risk
would be explored using the same group of controls for different cites of cancer. The

same risk factor questionnaire (see Appendix A) was sent to all the identified controls 8,
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S. 1

ethods

The analysis of this thesis was based on a sub-set of the National Enhanced Cancer
Surveillance System (NECSS) dataset, which is maintained by Cancer Division of Health
Canada. The study sample consisted of the subjects diagnosed with bladder cancer and
the entire control group selected from seven Provinces (Newfoundland, Prince Edward
Island, Nova-Scotia, Manitoba, Saskatchewan, Alberta, and British Columbia). The
Provinces of Quebec and New Brunswick did not participate in the NECSS study. The
Province of Ontario did not participate in the bladder cancer component of the NECSS
because the Provincial Cancer Registry of Ontario was actively involved in another case-

control study of bladder cancer.

5.1. Inclusion Criteria
All cases and controls aged 20 years or older at the time of interview were eligible for the
inclusion in this study. The study subjects had to be residents in one of seven Canadian
Provinces (Newfoundland, Prince Edward Island, Nova-Scotia, Manitoba, Saskatchewan,

Alberta, and British Columbia) during the study period, between 1994 and 1997.

The cases had to be diagnosed with bladder cancer as a primary site between January of
1994 and December of 1997, based on the reported topography (C67.0 — C67.9) and
histology (transitional cell carcinoma, squamous cell carcinoma, and/or adenocarcinoma),
as defined by the International Classification of Diseases for Oncology-M 1 The
controls met the study eligibility criteria if they were free of any type of cancer at their

enrolment and had returned a completed questionnaire between 1994 and 1997.
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§.2. The Study Sample
The male study sample included 670 bladder cancer cases and 1,642 controls. The female

study sample consisted of 359 bladder cancer cases and 1,465 controls.

The overall response rates for male and female bladdef cancer cases were 62.0% and
62.4%, respectively. Amongst male and female controls, the corresponding response rates
were 64.0% and 70.0%, respectively. Figures 1-4 show sex-specific flow charts
depicting the process of recruitment for the cases of bladder cancer and controls

separately.

5.3. Power Calculation
The study power was calculated for the samples of men and women separately, using the
formula provided by Kelsey *. This calculation was based on the comparison of risks
between the reference and the highest exposure quartiles of the main exposure variables
(recreational physical activity and/or body mass index). Recreational physical activity
and body mass index were categorized into quartiles according to their distribution in the
controls. Since the comparison was based on the two lowest and highest quartiles, the
approximate prevalence of the exposure amongst controls was 0.5 (50%). The number of
cases used in the calculation of power was assumed to be about half the total sample of
cases, because under the assumption of reasonable OR patterns, the lowest and highest
quartiles combined would contain roughly 50% of the total number of cases. Both
directions of association (protective effect: OR < 1 and harmful effect: OR > 1) between

the main exposure variable and bladder cancer risk were considered. The estimates of
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power (expressed in percentages) for the detection of different pre-specified magnitudes
of odds ratio (relative risk) are presented in Table 1. For example, in the sample of men,
the study would have an adequate power (say at least 80%) of detecting the OR

(parameter) of 0.70 or more extreme (or OR of 1.48 or more extreme) if the association

of this magnitude (strength) existed in the source population.

Table 1 Power associated with various pre-specified odds ratios/relative risks for the
controls’ exposure prevalence of 0.5 and the fwo-sided statistical significance level ¢ =

0.05, NECSS study, Canada, 1994-97

OR/RR* Power (%)
The sample of men The sample of women
360 cases and 800 controls 180 cases and 740 controls

0.60 98.1 87.9
0.70 80.0 60.0
0.75 61.4 40.0
0.80 46.0 30.5
0.85 23.6 16.0
1.20 23.6 16.0
1.30 46.4 30.5
1.40 70.0 48.4
1.50 87.3 67.0
1.80 99.2 92.1

* Odds ratio or relative risk



Figure 1 Recruitment of Bladder Cancer Cases (Males)
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Figure 2 Recruitment of Bladder Cancer Cases (Females)
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Figure 3 Recruitment of Controls (Males)
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Figure 4 Recruitment of Controls (Females)
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5.4. Main Exposure Variables

5.4.1. Physical Activity
The completed questionnaire included a separate physical activity section. This section
asked a respondent (cases and controls) to provide information on 12 types of
recreational activities which had been selected to cover the main types of physical
activity in which people engage (walking, jogging/running, gardening/yard work, home
exercise, golf, tennis/squash, bowling/curling, swimming/water exercises, skiing/skating,
bicycling, social dancing, and other strenuous exercise) (see Appendix A). Specifically,
this information was comprised of three components (seasons participated, session
frequency, and session duration). Subjects provided this information for each of the 12
types of recreational physical activity. The collected information was cross-sectional and
pertained to a point in time approximately two years before a case’s diagnosis (or the

completion of the questionnaire) or a control’s completion of the questionnaire.

The seasonal component of the physical activity questionnaire categorized the study
subjects with respect to the number of seasons per year during which they participated in
each of the 12 tjpes of activities. This produced a seasonal score which ranged from 0 to
4 (for all 12 types of activities). For example, if a subject was engaged in a certain type of
activity (say jogging) only during spring and summer, his or her seasonal score for this
particular activity would be 2 per year. In contrast, if this (or any other) subject was not
engaged in a specific activity (say swimming) during any of the four seasons, his or her

seasonal score for this specific activity would be 0 per year.
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Categories for the frequency of each performed session of activity were the following: <1
per month, 1 to 3 per month, 1 to 2 per week, 3 to 6 per week, and every day. Since the
first four categories of frequency represented ranges of values rather than discrete
numbers and the units were measured in “per week” or “per month,” the corresponding
categorical designations were converted to a standard number of times per month by
using the mid-point of the range (e.g. <1 per month = 0.5, 1 to 3 per month =2, 1 to 2 per

week = 6.5, 3 to 6 per week = 19.4, and every day = 30).

The categories for the duration of each session were: <15 minutes per session, 15 to 30
minutes per session, 31 to 60 minutes per session, and >60 minutes per session. The
categorical designations for the duration of each session were standardized to the number
of minutes per session by using the mid-point of the range (e.g. <15 minutes per session
=10, 15 to 30 minutes per session = 22.5, 31 to 60 minutes per session =45.5, and >60

minutes per session = 75).

5.4.2. Body Weight and Height
The questionnaire collected information on self-reported weight (in kilograms) and height
(in meters). The reported weight was an estimate (done by a respondent) of a subject’s

weight two years prior to the diagnosis or the completion of the questionnaire.

5.5. Selection of Covariates
The selection of covariates o be analyzed in this study was guided by the knowledge of

their relative importance as risk factors for bladder cancer. This knowledge was based on
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the strength of epidemiologic evidence found in the previous literature. The selection
process also depended on the availability of covariate data. Certain variables (marital

status and income adequacy class) were selected purely for descriptive purposes.

The selected variables (except for physical activity, weight, height, and BMTI) for the
analysis of this thesis were:
1. Sex (female and male)
2. Age at the mterview (years)
3. Province of residence
4. Education (years)
5. Income Adequacy Class (low income, low middle income, upper middle income, and
high income)
6. Marital status (married, single, widowed, common law, divorced/separated, and other)
7. Occupation (type of industry/business/service, job title, job duties, job start year, job
end year, and Canadian Occupational Standard Codes By
8. Cigarette Smoking:

a) Number of years smoked

b) Average number of cigarettes smoked per day

¢) Smoking status (2 years before the time of interview): never, former, and
current
9. Coffee consumption (number of cups per day: never, <1, 1, 2-3, and = 4)
10. Alcohol consumption (number of servings per week)

11. Number of times dieted during adult life (never, 1-2, 3-5, 6-8, 9-11, and 212)
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12. Female reproductive factors:
a} Number of live births
b) Menopausal status at the time of interview (Yes/No)
c) Breast feeding (Never/Ever)
d) Age at first menstruation (years)
¢) Age at last menstruation (years)

f) Age at first pregnancy (duration = 5 months) (years)

5.6. Data Cleaning and Missing Values

5.6.1. Physical activity
Some subjects had missing values (blank space in the questionnaire was coded as
missing) either for the frequency or duration of an activity session given that they had
reported to perform the activity (seasonal score ranged from1 to 4). Instead of excluding
the observations with missing values for session frequency and duration, an assumption
was made that these activities were not regular/frequent or long enough for a subject to
remember and indicate their duration and frequency. Based on the above-mentioned
assumption, the missing values for session frequency and duration were substituted by
imputing the minimum scores of 0.5 (<1 per month) and 10 (<15 minutes per session),
respectively. The number and percentage of observations with missing values for session
frequency and duration before the imputation was carried out are presented in the Results
section (Table 3). A small proportion of subjects had reported either session frequency or
duration for certain types of activities (e.g. walking, bowling/curling, social dancing, and

etc...), while their seasonal scores for these activities were set to zero. Usually it is easier
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for a subject to report or remember season rather than session duration or frequency of
the performed activity. Given this pattern of discrepancy, it was not clear whether the
subject had performed the activity or not (see column ‘unknown’ in Table 3). Therefore,
the type-specific (and consequently total) amounts of activity for these subjects were

declared as missing.

5.6.2. Occupation
This thesis used the Canadian Occupational Standard Codes % to dichotornize the study
subjects into exposed (ever held at least one of the well-established ‘high risk’
occupations for bladder cancer) and non-exposed (never held any of the well-established
‘high risk” occupations) groups. Based on the epidemiologic evidence, the following
occupations were considered as ‘high risk’: driver (truck, bus, and etc...), hairdresser,
painter, dry cleaner, shoemaker, machinist, carpenter, construction worker, petroleum

worker, farmer, and tailor.

The occupational histories were thoroughly examined. These analyses revealed that some
subjects (both males and females) had missing (dots or blanks) occupational codes. The
patterns of the missing codes were explored in detail to ascertain the reasons for the
missing data. For example, a subject could have a missing occupational code for a
number of reasons; he or she may have been simply unemployed or retired during the
specific period of time for which the occupational code was not assigned and was coded

as missing. Another reason could be that even though the subject had worked, his or her



job was not or could not be coded (truly missing}, even though some occupational

information (job title, job type, job duties, and etc...) for the un-coded job was available.

Taking into consideration the patterns of missing occupational codes, the study subjects
initially were grouped according to whether they had ever been employed or not. Within
these two groups, several categories were formed based on the pattern of missing
(completely or partially) data. Those who had never been employed, had no occupational
data, and therefore were assumed to be non-exposed falling into ‘non-hazardous’
occupational group. The subjects who had ever been employed and missing at least one
occupational code, but having some occupational information (job title, job type, job
duties, and industry) for the missing code(s), were manually reviewed, their exposure
status was ascertained, and assigned by the thesis supervisors and the student
independently (females: 28 cases and 48 controls; males: 60 cases and 95 controls). The
final exposure status for each subject was reached by consensus. The decision whether
the subject was exposed or non-exposed was based on the same principle of the
dichotomy of the occupational groups outlined above (if at least 1 occupation ‘hazardous’
= exposed, otherwise = non-exposed). There was a very small proportion of ever
employed study subjects with completely missing occupational data (occupational codes,
job titles, job types, job duties, industry, and etc...). These subjects could not be
classified (‘hazardous’ vs. ‘non-hazardous) and their exposure status was declared as

missing.
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5.6.3. Other Variables
Distributions of variables were examined for the detection of implausible (errors or
outliers) and missing values. In order to maintain maximum information for descriptive
analysis, implausible values were declared as missing, instead of deleting entire
observations. Implausible values for height, weight, BMI, reproductive and other
variables were explored and sorted out (Table 4). Negative or extremely small values for
age (0 year) and height (0 — 1 meter) were treated as missing. BMI values greater than 50
kg/m®, age at first pregnancy (4 years), and age at last menstruation (3 — 11 or 60 — 77
years) were also declared as missing. A few subjects had missing values for smoking
status; the examination of values across other smoking variables for these subjects
revealed that they were smokers who quit smoking within two years of the interview
date. Since the interest of this study was a smoking status two years before the date of
interview, the missing values in this variable for these subjects were re-coded/classified
as ‘current smoker’. Several women had missing values for pregnancy (ever vs. never),
and these values were ascertained by scanning other reproductive variables (i.e. number
of live births) for these women. Plausibility of some extremely large numbers of live

births for some women was examined by looking at their age at interview.

5.7. Derivation of Total Physical Activity Score and Body Mass Index
Calculation
5.7.1. Total Physical Activity Score

Each subject was assigned a total physical activity score (in MET-hours per month) - 2

sum of the activity levels for each of the 12 activities listed in the questionnaire. Initially,
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for each activity, the standardized values of session durétion and frequency, and the
seasonal score for that specific activity, were multiplied together. Next, this product was
multiplied by the metabolic equivalency threshold value (MET) to account for intensity
of the activity *. The MET value is defined as the ratio of metabolic rate for the specific
activity to the resting metabolic rate. One MET is the average seated resting energy cost
for an adult and it equals 3.5 ml/kg per minute of oxygen ** 69:8485 Table 2 displays
MET values for the 12 types of activities included in the NECSS study questionnaire.
The measurement unit (MET-minutes per year) of the obtained product was then
converted to MET-hours per year by dividing this product by 60. And finally, the total
score, summarizing the amount of recreational physical activity for all 12 types of
activities (measured in MET-hours per month), was obtained by summing the products
from all 12 types of activities and dividing this sum by 12 (to convert MET-hours per
year to MET-hours per month). Formulae 1.1 and 1.2 show the derivation of the type-

specific and the total physical activity scores, respectively:

Ajl: 3x (SJ.1 X DJ.1 X Fjl X Mj)/60 (1.1
i=11,2,....., 12} Type of activity
I={1,2....... , n} Subject

lth

Ajl — Amount of activity in MET-hours per year for j™ type of activity and 1™ subject

3 — Number of months in season

Sj.1 - Number of seasons per year for ™ type of activity and 1™ subject

DJ.1 — Duration in minutes per session for jth type of activity and 1™ subject (range mid-
point)

Eth

F}.l - Frequency in times per month for j ™ tvpe of activity and I™ subject (range mid-point)

M, - MET value for j " tvpe of activity
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12

T,= 2 (A)/12 (1.2)

=t

T, - Total score of recreational physical activity in MET-hours per month for 1 subject

Table 2 The 12 types of recreational physical activity and corresponding MET values’,

NECSS study, Canada, 1994-97

Type of Activity MET value
1. Walking 4.0
2. Bowling/curling 3.0
3. Social Dancing 4.5
4, Jogging/rumming 7.0
5. Gardening/yard work 5.0
6. Home exercise 4.5
7. Golf 4.5
8. Swimming/water exercises 6.0
9. Bicycling 6.0
10. Other strenuous exercise 6.5
11. Tennis/squash 7.0
12. Skiing/skating 7.0

" MET: the ratio of metabolic rate for the specific activity to the resting metabolic rate
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A factor 1/12 converts MET-hours per year into MET-hours per month. The total
physical activity score (formula 1.2) was used in all subsequent analyses. Specifically,
the total score was used to compare the cases and controls with respect to the performed

amount of recreational physical activity.

