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ABSTRACT 

INTRODUCTION 

The primary aim of this thesis was to investigate the association between physical 

activity and the risk of colon and rectal cancers.  There has been a substantial amount of 

prior research done in this area, and reviews of this research have concluded that there is 

convincing evidence that physical activity reduces the risk of colon cancer, although the 

evidence is less convincing for rectal cancer.  However, there are several aspects of the 

relationship between physical activity and colon and rectal cancers that remain unclear.  

These issues include: the timing and intensity of physical activity required to optimally 

reduce risk; whether sedentary behaviour has an independent influence on the risk of 

colon and rectal cancers; whether non-aerobic physical activity (such as 

resistance/strength training) is independently associated with the risk of colon and rectal 

cancers; and whether physical activity has a different effect on the risk of proximal 

colon and distal colon cancers.  Each of these issues, as well as some methodological 

issues concerning measurement of lifetime physical activity, has been investigated in 

this thesis. 

METHODS 

These issues were investigated by:  

 conducting a review of the literature concerning timing and intensity of physical 

activity, sedentary behaviour, and the risk of colon cancer (Chapter Two);  

 conducting a meta-analysis of the studies that have investigated the effect of 

physical activity on the risk of proximal colon and distal colon cancers (Chapter 

Three);  

 conducting three original research studies, based on data from a case-control 

study of colorectal cancer that was conducted between 2005 and 2007, on 

different aspects of physical activity and the risk of subsite-specific colorectal 

cancer.  These studies were on timing and intensity of recreational physical 

activity (Chapter Four), sedentary behaviour at work (Chapter Five), and 

resistance training (Chapter Six);  

 developing  a self-administered questionnaire to measure lifetime physical 

activity (Chapter 7A); 
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 conducting a test-retest reliability study of questions that measure lifetime 

transport-related physical activity (Chapter 7B); and   

 conducting a study that compared two different methods of measuring 

occupational physical activity (Chapter 7C).   

RESULTS 

The results of both the review (Chapter Two) and the case-control study (Chapter Four) 

indicate that physical activity at practically any age reduces the risk of colon cancer, and 

that being physically active over the lifetime significantly reduces the risk of colon 

cancer and, arguably, rectal cancer.  The review and the case-control study also found 

that vigorous intensity physical activity may be required to optimally reduce the risk of 

colon cancer among males.   

Results from the case-control study revealed that sedentary behaviour at work may be 

an important risk factor for colon and rectal cancer.  The effect of time spent sedentary 

was independent of physical activity and seen among those who were physically active 

as well as those who were less active (Chapter Four).  In addition, preliminary evidence 

was found suggesting that resistance training may reduce the risk of colon cancer, 

independently of aerobic physical activity (Chapter Five).   

Although the results of the case-control study suggested that recreational physical 

activity may have a greater effect on distal colon cancer than on proximal colon cancer 

(Chapter Four), the results of the meta-analysis indicated that physical activity has a 

similar effect on the risk of proximal colon and distal colon cancers (Chapter Three).   

Finally, the results of the two methodological studies suggest that people are able to 

recall the transport-related physical activity they performed during their lifetime with 

moderate reliability (Chapter 7B), and that an occupational physical activity 

classification system based on job title and duties has good agreement with a valid and 

reliable self-reported method (Chapter 7C). 

CONCLUSION 

The research presented in this thesis has helped to further our understanding of the 

intensity and timing of physical activity required to optimally reduce the risk of colon 

and rectal cancers, and has determined that physical activity probably has the same 

effect on the risk of proximal colon and distal colon cancers.  It has also provided 

important preliminary evidence that sedentary behaviour and resistance training may be 
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independent risk factors for colon and/or rectal cancers, and has made some 

advancements to the measurement of lifetime physical activity.  Ultimately, the findings 

of the research presented in this thesis will help to inform physical activity guidelines 

and health promotion messages by providing information on the intensity, timing and 

types of physical activity that are associated with a reduced risk of colon and rectal 

cancers. 
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1 INTRODUCTION AND BACKGROUND 

This chapter provides background information about colorectal cancer, physical 

activity, and the relationship between them.  This chapter also presents the aims of the 

thesis and outlines the original and significant contribution that it makes to the 

literature.  In addition, there is an outline of the contents of the thesis to orientate the 

reader. 

1.1 COLORECTAL CANCER 

Colorectal cancer (also called bowel cancer) is a malignant tumour occurring in the 

large intestine.  The large intestine, also referred to as the large bowel, consists of the 

colon and the rectum (Figure 1.1).  The colon is divided into several portions: the 

caecum, a pouch about 6cm in length that connects the small intestine to the beginning 

of the colon; the ascending colon, which ascends on the right side of the abdomen; the 

hepatic flexure, which is the junction between the ascending and transverse colons; the 

transverse colon, which goes from the right side to the left side of the upper abdomen; 

the splenic flexure, which is the junction between the transverse and descending colons; 

the descending colon, which descends on the left side of the abdomen; and the sigmoid 

colon, which is S-shaped and connects to the rectum.  The rectum, which consists of the 

rectosigmoid junction and the rectum, is about 20cm long and is the final section of the 

bowel.  The rectum connects to the anal canal.  The large bowel is part of the digestive 

system, and its major functions include the movement of waste product through the 

colon (churning and peristasis), absorption of water, vitamins and some ions, and 

expulsion of waste product from the body (daefecation). 

The vast majority of colorectal cancers originate from adenomas (polyps), which slowly 

grow and develop into adenocarcinomas.
1
  Most colorectal cancers are sporadic; it is 

estimated that inherited syndromes caused by mutations in single genes, such as familial 

adenomatous polyposis and hereditary nonpolyposis colorectal cancer, account for no 

more than 10% of all colorectal cancers.
1
  

Colorectal cancers are thought to develop through several different pathways.
2-5

  The 

most common pathway accounts for the majority (70-85%) of colorectal cancers and 

involves frequent chromosomal instability (CIN).
2,4,5

  The CIN pathway is also 

characterised by frequent somatic mutations to oncogenes such as KRAS and to tumour  
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Figure 1.1: The large intestine 

Source: Adapted from an image from the website of the National Cancer Institute 

(http://www.cancer.gov) 

suppressor genes such as APC and p53.
3,5

  The second most common pathway accounts 

for 15%-20% of colorectal cancers and is characterised by hypermethylation of gene 

promoter regions (CpG island methylator phenotype, or CIMP).
3-5

  Finally, the 

microsatellite instability (MSI) subgroup of colorectal cancers is characterised by 

frequent mutations in repetitive DNA sequences due to DNA mismatch repair 

dysfunction.
4
  

1.1.1 Colorectal cancer subtypes 

Epidemiological studies have often examined the effect of risk factors on colon cancers 

and rectal cancers separately, and there are thought to be some molecular and 

epidemiological differences between colon and rectal cancers.
6
  For example, males are 

more likely than females to be diagnosed with rectal cancer, and the average age at 

rectal cancer diagnosis is lower than the average age at colon cancer diagnosis.
7
  

Although colon and rectal cancers share some risk factors, the effect of other risk 

factors may differ by cancer site.
6-8

  For example, physical activity has been consistently 

associated with a  reduced risk of colon cancer but not rectal cancer.
9
 

It has been also been proposed that tumours arising in different parts of the colon 

(proximal and distal, see Figure 1.1) may be different cancers with different genetic and 

environmental risk factors.
10

  There are embryological, morphological, physiological 
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and biochemical differences between the proximal colon and the distal colon, and 

molecular and epidemiological differences between proximal colon and distal colon 

cancers.
10

  For example, MSI cancers occur predominantly in the proximal colon, while 

cancers that arise through the CIN pathway occur predominantly in the distal colon.
10

  

Older people and females are more likely to develop proximal colon cancer while distal 

colon cancers are more common in younger people and males, and while there has been 

an increase in the incidence of proximal colon cancer in Western countries, the 

incidence of distal colon cancer has decreased.
10

 

1.1.2 Epidemiology of colorectal cancer 

Colorectal cancer incidence in Australia 

Colorectal cancer is one of the leading contributors to the burden of disease in 

Australia.
11

  It has been estimated that in 2010 in Australia colorectal cancer accounted 

for 37,800 disability-adjusted life years (DALYs) in males and 30,300 DALYs in 

females, which is 3% of the total burden of disease in males and 2% of the total burden 

of disease in females.
11

 

Excluding non-melanoma skin cancer, colorectal cancer is the second most common 

cancer among both males and females in Australia.
12

  In Australia in 2008, 7963 males 

(13% of all cancers in males) and 6474 females (14% of all cancers in females) were 

diagnosed with an incident colorectal cancer.
12

   The age-standardised incidence rates of 

colorectal cancer in Australia in 2008 were 46.0 and 32.1 cases per 100,000 person 

years for males and females respectively.
12

  The lifetime risk of developing colorectal 

cancer to age 85 years is estimated to be 1 in 10 for males and 1 in 14 for females.
11

  

Like the national figures, in the state of Western Australia colorectal cancer is the 

second most commonly diagnosed cancer (excluding non-melanoma skin cancer) 

among both males (739 cases in 2009, 12% of all cancers in males) and females (545 

cases, 12% of all cancers in females).
13

   

The incidence of colorectal cancer increases sharply at around 40 to 45 years of age in 

both males and females, and continues to increase throughout the lifetime (Figure 1.2).
11

  

Although the colorectal cancer incidence rate in females remained relatively stable 

between 1982 and 2007, the incidence rate in males increased by 13% during the same 

time period (Figure 1.3).
11

  The combination of increasing colorectal cancer incidence 

rates with age, increasing incidence rates in males over time and an ageing Australian 

population highlight the importance of colorectal cancer prevention. 
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Figure 1.2: Age-standardised rates of colorectal cancer incidence and mortality 

among males and females in Australia in 2007, by age at diagnosis 

Source: Australian Institute of Health and Welfare, 2010
11 

 
 

 