5.7.2. Body Mass Index
Body mass index (measured in kg/m®), a measure of relative weight, was calculated by

dividing self-reported weight in kilograms by the square of self-reported height in meters.

5.8. Derived Covariates

Reproductive factors
The number of live births was used to create a variable for parity. A new reproductive
variable measuring the number of years of menstruation was created using the following
rules:
For post-menopausal women:
Years menstruated = Age at last menstruation — Age at first menstruation
For pre-menopausal women:

Years menstruated = Age at interview — Age at first menstruation

Based on the hypothesized mechanism, the number of years menstruated (i.e. the
reproductive period) could be more important variable than age at first menstruation or
age at last menstruation taken separately, since it reflects the duration of exposure to

endogenous hormones (estrogen).
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Cigarette smoking
Using the following algebraic operation, the number of pack-years of cigarette smoking
was calculated, which simultaneously accounts for the amount and the duration of
cigarette smoking:
Number of pack-years of cigarette smoking =

= (Number of years smoked) x (Average number of cigarettes smoked per day)/25

8.9, Scale Definition for the Selected Variables
Age

Depending on the purpose of analysis, age was used as either a continuous (in the
descriptive part) or categorical variable (in the descriptive and analytical parts). For
descriptive purpose, age was categorized in 10-year groups as follows: 20-29, 30-39, 40-
49, 50-59, 60-69, and 70 years or older. In the analytical part, the first two age strata (20-

29 and 30-39) were collapsed because of extremely small cell numbers.

Province
For descriptive as well as analytical purposes, Province was represented as a nominal

variable.

Total physical activity score
In the descriptive analysis, total physical activity score was used as a continuous variable
(in MET-hours per month). The rest of the analyses were based on sex-specific quartiles
of total physical activity score. The cut-points for these guartiles were based on the

score’s distribution amongst the study controls. Since men and women perform different
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amounts of physical activity, the cut-points and the corresponding quartiles differed

between the two groups.

Body mass index
The distribution of body mass index, as a continuous variable, was explored in the
descriptive analysis. The cut-points and quartiles of body mass index, used in the
analytical part, were determined according to the sex-specific distribution in the study
controls. A finer categorization (quintiles and deciles) of body mass index was used to
detect any steep increasing or decreasing patterns in risk of bladder cancer, especially for

those with BMI = 30 kg/m”.

Occupation
From the study subjects, the NECSS questionnaire collected lifetime employment history,
i.e., information on jobs or occupations (including seasonal and part-time work) held for
at least 1 year during one’s lifetime up to 1997 (most recent job). This information
included type of industry/business, main job title, and main job duties for each
occupation. The year of start and end for each job was also recorded. Each subject could
report a maximum of 12 job/occupational histories ordering them chronologically. Using
this information, the NECSS study coded each occupation according to the Canadian

Occupational Standard Codes *.

This thesis used the Canadian Occupational Standard Codes in order to dichotomize the
study subjects into hazardous/exposed and non-hazardous/non-exposed occupational

groups. For this purpose, using the evidence from epidemiologic literature, the list of



65

well-established “high risk’ cccupations for bladder cancer was created. The following
occupations were considered to be hazardous: driver (truck, bus, and etc...), hairdresser,
painter, dry cleaner, shoemaker, machinist, carpenter, construction worker, petroleum
worker, farmer, and tailor ®. Afterwards, all the occupational codes corresponding to the
above-mentioned occupations were searched and compiled by using the Manual of
Canadian Occupational Standard Codes ®. Based on their occupational codes, the study
subjects were then dichotomized into ‘hazardous’ and ‘non-hazardous’ occupational
groups. Specifically, those who reported to have ever held at least one of the ‘high-risk’
occupations for at least one year during their lifetime, were classified as exposed
(‘hazardous’ occupational group), otherwise as non-exposed (‘non-hazardous’

occupational group).

The temporal component (age at starting a hazardous job, hazardous job duration and its
chronological place with respect to etiologically relevant time window) of employment
history was not incorporated in the occupational variable, because its consideration was

beyond the scope of this thesis.

Cigarette smoking
This study used three distinct smoking variables:
1. Ever smoked 100 or more cigarettes (yes/no)
2. Smoking status 2 years before the time of interview (never, former, and current)

3. Pack-years of cigarette smoking
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Of the three smoking variables, the number of pack-years of cigaretie smoking was
chosen to be used in the logistic regression modeling. Since this variable considers not
only the amount of smoked cigarettes but also the number of years smoked, it captures
more information than one that considers only cross-sectional smoking status (never,

former, and current).

Pack-years of cigarette smoking was used both as continuous and categorical variable.
The formation of quartiles and cut-points for pack-years of cigarette smoking was based
on the sex-specific distribution amongst ever smoker controls. Thus, there were five
categories of pack-years: one category for never smokers and four categories or quartiles

for ever smokers.

Education
In the descriptive analysis, only continuously distributed variable for education was used
(in years). For the rest of the analyses education was categorized as follows: < 9, 10 - 12,

and > 12 years.

Coffee and alcohol consumption
The epidemiologic evidence has indicated that low levels of coffee consumption are not
associated with an elevated risk of bladder cancer (less than 1 cup per day vs. never) > °*
>> In the study sample, there were very few subjects (about 10-15 %) who had consumed

less than 1 cup per day. Given the above-mentioned, the two categories of coffee

consumption ‘never’ and ‘less than 1 cup per day’ were combined to form a reference
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category (‘never or less than 1 cup per day’). The risks of bladder cancer associated with
upper three categories of coffee consumption (1, 2-3, and = 4 cups per day), relative to
the reference category (never drinkers), were similar. Therefore, these categories were
combined to form a single category ‘1 cup per day or more’. Thus, coffee consumption
was dichotomized as ‘never or less than 1 cup per day’ (reference category) versus ‘1 cup

per day or more’.

Alcohol consumption was measured in the number of servings per week. It combined the

consumption of beer, wine, and liquor. This variable was categorized according to its sex-
specific distribution in the controls. Alcohol consumption was grouped in five categories.
The first category included those who never consumed alcohol and the femaining four

categories represented quartiles among ‘ever drinkers’.

Female reproductive factors
Menopausal status, a dichotomous variable, categorized women as post- and pre-
menopausal. Women were classified as postmenopausal if they had stopped menstruating
for over a year by the time of interview. Although this variable was used for descriptive
purposes, it was not modeled because of strong confounding of age. The examination of 2
by 2 tables (cross-classification of menopausal status by case-control status) stratified
across the age groups revealed that none of the cases in the youngest group was post-
menopausal and none of the cases and controls in the two oldest groups was bre—

menopausal. These non-overlapping distributions of age and menopausal status would



68

not allow the separation of the effects of age and post-menopausal vs. pre-menopausal

status on risk of bladder cancer.

The number of live births was grouped into four categories: 0, 1 —2,3 —4, and > 5.
Parity was used as a dichotomous variable (nulliparous vs. parous). Age at first
menstruation, age at last menstruation, and age at first pregnancy (duration = 5 months)
were dichotomized at 13, 45, and 23 years, respectively (the medians of these
distributions in the female controls). The number of years menstruated was dichotomized
at 33 years (based on a LOESS smoothed curve of log of odds vs. number of years

menstruated).

Income adequacy class

This categorical variable, due to large proportions of missing values for both men (22%)
and women (27%), was used only for descriptive purposes. The income adequacy class
considered not only the annual household income (in Canadian currency) but also the

household size. There were four categories of income adequacy class:

$10,000 — 19,999
Low income class
$20,000 — 29,000 and household size = 4

$20,000 — 29,000 and 0< household size < 4
Low middie income class
$30,000 — 49,999 and household size > 4
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$30,000 — 49,999 and 0< household size <4
Upper middle income class
$50,000 — 99,999 and household size = 4

$50,000 — 99,999 and 0< houschold size <4
High income class
> $100,000

Number of times dieted during adult life
This variable was used only for descriptive purposes and it was grouped into the

following 6 categories: never, 1 —=2,3-5,6-8,9-11, and = 12.

5.10. Data Analysis
Given the distinct hormonal milieu in men and women, hormonal mediation of the effects
of physical activity and body fat mass (relative body weight) on bladder cancer risk may

differ across the two groups.

Female reproductive factor(s), as surrogate measure(s) of exposure to endogenous
estrogens, may be related to risk of female bladder cancer independently of physical

activity and/or relative body weight.

All analyses were performed separately for men and women.

5,10.1. Descriptive Statistics

The descriptive analysis was performed for categorical as well as continuous variables.

The distributions of all variables across cases and controls were generated and examined.
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The frequency distribution of cases and controls for categorical variables were expressed
in numbers and percentages. The distributions of continuous variables were examined by
calculating the statistics of central tendency and spread (means, medians, ranges, standard
deviations, 25" and 75 percentiles). The shapes of the distributions of various
continuous variables were examined through plotting histograms. The shape of the
distributions aided in the decision as to which summary statistics to use for more
appropriate characterization of the distribution. Besides revealing the basic descriptive
findings, the descriptive analysis was also used to explore patterns of missing data and to

detect outliers or implausible values for the purposes of data cleaning.

5.10.2. Distributions of Total Physical Activity Score and Body Mass Index in

Controls
The previous epidemiologic research has indicated that the prevalence of exposure differs
across certain subgroups. For example, it has been often shown that men tend to drink
more alcohol or smoke more cigarettes than women, physical activity levels are higher in
younger than older population, subjects with higher socioeconomic status are more
physically active (leisure activity) than those with lower socioeconomic status, or that
subjects with lower socioeconomic status tend to be more obese than those with higher

socioeconomic status 2%,

However, gross violations in the ways the study controls are selected and their exposure
is measured may produce unexpected patterns of the exposure distribution amongst the

subsets of controls. For example, if the problems related to the controls’ selection or
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exposure measurement were more severe (or differential) for some subsets than others,
one would observe unusual patterns of exposure prevalence across these subgroups of the
control series *°. Confirming the presence of the expected distributions of exposure
amongst controls might be indicative that there were no large violations in the selection

of controls and the measurement of exposure.

This analysis examined the presence/absence of expected distributional patterns (based
on the external knowledge) in sub-groups of the study controls. Specifically, the
distributions (box-plots) of total physical activity score and body mass index across
different subsets of the controls were generated (for men and women separately). These
subsets were categories of age, cigarette smoking, education, income adequacy, the
number of times dieted during adult life, and the number of live births. Appendices Bl

and B2 display the box-plots (see also the corresponding Tables 8-9 and 18-19).

5.10.3. Model-Building Strategies
The case-control data was analyzed using unconditional logistic regression, where the
model parameters were estimated by the maximum likelihood methods *. The
associations between the independent variable(s) and risk of bladder cancer were
examined by generating odds ratios (ORs) and 95 percent confidence intervals (95%
ClIs), adjusted for age, Province, and other covariates. The model-building strategy was

based on the forward stepwise selection of independent variables.
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Logit plots (log odds against mid-points of quartiles/quintiles) were constructed to
examine the patterns of relationships between independent variables and log odds of
bladder cancer. This procedure helped to determine the optimal scale for the modeled

variables.

Bivariable method for the selection of variables based on crude models was avoided,
since it might wrongly reject potentially important variable due to negative confounding
88 Therefore, the associations between each independent variable (levels of physical
activity, body mass index, and other covariates) and risk of bladder cancer, obtained from
the initial logistic models, were adjusted at least for age and Province. At this stage, the
cut-point of statistical significance for retaining an independent variable in the model was

set at ¢ = 0.25.

Using multivariable logistic regression analysis, the effects of physical activity (main
exposure variable), body mass index (main exposure variable), and other independent
variables were examined for potential confounding due to another covariate by
comparing the magnitudes of OR estimates obtained from the models with and without
this covariate. If the magnitude of OR changed by more than 10%, then the covariate

was retained for further modeling analyses ],

The statistical significance of each parameter was assessed by using 95% CI and/or the
Wald test. A likelihood ratio test was used to assess the statistical significance of the

model parameter(s) taken as a group.
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The tests of trend were performed for ordinal categorical variables fo determine whether
the association between the categories (relative to the reference category) and risk of
bladder cancer conformed linear gradient (dose-response relationship). Linear trends for
ordinal categorized data were tested by modeling (multivariable logistic regression) the
median values of quartiles as a continuous variable. The statistical significance of linear
trend was assessed by Wald Chi-square test statistic (two-sided P-value). The level of

statistical significance for this procedure was set at o = 0.05.

All main exposure variables were retained in the final models regardless of their overall
importance. The decision to retain a covariate in a final model was based not only on the
95% CI and the magnitude of the P value, but also on its clinical relevance. The decision
depended also on how strongly the covariate confounded the associations between main
exposure variables and the outcome. Efforts were taken to obtain parsimonious final
models. Thus, the automatic decisions based on the simple dichotomy determined by the
arbitrary o = 0.05 level, were avoided. For example, if a covariate was not statistically
significant at the o = 0.05 level, but it showed a strong confounding effect and was a
well-known risk factor, it was kept in the model. Whereas, if a well-known risk factor did
not affect the effect estimates of main exposure variables and its statistical significance
was greater than o = 0.25, it was not retained in the final model. Those variables that
were initially screened out as not important in terms of their contribution to the model

were re-evaluated also in the final models.
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The previous research of female cancer has shown that risk factors for breast and ovarian
cancers operate differently in pre- and post-menopausal women ***!, Therefore, the
possibility of potential effect modification by menopausal status was explored by
building logistic models based on the samples of pre- and post-menopausal women.
Given a reduced risk of bladder cancer found in this study amongst parous women
(having at least one live birth) relative to nulliparous women, the association between the
number of live births and bladder cancer risk was examined separately in the sample of
parous women. This analysis was intended to explore whether having a greater number of

live births was related to any additional decrease in risk of bladder cancer.

The fit of the final model was assessed using Hosmer-Lemeshow (Chi-square) goodness

of fit test.

5.10.4. Software Used for the Analyses
All calculations for this analysis were performed using Statistical Analysis Systems

(SAS, version 8.2) *2.
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esuits

6.1. Data Cleaning and Missing Values

6.1.1. Recreational Physical Activity
The amount of initially missing data for session frequency and duration of the 12 types of
recreational physical activity among those who reported any activity varied between 0.1
and 6.7 % (Table 3). As explained in the Methods section, about 5% of the total sample
was imputed by the minimum values for frequency and duration components. After these
imputations, the total physical activity score was computed. The remaining missing
values were for subjects who had reported either the session frequency or duration for
certain specific activities, while the seasonal scores for these activities were set to zero,
meaning that they had not performed this type of activity. Because of this discrepancy, it
was not known whether these subjects had performed the activity or not (see the
‘unknown’ column in Table 3). Consequently, the amount of type-specific activities and
total physical activity scores for these subjects (men: 34 cases and 70 controls; women:
15 cases and 48 controls) could not be computed and were declared as missing (see

Tables 5 and 13).