Figure 1.3: Age-standardised rates of colorectal cancer incidence and mortality 

among males and females in Australia between 1982 and 2007 

Source: Australian Institute of Health and Welfare, 2010
11
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Colorectal cancer survival has improved in the last 30 years, from 49% five-year 

survival for cancers diagnosed 1982-1986 to 62% five-year survival for cancers 

diagnosed between 1998-2004.
14

  This improvement is thought to be due partly to 

earlier detection and more effective treatments.
15

  However, colorectal cancer is still the 

second most common cause of cancer death in Australia.
11

  In 2007 more than 4000 

people died as a result of this disease.
11

   

Colorectal cancer incidence worldwide 

The age-standardised incidence rates of colorectal cancer in Australia mentioned above 

are among the highest in the world (Figure 1.4).
12

  Incidence rates vary greatly 

worldwide.  While the incidence rates in countries such as Australia, the United 

Kingdom, the United States and Canada are above 34 and 25 cases per 100,000 person 

years for males and females respectively, they are much lower in countries such as India 

(4.3 and 3.4 cases per 100,000 person years for males and females respectively) and 

China (16.3 and 12.2 cases per 100,000 person years for males and females 

respectively).
12

  The marked difference in worldwide incidence rates, along with the fact 

that incidence rates among immigrants and their descendants rapidly reach those of their 

host country, suggest that the risk of colorectal cancer is influenced by environmental 

and lifestyle factors.
1 

1.1.3 Colorectal cancer risk factors 

Aside from age, colorectal cancer has many established risk factors.  Tobacco use and 

having inflammatory bowel disease or diabetes increase risk, while use of non-steroidal 

anti-inflammatory drugs and hormone replacement therapy have been shown to reduce 

risk.
1
  Obesity, physical activity and various dietary factors have also been shown to be 

risk factors for colorectal cancer.
9
  The literature concerning these risk factors was 

comprehensively reviewed in a 2007 report by the World Cancer Research Fund and the 

American Institute for Cancer Research.
9
  The report concluded that there was 

convincing evidence that the risk of colorectal cancer is increased by red meat, 

processed meat, alcohol use (males), body fatness and abdominal fatness, and that 

alcohol use probably increased the risk of colorectal cancer among females.  Garlic, 

milk, calcium and foods containing dietary fibre were also judged to probably decrease 

the risk of colorectal cancer.  Finally, the report judged that there was convincing 

evidence that physical activity decreased the risk of colon cancer, but that an association 

with rectal cancer was unlikely.
9
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Figure 1.4: Age-standardised rates (per 100,000) of colorectal cancer incidence and 

mortality worldwide in 2008 

Source: Ferlay et al, 2010
12

 

1.2 PHYSICAL ACTIVITY 

Physical activity is commonly defined as ―any bodily movement produced by skeletal 

muscles that results in energy expenditure‖.
16

  Physical activity has been shown to 

reduce the risk of early death and a variety of chronic diseases, such as coronary heart 

disease, stroke, type 2 diabetes, breast cancer and colon cancer.
17

  A number of 

physiologic changes to the body resulting from physical activity are thought to be 

behind the reductions in the risk of premature death and chronic disease.  These changes 

include improvements in autonomic balance, bone density, capillary density, coronary 

artery size, endothelial function, high density lipoprotein, immune function, insulin 

sensitivity, lean body mass, mitochondrial volume, motor unit recruitment, muscle fibre 

size, neuromuscular coordination and stroke volume, and decreased blood coagulation 

and inflammation.
18
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1.2.1 Physical activity components 

Physical activity has several related components: domain, type, intensity, frequency, 

duration, and timing.  The domain of physical activity type refers to the setting in which 

it occurs, which can be recreational, occupational, household or transport-related.  The 

types of physical activity include: aerobic physical activity, which generally involves 

large muscle groups and ―improves the efficiency and capacity of the cardiorespiratory 

system‖
18

; resistance training (also called strength training), which ―improves the 

strength, power, endurance, and size of skeletal muscles‖
18

; and sedentary behaviour, 

which refers to sitting and other activities that require very low energy expenditure.
19

  

Intensity refers to the amount of effort required to perform an aerobic activity, and is 

generally classified as light, moderate and vigorous.  Frequency refers to how often an 

activity is performed (e.g. months per year and hours per week).  Duration refers to how 

long an activity is performed for (e.g. number of years).  Finally, timing refers to when 

an activity was performed (the referent period), and can vary from the last week, the last 

year, a stated number of years ago (e.g. five years ago), or in a stated aged period (e.g. 

between the ages 19 and 34 years). 

1.2.2 Research on physical activity and health outcomes 

Studies of physical activity and health have traditionally investigated whether the most 

active people have a lower risk of a health outcome than the least active people, without 

taking into account the individual components of physical activity.  However there is 

increasing interest in whether these individual components, and the possible 

combinations of these components, may be associated with health outcomes.  An 

analogy with diet has been made, in that diet is a broad term that includes many 

nutrients and foods, and nutritional researchers aim to identify which and how much of 

these nutrients and foods are associated with a reduction in risk.
20

  For physical activity, 

researchers may ask questions such as ―Is vigorous intensity required to reduce the risk 

of a particular disease?‖, ―Is the risk of a particular disease reduced by performing a 

particular amount of physical activity per day, regardless of intensity?‖ or ―Are there 

any periods in life where physical activity confers a greater risk reduction?‖  Questions 

such as these have clear public health implications.  If research indicates that vigorous 

intensity physical activity is required to improve health, health promotion programs and 

physical activity guidelines should focus on encouraging the public to engage in activity 

of this nature.  If research indicates that duration is important but intensity is not 

important, then health promotion programs and physical activity guidelines should 
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focus on encouraging the public to perform and maintain a particular amount of 

physical activity of any intensity.  If a high level of physical activity in a particular age 

period results in a greater risk reduction than other age periods, health promotion 

programs and physical activity guidelines should focus particular attention on 

encouraging people in this age group to be physically active.  Understanding how the 

different components of physical activity influence health outcomes is critical to inform 

effective public health action. 

1.3 PHYSICAL ACTIVITY AND COLORECTAL CANCER 

The relationship between physical activity and colon cancer risk is one of the most 

consistent in the epidemiological literature.
1
  A recent update to the World Cancer 

Research Fund report concluded that there was convincing evidence that physical 

activity reduced the risk of colon cancer, but that an association with rectal cancer was 

unlikely (although some studies have found an association).
21

  The effects that physical 

activity has on body fat and insulin resistance are thought to be the main mechanisms 

through which it reduces colon cancer risk.
22

  Other proposed biological mechanisms 

include the effects of physical activity on vitamin D, insulin-like growth factors, 

adipokines, low-grade inflammation, immune function, oxidative stress, prostaglandins, 

and gastrointestinal transit time, although there is limited evidence for these 

mechanisms.
22

 

The focus of this thesis is the association between physical activity and colorectal 

cancer risk.  However physical activity has also been shown to reduce the risk of 

colorectal adenomas (polyps), which are known precursors to colorectal carcinoma.
23

  

In addition, physical activity both before and after a diagnosis of colorectal cancer has 

been associated with improved overall and disease-specific survival, although there is 

limited research in this area.
24,25

  

1.3.1 Physical activity and the risk of colorectal cancer 

The initial studies of physical activity and colorectal cancer risk were conducted in the 

1980s and generally focused on occupational physical activity, using job titles to 

classify participants into different levels of physical activity.  In the 1990s, researchers 

began to collect information about recreational physical activity instead of, or in 

addition to, occupational physical activity.  The majority of these studies in the 1980s 

and 1990s found that the most active participants had a significantly reduced risk of 
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colon cancer.  In 2002, the International Agency for Research on Cancer reviewed the 

approximately 50 studies that had been conducted to that time and concluded that there 

was sufficient evidence to show that physical activity reduced the risk of colon cancer.
26

 

The results of studies of physical activity and rectal cancer were inconsistent however, 

and the association was thought to be weaker than that between physical activity and 

colon cancer.
26

 

Research in this area in the 21
st
 century has generally focused on elucidating the 

relationship between physical activity and colon cancer, often by examining the effect 

of different physical activity components.  For example, studies have investigated 

whether physical activity performed in specific age periods, or over the lifetime, may 

optimally reduce colon cancer risk.  Some studies have investigated whether physical 

activity of different intensities (light, moderate or vigorous) have different effects on 

colon cancer risk, and recent work has seen researchers investigate whether sedentary 

behaviour (or too much sitting) is an independent risk factor for colon cancer risk. 

Finally, studies have investigated whether physical activity has a different effect on the 

risk of proximal colon and distal colon cancers. 

All of these issues remain unresolved however.  It is also not known if non-aerobic 

physical activity, such as resistance training, is associated with a reduced risk of colon 

or rectal cancers, as virtually all of the studies that have investigated the association 

between physical activity and colorectal cancer have failed to take physical activity type 

into account.   

1.4 AIMS 

Given the epidemiological evidence on the association between physical activity and the 

risk of colon and rectal cancers summarised above, the overall aim of this thesis is to 

investigate the association between physical activity and the risk of colorectal cancer, 

with a focus on the effects of different components of physical activity.  The specific 

aims are: 

 To investigate whether there are any age periods in which physical activity 

confers a greater reduction in the risk of colon cancer and rectal cancer; 

 To determine whether performing physical activity consistently over the lifetime 

is associated with a reduced risk of colon cancer and rectal cancer; 
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 To investigate whether moderate intensity and vigorous intensity physical 

activity have different effects on the risk of colon cancer and rectal cancer; 

 To determine whether physical activity has a different effect on the risk of 

proximal colon cancer and distal colon cancer; 

 To investigate whether sedentary behaviour is an independent risk factor for 

colon cancer and rectal cancer; 

 To investigate whether resistance training is associated with the risk of colon 

and rectal cancers; 

 To develop a self-administered questionnaire to capture information about 

lifetime physical activity; 

 To determine the test-retest reliability of questions that collect information about 

transport-related physical activity performed over the lifetime; and 

 To assess agreement between job title/duties-based occupational activity and 

self-reported occupational activity. 

1.5 CONTENTS AND ORIGINAL CONTRIBUTIONS OF THE 

THESIS 

In this introductory chapter I have provided some background information about 

colorectal cancer and physical activity and outlined the specific aims of the thesis.  The 

next two chapters are literature reviews (Chapters Two and Three).  Note that although 

these literature reviews are presented before the original research component of this 

thesis, both were finalised after two of the original research studies presented in this 

thesis (Chapters Four and Five) had been accepted for publication in peer-reviewed 

scientific journals.  As such, these two original research studies are included in the 

literature reviews presented in Chapters Two and Three. 