6.1.2. Covariates
The descriptive examination of the variables revealed some implausible values, but only
amongst the study controls. The extreme values were observed for the following
variables: age, height, body mass index, the number of live births, age at first
menstruation, age at last menstruation, age at first pregnancy (duration = 5 months), and

years menstruated. The data are presented in Table 4.
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Table 4 Variables and corresponding implausible values, NECSS study, Canada, 1994-97

Covariate Actual Value N*
Age (years) {-11,0} 3
Height (meters) {0, 1.0, 3.3} 8
Body mass index (kg/m?) {51, 53, 54, 57, 59, 68, 85, 93} 14
Number of live births (count) {22, 25,31} 3
Age at first pregnancy (years) {4} 1
Age at last menstruation (years) {3,4,5, 11} and {59, 60, 77} 10
Age at first menstruation (years) {1} 1
Number of years menstruated (years) {51, 55, 56, 57, 67} 7

* Number of observations with an outlier value

The declaration of these implausible values as missing did not influence prior distributions
of the above-mentioned variables. The final amount of missing data (originally plus after
declaring implausible values as missing) for each of the covariates is presented in the

descriptive tables of Results section.

6.2. Analyses of the Sample of Men

6.2.1. Description of the Study Sample
The distribution of main exposure Variablés (total physical activity score and body mass
index) as well as other socio-demographic and lifestyle characteristics in 670 male cases and

1,642 male controls, are presented in Tables 5 — 7.
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Because some variables displayed a strongly skewed distribution, they are presented in
terms of their medians, 25™ and 75" percentiles. The mean age of cases was 63.2 years
and that of controls was 57.9 years. This difference in age partially reflects the fact that
controls had been over-sampled from the younger age strata (see Table 6). Based on the
means displayed in Table 5, the male cases and controls were similar with respect to their
body mass index, education, and total physical activity scores. The cases had a slightly
higher median total physical activity score than the controls (78.5 vs. 73.6). Similarly,
alcohol consumption (median = 3.0) amongst cases was higher than that amongst controls
(median = 2.0). The cases had twice the median number of pack-years of smoking than

the controls (24.0 vs. 12.0).

According to Table 6, about 60% of the cases and 50% of the controls were from Alberta
and British Columbia. About 37% of the controls had more than 12 years of education, as
opposed to 28.8% of the cases. The proportions of those who had ever held any

hazardous occupation amongst cases and controls were 44.5% and 35.7%, respectively.

Table 7 displays the distribution of cases and controls with respect to smoking, alcohol,
and coffee consumption categories. Based on this table, cases were more likely to be ever
smokers than controls (88.4% vs. 74.7%). About 30% of cases were heavy smokers
(pack-years= 35) as compared to only 18% of heavy smokers (pack-years> 35) amongst
controls. Those who had at least 1 cup of coffee per day were more prevalent in cases

than in controls (81.8% vs. 69.0%).
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Table 6 Frequencies of male cases and controls according to selected characteristics,
NECSS study, Canada, 1994-97

Cases (n = 670)

Controls (n = 1,642)

Characteristic Number (%) Number (%)
10-year age groups

20-29 10D 99 (6.1)
30-39 10 (1.5) 176 (10.7)
40—-49 52 (7.8) 137 (8.4)
50-59 126 (18.8) 239 (14.6)
60 — 69 283 (42.3) 581 (35.5)
70 or older 197 (29.4) 403 (24.6)
Missing values 1(0.2) 7 (0.4)
Province

Newfoundland 42 (6.3) 124 (7.5)
Prince Edward Island 15 (2.2) 82 (5.0)
Nova Scotia 64 (9.6) 337 (20.5)
Manitoba 90 (13.4) 156 (9.5)
Saskatchewan 64 (9.5) 148 (9.0)
Alberta 199 (29.7) 327(19.9)
British Columbia 196 (29.2) 468 (28.5)
Education (in years)

<9 201 (30.4) 426 (26.3)
10-12 269 (40.8) 589 (36.4)
>12 190 (28.8) 602 (37.2)
Missing values 10 (1.5) 25 (1.5)
Marital status

Common law 20(3.0) 51 (3.1)
Divorced/Separated 41(6.2) 99 (6.0)
Married 552 (82.8) 1,262 (77.0)
Single 32(4.8) 168 (10.3)
Widowed 21 (3. 55(3.4)
Other - 3(0.2)
Missing values 4 (0.6) 4(0.2)
Occupational group

Non-hazardous 370 (55.5) 1,051 (64.3)
Hazardous 297 (44.5) 583 (35.7)
Missing values 3(0.4) 8 (0.5)

% Due to rounding errors, percentages {denominators exclude missing values) of the observed values may

not add up to 100
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Table 7 Frequencies of male cases and controls with respect to the categories of cigarette

smoking, alcohol, and coffee consumption, NECSS study, Canada, 1994-97

Cases (n =670) Controls (n = 1,642)
Characteristic Number (%)° Number (%)
Smoked 100+ cigarettes
Yes 592 (88.4) 1,226 (74.7)
No 78 (11.6) 416 (25.3)
Smoking status
Never smoked 78 (11.6) 416 (25.3)
Ex-smoker 368 (54.9) 815 (49.6)
Current smoker 224 (33.4) 411 (25.0)
Pack-years of smoking
0 78 (11.8) 416 (25.8)
1-8 61(9.3) 302 (18.7)
9-19 134 (20.4) 296 (18.4)
20-34 192 (29.2) 303 (18.8)
>35 193 (29.3) 294 (18.2)
Missing values 12 (1.8) 31(1.9)
Coffee consumption (per day)
Never or less than 1 cup 121 (18.2) 500 (31.0)
1 cup or more 543 (81.8) 1,111 (69.0)
Missing values 6 (0.9) 31(1.9)
Alcohol consumption (servings per week) ™™
0 195 (29.1) 506 (30.8)
>0to< 1.5 115 (17.1) 288 (17.6)
>1.5t0 <55 114 (17.0) 282 (17.2)
>5.51t0<11.0 109 (16.3) 289 (17.6)
>11.0 137 (20.4) 275 (16.7)
Missing values 0 (0.0) 2(0.1)

* Due to rounding errors, percentages {denominators exclude missing values) of the observed values may
not add up to 100
* Two years before the interview

%
Quartiles based on the distribution in smoker male controls

* ¥t

Combined consumption: beer, wine, and liquor. Quartiles based on the distribution of alcohol
consumption in male drinker controls



82

6.2.2. Total Physical Activity Score and Body Mass Index across the Subsets
of Male Controls
The distribution of total physical activity score across different subsets of the male
controls presented in Table 8 and the corresponding box-plots (see Appendix B1) indicate
that more physically active men tended to be younger and to have higher levels of
education and income. Physical activity levels were lower in heavy smokers (= 35 pack-
years) than in never smokers (means: 78.3 vs. 110.8 MET-hours per month).
Table 8 Summary statistics for total physical activity score across age, srhoking,

educational, and income adequacy groups in male controls, NECSS study, Canada, 1994-
97

Group Mean 25%  Median 75% N*

Age (years)

<50 117.7 334 87.6 171.1 397

50-70 98.9 23.8 74.7 145.1 854

>70 84.6 16.9 59.2 128.1 306

Smoking (pack-years)

0 110.8 30.7 74.4 156.5 400

1-8 117.4 34.4 91.6 171.7 286

9-19 105.5 24.5 85.1 154.2 284
20-34 85.0 18.8 67.1 123.7 289

=35 78.3 9.8 53.7 121.2 277
Education (years)

0-9 71.0 8.6 441 98.0 175
10-12 105.7 30.1 72.7 160.4 275
=13 121.1 334 93.8 172.2 330
Income adequacy

Low 88.8 13.1 60.3 137.3 152
Lower middle 96.8 27.8 68.1 150.8 170
Upper middle 117.2 29.1 79.1 170.7 221
High 117.7 45.0 97.9 171.7 109

* Sample size
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The subjects in 1-8 pack-years of smoking category tended to have the highest physical
activity level. Most of these subjects may have been ex-smokers who increased their
activity levels after quitting smoking. The distribution of body mass index across
different subsets of the male controls, displayed in Table 9 and the corresponding box-
plots (see Appendix B1), indicate that men with lower educational level tended to have
higher relative weight and to diet more frequently during their adult lives. There was not
any discernible trend in the distribution of body mass index across the four income
adequacy groups. In summary, the distributions of total physical activity score and body

mass index across the control subsets conformed to the expected patterns.

Table 9 Summary statistics for body mass index across diet, income adequacy, and

educational groups in male controls, NECSS study, Canada, 1994-97

Group Mean 25% Median 75% N*
Number of times dieted :

Never 25.0 23.0 24.8 26.6 1,025
1-2 27.5 25.1 27.2 293 323
3-5 29.0 26.3 28.1 31.1 160
26 29.3 25.8 29.7 323 94
Income adequacy

Low 26.0 23.0 25.6 284 280
Lower middle 26.1 23.8 257 280 313
Upper middle 26.0 23.2 25.6 28.1 421
High 26.1 23.6 25.6 27.8 273
Education (years)

0-9 26.9 242 26.4 29.1 423
10-12 26.4 23.8 25.8 2877 584
=13 255 232 25.1 274 597

* Sample size
* The number of times dieted during adult fife
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6.2.3. Model-Based Analysis

Estimates of age- and Province-adjusted OR of male bladder cancer for levels of
recreational physical activity (the quartiles of total physical activity score), body mass
index, and other covariates are presented in Tables 10-11. The ORs and 95% ClIs suggest
no association between the levels of recreational physical activity and risk of bladder
cancer in men. The age and Province-adjusted risks in the two highest quartiles of body
mass index were increased compared to the lowest quartile (OR = 1.38, 95% CI: 1.04,
1.83 and OR = 1.27, 95% CI: 0.97, 1.67). The test for trend for the association between
the levels of body mass index and risk of bladder cancer was statistically significant at o
= (.05 level (P value = 0.03). Men who had ever been employed in any hazardous
occupations for at least one year were at increased risk of having bladder cancer (age-
and Province-adjusted OR = 1.33, 95% CI: 1.09, 1.61). An inverse but marginally
statistically significant association between the years of education and risk of bladder
cancer was observed only for those with at least 12 years of education (age- and

Province-adjusted OR = 0.77, 95% CI: 0.60, 1.00).

The estimates of relationship between smoking, coffee, alcohol consumption and bladder
cancer risk are displayed in Table 11. As was expected, based on results of the previous
research, cigarette smoking was strongly associated with bladder cancer risk. Ever
smokers had a statistically significantly increased risk of bladder cancer compared with

never smokers {(age- and Province-adjusted OR = 2.21, 95% CI: 1.69, 2.90).
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Table 10 Age - and Province-adjusted odds ratios for recreational physical activity,

body mass index, and other characteristics in male cases (n=670) and controls (n=1,642),

NECSS study, Canada, 1994-97

Characteristic OR 95% CI ' Number of subjects™*
Cases/Controls
Total physical activity score (MET-hours/month) * 635/1,566
>0to < 24.2 1.00°
>24.210 <73.6 1.03 0.78,1.36
>73.6 to <150.0 1.03 0.78, 1.35
>150.0 1.08 0.82, 1.43
P value for trend 0.60
Body mass index (kg/m’)* 669/1,622
<23.6 1.007
>23.6t0 <25.7 1.00 0.75,1.33
>25.7 to < 28.0 1.38 1.04, 1.83
>28.0 1.27 0.97,1.67
P value for trend 0.03
Occupational group 666/1,627
Non-hazardous 1.007
Hazardous 1.33 1.09, 1.61
Education (in years) 660/1,623
<9 1.00"
10-12 1.03 0.81, 1.30
>12 0.77 0.60, 1.00
P value for trend 0.03

¥ Age categorized as 20-39, 40-49, 50-59, 60-69, and 70 years or older

** Subjects with missing values for the variable were excluded from the analysis

"'95 percent confidence interval

4 Quartiles based on the distribution of total physical activity score in male controls

3 Quartiles based on the distribution of body mass index in male conirols

TReference category



Table 11 Age - and Province-adjusted odds ratios for smoking, coffee and alcohol

consumption groups in male cases (n=670) and controls (n=1,642), NECSS study,

Canada, 1994-97

Characteristic OR 95% CI' Number of subjects
Cases/Controls

Smoked 100+ cigarettes 669/1,635

No 1.00"

Yes 2.21 1.69, 2.90

Smoking status” 669/1,635

Never smoked 1.007

Ex-smoker 1.88 1.42,2.50

Current smoker 2.96 2.18,4.02

Pack-years of smoking * 658/1,607

0 1.007

1-8 1.08 0.74, 1.60

9-19 2.06 1.48,2.87

20-34 2.78 2.03,3.81

>35 2.95 2.14,4.06

P value for trend <0.01

Coffee consumption (per day) 663/1,605

Never or less than 1 cup 1.007

1 cup or more 1.56 1.23,1.98

Alcohol consumption (servings per week) 3 669/1,633
0 1.007

>0to <1.5 1.10 0.83, 1.47

>1.5t0 <5.5 1.09 0.81, 1.44

>5.5t0 <11.0 1.03 0.77,1.37

>11.0 1.28 0.97, 1.70

P value for trend

i Age categorized as 20-39, 40-49, 50-59, 60-69, and 70 years or older
£

Subjects with missing values for the variable were excluded from the analysis

*#% Tywo years before the interview
T9s percent confidence interval

: Quartiles based on the distribution of pack-years in male smoker controls

§ Combined consumption: beer, wine, and liquor. Quartiles based on the distribution of alcohol

consumption in male drinker controls
TReference category
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Former and especially current cigarette smokers were at higher risk of developing bladder
cancer than never smokers (current vs. never: age- and Province-adjusted OR =2.96,
95% CI: 2.18, 4.02). The number of pack-years of cigarette smoking was also strongly
associated with risk of bladder cancer. The smokers in the highest guartile (= 35 pack-
years) had almost three times the risk of never smokers (age- and Province-adjusted OR =
2.95, 95% CI: 2.14, 4.06). Moreover, there was a strong statistically significant linear
trend in the risk gradient associated with the number of pack-years of cigarette smoking
(P value < 0.01). The association between higher coffee consumption and risk of bladder
cancer adjusted for age and Province was positive and statistically significant at & = 0.05
(OR = 1.56, 95% CI: 1.23, 1.98). As for the risk associated with alcohol consumption,
only the men in the highest quartile of alcohol consumption (>11 servings per week) had
a slightly increased risk of bladder cancer compared to those who had never used alcohol
(age- and Province-adjusted OR = 1.28, 95% CI: 0.97, 1.70). The test for trend for the
association between the levels of alcohol chsumption and bladder cancer risk was not

statistically significant at o = 0.05 level (P value = 0.10).

The relationship between the levels of recreational physical activity and risk of bladder
cancer obtained from the final multivariable logistic regression model are presented in
Table 12. The odds of bladder cancer for the two total physical activity score quartiles
>24.2 to < 73.6 and > 73.6 to < 150.0 MET-hours/month were similar to that for the
reference category of = 0 to <24.2 MET-hours/month (OR = 1.05, 95% CI: 0.79, 1.40
and OR = 1.04, 95% CI: 0.78, 1.38). Although the odds of bladder cancer were slightly
elevated for the highest quartile of physical activity score, the effect estimate was not

statistically significant (OR = 1.24, 95% CI: 0.93, 1.66).
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Table 12 Multivariable odds ratios for male bladder cancer based on 617 cases and
1,499 controls, NECSS, Canada, 1994-97

Characteristic OR* 95% CI'
Total physical activity scove (MET-hours/month) :

>0t < 24.2 1.00"

>2421t0 <736 1.05 0.79, 1.40
>73.6 to < 150.0 1.04 0.78,1.38
>150.0 1.24 0.93,1.66
P value for trend 0.13

Body mass index (kg/mz)*

<23.6 1.00"

> 23.6t0<25.7 1.05 0.78, 1.42
> 25.7t0<28.0 1.49 1.10, 2.01
> 28.0 1.29 0.96, 1.72
P value for trend 0.10
Occupational Group

Non-hazardous 1.00"

Hazardous 1.22 1.00, 1.50
Coffee consumption (per day)

Never or less than 1 cup 1.00"

1 cup or more 1.30 1.00, 1.68
Pack-years of smoking®

0 1.007

1-8 1.04 0.70, 1.54
9-19 1.86 1.32,2.62
20-34 2.61 1.88,3.63
> 35 2.67 1.91,3.75
P value for trend <0.01

# 0dds ratio adjusted for all the variables listed in this table (except for the vartable under consideration),
age (20-39, 40-49, 50-59, 60-69, and 70 years or older), and Province

Tos percent confidence interval

i Quartiles based on the distribution of total physical activity score in male controls

*Quartiles based on the distribution of body mass index in male controls

§ Quartiles based on the distribution of pack-years in male smoker controls

T Reference cate gory
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The P value for trend (P value = 0.13) also was not supportive of an increasing linear
gradient in the risk across the levels of physical activity. The risks associated with two
upper body mass index quartiles (= 25.7 to <28.0 and = 28.0 kg/m”) were somewhat
increased relative to the reference category, but both estimates were marginally
statistically significant (OR = 1.49, 95% CI: 1.10, 2.01 and OR = 1.29, 95% CI. 0.96,
1.72). The test for trend for the association between the levels of body mass index and

bladder cancer risk yielded a P value of 0.10.

Those who had ever been occupied in ‘high risk occupations’ were at higher odds of
having bladder cancer, although the estimate bordered the margin of statistical
significance (OR = 1.22, 95% CI: 1.00, 1.50). The estimate of OR and 95% CI for the
association between coffee consumption (1 cup or more vs. never or less than 1 cup a
day) and bladder cancer indicate a possible increase in the risk of bladder cancer for those
drinking 1 cup or more a day. In the final model, the previously observed strongly
positive relationship between the number of pack-years of cigarette smoking and bladder
cancer risk persisted, i.e., large ORs (ranging from 1.86 to 2.67) were accompanied by

strong statistical evidence against the null hypothesis (95% ClIs and P value for trend).

The Hosmer-Lemeshow goodness-of-fit test for the final multivariable model yielded a
Chi-square (8 degrees of freedom) of 12.0 (P value = 0.14), indicating a satisfactory fit of

the model.
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6.3. Analyses of the Sample of Women

6.3.1. Description of the Study Sample
The distributions of total physical activity score, body mass index, and other socio-
demographic/lifestyle characteristics in 359 female cases of bladder cancer and 1,465
female controls, are presented in Tables 13 — 15. A skewed distribution of certain
variables is presented in terms of range, median, 25™ and 75™ percentiles. Mean age
values for female cases and controls were 61.1 and 56.2 years, respectively. Cases and
controls had similar mean values of body mass index and education (Table 13). Both, the
mean and the median of total physical activity score were slightly higher in controls than
in cases (means: 82.3 vs. 76.4 MET-hours/month; medians: 60.2 vs. 50.5 MET-
hours/month). The median number of pack-years of smoking was higher in cases than in

controls (13.0 vs. 1.0).

The frequencies of cases and controls in the 10-year age groups are displayed in Table
14. Women controls, compared to cases, included a higher proportion of younger
subjects. The majority of the female cases (45%) and controls (48%) were from British
Columbia and Alberta. Controls were somewhat more educated than cases. The
proportions of women who had ever held any hazardous occupation(s) for bladder cancer

across cases and controls were 19.3% and 12.7%, respectively.

Frequencies of cases and controls with respect to smoking, coffee and alcohol

consumption categories are shown in Table 15. About 72.0% of the cases as opposed to
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Table 14 Frequencies of female cases and controls according to selected characteristics

Cases (n =359) Controls (n = 1,465)

Characteristic Number (%)° Number (%)
10-year age groups

20-29 4(1.1) 42 (2.9)
30-39 11(3.1) 97 (6.6)
40— 49 39 (10.8) 287 (19.6)
50-59 77 (21.4) 366(25.0)
60— 69 136 (37.9) 462 (31.6)
70 or older 92 (25.6) 209 (14.3)
Missing values 0(0.0) 2(0.1)
Province

Newfoundland 11 (3.0) 117 (8.0)
Prince Edward Island 5(1.4) 138 (9.4)
Nova Scotia 64 (17.8) 236 (16.1)
Manitoba 60 (16.7) 153 (10.5)
Saskatchewan 58 (16.2) 124 (8.5)
Alberta 86 (24.0) 291 (19.9)
British Columbia 75 (20.9) 402 (27.5)
Missing values 0(0.0) 4(0.3)
Education (in years)

<9 79 (22.2) 266 (18.3)
10-12 170 (47.7) 664 (45.8)
>12 107 (30.1) 520 (35.9)
Missing values 3 (0.8) 15(1.0)
Marital status

Common law 8(2.2) 51 (3.5)
Divorced/Separated 31 (8.6) 140 (9.6)
Married 223 (62.1) 960 (65.7)
Single 29 (8.0) 70 (4.8)
Widowed 68 (18.9) 236 (16.1)
Other - 4(0.3)
Missing values 0(0.0) 4(0.3)
Occupational group

Non-hazardous 288 (80.7) 1,275 (87.3)
Hazardous 69 (19.3) 185 (12.7)
Missing values 2(0.5) 5(0.3)

s Due to rounding errors, percentages (dencrminators exclude missing values) of the observed values may

not add up to 100
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Table 15 Frequencies of female cases and controls with respect to the categories of
cigarette smoking, alcohol, and coffee consumption

Cases (n=359) Controls (n = 1,465)
Characteristic Number (%) Number (%)
Smoked 100+ cigarettes
Yes 260 (72.4) 753 (51.4)
No 99 (27.6) 712 (48.6)
Smoking status’
Never smoked 99 (27.6) 712 (48.6)
Ex-smoker 110 (30.7) 461 (31.5)
Current smoker 150 (41.8) 292 (19.9)
Pack-years of smoking ™
0 99 (28.0) 712 (49.3)
1-4 26 (7.4) 187 (13.0)
5-11 36 (10.2) 177 (12.3)
12-23 83 (23.5) 190 (13.2)
>24 109 (30.9) 177 (12.3)
Missing values 6 (1.7) 22 (1.5)
Coffee consumption (per day)
Never or less than 1 cup 91 (25.7) 480 (33.4)
1 cup or more 263 (74.3) 958 (66.6)
Missing values 5(1.4) 27 (1.8)

Alcohol consumption (servings per week) ™

0 195 (54.3) 709 (48.5)
>0to < 0.9 33(9.2) 163 (11.1)
>0.9t0 < 2.0 38 (10.6) 235 (16.1)
>2.0 to <6.0 34 (9.5) 184 (12.6)
>6.0 59 (16.4) 172 (11.8)
Missing values 0 (0.0) 2(0.1)

¥ Due to rounding errors, percentages {denominators exclude misging values) of the observed values may
not add up to 100

* Two years before the interview

= Quartiles based on the distribution in smoker male controls

#%% Combined consumption: beer, wine, and liquor. Quartiles based on the distribution of alcohol
consumption in male drinker controls



94

51.0% of the controls had ever smoked 100 or more cigarettes. The prevalencke of current
smokers amongsﬁ cases was approximately twice that amongst controls (41.8% vs.
20.0%). The proportions of women who had 24 or more pack-years of cigarette smoking
in cases and controls were 30.9% and 12.3%, respectively. Coffee consumption (1 cup or
more per day) was more prevalent amongst cases (74.3% vs. 66.6%). In cases, the
proportion of women who had consumed alcohol of 6.0 servings per week or more was

higher than that in controls (16.4 vs. 11.8 servings per week, respectively).

Tables 16-17 display distributions of female cases and controls with respect to their
reproductive factors. According to Table 16, cases were more likely to be nulliparous and
postmenopausal. Cases and controls were similar in their breast-feeding history. Controls

compared to cases were more likely to have greater number of live births.

Distributions of age at first and last menstruation, years menstruated, and age at first
pregnancy, are displayed in Table 17. The means and standard deviations of these
distributions amongst cases and controls were similar. Note that since years menstruated
was calculated using different formula for pre- and post-menopausal women, distribution

of this variable is presented separately for pre- and post-menopausal women.



Table 16 Frequencies of selected reproductive factors for female cases and controls

Characteristic Cases (n = 359) Controls (n = 1,465)
Number (%)° Number (%)
Ever pregnant
Yes 305 (85.2) 1,298 (88.8)
No 53 (14.8) 163 (11.2)
Missing values 1(0.3) 4 {(0.3)
Parity
Nulliparous 65 (18.2) 201 (13.8)
Parous 293 (81.8) 1,255 (86.2)
Missing values 1(0.3) 9 (0.6)
Number of live births
0 65 (18.2) 201 (13.8)
1-2 118 (33.0) 523 (35.9)
3-4 114 (31.8) 499 (34.3)
>5 61 (17.0) 233 (16.0)
Missing values 1(0.3) 9 (0.6)
Menopausal status
Post-menopausal 306 (85.3) 1,003 (68.7)
Pre-menopausal 53 (14.7) 458 (31.3)
Missing values 0(0.0) 4(0.3)
Still menstruate
Yes 31 (8.6) 380 (26.0)
No 328 (91.4) 1,081 (74.0)
Missing values 0 (0.0) 4(0.3)
Breastfeeding
Ever 235 (65.8) 940 (64.3)
Never 122 (34.2) 521 (35.7)
Missing values 2 (0.6) 4(0.3)

E Due to rounding errors, percentages (denominators exclude missing values) of the observed values may

not add up to 100
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6.3.2. Total Physical Activity Score and Body Mass Index across the Subsets of
Female Controls |

The distribution of total physical activity scores across different subsets of the female
controls is presented in Table 18 and the corresponding box-plots (see Appendix B2).
According to the observed patterns, more physically active women tended to be younger,
more educated, and to have a higher level of income. There was a decreasing trend in the

total physical activity score moving from never to heavy smokers (= 24 pack-years).

Table 18 Summary statistics for total physical activity score across age, smoking,
educational, and income adequacy groups in female controls, NECSS study, Canada,
1994-97

¥

Group Mean 25%  Median 75% N
Age (years)

<50 83.3 242 60.3 126.3 416
50170 81.2 23.5 62.5 118.7 826
> 70 64.6 7.1 43.7 94.1 164
Smoking (pack-years)

0 79.7 235 58.7 118.5 685
1-4 85.3 241 70.1 125.1 184
5-11 84.7 26.2 72.2 129.7 171
12-23 83.4 27.3 57.6 121.0 181
> 24 69.5 18.4 47.9 101.9 167
Education (vears)

0-9 59.3 6.9 31.2 91.0 255
10-12 78.8 21.9 57.6 120.5 640
=13 92.8 35.0 77.9 134.6 497
Income adequacy

Low 66.8 11.7 437 102.9 283
Lower middle 75.9 20.2 60.1 1142 262
Upper middle 83.4 33.7 64.9 1232 343
High 92.3 37.0 77.1 137.7 166

: Sample size
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According to the distribution of body mass index amongst the subsets of female controls,

displayed in Table 19 and the corresponding box-plots (see Appendix B2), women with

higher body mass index were more likely to diet during their adult lives, to have greater

number of live births, lower income, and lower education. In summary, the observed

distributional patterns of the main exposure variables amongst the subsets of female

controls conformed to those expected in the general population.

Table 19 Summary statistics for body mass index across parity, diet, income adequacy,

and educational groups in female controls, NECSS study, Canada, 1994-97

Group Mean 25% Median 75% N*
Number of live births

0 25.0 213 23.5 27.5 198
1-2 248 21.7 23.8 271 520
3-4 25.2 22.3 24.4 27.3 497
=25 26.3 23.1 25.8 29.2 230
Number of times dieted *

Never 22.9 20.6 22.6 247 504
1-2 24.9 22.1 24.1 27.0 337
3-5 26.4 232 25.9 28.4 267
6-8 273 23.5 264 299 136
9-11 28.3 24.5 273 31.2 36
=12 29.1 24.7 28.2 32.9 152
Income adequacy

Low 26.4 225 247 29.3 294
Lower middle 253 21.9 242 27.4 271
Upper middle 24.7 21.9 24.0 26.7 355
High 24.6 21.9 23.5 26.4 166
Education (years)

0-9 26.1 22.6 25.5 28.4 259
10-12 25.6 222 24.6 27.9 663
=13 24.4 21.3 235 26.4 517

* Sample size

* The number of times dieted during adult life
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6.3.3. Model-Based Analysis

The age- and Province-adjusted ORs for recreational physical activity and body mass
index levels in relation to bladder cancer are shown in Table 20. The ORs for the upper
two quartiles (> 60.3 to <124.0 and >124.0 MET-hours/month) of total physical activity
score were decreased relative to those of the reference category. However, these
estimates reached only marginal statistical significance (OR = 0.70, 95% CI: 0.50, 1.00
and OR = 0.74, 95% CI: 0.52, 1.05). The test of trend for physical activity was
statistically significant at o = 0.05 level (P value = 0.03). The ORs quantifying the
strength of the association between body mass index and bladder cancer risk were close
to unity for all the categories of body mass index. The corresponding 95% Cls and P
value for trend (P value = 0.25) were not suggestive of any statistically significant
differences in the risk between the reference and upper categories of body mass index.
Women who ever had been employed in any hazardous occupation(s) for at least one year
had an elevated bladder cancer risk relative to those who had never had such
occupation(s) (OR = 1.56, 95% CI: 1.14, 2.15). The age- and Province-adjusted OR for
education was not statistically significant. The test for trend for education yielded a large

P value suggesting the absence of trend in risk gradient (see Table 20).