In Chapter Two I review the literature concerning physical activity timing, physical 

activity intensity, sedentary behaviour, and the risk of colon cancer.  This literature has 

not been previously been reviewed in a detailed manner.  Chapter Three describes a 

meta-analysis of the studies that have investigated the effect of physical activity on the 
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risk of proximal and distal colon cancers.  This meta-analysis is the first quantitative 

summary of this research topic.   

Chapters Four to Six are original research studies, based on data from a case-control 

study of colorectal cancer (WABOHS - the Western Australian Bowel Health Study) 

that was conducted between 2005 and 2007.  In Chapter Four I investigate physical 

activity timing and intensity in relation to the risk of colorectal cancer, and also examine 

whether the association between physical activity and the risk of colorectal cancer 

differs by colorectal subsite (proximal colon, distal colon, rectum).  This study is one of 

few to have considered moderate intensity and vigorous intensity physical activity as 

independent risk factors, and the WABOHS is one of the few studies to have collected 

information about physical activity performed over the entire adult lifetime.  In Chapter 

Five I examine whether sedentary behaviour is an independent risk factor for colon and 

rectal cancers, and again examine whether the association differs by subsite.  This is one 

of the first studies with a primary focus on the effect of sedentary behaviour on the risk 

of colon and rectal cancers.  In Chapter Six I investigate the effect of resistance training 

on the risk of colon and rectal cancers.  No previous studies have examined this issue.  

Chapter Seven is made up of three sections, each about measurement of lifetime 

physical activity.  In the first section (Chapter 7A) I describe the development of a 

questionnaire to measure lifetime physical activity for a case-control study of breast 

cancer.  In the second section (Chapter 7B) I describe a study that investigates the test-

retest reliability of the questions used to measure transport-related physical activity in 

the breast cancer study.  This study is the first to examine the test-retest reliability of 

questions that measure lifetime transport-related physical activity.  In the third section 

(Chapter 7C) I compare two different methods of measuring occupational physical 

activity.  This study is one of few studies to assess the agreement between self-reported 

occupational physical activity and a classification system based on job titles. 

Finally, in Chapter Eight I summarise the major and minor findings of the thesis, outline 

the original and significant contributions it has made to the literature, discuss the 

implications of the findings, and draw some conclusions regarding directions for future 

research.   
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2 PHYSICAL ACTIVITY AND COLON CANCER: 

TIMING, INTENSITY AND SEDENTARY BEHAVIOUR 

This chapter is based on the following published paper: 

Boyle T. Physical activity and colon cancer: Timing, intensity and sedentary behavior. 

Am J Lifestyle Med. 2012; 6: 204-215.  Initially submitted on December 23, 2011.  

Accepted for publication on January 5, 2012. 

2.1 ABSTRACT 

Despite the convincing evidence that physical activity reduces the risk of colon cancer, 

there are some aspects of the association that remain unclear.  These aspects include the 

appropriate timeframe of exposure, whether the intensity of physical activity matters, 

and whether sedentary behaviour is a distinct risk factor.  This review summarised the 

research that has investigated these issues.  In terms of timing, physical activity at any 

age (with the exception of physical activity performed up to and including the late 

teens) has been shown to be associated with a significantly reduced risk of colon cancer.  

Physical activity performed between 30 and 50 years of age, as well as long-term or 

lifetime physical activity, has been most consistently shown to reduce risk.  For 

intensity, research to date suggests that more intense activity (particularly vigorous 

intensity activity) may be associated with a greater reduction in the risk of colon cancer 

for males, but not for females.  Finally, most of the studies that have investigated the 

effect of sedentary behaviour on the risk of colon or colorectal cancer have shown an 

increased risk, suggesting that sedentary behaviour may be a distinct risk factor for 

colon cancer. 
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2.2 INTRODUCTION 

The association between physical activity and colorectal cancer is a well-researched 

topic; close to 100 studies have been published in this area, and this literature has been 

reviewed in many articles, meta-analyses and book chapters.  The majority of research 

has found that the most active individuals have a lower risk of colon cancer than the 

least active, and the evidence from these studies has been judged to be convincing.
1
  A 

recent meta-analysis found that the most active individuals reduce their risk of colon 

cancer by 24% (Relative Risk = 0.76, 95% CI = 0.72, 0.81), with almost identical 

results found for males and females.
2
  The strongest evidence for the biological 

mechanisms through which physical activity may lower colon cancer risk include 

decreasing the level of body fat and increasing insulin resistance.
3
  Other proposed 

biological mechanisms include the effect of physical activity on vitamin D, insulin-like 

growth factors, adipokines, low-grade inflammation, immune function, oxidative stress, 

prostaglandins, and gastrointestinal transit time.
3
  The risk of rectal cancer is generally 

thought to not be associated with physical activity,
1
 and is not considered in this review. 

Despite the extensive research and convincing evidence that physical activity reduces 

the risk of colon cancer there are some aspects of the association that remain unclear.
2,4

  

Two of these issues include whether there are certain periods of life in which being 

active may lead to greater (or smaller) risk reductions, and whether the intensity of 

physical activity matters.  There is also emerging evidence that sedentary behaviour, or 

too much sitting, may be a distinct risk factor for colon cancer that acts independently 

of physical activity.
5,6

  The aim of this review is to summarise the research that has 

investigated these issues. 

2.3 METHODOLOGY 

Medline was used to search the literature for all publications in English on physical 

activity and colon or colorectal cancer published through September 2011.  The 

following search strategy was used: 1) exercise or physical activity or walking or motor 

activity; 2) colon or colorectal or bowel; 3) cancer or neoplasm or carcinoma; and 4) 1 

& 2 & 3.   

2.3.1 Timing review 

Studies that investigated the association between colon or colorectal cancer and physical 

activity performed at one or more ages (e.g. at 30 years), during one or more age 
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periods (e.g. between 30 to 39 years of age), and/or over a long-term or the lifetime 

were included in the timing review.  If more than one type of physical activity was 

presented in a single study (e.g. occupational and recreational activity, or total, 

moderate intensity and vigorous intensity recreational activity) the result from the most 

‗complete‘ physical activity variable reported was used.   

2.3.2 Intensity review 

Papers that looked at the association between colon or colorectal cancer and physical 

activity of two or more types of intensity were included in the intensity review.  If a 

study reported physical activity of two or more types of intensity at different ages and 

over the lifetime, the lifetime result was used in the intensity review. 

2.3.3 Sedentary behaviour review 

Studies that looked at the association between colon or colorectal cancer and types of 

sedentary behaviour, such as watching television, hours spent sitting per day or years 

spent in sedentary work, were included in the sedentary review.  Studies that assessed 

job-based sedentary behaviour using activity levels based on job title and/or duties were 

included, although it has been argued that this method of assessment may reflect a lack 

of activity rather than prolonged sitting.
6
  Many of these studies, as well as those that 

assessed self-reported occupational activity, used sedentary work as the reference 

category to investigate the effect of standing and manual work on the risk of colon or 

colorectal cancer.  In these instances the risk estimates and confidence intervals of the 

standing/light work versus sedentary/sitting work comparison were inverted and used in 

this review.   

2.3.4 Data extraction and analysis 

Risk estimates and associated 95% confidence intervals were extracted from each 

included study.  If more than one level of exposure was presented, the highest versus 

lowest comparison was used in this review.  Three studies reported 90% confidence 

intervals, which were converted to 95% confidence intervals. 

The forest plots were made using the metan package in Stata 11.2 (StataCorp, College 

Station, TX, USA).    
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2.4 TIMING OF PHYSICAL ACTIVITY 

Most of the studies that have investigated the association between physical activity and 

colon cancer have only measured physical activity performed at one point in time.  In 

case-control studies this has often been the period one to two years prior to diagnosis 

(cases) or study participation (controls), while in cohort studies the referent period has 

often been the month or year before study participation.
7
  Relatively few studies have 

collected information about physical activity at several different points in time, and few 

have examined the association between long-term or lifetime physical activity and colon 

cancer risk.  As such, the appropriate timeframe of exposure to physical activity is 

unclear. 

2.4.1 Age-specific physical activity 

Eleven studies were identified that have examined the association between colon or 

colorectal cancer and physical activity performed at specific ages or during specific age 

periods.
4,8-17

  Two of these studies found no association between colon cancer and age-

specific physical activity but did not report any risk estimates,
13,17

 and one study 

reported that physical activity performed in the past had approximately the same 

influence on colorectal cancer risk as physical activity performed recently, but again did 

not report risk estimates.
11

  This review will focus on the remaining eight studies 

(Figure 2.1).
4,8-10,12,14-16

  Six of the eight studies looked at recreational activity 

only,
4,9,10,12,14,15

 one looked at combined recreational and occupational activity,
16

 and 

one looked at commuting activity.
8
  All of these studies adjusted for a range of 

potentially confounding variables.  There is considerable overlap in the age periods used 

in these studies so, to simplify, the midpoint of each age period was used to group the 

age periods by decade.  

Late teens 

Four studies have looked at the effect of physical activity performed in the late teens on 

the risk of colon or colorectal cancer.
9,12,14-16

  None of these studies found a dose-

response relationship, and three of the four studies reported risk estimates between 0.95 

and 1.05, suggesting that physical activity in this age period is not associated with the 

risk of colon/colorectal cancer (Figure 2.1).  Although one case-control study found a 

non-significant risk reduction of 54%, this result was based on a very small number of 

cases (eight) and the study did not provide any information about the validity or 

reliability of the tool used to measure physical activity.
14
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Figure 2.1: Forest plot of studies that have investigated the effect of age-specific physical 

activity on colon or colorectal cancer risk 

20 to 29 years of age 

Four studies have investigated the effect of physical activity performed between 20 and 

29 years of age on colon cancer risk.
4,8,9,16

  Three of these studies have found a greater 

than 40% risk reduction for the most active participants compared with the least active 
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participants; one of these found a significant approximately 45% risk reduction for 

males and females,
8
 one found a significant 67% risk reduction risk of distal colon 

cancer among females but no association among males,
4
 and one found a non-

significant 48% risk reduction for males and females combined.
14

  These three studies 

were all case-control studies however, which are more prone to problems such as recall 

and selection bias than cohort studies.  In addition, only one of these three studies found 

a dose-response relationship,
8
 and only one reported on the validity or reliability of the 

questionnaire used to measure physical activity.
4
  The only cohort study that has 

examined the association between physical activity performed between 20 and 30 years 

of age and colon cancer risk found no association.
9
 

30 to 39 years of age 

Six studies have investigated the effect of physical activity performed between 30 and 

39 years of age on colon or colorectal cancer risk, two of which were cohort studies.  