Almost all age- and Province-adjusted ORs associated with smoking were large in
magnitude and highly statistically significant (see Table 21). For example, current
smokers had approximately 4.5 times the risk of that for never smokers. The age-and
Province-adjusted risk for bladder cancer amongst smokers in the highest category of

pack-years relative to never smokers was 4.75 (95% CI: 3.39, 6.66).
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Table 20 Age - and Province-adjusted odds ratios for recreational physical activity,
body mass index, and other characteristics in female cases (n = 359) and controls (n=
1,465), NECSS study, Canada, 1994-97

Characteristic OR 95% CI ' Number of subjects
Cases/Controls
Total physical activity score (MET-hours/month) : 344/1,413
>0to < 22.5 1.007
>22.5t0 <60.3 0.89 0.64,1.25
>60.3 to <124.0 0.70 0.50, 1.00
>124.0 0.74 0.52,1.05
P value for trend 0.03
Body mass index (kg/m’)* 358/1,448
<22.0 1.007
>22.0t0 <24.3 0.98 0.68, 1.40
>243t0<27.4 1.04 0.73, 1.47
>27.4 1.18 0.84, 1.67
P value for trend 0.25
Occupational group 357/1,454
Non-hazardous 1.007
Hazardous 1.56 1.14,2.15
Education (in years) 356/1,444
<9 1.00°
10-12 0.93 0.67,1.28
>12 0.85 0.60,1.22
P value for trend 0.39

¥ Age categorized as 20-39, 40-49, 50-59, 60-69, and 70 years or older

- Subjects with missing values for the variable were excluded from the analysis

J_r 95 percent confidence interval

: Quartiles based on the distribution of total physical activity score in female controls
S Quartiles based on the distribution of body mass index in female controls
TReference category

The result based on the test of trend for the relationship between pack-years of cigaretie

smoking and risk of bladder cancer was highly statistically significant (P value < 0.01).
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Table 21 Age*- and Province-adjusted odds ratios for smoking, coffee and alcohol
consumption groups in female cases (n = 359) and controls (n = 1,465), NECSS study,
Canada, 1994-97

Characteristic OR 95% CI 7 Number of subjects
Cases/Controls

Smoked 100+ cigarettes 359/1,459

No 1.00

Yes 2.69 2.06, 3.50

Smoking status’ 359/1,459

Never smoked 1.007

Ex-smoker 1.74 1.28,2.37

Current smoker 4.46 3.28, 6.07

Pack-years of smoking t 353/1,437

0 1.00"

1-4 1.13 0.70, 1.82

5-11 1.60 1.04,2.46

12-23 3.38 2.39,4.79

>24 4.75 3.39, 6.66

P value for trend <0.01

Coffee consumption (per day) 354/1,434

Never or less than 1 cup 1.00"

1 cup or more 1.14 0.85, 1.51

Alcohol consumption (servings per week) S 359/1,459
0 1.007

>0 to <0.9 0.74 0.48,1.12

>0.91t0 <2.0 0.61 0.41, 0.88

>2.0 to <6.0 0.70 0.46, 1.06

>6.0 1.22 0.86,1.73

P value for trend 0.18

) Age categorized as 20-39, 40-49, 50-59, 60-69, and 70 years or older
* Subjects with missing values for the variable were excluded from the analysis
**% Tywo years before the interview
95 percent confidence interval
i_ Quartiles based on the distribution of pack-years in male smoker controls

¥ Combined consumption: beer, wine, and liquor. The quartiles were based on the distribution of alcohol
consumption in male drinker controls

Y Reference category
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Table 21 also displays age- and Province-adjusted ORs and 95% Cls for coffec and
alcohol consumption. Based on the age- and Province-adjusted OR of 1.14 and 95% CIL:
0.85, 1.51, coffee consumption was not associated with risk of bladder cancer. The age-
and Province-adjusted ORs for alcohol consumption and education were not statistically
significant. The test for trend for alcohol consumption yielded a large P value suggesting

the absence of trend in the risk gradient.

The age- and Province-adjusted measures of association for the reproductive factors are
shown in Table 22. Of these variables, parity (being parous or having at least one live
birth vs. being nulliparous) and the number of years menstruated (only for post-
menopausal women) were statistically significantly associated with risk of bladder
cancer. For example, parous women relative to nulliparous women had 40% reduced risk
of bladder cancer (OR = 0.59, 95% CI: 0.42, 0.81). In post-menopausal women, the age-
and Province-adjusted OR for having menstruated 33 or more years, as compared to those

who had menstruated less than 33 years was 0.67 (95% CI: 0.50, 0.89).

The final multivariable model consisting of total physical activity score, body mass
index, occupation, the number of live births, the number of pack-years of cigarette
smoking, age, and Province is shown in Table 23. The OR-s for the two upper quartiles
(> 60.3 to < 124.0 and >124.0 MET-hours/month) of total physical activity score were
not statistically and significantly different from that of the reference quartile (OR = 0.70,

95% CI: 0.48, 1.02 and OR = (.76, 95% CI: 0.52, 1.21).
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Table 22 Age*- and Province-adjusted odds ratios for reproductive factors in female
cases (n = 359) and controls (n = 1,465), NECSS study, Canada, 1994-97

Characteristic OR 95% CI' Number of subj ects
‘ Cases/Controls

Ever pregnant 358/1,459

No 1.007

Yes 0.62 0.43, 0.88

Parity 358/1,454

Nulliparous 1.007

Parous 0.59 0.42, 0.81

Breastfeeding 357/1,459

Never 1.007

Ever 1.00 0.77,1.30

Number of live births 358/1,454

0 1.007

1-2 0.63 0.43,0.90

3-4 0.54 0.37,0.78

25 0.60 0.39, 0.92

P value for trend 0.03

Age at first menstruation 332/1,345

<13 1.007

>13 0.98 0.75,1.28

Age at last menstruation ® 286/939

< 45 1.00"

> 45 0.72 0.54, 0.95

Continued. ..
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Table 22 Age - and Province-adjusted odds ratios for reproductive factors in female
cases (n = 359) and controls (n = 1,465), NECSS study, Canada, 1994-97 (continued)

Characteristic' OR 95% CI ' Number of subjects
Cases/Controls

Years menstruated *

Pre-menopausal sample 48/419
<33 1.00"

>33 0.65 0.22,1.89

Post-menopausal sample 265/878
<33 1.00

>33 0.67 0.50, 0.89

Age at first pregnancy t 293/1,253
<23 1.00

>23 1.05 0.80, 1.38

: Age categorized as 20-39, 40-49, 50-59, 60-69, and 70 years or older

” Subjects with missing values for the variable were excluded from the analysis

*** Variables in this table are dichotomized (except for ‘years menstruated’) at the median of their
distribution in controls

Tos percent confidence interval

s Sample of postmenopausal women
f’ Dichotomization based on log odds curve (smooth log odds versus ‘years menstruated’)

' Sample of parous women
TReference category

Test for trend for this association was not statistically significant (P value = 0.14),

suggesting the absence of linear gradient in risk across the quartiles of physical activity.

Body mass index was not associated with risk of bladder cancer. The adjusted odds of the
outcome for women in the highest body mass index quartile (= 27.4) were not
statistically significantly different from those for women in the lowest quartile of body

mass index (reference category) (OR = 1.07, 95% CI: 0.74, 1.55).
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Table 23 Multivariable odds ratios for female bladder cancer based on 334 cases and
1,377 controls, NECSS, Canada, 1994-97

Characteristic OR* 95% CIT
Total physical activity score (MET-hours/month) :

>0to < 22.5 1.007

>22.5%t0 < 60.3 0.88 0.61, 1.26
>603t0 <1240 0.70 0.48, 1.02
>124.0 0.76 0.52,1.21
P value for trend 0.14

Body mass index (kg/m’ )"

<22.0 1.001

>22.0t0<243 1.09 0.75, 1.60
>243t0<27.4 1.03 0.71, 1.50
>274 1.07 0.74, 1.55
P value for trend 0.81

Number of live births

0 1.007

1-2 0.59 0.40, 0.88
3-4 0.52 0.35, 0.77
>5 0.55 0.35, 0.89
P value for trend 0.03
Occupational Group

Non-hazardous 1.007

Hazardous 1.55 1.10,2.19
Pack-years of smoking §

0 1.00"

1-4 1.13 0.69, 1.86
5-11 1.63 1.08, 2.55
12-23 3.41 2.37,4.90
> 24 4.78 3.37,6.78
P value for trend <0.01

# 0dds ratio adjusted for all the variables listed in this table (except for the variable under consideration),
age {20-39, 40-49, 50-59, 60-69, and 70 years or oider), and Province

95 percent confidence interval

: Quartiles based on the distribution of total physical activity score in female controls

$Quartﬂes based on the distribution of body mass index in female controls

$ Quartiles based on the distribution of pack-years in female smoker conirols

TReference category
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Test for trend did not suggest any trends in magnitudes of the ORs across the body mass

index quartiles (P value for trend = 0.81).

Having at least 1 live birth was statistically significantly associated with a decreased
bladder cancer risk. For example, the odds of having bladder cancer for women with one
or two live births, relative to nulliparous women, were reduced by approximately 40%
(OR = 0.59, 95% CI: 0.40, 0.88). The additional adjustment for confounding did not
change the magnitude of the coefficient for occupation (OR = 1.56 in Table 20 vs. OR =
1.55 in Table 23). Moreover, the estimate maintained its statistical significance in the
final multivariable model (95% CI: 1.10, 2.19). The strong and positive association
between the number of pack-years of cigarette smoking and bladder cancer risk persisted

in the multivariable model (P value for trend < 0.01).

The stratification by menopausal status in order to explore potential effect modification
was not completely successful. Because of the small sample size, the logistic model
based on the pre-menopausal women could not be investigated (very unstable estimates
of doubtful validity). The model had such numerical problems as low number of events
per variable (EPV < 10) and zero cells in the quartiles of total physical activity score and
body mass index 87:93 The multivariate logistic regression model for the sample of post-

menopausal women is presented in Table 24.



Table 24 Multivariable odds ratios for female bladder cancer based on the post-

menopausal sample of 284 cases and 938 controls, NECSS, Canada, 1994-97

Characteristic OR” 95% CI'
Total physical activity score (MET-hours/month) *

>01t0 < 22.5 1.007

>22.5t0 <603 0.87 0.58, 1.30
>60.3to < 124.0 0.77 0.51,1.16
>124.0 0.72 0.47,1.11
P value for trend 0.13

Body mass index (kg/m?)"

<22.0 1.00"

>22.0t0<243 0.92 0.60, 1.41
>243t0<274 0.85 0.56, 1.29
>27.4 0.79 0.52,1.19
P value for trend 0.24

Number of live births

0 1.00"

1-2 0.53 0.34, 0.85
3-4 0.48 0.31,0.75
>5 0.50 0.30, 0.83
P value for trend 0.03
Occupational Group

Non-hazardous 1.007

Hazardous 1.60 1.10,2.34
Pack-years of smoking§

0 1.00"

1-4 0.80 0.42,1.48
511 1.70 1.03, 2.80
1223 3.69 2.45,5.55
> 24 5.00 3.46,7.35
P value for trend <0.01
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* 0dds ratio adjusted for all the variables listed in this table {except for the variable under consideration),
age (20-39, 40-49, 50-59, 60-69, and 70 years or older), and Province

Y95 percent confidence interval

+
* Quartiles based on the distribution of total physical activity score in female controls

*Quartiles based on the distribution of body mass index in female controls
s Quartiles based on the distribution of pack-years in female smoker controls

TReference category
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In general, model-based results for the total (combined pre- and post-menopausal

women) and post-menopausal samples of women were similar.

In the sub-group of parous women, the multivariable logistic regression estimates of ORs
for recreational physical activity, body mass index, and occupation were very similar to
those already observed and presented in Table 23 (data not shown). The number of live
births was not associated with risk of biadder cancer. For example, after adjusting for
recreational physical activity, body mass index, occupation, cigarette smoking, age, and
Province, the odds of having bladder cancer in women with 3 - 4 live births and = 5 live
births were similar to those in women with 1-2 live births - the reference category (OR =
0.87, 95% CI: 0.63, 1.20 and OR = 0.92, 95% CI: 0.61, 1.37, respectively). This finding
suggested that the earlier observed association for the number of live births in relation to
bladder cancer risk, presented in Tables 23 - 24, may have reflected simply the effect of
being parous relative to nulliparous. Indeed, the relative odds of having bladder cancer
for the three parity groups (1 - 2, 3 - 4, and = 5) in Table 23 were similar in magnitude:
0.59, 0.52, and 0.55, respectively. The likelihood ratio test result also confirmed that the
number of live births did not contribute to the risk of bladder cancer. Specifically, the
deviances of the models containing the number of live births (0, 1 - 2,3 - 4, and = §) and
parity (parous vs. nulliparous) were very similar, 1,449 and 1,450, respectively. Given the
above-mentioned, it was decided to replace the number of live births (0, 1 - 2, 3 - 4, and
> 5) with the dichotomous variable defining parous (1 - 2, 3 - 4, and = 5 live births) vs.
nulliparous women. The multivariable odds ratio for being parous vs. nulliparous was

0.56 (95% CI: 0.39, 0.80). This replacement did not affect the previously observed
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magnitudes of ORs and 95% Cls for rest of the variables (Tables 23-24). The Hosmer-
Lemeshow goodness-of-fit test for this final model yielded a Chi-square (8 degrees of

freedom) of 7.60 (P value = 0.47), indicating a satisfactory fit of the model.

In the sub-group of post-menopausal women, the corresponding estimate of the odds ratio
(parous vs. nulliparcus) was OR = 0.50 (95% CI: 0.33, 0.76). The Hosmer-Lemeshow
goodness-of-fit test for the final model yielded a Chi-square (8 degrees of freedom) of

9.20 (P value = 0.32).



110

7. 1. The Sample of Men

7. 1. 1. Main Findings
In this study there was no relationship between the levels of recreational physical activity
and risk of bladder cancer in men. None of the estimates of OR for recreational physical
activity was statistically significant (see Table 12). Note that the estimate of OR for the
last upper quartile of physical activity (> 150.0 MET- hours/month) was slightly elevated
relative to the reference category. But the overall pattern of data was not indicative of a
linear dose-response relationship. The test for trend yielded the P value of 0.13,
suggesting the absence of a linear gradient in risk associated with levels of recreational

physical activity.

The approximate amount of activity corresponding to the quartiles of total physical
activity score could be interpreted by using median of each quartile. For example, based
on the median score of total physical activity, an average annual amount of recreational
physical activity for a subject in the reference category (the lowest quartile) of total
physical activity (2 0 to < 24.2 MET-hours/month) would be to perform any single
activity with MET < § (e.g., walking, bowling, home exercise, or social dancing), 3 -6
times per week, for about 15-30 minutes each session, in one season (i.e., winter, spring,
summer, or fall). An average annual amount of recreational physical activity for a subject
in the second upper quartile (> 24.2 to < 73.6 MET- hours/month) would be to perform
any single activity with MET < 5 (e.g., walking, bowling, home exercise, or social

dancing), 3 — 6 times per week, for about 31 - 60 minutes each session, in two seasons.
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For a subject to fall in the third upper quartile (>73.6 to < 150 MET-hours/month) of fotal
physical activity score, he would have to perform any single activity with MET > 5 (e.g.,
jogging, tennis, skiing or swimming), 3 - 6 times per week, for at least 60 minutes each
session, in three seasons. An average annual amount of the physical activity for the
highest quartile (> 150.0 MET-hours/mouth) of total physical activity score would be to
perform any single activity with MET > 5 (e. g., jogging, tennis, skiing or swimming),

every day, for at least 60 minutes each session, in three or four seasons (see Table 2).