One of these cohort studies, which used a physical activity questionnaire based on other 

valid and reliable questionnaires, found a significant 24% risk reduction and a dose-

response relationship for males, but no risk reduction for females.
9
  The other cohort 

study only included males and found no association between physical activity at age 30 

years and the risk of colorectal cancer, although it did not report how physical activity at 

age 30 years was measured.
10

  The four case-control studies all found that physical 

activity performed between the ages 30 and 39 years significantly lowered the risk of 

colon/colorectal cancer in males and females, with risk reductions ranging from 30% to 

69%.
8,12,15,16

 Three of the four studies found a dose-response relationship.
8,12,16

  While 

one of these four case-control studies was a large population-based study, the other 

three were hospital-based and recruited fewer than 500 cases.  None of the case-control 

studies provided any information about the validity or reliability of the questionnaire 

used to measure physical activity. 

40 to 49 years of age 

Three studies, all of case-control design, have examined the association between 

physical activity performed between 40 and 49 years of age and the risk of colon cancer.  

Two of these studies found a 40% or greater risk reduction: one reasonably sized 

population-based study found a significant 40% to 46% reduction and dose-response 

relationship for both males and females,
8
 and one small hospital-based study found a 

significant 59% risk reduction for males and females combined and a borderline non-



21 

significant dose-response relationship.
16

  Neither provided any information about 

questionnaire validity or reliability.  Another reasonably sized population-based study, 

using a questionnaire based on others that have been found to be reliable, found no 

association between colon cancer and total recreational activity.
4
  However it did find 

that vigorous intensity activity performed in this age period was associated with a 

significant 45% reduced risk of distal colon cancer among males, but not females.
4
 

50+ years of age 

The effect of physical activity performed after the age of 50 years on the risk of colon or 

colorectal cancer has been investigated in five case-control studies.  Two found a 

significantly reduced risk (46%
12 

to 79%
16

) and a dose-response relationship for males 

and females combined, although both were hospital-based studies with a relatively 

small number of participants, and neither reported the validity or reliability of the tool 

used to measure physical activity.
12,16

  Three larger studies, one hospital-based and two 

population-based, found no association.
4,8,16

  One of the studies that reported no 

association for total recreational activity did find that vigorous intensity activity 

performed after the age of 51 years was associated with a significantly reduced risk of 

distal colon cancer in both males and females.
4
 

2.4.2 Lifetime or long-term physical activity 

Twelve studies have investigated the effect of long-term or lifetime physical activity on 

colon or colorectal cancer risk (Figure 2.2).
4,8,9,11,13,16,18-23

  Eight of these studies 

examined long-term or lifetime recreational activity,
5,9,11,13,19-22

 two have examined 

combined recreational and occupational activity,
16,18

 one has examined occupational 

activity,
23

 and one looked at recreational, occupational and commuting activity 

separately.
8
  All of the studies adjusted for, or analysed the effect of, a range of possible 

confounders. 

Five cohort studies have investigated this issue.
9,13,19,21,22

  Two found that a high level of 

lifetime or long-term activity was associated with a significantly reduced risk of colon 

cancer (ranging from 18% to 25%),
9,13

 while one found a non-significant 50% risk 

reduction.
19

  Two of these studies reported using a valid and reliable questionnaire.
9,19  

Neither of the remaining two cohort studies found an association.
21,22

  One of these two 

studies used a valid and reliable questionnaire,
21

 but the other measured physical  

activity at different time points using different questionnaires with unknown validity 

and reliability.
22
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Figure 2.2: Forest plot of studies that have investigated the effect of lifetime or 

long-term physical activity on colon or colorectal cancer risk 

All of the seven case-control studies that have investigated the effect of long-term or 

lifetime physical activity on colon or colorectal cancer risk have found a risk 
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reduction,
4,8,11,16,18,20,23

 with five finding a significant risk reduction (ranging from 26% 

to 63%) for males and/or females.
8,11,16,18,20

  Three of the five studies that reported a 

significant risk reduction also found a dose-response relationship.
8,11,16

  One of the two 

studies that did not find a significant association between total lifetime physical activity 

and colon cancer found a significant dose-response relationship between lifetime 

vigorous intensity activity and the risk of distal colon cancer among both males and 

females.
4
  Only two of the seven case-control studies reported using a valid and/or 

reliable physical activity questionnaire.
4,20

    

2.4.3 Summary of timing review 

Findings from studies that have investigated the effect of physical activity performed in 

specific age periods suggest that physical activity performed at any age, except prior to 

20 years, is associated with a reduced risk of colon cancer.  Physical activity performed 

between 30 and 50 years of age has been most consistently shown to reduce risk, 

although this conclusion is largely based on results from case-control studies that used 

physical activity questionnaires with unknown validity and reliability.  Although it 

could be argued that 30 to 50 years is the age period in which physical activity may 

optimally reduce colon cancer risk, it is also possible that people are able to recall the 

amount of physical activity they performed in this age period more reliably than in other 

age periods.   

Long-term or lifetime physical activity has also been consistently associated with a 

reduced risk of colon cancer, with the majority of cohort and case-control studies 

finding that performing a consistently high level of physical activity leads to a reduced 

risk.  This makes sense from a biological perspective, as colon cancer develops over an 

extended period of time.
24

 

2.5 INTENSITY OF PHYSICAL ACTIVITY 

It has been suggested that physical activity of different aerobic intensities (i.e. light, 

moderate or vigorous intensity activity) may impact on health in different ways
25,26

 and, 

as such, should be treated as potentially independent influences on disease risk.
25

  The 

intensity of an activity can generally be classified as light, moderate or vigorous 

according to its metabolic-equivalent (MET) value, with one MET equivalent to a 

resting metabolic rate obtained during quiet sitting.
27

  On an absolute scale, activities 

with a MET-value between 1.6 and 2.9 (such as standing and most household chores) 
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are considered to be light intensity, activities with a MET-value between 3.0 and 5.9 

(such as walking for exercise, golf and gardening) are considered to be moderate 

intensity, and activities with a MET value equal to or greater than 6.0 (such as running, 

swimming and squash) are considered to be vigorous intensity.
26

  More practically, light 

intensity activities are generally defined as those that do not cause a noticeable change 

in breathing rate; moderate intensity activities are defined as aerobic activities in which 

a conversation can be maintained, or as activities that require moderate physical effort 

and cause a small increase in breathing and heart rate; and vigorous intensity activities 

are defined as those in which it is difficult to maintain a conversation, or as activities 

which require hard physical effort and result in a large increase in breathing and heart 

rate.
28-30

  The use of these terms is inconsistent however.  Some studies have used the 

terms light, moderate and/or vigorous to describe increasing durations (or ‗dose‘) of 

physical activity rather than increasing intensity and, as discussed by others, a range of 

terms have been used to describe activity intensities.
28

 

The most recent Global, United States, United Kingdom and Canadian physical activity 

guidelines have all placed a greater focus on vigorous intensity physical activity, and 

have recommended it as an alternative or supplement to moderate intensity activity to 

meet the recommended weekly dose of physical activity.
31-34

  Recent literature reviews 

suggest that, compared to moderate intensity activity, vigorous intensity activity may 

lead to a greater reduction in the risk of cardiovascular disease
35

 and all-cause 

mortality.
36

  Epidemiological studies of physical activity and colon cancer have 

generally compared the most active participants with the least active participants, and 

few have considered the effect of activities of different intensities.  A previous review 

of the literature concerning physical activity and colon cancer suggested that it may be 

necessary to perform vigorous intensity physical activity to reduce risk.
7
  However it 

has also been proposed that a sufficient amount of walking may be all that is required to 

reduce the risk of colon cancer.
21,37

 

Ten studies (seven cohort and three case-control) were identified that have investigated 

the association between colon cancer and physical activity of two or more types of 

intensity.
4,9,13,20,21,38-42

  Six reported results for males
4,9,20,40-42

 (Figure 2.3) and all ten 

studies reported results for females (Figure 2.4).  Five studies asked participants to 

report the number of hours they spent in light-to-moderate intensity or moderate 

intensity activity and in vigorous intensity activity,
13,20,38,39,42

 three studies asked about 

time spent walking or in light intensity activity and in moderate-to-vigorous intensity 
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activity,
9,21,41

 one study asked about time spent walking and in vigorous intensity 

activity,
40

 and one study asked participants to list the activities they performed and then 

classified the activities as moderate intensity or vigorous intensity according to their 

MET-value.
4
  All ten studies adjusted for, or analysed the effect of, a range of possible 

confounders.  Eight studies analysed the different intensity variables as independent risk 

factors,
4,9,13,20,21,39,40,42

 although only five of these studies reported mutually adjusting 

the different physical activity intensity variables.
4,9,20,39,42

  

 
Figure 2.3: Forest plot of studies that have investigated the effect of physical 

activity of different intensities on colon or colorectal cancer risk among males 

Two of the three cohort studies conducted in males looked at light intensity and 

moderate-to-vigorous intensity activity
9,41

 and one looked at walking and vigorous 

intensity activity (Figure 2.3).
40

  All three studies reported using a valid and/or reliable 
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physical activity questionnaire, and all found similar risk estimates for physical activity 

of different intensities.
9,40,41

  Conversely, all three of the population-based case-control 

studies conducted in males, two of which had a large sample size and used a valid 

and/or reliable questionnaire,
4,20

 found a larger risk reduction for vigorous intensity 

activity than for light-to-moderate intensity or moderate intensity activity.
4,20,42 