The results of this study indicated that relative body weight was not associated with risk
of bladder cancer in men. Although the odds of bladder cancer in the final model were
elevated for the third and fourth quartiles of body mass index, only one of the
corresponding ORs was statistically significant. Besides, there was no clear trend of risk
gradient across the quartiles of BMI (P value for trend was 0.10). The magnitude of OR
for the middle quartile (= 25.7 to <28.0 kg/m?) was larger (OR = 1.49) than that (OR =
1.29) for the upper quartile of BMI (=28.0 kg/m?), rendering this observed pattern
biologically less likely scenario. This association is more likely to reflect pattern of non-
differential misclassification of BMI. The overall evidence was not strong enough to
reject the Null Hypothesis of ‘no association’ and to conclude that men with higher BMI

were at an increased risk of bladder cancer.

A marginal but statistically significant association was found between occupation and
risk of bladder cancer. Men who had ever held any ‘high risk’ occupation(s) were at

increased risk of having bladder cancer compared to those who had never held such
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occupation(s) (OR = 1.22, 95% CI: 1.00, 1.50). Because the occupational classification
was a simple dichotomy, the observed OR of 1.22 could be an underestimate of the true
odds ratio due to some amount of non-differential misclassification. The effect of coffee
consumption was marginally statistically significant, possibly indicating a 30% increase
in risk for bladder cancer amongst drinkers of 1 cup or more a day relative to never
drinkers. Cigarette smoking was strongly associated with an increased risk of bladder

cancer.

Of the variables considered in the ‘bivariable’ (age- and Province-adjusted) analyses,
education and alcohol consumption were not kept in the final model for several reasons.
The estimates of multivariable (adjusted for the main exposure variables, occupation,
coffee consumption, pack-years of smoking, age, and Province) ORs for the educational
categories 10 — 12 and > 12 years versus < 9 years were 1.00 (95% CI: 0.77, 1.29) and
0.87 (0.66, 1.15), respectively. The likelihood ratio test yielded a P value greater than
0.10, suggesting that education did not contribute significantly towards the model’s
overall fit. The inclusion/exclusion of education in the model did not influence either the
magnitudes or confidence intervals of other regression coefficients. Similarly, there were
no associations between the categories of alcohol consumption and bladder cancer risk.
The multivariable ORs for the quartiles of alcohol consumption were close to unity and
none of them was statistically significant at o = 0.05. Likelihood ratio test for this
variable yielded a P value greater than 0.10. The exclusion of alcohol consumption from
the model did not influence the magnitudes of the regression coefficients, suggesting that

it was not a confounder.
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7. 1. 2. Consistency of the Findings with Those of Other Studies
Our finding of no association between physical activity levels and bladder cancer risk in
men are in agreement with four out of the five previously reported studies 3331407 Only
one study (prospective cohort design) found that vigorous recreational activity was
associated with increased risk of bladder cancer (RR =2.06; 95% CI: 1.08, 3.95) 37 The
different results in the two studies with respect to the effects of physical activity on
bladder cancer cannot be readily explained. Different study designs, methods of
measurement of physical activity, sample size, and adjustment strategies might have
contributed to this discrepancy. Since Wannamethee et al. >’ obtained their physical
activity data before the occurrence of bladder cancer, these measurements would not have
been influenced by the presence of disease. However, because these measurements were
taken only at baseline, some changes in patterns of activity might have taken place during
the follow-up. The participation/response rate in this prospective study was high (90%),
rendering the influence of selection bias minimal. The RR was adjusted for cigarette
smoking, BMI, socioeconomic status (SES), and alcohol intake (not for occupation).
However, it was based on a small sample of 92 bladder cancer cases. The authors stated
that some cases (the actual proportion not reported) were ascertained by mailed
questionnaires. If the proportion of cases ascertained by mailed questionnaires was
substantial, the possibility of the differential rates of cancer ascertainment across the
physical activity levels should not be excluded. This could happen if physically more
active participants were of higher SES and were more likely to report bladder cancer than

those of lower SES. The over-ascertainment of the disease amongst physically more
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active subjects could inflate the relative risk, suggesting a positive association between

physical activity and bladder cancer risk ¥,

Another prospective cohort study with a larger sample size reported that levels of
physical activity were not related to risk of bladder cancer (heavy vs. sedentary activity
RR = 1.05; 95% CI: 0.60, 1.84) *°. Although this study reported that the estimate was
controlled for smoking, it did not describe how this variable was measured and

categorized. The authors did not control the analysis for the effect of occupation.

The association between BMI and bladder cancer risk found in this study are consistent
with those from the four studies *>*"*7"7® One study demonstrated a statistically elevated
risk for the relationship between body mass index and bladder cancer risk (SIR = 1.3,
95% CI: 1.0, 1.6)'%. However, the magnitude of SIR is small and its statistical
significance is marginal. The adjustment of this estimate was restricted only to age and

gender.

The results of this thesis regarding the harmful effects of cigarette smoking and certain
‘high risk’ occupation(s) in relation to bladder cancer risk were consistent with those
from the previous research >% % " * Slightly increased risk for the coffee consumption,

found in this study, is in agreement with previous studies in men )
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7. 2. The Sample of Women

7. 2. 1. Main Findings
The ORs for the quartiles of total physical activity score in the final model were not
statistically significantly different from that for the reference quartile (Table 23). The OR
for the middle quartile was 0.70, towards the direction of protective effect, but its
magnitude was more extreme than that for the upper quartile (OR = 0.76). The high P
value (P = 0.14) for trend did not support a linear decrease in risk. Overall, the evidence
was not convincing enough to conclude that the levels of recreational physical activity

were inversely associated with risk of female bladder cancer.

There was no association between body mass index and female bladder cancer risk.

This study found that parous women (having at least 1 live birth) had about a 40 - 45%
reduction in risk of bladder cancer compared to nulliparous women. For parous women,
having a greater number of live births did not confer any additional protection against

bladder cancer.

Although statistically marginally significant, the estimate of OR for occupation suggested
a 55% elevation in risk of bladder cancer for women who had ever held ‘high-risk’
occupation(s) compared to those who never held such occupation(s). Similarly to men,
cigarette smoking in women was strongly associated with an increased risk of bladder

cancer. In the final model, the risk gradient for the association between cigarette smoking
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and bladder cancer risk conformed to dose-response relationship (P value for trend <

0.01).

Of the variables considered in the ‘bivariable’ (age- and Province-adjusted) analyses,
education, coffee consumption, alcohol consumption, breastfeeding, and the number of
years menstruated were not kept in the final multivariable model (see Table 23). The
addition of these variables to the model, one at a time, did not contribute significantly
towards the model’s overall fit (likelihood ratio test-based P value > 0.10). Moreover,
their inclusion/exclusion from the model did not influence the magnitudes and/or

confidence intervals of other regression coefficients.

The logistic regression models based on the total (pre- and post-menopausal) and post-
menopausal samples of women were similar (Tables 23-24). This may have reflected the
fact that post-menopausal women constituted most of the total sample of women

(306/359 cases and 1,003/1,465 controls).

7. 2. 2. Consistency of the Findings with Those of Other Studies
The extensive literature search identified and retrieved only one study exploring the
relationship between leisure-time physical activity and bladder cancer risk in women 3,
This was a 13-year follow-up study of 37,459 post-menopausal women. The study
authors used a physical activity index classifying the study subjects into ‘low’,
‘moderate’, and ‘high’ activity categories. The age-adjusted RRs and 95% Cls for bladder

cancer risk among ‘moderate’ and ‘high’ activity groups relative to ‘low’ activity group
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were 0.62 (95% CI: 0.38, 1.00) and 0.73 {95% CI: 0.46, 1.17), respectively. The study
authors were unable to draw definitive conclusions regarding the protective effect of
physical activity because of the absence of trend in risk and the statistically non-
significant RRs. The patterns of risk (the direction of effect, the magnitudes of RR, and
95% Cls) observed in this study are similar fo those obtained in the present study (see

Table 23).

Four out of the five studies reporting the associations between body mass index and
bladder cancer risk found no association between the two factors *>*%*5 7778 The results
of this thesis are consistent with those of the four studies **%7""®, A Swedish study,
using directly standardized rates, found that women having BMI greater than 28.6 kg/m®
were at a 40% increased risk of having bladder cancer compared to the Swedish general

population of women of the same age (SIR = 1.40, 95% CI: 1.0, 1.9) o

In the retrieved literature, only three studies reported on the relationship between parity
and bladder cancer '% *% %, Only one of these studies found an association (parous vs.
nulliparous OR = 0.67, 95% CI: 0.44, 1.00) 10 Another study reported an estimate of
relative risk suggesting a protective effect of multi-parity (30% reduction in risk for those
with 3 or more live births). However, the RR was not statistically significant (RR = 0.70;
95% CI: 0.38, 1.27). This was probably due to a small number of cancer events and a low
study power (n = 100) *8 Only one study reported the relationships between female

reproductive factors and bladder cancer risk in parous women !0 The results of that study
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and this thesis agreed that there was no association between the number of live births and

bladder cancer risk in parous women.

The findings of this thesis regarding the harmful effects of cigarette smoking and certain
‘high risk” occupation(s) in relation to risk of female bladder cancer were consistent with

those from previous research > >4

In summary, the associations found in this study of women are in agreement with the

results from majority of the previously conducted studies on the topic.

7. 3. The Role of Bias
This section will review different types of bias that may affect results of case-control
studies. The possibility for the presence and extent of the influence of each type of bias

on the study results is considered.

Non-Differential Misclassification
Non-differential misclassification in reporting physical activity and body mass index
would have been introduced due to the study subjects’ inaccurate recall of their activity
patterns and body weight/height (difficulties in recall of past events and/or subjectivity of
perception) and/or low reproducibility of the physical activity questionnaire. High
correlation shown between self-reported and measured body weight/height (r = 0.95) 8
would not prevent the occurrence of non-differential misclassification with respect to

body mass index (a measure could be valid but at the same time imprecise).
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In the majority cases of dichotomous exposure measurement, the effect of random error
would be to decrease the ability of the study to detect an effect of exposure on risk of the
outcome by attenuating an estimate of 2 true OR % However, when a polychotomous
exposure is used, as in case of this study (i.e., quartiles of physical activity and body mass
index), the direction of bias is less predictable, i.e., the OR estimates may be biased
towards or away from the null *>*". For example, the observed magnitudes of odds ratio
for BMI in men and physical activity in women could have been inflated partially or

entirely due to non-differential misclassification.

Since occupation was defined rather crudely as the dichotomy, some amount of non-
differential misclassification could have occurred. Namely, some truly exposed subjects
may have been misclassified as non-exposed and vice versa. Certain subjects would have
been misclassified with respect to the occupational exposure due to the lack of more
detailed information regarding their exact job-related duties. For example, someone who
worked at a rubber factory as a manager could have been classified as exposed. The
relevant literature ° lists many other ‘hazardous’ occupations (i.e., mechanics, nursery
workers, photographic workers, security guards, sailors, or bootblacks) for bladder cancer
which were not considered as ‘exposure’ in this study. Therefore, some subjects who had
reported to have held these occupations might have been classified as ‘non-exposed’. But
the findings for these occupations are less convincing and besides there were very few
subjects in the study sample who held these types of occupation. Another source of
misclassification would have been introduced by misclassifying the truly non-exposed

study subjects as exposed if the time period of their “hazardous’ occupation was outside
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the etiologically relevant time-window (i.e., after a life-time managerial work, he/she
became a farm worker 1-5 years prior the study interview). The effect of non-differential
misclassification of a dichotomous exposure is to bias the estimated OR towards the nuil.
Thus, in both men and women, the observed ORs for occupation may have

underestimated the true effect size related to the employment in ‘high risk’ occupation(s).

Differential Misclassification
Case-control studies are prone to recall bias - a common type of differential
misclassification. Differential misclassification can either overestimate (inflate) or
underestimate (dilute/deflate) an effect °°. This type of misclassification was of less
concern in this study, because the questionnaire sent to the cases and controls had
prompted them to provide information on many risk factors and they would not have the
knowledge or suspicion of the study hypothesis. Therefore, the possibility of distortion
(differential recall) of the effects of main exposure variables due to the participants’
awareness of the question under hypothesis in this study was unlikely. Since the collected
data on the exposures was self-reported, differential misclassification, introduced by an

interviewer or data coder was also less likely.

Given the above-mentioned, the observed patterns of risks for the main exposure

variables (physical activity and body mass index) are more likely to reflect effects of non-

differential rather than differential misclassification .
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Selection Bias
Controls, if selected in an unbiased manner, should represent the source population which
gave rise to the cases. Ideally, controls would estimate the expected exposure rate in

cases had they not developed the disease *% 7,

Since this was a population-based case-control study, it used a primary base (a
geographically and temporally defined population experience). Both cases and controls
were ascertained and sampled from the same primary base/source population of the
Canadian population 20 years or older, during the same period of time. A control, if
diagnosed with bladder cancer during the study period (1994-97), would become an
eligible case 86:9899 The randomly sampled controls, using population rosters such as
Provincial health insurance databases, are more likely to provide representative (of the
primary base) distributions of the main exposures. Random digit dialling was used only
in two Provinces: Alberta and Newfoundland. Incomplete phone coverage, answering
machines, multiple phone lines, and more than one eligible control per household could
potentially lead to some selection bias. However, random digit dialling often overcomes
the problem of unlisted numbers when telephone directories are used. The differences in
sampling methods across the Provinces were accommodated in the analyses by adjusting
the effect estimates for Province. Although the analytical adjustment for the selection-
confounding marker (Province) would not completely remove the bias, it could have

mitigated the extent and effect of selection bias.
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Although complete case ascertainment in case-control studies with a primary base is a
challenge, the cases in this study were identified and provided by the Provincial Cancer
Registries, whose ascertainment rates are considered to be more or less complete (bladder
cancer requires medical attention). This would facilitate cases’ representativeness of the

study base with respect to the exposures of interest.

Because the controls were selected and interviewed contemporaneously with the disease
incidence, meaning that both cases and controls were sampled from the same risk-set (the
controls were at risk at the time of cases’ diagnoses), temporal coherence of cases and

controls was achieved 5%,

Selection of controls must be implemented independently from the exposure under
interest *'%. Since, in this study, controls had been selected randomly using population
rosters (health insurance databases) and random digit dialling, it is unlikely that their
selection was related to levels of recreational physical activity and relative weight.
Hospital-based case-control studies are more prone to this type of bias when the
condition for admission of controls is directly or indirectly related to the exposure of
interest, leading to an artificial over or under-representation of the prevalence of exposure

in the hospital control series.

The examination of the distributions of total physical activity scores and body mass index
across the control subsets did not reveal any unusual patterns (Appendix B). These

observed patterns of distribution conformed to expectations based on external knowledge



of empirical evidence **. The presence of expected patterns amongst the controls
indicated that the control samples (men and women) had not been distorted due to some

severe selection bias and/or loss of study participants (non-response).

Non-Response
Severe non-response bias would occur if the participation rates differed for cases and
controls and the exposure distribution was different in non-responders relative to
responders. It has often been documented that response rates amongst controls of low
socioeconomic status (SES) are lower compared to those amongst controls of higher SES
19! Due to this non-response, the control series may be distorted in a way that they would
be artificially over-represented by subjects of higher SES relative to the study base
(source of the general population that gave rise to the cases). Based on the well-known
positive association between physical activity and socioeconomic status, one might
suppose that the use of a control series with artificially over-represented subjects of
higher SES (relative to the study base) would lead to the observation of an inverse
association between physical activity and risk of bladder cancer (controls being more

physically active than cases), even if there were no association between the two.

Since the proportions of non-response in this study were not low and they were similar
for cases and controls, one could make a conjecture that the non-responders were of
lower or similar SES (and physical activity levels) as responders, irrespective of the case-
control status (non-response related only to the exposure but not the disease status). This

would have maintained the proportionality in the case-control differences with respect to
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SES, and consequently, the levels of recreational physical activity. Given the above-
mentioned, one could take a modest comfort that this proportional loss would not have
produced a substantial bias in the estimates of OR for physical activity. However, the
non-response of this type could have reduced the study precision 86:101 The evidence that
non-responders usually have lower or similar SES as responders, irrespective of the
disease status, is supported by a large case-control study of breast cancer, based on the
population of North American women of similar age, which showed that the non-

responders had lower or similar SES than responders whether they were cases or controls

102

Given similar non-response rates, severe non-response bias is a less likely scenario. It
would be plausible only if the non-responders amongst cases were of higher SES/physical
activity levels than the responders, and in controls, the non-responders were of lower
SES/physical activity levels than the responders, or vice versa (combined response bias:
non-response related to both the exposure such as SES/physical activity and the disease).
Besides, SES should be a strong correlate of physical activity levels both in cases and

controls.

Unfortunately, because of the lack of information, this thesis could not explore the
distribution of socio-demographic characteristics of the non-responders in order to draw
definitive conclusions regarding the extent and influence of non-response bias on the

study results.
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Residual Confounding
Since in this study cigarette smoking (pack-years) was a strong risk factor for bladder
cancer (in other studies too) and it was categorized into quartiles, the observed
associations might not have been completely adjusted for the effect of smoking, If
subjects with lower physical activity levels were more likely to be heavy smokers, an
incomplete adjustment for smoking could lead to an exaggeration of a true relative risk
for the association between physical activity and bladder cancer risk in the direction of

‘protective effect’.

Unknown and Missing Confounders
Some extent of confounding due to some unknown factors should not be excluded. In this
case, it 1s hard to predict the direction of bias. There was missing information on certain
risk factors of bladder cancer such as history of urinary tract infections, use of specific
drugs (phenacetin-containing analgesics and cyclophosphamide), and family history.
Fortunately, the prevalence of these factors in the Canadian general population is very
low, and it is unlikely that their omission from the analyses produced major distortion in
the effect estimates. Information on exogenous sex hormones (i.e., hormone replacement

therapy and oral contraceptive use) was not available for this study.

Reverse Causality
The operation of reverse causality leading to curtailed levels of physical activity among
the cases (i.e., the observed ORs in women with direction towards protective effect) can

be ruled out. The examination of the bladder cancer cases with respect to the histological
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types revealed that about 90% of them were diagnosed with transitional cell
carcinoma/papilloma. According to the literature, the majority (about 75-80%) of all
transitional cell tumours are superficial, papillary shaped, and have relatively benign
nature (mostly non-invasive) with lower grade and stage at presentation. Most of the
time, they are confined to the mucosal layer or the lamina propria. Most commeon early
symptom in the presence of transitional cell tumour is painless or asymptomatic

. 24 44-45; 103
hematuria .

7. 4. Etiologic Considerations
Several biologic mechanisms are hypothesized to mediate an effect of increased levels of
physical activity on risk of cancer. These protective mechanisms are concerned with

decreased adiposity (body fat accumulation) >

, reduced exposure to endogenous sex
hormones such as estrogens (estradiol, estriol, and estrone) and androgens (testosterone
and dehydroepiandrosterone). The protective mechanisms of physical activity and/or lean
body mass might also be related to decreased concentrations of insulin-like growth
factors. Another mechanism suggests that regular moderate physical activity enhances
immune function by increasing the secretion and circulation of lymphocytes,
granulocytes, monocytes, and macrophages. All the above-mentioned factors are shown
to be involved in carcinogenesis 27-28,29-30: 328 pycess body weight (a surrogate of body
fat mass) acts independently from physical activity to increase secretion and levels of
plasma insulin, which is thought to increase the bioactivity of insulin-like growth factors

and stimulate cell proliferation 2130:7213 pyrthermore, 2 number of human and animal

studies have demonstrated that certain endogenous sex hormones (testosterones,



127

progesterone, and estradiol) and insulin-like growth factor-1, enhanced the carcinogenesis

-12: 14-17: 19-30:
of bladder cancer 11713 14-17:19-20:33

The findings of this study suggesting that parous women (i.e., at least one live birth) had
a decreased risk of bladder cancer compared to nulliparous women supports the earlier-
stated hypothesis that parous women might be protected against bladder cancer through

reduced exposure to estrogens.

7. 5. Study Advantages
This thesis is one of the first population-based studies to address the associations between
self-reported recreational physical activity levels, relative weight, and risk for bladder
cancer in men and women. The response rates across the cases and controls were

relatively high.

Concurrent collection of information on the exposures from cases and controls would not

violate the principle of comparable accuracy with respect to recall #%.

The cases enrolled in this study were newly diagnosed. This has an advantage in terms of
the interpretation of study results over the alternative of using prevalent cases. In
prevalent cases, it is difficult to differentiate whether the observed association between
the exposure and the disease reflects the effect of the exposure on the risk of disease or its

prognosis/duration *,
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Compared to most other case-control studies of bladder cancer, this study had a large
sample size which leads to an increased precision of the estimates. For example, in men,
this study had an adequate power (at least 80%) to detect the true RR of 0.70 (or RR =

1.45) or more extreme.

Another advantage of this study is that we were able to control for most of the well-
established bladder cancer risk factors which might have acted as confounders of the
associations under investigation. In addition, stratification by gender and menopausal

status allowed us the exploration of potential effect modification.

Even though the derived physical activity score was based on self-reported data, it
incorporated all the necessary components (type, seasonality, session frequency, duration,
and intensity) for relatively accurate classification of the study subjects with respect to

their levels of recreational physical activity.

Since this study was population-based, given its internal validity, the results would be

readily generalizable to the Canadian population.

7. 6. Study Limitations
Physical activity is a complex multidimensional construct, which is difficult to measure
accurately. Therefore, there is a potential for measurement error. One of the main
limitations of this study was the lack of information on recreational physical activity

patterns pertaining to the etiologically relevant time-window(s). Since, the physical



129

activity self-reported data pertained to the 2 year time-period prior fo the interviews, the
relative ranks of the cases and controls with respect to physical activity levels and body
mass index may have been different for this period as compared to those during the
etiologically crucial time-period(s). Moreover, the data on physical activity and body
mass index were collected only at one point in time. If the variables of interest were time-
dependent, this would probably lead to some degree of misclassification (non-differential,

differential, or both).

Another limitation was the lack of similar information on occupational physical activity
patterns. If data on occupational physical activity had been available, the exploration of
the association between physical activity and bladder cancer would have been more

accurate and comprehensive.

The low prevalence of the exposure variable (recreational physical activity) in the study
population may have led to a reduced precision of the estimates (wider 95% Cls) for the
quartiles of recreational physical activity. In women, high levels or regular patterns of
physical activity could have a slight protective effect on risk of bladder cancer through
one or more hypothesized pathways (e.g., hormonal factors, insulin resistance, and/or
immune function). However, this study in women had 60.0% or less power of detecting

the magnitude of true OR = 0.70 or less extreme (see Table 1).

Although the questionnaire used for the data collection was highly structured, it was not

validated in similar populations of men and women.
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8. Summary of Findings

Based on the resulis of this study, levels of recreational physical activity and relative
body weight (as measured by BMI) were not associated with risk of bladder cancer both
in men and women. However, the study found that parous women (having at least one
live birth) were at decreased risk of developing bladder cancer compared to nulliparous

women.

Both in men and women, cigarette smoking was associated with increased risk of bladder
cancer. Even though the number of pack-years of cigarette smoking in women was lower
than in men, women had a higher smoking-related risk of bladder cancer than men.
Women as well as men who had ever held any hazardous occupation(s) were at increased
risk of bladder cancer compared to those who had never held such occupation(s). The
occupation-related risk of bladder cancer was higher in women than in men. Coffee
consumption was associated with a slightly elevated risk of bladder cancer in men, but

not in women for whom there was no association between the two.
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9, Future Research

Presently, if is not clear whether physical activity and body weight affect risk of bladder
cancer. The results of this thesis pose questions that need to be addressed in future
research. Namely, further research is needed to explore the associations between physical
activity, relative weight, and bladder cancer. Ideally, this research would elucidate
etiologic roles of physical activity, body fat distribution, and endogenous hormonal
factors in the development of bladder cancer. Although plagued with feasibility
problems, future studies should also consider multiple measurements of physical

activity/energy expenditure and body fat distribution over time.

Some additional insights into gender-specific rate differences in bladder cancer could be

gained by examining reproductive and hormonal factors in relation to bladder cancer.

It is desirable that the instruments for measuring levels of physical activity be tested for

their validity and reproducibility to ensure more accurate data collection.
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Bl . }4(;3222%&

Environmental Health Survey

{(Confidential when completed)

This form asks a variety of questions about you
and your environment, which may affect or be
related to your health. The information you
provide will help Canadians to understand more-
about preventing disease.

Please complete each question as best you can
even if you are not sure of your answer.

You do not need to fill in the entire questionnaire
all at once. You may wish to take a brief rest in
the middle.

) If youhave any questions about the survey or
Guide to filling in this Questionnaire: would like help filling it out, please call

Please choose answers by

marking a circle 0 — at
or printing in the boxes. |11 — L. | | Please return this questionnaire by
i _ | — | April | ' . Thank you for your time.

Si vous préférez répondre en francais, veuillez cocher la case
et renvoyer le questionnaire dans P'enveloppe adressée ci-jointe.

HWC/HPB-065-06053



GENERAL INFORMATION

Month Day Year

1. Today's date | [ L] o]

2. Is anyone helping you (the person whose name
appears on the front of the questionnaire) to
~complete this questionnaire?
© No ©OYes —© Spouse
- O Other -- Please specify:

L _ |

3. When were you bomn?.
Month Day Year

L] o]

4. Are ybu

OFemale O - Male

5. To which ethnic or cultural group(s) did your
ancestors belong?

Mark or specify as many as applicable.

O French O Dutch

© English © Jewish

© German © Polish

O Scottish O Black

© Italian © Aboriginal
O Irish : O Métis

© Ukrainian o Inuit

0O Chinese

© Other ethnic or cultural group(s)
-- Please specify:

Examples of other ethnic or cultural groups are:
Portuguese, Greek, Indian, Pakistani,
Vietnamese, Japanese, Lebanese, Haitian, etc.

6. What is your marital status?

© Single 0O Widowed
© Married ° Divorced/Separated
O Other -

< Common law

7. What is the highest grade (or year) of high
school or elementary school that you have
completed?

Grade m

8. How many years of post-secondary school
have you completed?
years © none

O Never attended school

L

9. Have you smoked at least 100 mgamﬂes in
your entire life?
© No - Goto 10
© Yes
About how old were you when you first started
smoking cigarettes? [, | years old

About how many years in total did you
smoke? [ |years

Of the entire time you smoked, how many
cigarettes, on the average, did you smoke

per day? E:] per day
Do you smoke cigarettes now?

© No — How old were you when you stopped
smoking? [ ]years old

O Yes — On the average, about how many
cigarettes a day do you smoke now?
[ ]per day

10. Have you ever smoked a pipe or cigars

regularly?

© No — Go to 11

© Yes

For how many years? 1| years
About how many , | per day
pipes or cigars? or [ ]per week

11. Have you ever used chewing tobacco regularly?
O No — Goto 12
O Yes
For how many years? 1| years
About how many plugs? per day

or ] per week
12. How tall are you?

Efeet m inches or E::] centimetres

13. How much did you weigh about 2 years ago?
pounds or E:_:} kilograms

14. What is the most you have ever weighed?
{Women should not include pregnancy.)

[, | |poundsor [ |kilograms
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1z

142

ENTIAL HISTORY '

15.  Please list each of the places in Canada you have lived for at least 1 year. Start with the most
recent residence and follow back to your childhood. (If you cannot remember exact details,
provide your best recollection, for example, nearest cross-street or intersection.)

E PERIOD

First Last
Year Year

ADDRESS

Street and Number or Lot, Concession
and Township (If you don’t remember
the exact address, give the nearest
cross-street or intersection.)

City,
Town, or
Municipality

County
or -

District,

if rural

Province

19 Jto 19[ ]

19 Jto 19 ]

19, |to19], |

190 Jto 190, |

190, jto19], |

197, Jto 19, 1

19[ Jto 19-[:1

19 Jto19[ ]

19| |to 19 | |

19 Jto 19"

190, Jto 19}, |

[ 19 Jto 19[ ]




ADDRESS

Postal
Code

Main source of
drinking water

Primary types of home
heating - '
(Mark those which

apply.)

Were you aware
of dusts or
odours from
industry while
living at this
residence?

How many 143
regular smokers
usually lived in
this home with
you?

000000 COO0OO0CO00OO0 O0OO0 OO0 00O
00000 O 0CO00CO 0000 00000
©C 00000 0 OO000OO0 OO0 0000 O0
00000 OOOOOOO 0000 00000
O0CO00O0 O00000O0 0000 OOOOO

10

i1

12



EMPLOYMENT HISTORY 144

16.  Please tell us about each job or occupation you had for at least 12 months in Canada or

' elsewhere. Include seasonal work, part-time, etc., if you worked the equivalent of 12 months or

more. Begin with your most recent job and continue back to your first job.. Please estimate the

time period if you cannot remember exact years. (Even if you have retired, we still require the
“information.) If you have never been employed, check here [J and continue to Question 17.

TIME PERIOD Type of Industry, Business, or Service Main Job Duties
First Last and Company Name 1
Year Year

{19 o 190
2 119 o 19[ ]
3119 w19, |
s [19 o 197
s [190 Jwo 19|




Job Location(s)

City/town and province

Job Title

Status

At this work-
place, were you
aware of dusts
or odours from
industry?

About how ma}ﬁ%ﬁ
people smoked
regularly in your
immediate work
area?

OO OO0 OO0 0O O000CO
0000 00O OO0.00
000 00O OO0 00O
000 0000 OO0 00O0

0O00CoO 0000 0000 7
0000 0O00O0 0O000O0 8
0000 elelele) 00000 9
00O 0000 'oNeNeNule 10




17. Have you ever worked with any of the
foliowing for more than one year?

Mever

Don't
know

At
work

Ar [ How many
home | vears in
total?