 
Figure 2.4: Forest plot of studies that have investigated the effect of physical 

activity of different intensities on colon or colorectal cancer risk among females 

Five
9,38-41

 of the seven
9,13,21,38-41

 cohort studies conducted in females found similar risk 

estimates for physical activity of different intensities in females (Figure 2.4).  Two of 
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these five studies looked at light intensity and moderate-to-vigorous intensity 

activity,
9,41

 two looked at moderate intensity and vigorous intensity activity,
38,39

 and one 

looked at walking and vigorous intensity activity.
40

  One cohort study found that 

moderate-to-vigorous intensity activity was associated with a greater risk reduction than 

walking,
21

 while one study found a greater risk reduction for moderate intensity activity 

than for vigorous intensity activity.
13

  Most,
9,21,39-41

 but not all,
13,38

 of the cohort studies 

have reported that the questionnaire used to measure physical activity was valid and/or 

reliable.  The three case-control studies that have investigated this issue in females have 

looked at light-to-moderate intensity or moderate intensity activity and vigorous 

intensity activity.
4,20,42

  

One of these case-control studies found similar risk estimates for physical activity of 

different intensities,
42

 one found a greater risk reduction for vigorous intensity 

activity,
20

 and one found that vigorous intensity activity was associated with a greater 

risk reduction for distal colon cancer but not proximal colon cancer.
4
  Two of the three 

case-control studies reported using a valid or reliable questionnaire.
4,20

   

2.5.1 Summary of intensity review 

The research that has been conducted on physical activity and colon cancer risk 

suggests that more intense activity may lead to a greater risk reduction among males, 

but not among females.  In particular, vigorous intensity activity appears to confer a 

greater risk reduction than moderate intensity activity among males, although this 

conclusion is based on results from three case-control studies, as no cohort studies have 

found that more intense activity has a greater effect.  It is possible that several of the 

biological mechanisms through which physical activity may reduce colon cancer risk, 

such as  decreased obesity, greater insulin sensitivity, and decreased levels of insulin-

like growth factors, may be associated with vigorous intensity activity rather than 

moderate intensity activity.
7
  Another possible explanation is that vigorous intensity 

physical activity is recalled more reliably than moderate intensity,
43,44

 meaning that 

measures of vigorous intensity activity are better able to distinguish between highly 

active and inactive participants.
20

 

2.6 SEDENTARY BEHAVIOUR 

Sedentary behaviour refers to prolonged sitting and other activities that require very low 

energy expenditure, such as watching television or working at a desk.  There is an 
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emerging body of evidence suggesting that sedentary behaviour is an independent risk 

factor for several chronic diseases, distinct from insufficient physical activity.
45

  

Importantly, many of these studies indicate that sedentary behaviour has negative health 

effects even among people who meet physical activity guidelines.
45

   

A recent review of the literature concerning sedentary behaviour and cancer concluded 

that sedentary behaviour may be associated with an increased risk of colorectal, 

prostate, ovarian and endometrial cancers.
6
  A low level of occupational activity has 

been shown to be associated with an increased risk of colon cancer,
46

 however many of 

the studies in this area have combined sedentary and light activities, and/or have 

compared the most active participants with the least active participants.  As such, it is 

not clear whether a high level of activity, a high level of sedentary behaviour (sitting), 

or a combination of both, is behind the associations found in those studies.
5
  As has 

been discussed by others, many studies have used the term ‗sedentary‘ as a synonym for 

no or low physical activity but have not actually measured sedentary behaviour (i.e. 

prolonged sitting).
6,25

  

A total of 16 studies (six cohort and 10 case-control) were identified that have 

investigated the effect of some form of sedentary behaviour on colon or colorectal 

cancer risk (Figure 2.5).
5,9,12,17,47-58

  The majority have examined sedentary behaviour in 

an occupational setting.
5,12,17,47-54,56,57

  Two studies have examined time spent watching 

television
9,55

 and two have examined total hours sitting per day.
9,58 

Fourteen of the 16 studies have found that sedentary behaviour increases the risk of 

colon or colorectal cancer,
5,9,12,17,47-49,51,53-58

 although only five studies report a 

statistically significant increased risk (Figure 2.5).
5,9,17,51,55

  Six cohort studies have 

investigated this issue, with two finding a statistically significant increased risk (ranging 

from 30% to 56%),
9,51

 two finding a non-significant increased risk (ranging from 22% 

to 76%),
48,56

 and two finding no effect.
50,52

  All except one of the cohort studies assessed 

sedentary behaviour using self-report.  Ten case-control studies have investigated the 

effect of sedentary behaviour on colon or colorectal cancer risk.  Three found a 

statistically significant increased risk, ranging from 54% to 94%,
5,17,55

 and the other 

seven reported non-significant increased risks, ranging from 18% to 67%.
12,47,49,53,54,57,58

  

Six of the case-control studies were hospital-based, and six relied on job titles to assess 

sedentary behaviour.  None of the studies measured sedentary behaviour using a tool 

that has been shown to be valid or reliable for assessing sitting time.  Although all the 
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studies adjusted for at least age in their analyses, only six adjusted for recreational 

physical activity.  Two of these six studies found that sedentary behaviour significantly 

increased the risk of colon or colorectal cancer,
5,9

 two found a non-significant increased 

risk,
53,54

 and two found no association.
50,52

  One study found that recreational physical 

activity did not modify the effect of sedentary work on colon cancer (i.e. sedentary work 

was associated with an increased risk even among recreationally active participants).
5
 

 Figure 2.5: Forest plot of studies that have investigated the effect of sedentary 

behaviour on colon or colorectal cancer risk 
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2.6.1 Summary of sedentary behaviour review 

The majority of studies that have investigated the effect of some kind of sedentary 

behaviour (sitting) on colon cancer have shown an increased risk.  However much of 

this evidence comes from studies that have based occupational activity on job title, a 

method that may mistakenly classify jobs requiring a low level of activity but not 

prolonged sitting as sedentary.
6
  Any exposure misclassification in these studies is likely 

to have biased the effect towards the null however.  In addition, many of the studies that 

have investigated this issue have been hospital-based case-control studies, which are 

more prone to problems such as selection bias and recall bias, and/or have been small 

studies with insufficient power to detect a statistically significant difference.  

Furthermore, few studies have assessed the role of confounders, particularly the 

potential confounding effect of aerobic physical activity.  However four of the six 

studies that did adjust for physical activity found that sedentary behaviour was 

associated with an increased risk of colon cancer. 

Despite these methodological problems, the research conducted in this area so far 

indicates that sedentary behaviour may be a risk factor for colon cancer, independently 

of physical activity.  Another way to consider this may be that light intensity activity, 

which has previously been thought to have no impact on disease risk, may actually lead 

to health benefits (such as a reduced risk of colon cancer) when it is replacing sedentary 

behaviour.
26

  The effect of too much sitting on adiposity, metabolic dysfunction, 

inflammation and vitamin D have been proposed to be the pathways through which 

sedentary behaviour may influence colon cancer risk.
5,6

  

2.7 CONCLUSION 

Despite the convincing evidence that physical activity reduces the risk of colon cancer, 

there are some aspects of the association that remain unclear, such as the appropriate 

timeframe of exposure, whether the intensity of physical activity matters, and whether 

sedentary behaviour is a distinct risk factor for colon cancer.  The aim of this review 

was to summarise the research that has investigated these issues. 

Research that has investigated the effect of physical activity performed in specific age 

periods on colon cancer suggests that activity at any age is associated with a 

significantly reduced risk, with the exception of physical activity performed up to and 

including the late teens.  Physical activity performed between the ages of 30 and 50 



31 

years, as well as long-term or lifetime physical activity, has been most consistently 

shown to reduce risk.  Research to date suggests that more intense activity may be 

associated with a greater reduction in the risk of colon cancer for males, but not for 

females, while most of the studies that have investigated the effect of some type of 

sedentary behaviour on the risk of colon or colorectal cancer have shown an increased 

risk.  From a public health perspective, these conclusions suggest that programs that 

encourage people to establish and/or maintain a high level of physical activity 

consistently throughout their lifetime should be supported.  In addition, people already 

engaging in moderate intensity activity could be encouraged to also perform some 

vigorous intensity physical activity, if physically capable.  Finally, programs that 

discourage long bouts of sitting, in both occupational and non-occupational settings, 

should be introduced. 

2.7.1 Future research directions 

Where possible, future research on physical activity and colon cancer should collect 

information on sedentary behaviour and light, moderate and vigorous intensity activity 

(based on established definitions of these terms) using valid and reliable instruments, 

clearly report the definitions of the intensity terms, and investigate whether they have 

independent influences on the risk of colon cancer.  Future research could also 

investigate whether non-aerobic activity, such as resistance training, is associated with 

colon cancer risk and, if so, whether this association is independent of aerobic activity.  

In addition, future studies should investigate whether obesity, diet and/or ethnicity 

modify the effect of physical activity on colon cancer, and whether physical activity has 

a different effect on the risk of proximal colon and distal colon cancers.
2
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3 PHYSICAL ACTIVITY AND THE RISK OF 

PROXIMAL COLON AND DISTAL COLON CANCERS: A 

SYSTEMATIC REVIEW AND META-ANALYSIS 

This chapter is based on the following accepted paper: 

Boyle T, Keegel T, Bull F, Heyworth J, Fritschi L. Physical activity and risks of 

proximal and distal colon cancers: A systematic review and meta-analysis. J Natl 

Cancer Inst. 2012; In Press. Initially submitted on March 7, 2012.  Accepted for 

publication on July 17, 2012. 

3.1 ABSTRACT 

Although there is convincing epidemiological evidence that physical activity is 

associated with a reduced risk of colon cancer, it is unclear whether physical activity is 

differentially associated with the risks of proximal colon and distal colon cancers.  We 

conducted a systematic review and meta-analysis to investigate this issue.  MEDLINE 

and EMBASE were searched for English-language cohort and case–control studies that 

examined associations between physical activity and the risks of proximal colon and 

distal colon cancers.  A random-effects meta-analysis was conducted to estimate the 

summary relative risks (RRs) for the associations between physical activity and the 

risks of the two cancers.  All statistical tests were two-sided.  A total of 21 studies met 

the inclusion criteria.  The summary relative risk of the main results from these studies 

indicated that the risk of proximal colon cancer was 27% lower among the most 

physically active people compared with the least active people (RR = 0.73, 95% 

confidence interval [CI] = 0.66 to 0.81).  An almost identical result was found for distal 

colon cancer (RR = 0.74, 95% CI = 0.68 to 0.80).  The results of this systematic review 

and meta-analysis suggest that physical activity is associated with a reduced risk of both 

proximal colon and distal colon cancers, and that the magnitude of the association does 

not differ by subsite.  Given this finding, future research on physical activity and colon 

cancer should focus on other aspects of the association that remain unclear, such as 

whether sedentary behavior and  non-aerobic physical activity are associated with the 

risk of colon cancer. 
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3.2 INTRODUCTION 

The association between physical activity and the risk of colon cancer is well 

established, and the majority of studies have found that the most physically active 

individuals have a statistically significantly lower risk of colon cancer compared with 

the least active.
1,2

  A 2009 meta-analysis estimated this risk reduction to be 

approximately 24% for both males and females.
3
  Despite the extensive research that 

has been conducted on this topic, several features of the association between physical 

activity and risk of colon cancer remain unclear.
4
  

For example, it remains unclear whether physical activity is differentially associated 

with the risks of proximal colon and distal colon cancers.  It has been proposed that 

cancers of the proximal and distal colon may be two distinct cancer types with different 

genetic and environmental risk factors.
5
  There are embryologic, morphological, 

physiological, and biochemical differences between the proximal colon and the distal 

colon, and morphological, molecular, and genetic differences between cancers that arise 

in the proximal colon and the distal colon.
5
  There are also epidemiological differences 

between cancers at these two anatomical sites: Proximal colon cancers are more 

common in older people and females, whereas distal colon cancers are more common in 

younger people and males, and while the incidence of proximal colon cancer in Western 

countries has increased, the incidence of distal colon cancer has decreased.
5
   

Examining whether physical activity is differentially associated with proximal colon 

and distal colon cancers is important for several reasons.  Identification of a differential 

association between physical activity and colon cancer risk by subsite may lead to a 

better understanding of the aetiology of colon cancer.  There may also be implications 

for future research in this area.  If physical activity is more strongly associated with the 

risk of distal colon cancer, the association between physical activity and the risk of 

colon cancer may attenuate as colorectal cancer screening programs become more 

widespread.
1
  This attenuation would reflect the fact that adenomas—the known 

precursors to carcinomas—are more likely to be removed during flexible 

sigmoidoscopy and colonoscopy procedures when they are located in the distal colon 

versus the proximal colon,
6,7

 and that colonoscopy has been shown to be associated with 

a greater risk reduction for advanced neoplasms in the distal colorectum than those in 

the proximal colorectum.
8
  However, the results of studies that have examined the 

associations between physical activity and the risk of proximal colon and distal colon 
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cancers have been inconsistent, and it remains unclear whether the association between 

physical activity and colon cancer differs by subsite.
9
  We conducted a systematic 

review and meta-analysis to investigate this issue.   

3.3 METHODOLOGY 

3.3.1 Eligibility criteria and search strategy 

We followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) guidelines.
10

  We searched MEDLINE (from 1946 to January 16, 2012) and 

EMBASE (from 1947 to January 16, 2012) for cohort and case–control studies 

published in English that investigated the association between physical activity and the 

risks of incident proximal colon and distal colon cancers in humans.  For the purpose of 

this study, ―right colon,‖ ―right-sided colon,‖ and ―proximal colon‖ were considered to 

be analogous terms, as were ―left colon,‖ ―left-sided colon,‖ and ―distal colon.‖ 

To be included in this analysis, a study must have 1) classified colon cancer into no 

more than two outcomes (i.e. proximal colon cancer and distal colon cancer), and 2) 

defined the proximal colon as including at least the cecum, the ascending colon, and the 

transverse colon, but no anatomical sites distal to the splenic flexure, and the distal 

colon as including at least the descending and sigmoid colons, but not the rectosigmoid 

junction or the rectum, and no anatomical sites proximal to the splenic flexure.  We also 

included studies that investigated the association between physical activity and the risk 

of cancer at specific anatomical sites within the colon (i.e. cecum, ascending colon, and 

so on) and reported sufficient information to allow us to combine the results from these 

anatomical sites and calculate an effect size for our specified definitions of proximal 

colon and distal colon.  

The following search strategy was used: (exercise OR physical activity OR walking OR 

motor activity) AND (colon OR colorectal OR rectum OR rectal OR bowel) AND 

(cancer OR neoplasm OR carcinoma).  We also manually searched the reference lists of 

all included original studies, as well as those of several recent review articles.
1-3

  After 

eliminating duplicate studies, all articles obtained from the searches of the databases 

and reference lists were screened by one author (TB) to identify those that investigated 

the association between physical activity and the risk of colon cancer or colorectal 

cancer.  Two authors (TB and TK) then independently read the full text of all remaining 
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articles to determine whether the study met the eligibility criteria outlined above.  

Differences were resolved by discussion. 

3.3.2 Data extraction 

Data were extracted by one author (TB) using a data extraction form and entered into a 

database.  A second author (TK) independently checked these data, and all differences 

were resolved by discussion.  For each study, we extracted the effect estimate (reported 

as a relative risk [RR] or odds ratio) and its associated 95% confidence interval (CI) for 

the association of physical activity with the risks of proximal colon and distal colon 

cancers.  If a study combined two or more physical activity domains (such as 

recreational, household, and occupational) into a single measure of physical activity, the 

effect estimate for the combined measure result was used for the primary meta-analysis.  

If a study reported the effect estimates for two or more domains of physical activity but 

did not combine them, we used the result for recreational physical activity for the 

primary meta-analysis because recreational physical activity is the most commonly 

measured domain in observational studies of physical activity and cancer, and it has 

been suggested that it is the main modifiable aspect of energy expenditure.
11  

Recreational physical activity was measured in all of the studies that reported effect 

estimates from two or more domains of physical activity.  If a study reported the effect 

of physical activity at multiple periods or ages and over the lifetime, we used the 

lifetime result.  For all studies, we used the result that compared the most active group 

with the least active group.  The effect size and 95% confidence intervals were inverted 

for studies in which the most active group was used as the reference group. 

Other extracted data included the study type (i.e. case–control or cohort); the sex of the 

participants; the country in which the study took place; the study definitions of proximal 

colon and distal colon; the total number of colon cancers; the numbers of proximal 

colon cancers and distal colon cancers; and whether the study reported information 

about the validity and/or reliability of the questionnaire used to measure physical 

activity.  We also noted the physical activity domain(s) on which the main result was 

based; the definitions of the highest and lowest categories of physical activity that were 

used for the main result; any confounders that were controlled for in the analysis; any 

other variable whose confounding effect was assessed but was not included in the final 

model; whether dose–response analyses were conducted; and, if applicable, the results 

of the dose–response analyses.  Finally, if a study reported effect estimates for any 

physical activity domain other than that used for the primary meta-analysis, we 
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extracted the effect estimates that compared the most active group with the least active 

group.  

If a study reported insufficient data to include in the meta-analysis (i.e. no risk estimates 

and/or 95% confidence intervals), we contacted the corresponding author via email and 

asked if it was possible to supply the missing data.  If a study did not provide definitions 

of the proximal and distal colon, we searched the literature for another publication from 

the same cohort or case–control study that did report the definitions. 

3.3.3 Assessment of risk of bias in individual studies 

We used a three-item checklist to categorize studies as having either a lower risk of bias 

or a higher risk of bias.  The first item concerned the study setting: cohort studies and 

population-based case–control studies were considered to have a lower risk of bias, 

whereas case–control studies that were hospital-based or cancer registry–based were 

considered to have a higher risk of bias.  The second item concerned the validity and/or 

reliability of the instrument used to measure physical activity.  Studies that reported that 

the instrument used to measure physical activity was valid and/or reliable or was similar 

to another questionnaire with known validity and/or reliability were considered to have 

a lower risk of bias.  Studies that did not report this information were considered to have 

a higher risk of bias.  The third item concerned whether a study matched on, controlled 

for, or considered the confounding effects of (i.e. did not include these variables in the 

final model but reported that adjusting for them did not affect the results) age and 

obesity (e.g. body mass index, body weight, or waist circumference) because we 

considered these variables to be the main potential confounders of the association 

between physical activity and proximal colon and distal colon cancers.  Studies that 

matched on, controlled for, or considered the confounding effects of both of these 

variables were considered to have a lower risk of bias compared with those that did not.  

Studies that were categorized as having a lower risk of bias according to all three 

criteria were classified as having a lower risk of bias, whereas those that met zero, one, 

or two criteria were classified as having a higher risk of bias. 

3.3.4 Statistical analysis 

We used random-effects meta-analyses to estimate the summary relative risks for the 

associations between physical activity and the risks of proximal colon and distal colon 

cancers.  We combined the case–control and cohort studies in the primary meta-analysis 

because odds ratios and rate ratios provide similar estimates of risk when the outcome is 
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rare.
12

  If a study reported results for males and females separately, both risk estimates 

were included in the primary analysis.  Heterogeneity was assessed using the I
2
 and Q 

statistics, and meta-regression was used to examine whether there was a statistically 

significant difference between the summary effect sizes for the association between 

physical activity and the risks of proximal and distal colon cancers.  Publication bias 

was assessed by visual inspection of funnel plots, as well as statistically with the use of 

the Egger test.
13

  In sensitivity analyses, we assessed the impact of any possible 

publication bias by using the trim-and-fill method.
14

 

We also examined whether smaller studies were more likely than larger studies to find 

that physical activity had different associations with the risks of proximal colon and 

distal colon cancers.  For each study, we calculated the ratio of the risk ratios (and 95% 

confidence interval), which compared the association between physical activity and the 

risk of proximal colon cancer with the association between physical activity and the risk 

of distal colon cancer; as stated above, if the same study reported risk estimates for 

males and females, both results were used.  The ratio of risk ratios (RRRs) and 

associated 95% confidence intervals and standard errors were calculated using the 

formula outlined by Altman and Bland.
15

  A forest plot of the ratio of risk ratios, with 

studies sorted by standard error, was visually inspected to examine whether study size 

influenced the likelihood of a study finding that physical activity had differential 

associations with the risks of proximal colon and distal colon cancers.  