Asbestos
Arsenic salts
‘Chromium salts
Cadmium salis

Coal tar, soot, pitch,
creosote, asphalt
Mineral, cutting or
lubricating oil
Benzidine
Benzene

Isopropyl oil

0,00 00

O

00 0 0 0

O

00 0 00

o

00 0 0 0

O

1

1

L
(]
]

Dyestuffs
Vinyl chiloride

Pesticides
Herbicides
Mustard gas

Radiation sources
Welding
Wood dust

O 000 00000 O0CO

oooclooojoooo0oO

000000000 O0OO0

0000000 000C0C

j
|
|
|
|
|
|
L
]
]
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You are more than halfway
through the questionnaire. This
is a good place to take a short

break, if you wish.

DIET INFORMATION

18. During the past 20 years have you ever taken any of the following vitamin or mineral supplements?

Vitamin and Mineral type

How often?

For how many years in total?

No

Yes, but
not
regularly

regularly | 1 year

Yes, fairly|Less than

20 +
years

it02!3t05(6t09 10t0 15
‘years | years | years | years

Muiltiple vitamins

o]

Vitamin A

Beta-carotene

B-complex vitamins

Vitamin C

Yitamin B

ol Oy 0 O O} O

0 0, 0] 0] O

ol ol o] ol 0ol O
ol ol ol ol olo

ol ol ol ojlojo
ol ojolojojo
ol ol ol oj 0| 0O
0'.:00000
ol ol o] ol o]l O

Calcium

Iron

Zinc

Selenium

0]l 0] 6] O

oy 0 O ©

Of 0] O ©
o}l 0} 0} O

0} 0y O] O
o, 0 0} O
O 0y 01 O
0l 01 0 0
o O0f 6] O




19, This section asks about your eating habits about two years ago. 1hinking DacCk 10 inal ume,
we ask you to mark the column that best describes how often, on average, you ate or drank the

‘ amount specified of each of the following foods and beverages. 147
, |
© | Never
or less 2-3 1 4-5 6+
: than per | per per
I per day | day | day
month ‘
BEVERAGES MADE WITH WATER
! Coffee (1 cup) ' o o o o
i
. Tea (1 cup)
Orange or grapefruit juice from frozen o o o
concentrate (4 o0z/115 mi glass)
Other juices or drinks from frozen o o o} o o o
concentrate (4 oz/115 mi glass)
Drinks from powdered drink crystals 0 o o} o o e}
(4 0z/115 ml glass)
Tap water (8 0z/230 ml glass) o o o
Bottled water (8 0z/230 ml glass) o) o
OTHER BEVERAGES
Whole milk (8 0z/230 ml glass) o o o o o o
2% milk (8 0z/230 ml glass) o o o o] o o)
1% milk (8 0z/230 ml glass) o o o o o Lo}
Skim milk (8 0z/230 ml glass) o] Q o) o o) o)
Orange or grapefruit juice, fresh, bottled o o o o o o}
or canned (4 0z/115 ml glass)
Other juices or drinks, fresh, bottled or o o o o o o
canned (4 0z/115 ml glass)
Tomato or vegetable juices o o o] o o o
(4 0z/115 ml glass)
| { Soft drinks (1 glass/bottle/can) o o’ o] o . O O
Beer (1 bottle/can) o o) o o o o)
{ Wine (1 glass) o o o o o o
Liquor (1 drink or shot) o o o o o o
{continued)




B 19. (continued) Please mark the column that best describes how often, on average, you ate the amount

: specified of these foods about two years ago. :
? Never
or lessi 1-3 2-3 45 {6+
than per per per | per
i per | month ~day | day | day
month
_ FRUIT
Apples or pears (1) o o] o o o] o
Oranges (1) o o c o o o
Bananas (i) o] o] o o] o o
. Canialoupe (4 melon) o o o o o o
Other fruit, fresh or canned (I piece or Yo cup) © o/ o 1% o C
VEGETABLES
Tomatoes (1 or ¥z cup) o o o o o) o
Carrots (1 whole or ¥4 cup) o] o) o o o] o
5 Broccoli (¥ cup) o o o o o o
; Cabbage, cauliflower, brussels sprouts (V4 cup) © o o o o o
; Spinach or other greens (1 serving) o o o © o} ’s)
; Yellow (winter) squash_ (%2 cup) o o} e} o) o] o]
-l Any other vegetable including green beans, o o o o 0 o
| comn and peas (% cup)
[‘1 Soups with vegetables (I cup) o o o o o o
i :
‘ Potatoes: baked, boiled (1) or mashed (1 cup) o o o o} o o
French fries or fried potatoes (4 cup) o o o o} o o]
Sweet potatoes (1 or % cup) c o] e} o o o
Tofu or soybeans (3-4 0z/115 ml) o o o o o) o
& Baked beans or lentils (% cup) c o o) o e o
BREADS AND CEREALS
Bran or granola cereals, shredded wheat o © o o o o
(1 cup) !
Other cold cereals (I cup) o o] o o o o)
Cooked cereals (I cup) o] o o o o o
White bread (1 slice) or rolls (1) o o] o Q. © o)
Dark or whole grain bread (I slice)orrolls (1) © o o o o o
Rice (I cup) % © o o el o
Macaroni, spaghetti or noodles (1 cup) o © o © o [
- {continued)




» 19. {continued) Please mark the column that best describes how often, on average, you ate the amount

specified of these foods about two years ago. 149
Never
or less f 2-3 4-5 ¢ 6+
than per per per | per
1 per day | day | day | day
month
MEAT, POULTRY, FISH, EGGS & CHEESE
Chicken or turkey (4 oz/115ml) o) o ) L) o
| Beef, pork or lamb as a main dish (steak, roast, © [a) [5) ) )
L ham) (4 oz/115 mi)
} Beef, pork or lamb as 2 mixed dish (stew or o o o o fs)
casserole, pasta dish) (4 0z/115 ml):
Hamburger (1) o o e} o ©
i Hot dogs (1) ' o o o o) o)
f Luncheon meats (salami, bologna) o e} C o ©
§ (1 piece or slice) » )
Smoked meat or comned beef (1 piece or slice) © o o o o
! Bacon (I slice) o o o o [}
g Sausage (1) o) o) o o [e)
{ Liver (4 0z/115 mi) [¢) o o o o)
i
z Fish, fresh, frozen or canned (4 oz/115 ml) o o ) o o
S Fish, smoked, salted or dried (4 oz/115 ml) o o 0 o o
; Eggs (1) _ o o o o <)
' Cheese other than cottage cheese ) o o o o
i (1 slice or 1 02)
_ SWEETS
Cake (1 slice) /o) o) [3) o) o . s}
’ Cookies (1) o) 5! L) o o) e}
} Doughnuts, pastry (1) o] o 0 [} o o
Pies (I slice) G s o6 o o
’} Ice cream (%2 cup) o o © [s} [ o
! Chocolate (1 small bar or 1 oz) o) o o o o o
MISCELLANEOUS
Potato chips (small bag or 43g) o) ) [e) o s} o)
Peanut butter {1 tbsp) o o) o) o o) o
Nuts (1 0z/30g) o Fo) ) o [} o
5 Margarine on bread or vegetables c o C o o )
{1 pat or tsp) A
Butter on bread or vegetables (1 pat or tsp) < o C 5} © o
Mayonnaise or salad dressing on bread o =} o) o o )
or in salads {1 tbsp)




20. About two years ago:

Seldom or Sometimes Often or

: Never Always

‘ How often did you add salt to your food? .o o o

| How often did you add pepper to your food? o/ o
How often did you have onions or garlic in your food? c o S
How often did you eat the skin on chicken? © o o
How ofien did vou eat ¢he fal on meat? o o o

'v 21. What kinds of fat did you usually use in 23. What kinds of fat did you usually put on

5 cooking about 2 years ago? bread, potatoes and vegetables about

Mark only 1 or 2. . 2 years ago?

] Mark only 1 or 2.
S © Block or stick margarine -

© Soft tub margarine o Block or stick margarine
© Low-calorie margarine © Soft tub margarine

© Shortening © Low-calorie margarine

y © Butter , _ © Butter

o Oil © Cream cheese

i © Lard, baconfat, fatback © Didn’t add fat

: © Non-stick spray or no fat
L © Don’t know or don’t cook

23. Summary Questions

About 2 years ago:

Never
or less 3 14+
than 1 per |per
' per day | day
- {month
Hew often did you use fat or ofl in cooking? o c ©
Not counting salad or potatoes, how many o © - Q
g servings of vegetables did you eat?
; Not counting juices, how many servings of fruit © o O
| did you eat?
' How often did you eat fried food from a
’ restaurant or take-out? (for example, french o] c ©

fries, fried chicken, fried fish)




, 151
! 24. We have a few questions about your usual eating habits 20 years ago.
_ What you have just told us about the different places you have lived and

, worked might help in remembering back to your eating habits at that time.

_ For each of the following foods and beverages, please indicate whether you

s usually ate or drank more or less 20 years ago than you did about 2 years ago.

: Please mark the appropriate column for each food or beverage.

Compared to 2 years ago, Much  Some- Some- Much

g 20 years ago less what what more

i I used to consume: less miore

j Beef, pork or lamb o o o ©

1 Chicken or fish o o o- o

§ Milk o o o) o)

|

Vegetables o o o o)

1 Fruit o o o ©

: Bread o C o o

. Margarine e o o o

Butter ) o o )

i

? Fried foods ‘0 o o o}

} ' Sweets o o e’ o

.

! Tea o o ) o

! Coffee o o o] o
Soft Drinks o e’ o e}
Alcohol Ke) o] o] o]

25. About how many times have you gone on a
diet to lose weight during your adult life?

© Never

O 1 o 2 times

O 3 t0 5 times

B © 6 to 8 times

© G1o 11 times

C 12 or more times

i1




et
L4
i
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Please return this completed
guestionnaire in the self-addressed
envelope.

- PHYSICAL ACTIVITY » 152
L 26. About 2 years ago, how often did you do the following activities, on average? -
. E Which Seaseons? How often? Time per session
oy & &
& & e W O
O & ¥ P 5 &
i ¢ S& & & & VY & &F
%‘ & SIS dddalefss &
‘ﬁ § LIS e s NESSL
§ FIEE NN TG VDS
Walking for exercise © oo o ©C o o 0 O o o o o
% Jogging or running © 0 0 O © 0 0O 0 C o 0 0 ©
, Gardening or yard work © 0 0 O o o0 0 0 0 o 0 O ©
Home exercises or exercise class 0 0 O © 0 0 0 © o 0 O ©
- Golf o 0 0 O 0 0 0 0 O © 0 © ©
Racquet sports (tennis, squash, etc.) O 0 0 ¢ o 0 0 0 0 o 0 O ©
|
| Bowling or curling © O o o 0 o 0 © 0 0 O ©
i Swimming or water exercises 0O 0 0 © 0o 0o o0 o0 O © 0 O ©
Skiing or skating o 6 0 O 0 o0 oC o0 o o © o o
i Bicycling 0 0 0 0 0O c o o0 o © 0 0 ©
i Social dancing 0o 0 00 O 0 C OO o 0 0 ©
| Other strenuous exercise o o oo 0 o0ooo © 0 o0 o
OTHER GENERAL INFORMATION WOMEN:
) ‘ ) Please continue to the next page.
27. What was the approximate total income for all
household members from all sources, before
income taxes, in an average year during the last
5 years? BT ¢ MEN:
© less than $10,000 You have now completed the
© $10,000 - $19,999 questionnaire.
© $20,000 - $29,999
Z ggg’ggg - i‘;gggg ' Please take a moment (o fill in any
o greater than $100,000 questions you may haye missed.
© prefer not to answer '
28. How many members (adults and children) £, TIIL%?IK &0? VE:{&;.;Y Ug?h'
are there in your household in total? or ,a mg 1e ime 10 la ,ml . ls;
| persons , questmnﬁnanre” Your pm:ﬂcnpatmm Is
; sincerely appreciated.

iz




ESTIONS FOR FEMALES ONLY

MENSTRUATION

29. How old were you when you had your first
menstrual period?

‘I] years old

© Don’t remember
© Haven’t menstruated — Go 0 33

30. Between the ages of 10 and 30, did your
menstrual periods tend to occur regularly or
irregularly (menstrual cycles varied by more
than 10 days in length)? Please exclude any
time when you were pregnant or using birth
control pills. '
© Regularly O Imegularly

31. How old were you when you had your last
menstrual period?

[:Lj years old

O Still menstruate — Go to 33

32. How did your menstrual periods stop?
© Naturally--that is, as part of the change
of life
O As a result of a hysterectomy

(removal of womb)
C Following radiation
O Other -- Please specify:

C — ]

33. Have you had an operation to remove
BOTH your ovaries?
© No
© Yes — At what age? If they were removed
on two separate occasions, record when your
second ovary was removed.

At age [:] years

34. Do you have mammograms (x-rays of the
breast) performed on a routine basis (every
two years)?

0 No
© Yes — First mammogram at age[}years

PREGNANCIES

35. Have you ever been pregnant?
© No — Go to bottom of page.
O Yes

36. How many times have you been
pregnant? Include live births, stillbirths,
miscarriages, abortions and ectopic {(tubal)
pregnancies.

[ ] times
y’ 3’}’,:‘7 dow old were you at the end of your first
- pregnancy?

[I] years old

38. How many of your pregnancies were
live births?
E_—_] live births

© none

A g 39 fiiow old were you at the end of your first

> pregnancy which lasted 5 months or more?
E:I years old

40. For how many months in total did you
breastfeed? (Add the number of months
that you breastfed after each birth to give
the total number of months.)

months O never breastfed

Please take a moment to fill in any
questions you may have missed.

THANK YOU VERY MUCH
for taking the time to fill out this
questionnaire. Your participation is
sincerely appreciated.

Please return this completed
questionnaire in the self-addressed
envelope.

13
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Appendix B - Distribution of Total Physical Activity Score and Body

Mass Index in Controls
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Appendix Bl — Male Controls

Box Plot Bi-1 Total physical activity score by age group in male controls
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Box Plot B1-2  Total physical activity score by smoking group in male controls
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Box Plot B1-3 Total physical activity score by educational group in male controls
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Box Plot Bi- 4 Total physical activity score by income adequacy group in male controls
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Box Plot B1-5

Body mass index (kg/mz)
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Box Plot B1-6
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Box Plot B1-7
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Appendix B2 — Female Controls

Box Plot B2 -1 Total physical activity score by age group in female controls
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Box Plot B2-2 Total physical activity score by smoking group in female controls
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Box Plot B2-3 Total physical activity score by educational group in female controls
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Box Plot B2-4 Total physical activity score by income adequacy class in female controls
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Box Plot B2-5 Body mass index by number of live births in female controls
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Box Plot B2-6 Body mass index by diet group in female controls
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Box Plot B2-7 Body mass index by income adequacy group in female controls
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Box Plot B2-8 Body mass index by educational group in female controls
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