3.3.5 Subgroup analyses 

Four prespecified subgroup analyses were conducted: by sex (males vs females); by 

study type (cohort vs case–control); by risk of bias (lower vs higher risk of bias); and by 

physical activity domain (occupational, recreational, household, or two or more of these 

domains combined).  We also conducted one post hoc subgroup analysis by the 

definition of the proximal colon and the distal colon used in the study.  For this analysis, 

studies that included the splenic flexure as part of the proximal colon were classified as 

having used definition 1, studies that included the splenic flexure as part of the distal 

colon were classified as having used definition 2, and studies that did not include the 

splenic flexure in their definition of the proximal colon or the distal colon were 

classified as having used definition 3.  Meta-regression analysis was used to calculate 

ratios of risk estimates to test for statistically significant effect modification by sex, 

study type, risk of bias, definition of proximal colon and distal colon, and physical 

activity domain. In each subgroup category, meta-regression analysis was used to 
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examine whether there was a statistically significant difference between the summary 

effect sizes for the associations between physical activity and proximal colon cancer and 

distal colon cancer. 

All statistical tests were two-sided, and a P value less than .05 was considered 

statistically significant.  All analyses were conducted with Stata software (version 11.2; 

StataCorp, College Station, TX), using the metan, metareg, metafunnel, metabias, and 

metatrim commands.
16

 

3.4 RESULTS 

3.4.1 Study selection 

A total of 2588 articles were identified in the literature search (Figure 3.1).  Two 

additional articles were identified in a manual search of reference lists.  After 

eliminating the duplicate studies, a total of 1763 unique articles remained.  After 

excluding articles that were not relevant to this review, as well as correspondence, 

editorials, and review articles, a total of 101 articles that investigated the association 

between physical activity and the risk of colon cancer or colorectal cancer remained.  

After reviewing the full text of these articles, we excluded 49 articles that did not 

include analyses of colorectal subsites and another 11 articles because there was another 

article from the same parent study with either longer follow-up or a more complete 

measure of physical activity (although one of these studies
17

 was included in the 

subgroup meta-analysis of occupational physical activity).  We excluded six studies 

because they did not meet the required definition of proximal colon and distal colon; 

another 10 studies that reported results for specific anatomical sites within the colon 

were excluded because it was not possible to combine the results from these anatomical 

sites to calculate an effect size for our definitions of proximal colon and distal colon. 

Three studies that did not provide a definition of proximal colon and distal colon
18–20

 

were retained because we were able to obtain a definition from other publications based 

on the same cohort or case–control study.  This left 25 articles, of which five
21–25 

did not 

report sufficient data to include in the meta-analysis.  We contacted the authors of these 

five studies and were able to obtain the requested data for one study.
21

  This left a total 

of 21 studies that were included in the primary meta-analysis.
9,18–21,26–41
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Figure 3.1: Flow chart of study selection 

3.4.2 Study characteristics 

The main characteristics of the 21 studies included in the primary meta-analysis are 

displayed in Table 3.1, and additional study characteristics are reported in Table 3.3 at 

the end of this chapter.  More than 9512 people with proximal colon cancer and 8171 

people with distal colon cancer participated in the studies included in the meta-analysis 

(three studies
29,34,38

 did not report the number of cancers by subsite).  Twelve 

studies
19,21,26,27,29,30,32,33,35–37,39

 were cohort studies and nine
9,18,20,28,31,34,38,40,41

 were case–

control studies.  Eleven studies
19,26–29,33–37,39

 used definition 1 to classify anatomical 

sites as proximal colon or distal colon, six studies
9,18,21,30,32,38

 used definition 2, and four 

studies
20,31,40,41

 used definition 3.  Eight studies were conducted in Europe (one
27

 in 

multiple European countries, three
28,32,36

 in Sweden, and one each in Finland,
21

 

France,
18

 Norway,
37

 and Switzerland
34

), nine
19,26,29,30,35,38–41

 were conducted in the 

United States, three
20,31,33

 were conducted in Japan, and one
9
 was conducted in 

Australia.
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Table 3.1. Main characteristics of the studies included in the primary meta-analysis of studies that have investigated associations between 

physical activity and the risks of proximal colon cancer (PCC) and distal colon cancer (DCC) 

First Author, 

Year, Country 

(reference) Sex Study setting 

Number of 

cancers 

Physical activity 

domain in main result 

(in subgroup analyses) 

Physical activity 

measurement mode, 

validity reported, and 

reliability reported  

Confounding 

effect of age 

and obesity 

considered?  

Main Result  

RR or OR (95% CI) 

Dose–response  

P 

COHORT STUDIES        

Giovanucci, 1995, 

United States (29) 

Males  Health professionals CC: 203 

PCC: NR 

DCC: NR 

REC 

 

Self-administered,  

Yes, Yes 

Age: Yes 

Obesity: Yes 

PCC: 0.75 (0.36 to 1.55) 

DCC: 0.50 (0.25 to 1.00) 

NR 

Colbert, 2001, 

Finland (21) 

Males  Participants in a 

randomized 

controlled trial 

CC: 152 

PCC: 69 

DCC: 81 

REC 

(OCC)  

Self-administered,  

No, No 

Age: Yes 

Obesity: Yes 

PCC: 0.73 (0.47 to 1.14) 

DCC: 0.94 (0.58 to 1.53) 

NR 

Chao, 2004, 

United States (26) 

Both, 

combined 

Population CC: 940 

PCC: 505 

DCC: 339 

REC Self-administered,  

No, No 

Age: Yes 

Obesity: Yes 

PCC: 0.63 (0.45 to 0.88) 

DCC: 0.82 (0.55 to 1.24) 

 

PCC: .008 

DCC: .15 

Calton, 2006, 

United States (19) 

Females  Breast Cancer 

Screening Project 

CC: 243 

PCC: 103 

DCC: 68 

REC, OCC, HH Self-administered,  

Yes, No 

Age: Yes 

Obesity: Yes 

PCC: 0.87 (0.46 to 1.62) 

DCC: 1.36 (0.75 to 2.46) 

 

PCC: .84 

DCC: .34 

Friedenreich, 2006, 

Europe (27) 

Both, 

combined 

Population CC: 1094 

PCC: 429 

DCC: 491 

REC, OCC, HH 

(All examined 

separately) 

Self-administered or 

interview,  

Yes, Yes 

Age: Yes 

Obesity: Yes 

PCC: 0.65 (0.43 to 1.00) 

DCC: 0.96 (0.64 to 1.45) 

 

PCC: .004 

DCC: .83 

Larsson, 2006, 

Sweden (32) 

Males Population CC: 309 

PCC: 133 

DCC: 138 

REC, OCC, HH 

(All examined 

separately) 

Self-administered,  

Yes, No 

Age: Yes 

Obesity: Yes 

PCC: 0.71 (0.39 to 1.29) 

DCC: 0.70 (0.38 to 1.27) 

 

PCC: .32 

DCC: .47 

Lee, 2007, 

Japan (33) 

Both, 

separate 

Population CC: 337 

PCC: 154 

DCC: 166 

REC, OCC Self-administered,  

Yes, No 

Age: Yes 

Obesity: Yes 

Females: 

PCC: 0.55 (0.24 to 1.26) 

DCC: 1.37 (0.66 to 2.85) 

Males: 

PCC: 0.29 (0.14 to 0.60) 

DCC: 0.89 (0.53 to 1.51) 

Females:  

PCC: .151 

DCC: .401 

Males: 

PCC: <.001 

DCC: .685 
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Table 3.1. Main characteristics of the studies included in the primary meta-analysis of studies that have investigated associations between 

physical activity and the risks of proximal colon cancer (PCC) and distal colon cancer (DCC), continued  

First Author, 

Year, Country 

(reference) Sex Study setting 

Number of 

cancers 

Physical activity 

domain in main result 

(in subgroup analyses) 

Physical activity 

measurement mode, 

validity reported, and 

reliability reported  

Confounding 

effect of age 

and obesity 

considered?  

Main Result  

RR or OR (95% CI) 

Dose–response  

P 

Mai, 2007, 

United States (35) 

Females  Teachers CC: 395 

PCC: 272 

DCC: 107 

REC Self-administered,  

No, No 

Age: Yes 

Obesity: Yes 

PCC: 0.77 (0.54 to 1.08) 

DCC: 0.63 (0.37 to 1.09) 

 

PCC: .24 

DCC: .49 

 

Wolin, 2007, 

United States (39) 

Females  Nurses CC: 547 

PCC: 302 

DCC: 245 

REC Self-administered,  

Yes, Yes 

Age: Yes 

Obesity: Yes 

PCC: 0.97 (0.68 to 1.38) 

DCC: 0.54 (0.34 to 0.84) 

 

PCC: .77 

DCC: .004 

 

Howard,2008, 

United States (30) 

Both, 

separate 

Population 

(Retirees) 

CC: 3410 

PCC: 1860 

DCC: 1360 

REC 

(OCC) 

Self-administered,  

Yes, Yes 

Age: Yes 

Obesity: Yes 

Females: 

PCC: 0.91 (0.70 to 1.17) 

DCC: 0.82 (0.58 to 1.14) 

Males: 

PCC: 0.83 (0.68 to 1.02) 

DCC: 0.83 (0.67 to 1.03) 

Females:  

PCC: .969 

DCC: .336 

Males:  

PCC: .033 

DCC: .285 

Moradi, 2008, 

Sweden (36) 

Both, 

separate 

Census records CC: 7900 

PCC: 3720 

DCC: 3074 

OCC Job title–based,  

No, No 

Age: Yes 

Obesity: No 

Females: 

PCC: 0.71 (0.50 to 0.91) 

DCC: 0.83 (0.59 to 1.25) 

Males: 

PCC: 0.83 (0.67 to 1.00)  

DCC: 0.71 (0.59 to 0.83) 

Females: 

PCC: .029 

DCC: >.05 

Males: 

PCC: .004 

DCC: <.001 

Nilsen, 2008, 

Norway (37) 

Both, 

combined 

Population CC: 736 

PCC: 391 

DCC: 264 

REC Self-administered,  

Yes, No 

Age: Yes 

Obesity: Yes 

PCC: 0.81 (0.59 to 1.10) 

DCC: 0.56 (0.37 to 0.83) 

 

NR 

CASE CONTROL STUDIES        

Vena, 1985, United 

States (41) 

Males Hospital CC: 210 

PCC: 70 

DCC: 98 

OCC Job title–based,  

No, No 

Age: No 

Obesity: No 

PCC: 0.39 (0.21 to 0.71) 

DCC: 0.72 (0.44 to 1.16) 

 

NR 
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Table 3.1. Main characteristics of the studies included in the primary meta-analysis of studies that have investigated associations between 

physical activity and the risks of proximal colon cancer (PCC) and distal colon cancer (DCC), continued  

First Author, 

Year, Country 

(reference) Sex Study setting 

Number of 

cancers 

Physical activity 

domain in main result 

(in subgroup analyses) 

Physical activity 

measurement mode, 

validity reported, and 

reliability reported  

Confounding 

effect of age 

and obesity 

considered?  

Main Result  

RR or OR (95% CI) 

Dose–response  

P 

Brownson, 1989, 

United States (40) 

Males Cancer registry CC: 1993 

PCC: 779 

DCC: 939 

OCC Job title–based,  

No, No 

Age: No 

Obesity: No 

PCC: 0.60 (0.39 to 0.94) 

DCC: 0.83 (0.57 to 1.21) 

 

NR 

Gerhardsson, 1990, 

Sweden (28) 

 

 

 

 

 

Both, 

separate 

Population CC: 452 

PCC: 181 

DCC: 147 

REC, OCC Self-administered,  

No, No 

Age: Yes 

Obesity: Yes 

Females: 

PCC: 0.71 (0.20 to 2.50) 

DCC: 0.24 (0.07 to 0.83) 

Males: 

PCC: 1.25 (0.33 to 5.00)  

DCC: 0.30 (0.09 to 1.00 

Combined: 

PCC: .863 

DCC: .002 

Inoue, 1995, 

Japan (31) 

Both, 

separate 

Hospital CC: 432 

PCC: 42 

DCC: 61 

REC Self-administered,  

No, No 

Age: Yes 

Obesity: No 

Females: 

PCC: 0.50 (0.20 to 1.50) 

DCC: 1.00 (0.50 to 2.00) 

Males: 

PCC: 0.70 (0.40 to 1.50) 

DCC: 0.70 (0.40 to 1.30) 

NR 

Slattery, 1995, 

United States (38) 

Both, 

separate 

Population CC: 1993 

PCC: NR 

DCC: NR 

REC, HH Interview,  

No, Yes 

Age: Yes 

Obesity: Yes 

Females: 

PCC: 0.63 (0.44 to 0.89) 

DCC: 0.62 (0.44 to 0.88) 

Males: 

PCC: 0.56 (0.40 to 0.78) 

DCC: 0.65 (0.47 to 0.90) 

NR 

Levi, 1999, 

Switzerland (34) 

Both, 

combined 

Hospital CC: 119 

PCC: NR 

DCC: NR 

OCC Interview,  

No, No 

Age: Yes 

Obesity: Yes 

PCC: 0.28 (0.11 to 0.67) 

DCC: 0.53 (0.24 to 1.16) 

PCC: .01 

DCC: .01 
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Table 3.1. Main characteristics of the studies included in the primary meta-analysis of studies that have investigated associations between 

physical activity and the risks of proximal colon cancer (PCC) and distal colon cancer (DCC), continued  

First Author, 

Year, Country 

(reference) Sex Study setting 

Number of 

cancers 

Physical activity 

domain in main result 

(in subgroup analyses) 

Physical activity 

measurement mode, 

validity reported, and 

reliability reported  

Confounding 

effect of age 

and obesity 

considered?  

Main Result  

RR or OR (95% CI) 

Dose–response  

P 

Boutron-Ruault, 

2001, 

France (18) 

Both, 

combined 

Population CC: 106 

PCC: 43 

DCC: 63 

REC, OCC Self-administered,  

No, No 

Age: Yes 

Obesity: No 

PCC: 0.09 (0.01 to 0.70) 

DCC: 0.50 (0.20 to 1.00) 

NR 

Isomura, 2006, 

Japan (20) 

Both, 

separate 

Population CC: 438 

PCC: 175 

DCC: 262 

REC, HH, COM 

(OCC) 

Self-administered,  

No, Yes 

Age: Yes 

Obesity: Yes 

Females: 

PCC: 1.60 (0.70 to 3.60) 

DCC: 0.60 (0.30 to 1.10) 

Males: 

PCC: 0.90 (0.50 to 1.70) 

DCC: 0.70 (0.40 to 1.10) 

Females:  

PCC: .41 

DCC: .12 

Males: 

PCC: .69 

DCC: .19 

Boyle, 2011, 

Australia (9) 

Both, 

separate 

Population CC: 552 

PCC: 284 

DCC: 268 

REC 

(OCCa) 

Self-administered,  

No, Yes 

Age: Yes 

Obesity: Yes 

Females: 

PCC: 0.90 (0.52 to 1.54) 

DCC: 0.84 (0.47 to 1.50) 

Males: 

PCC: 1.11 (0.68 to 1.83) 

DCC: 0.66 (0.41 to 1.07) 

Females:  

PCC: .794 

DCC: .713 

Males: 

PCC: .577 

DCC: .227 

Abbreviations: CC = colon cancer; COM = commuting (transport-related) physical activity; HH = household physical activity; NR = not reported; OCC = occupational physical 

activity; REC = recreational physical activity. 
a 

Result from occupational physical activity domain from Boyle et al. (17). 
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Five studies
21,29,32,40,41

 involved males only, three
19,35,39

 involved females only, 

five
18,26,27,34,37

 involved both males and females but did not report sex-specific results, 

and eight
9,20,28,30,31,33, 36,38

 involved both males and females and did report sex-specific 

results.  A total of 29 sets of results were included in the primary analysis (13 sets of 

results for males,
9,20,21,28–33,36,38,40,41

 11 sets of results for females,
9,19,20,28,30,31,33,35,36,38,39

 

and five sets of results for both sexes combined
18,26,27,34,37

).  The main results of four 

studies
34,36,40,41

 were based on occupational activity, those of nine studies
9,21,26,29–

31,35,37,39
 were based on recreational activity, three studies

18,28,33
 were based on 

recreational and occupational activity combined, one study
38

 was based on recreational 

and household activity combined, three studies
19,27,32

 were based on recreational, 

occupational, and household activity combined, and one study
20

 was based on 

recreational, occupational, and transport-related activity combined. 

The subgroup meta-analyses of physical activity domains included 10 

studies
17,20,21,27,30,32,34,36,40,41

 that reported results for occupational activity, 11 

studies
9,21,26,27,29-32,35,37,39

 that reported results for recreational activity, two studies
27,32

 

that reported results for household activity, and eight studies
18–20,27,28,32,33,38

 that reported 

results from a combination of two or more domains. 

Risk of bias 

Four
31,34,40,41

 of the 21 studies were neither a cohort or a population-based case–control 

study.  Eleven studies
9,19,20,27,29,30,32,33,37–39

 reported that the questionnaire used to 

measure physical activity was valid and/or reliable or similar to other valid and/or 

reliable questionnaires.  Sixteen studies
9,19–21,26–30,32–35,37–39

 matched on, adjusted for, or 

considered the confounding effects of both age and obesity. Eleven studies (eight 

cohort,
19,27,29,30,32,33,37,39

 three case–control
9,20,38

) were categorised as having a lower risk 

of bias according to all three criteria and were classified as having a lower risk of bias, 

whereas 10 studies (four cohort,
21,26,35,36

 six case–control
18,28,31,34,40,41

) met zero, one, or 

two criteria and were classified as having a higher risk of bias.  

Dose-response 

A total of 18 dose–response analyses (six in males, eight in females, and four in males 

and females combined) were conducted in the 13 studies that examined whether there 

was a dose–response relationship between physical activity and proximal colon and 

distal colon cancers.
9,19,20,26–28,30,32–36,39

  Seven analyses of physical activity and the risk 

of proximal colon cancer (three in males, one in females, and three in male and females 
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combined) found a statistically significant (P < .05) dose–response 

relationship,
26,27,30,33,34,36

 and four analyses of physical activity and the risk of distal 

colon cancer (one in males, one in females, and two in males and females combined) 

found a statistically significant dose–response relationship.
28,34,36,39 

3.4.3 Meta-Analyses 

Primary Meta-Analysis 

The summary relative risk of the main results from the 21 studies indicated that the risk 

of proximal colon cancer was 27% lower among the most physically active people 

compared with the least active people (RR = 0.73, 95% CI = 0.66 to 0.81) (Figure 3.2).  

There was low heterogeneity (I
2
 = 31.3%; P = .057).  An almost identical result was 

found for distal colon cancer (RR = 0.74, 95% CI = 0.68 to 0.80), again with low 

heterogeneity (I
2
 = 0.0%; P = .473).  There was essentially no difference between the 

summary risk estimates for the associations between physical activity and proximal 

colon cancers and distal colon cancers (ratio of risk estimates = 0.98, 95% CI = 0.87 to 

1.11) (Table 3.2).   

Publication Bias and Small-Study Effects 

There was some evidence of publication bias in the primary meta-analysis.  Visual 

inspection of the funnel plots revealed a small degree of asymmetry, primarily due to 

one to two studies, in both the proximal colon cancer and distal colon cancer results 

(Figure 3.3).  The P values from the Egger tests were .053 for the proximal colon cancer 

studies and .344 for distal colon cancer studies.  Using the trim-and-fill method to 

assess the impact of any potential publication bias, we found that four potentially 

missing studies would be needed to obtain funnel plot symmetry for the proximal colon 

cancer results and three potentially missing studies would be needed to obtain funnel 

plot symmetry for the distal colon cancer results (Figure 3.3).  However, inclusion of 

these potentially missing studies in the meta-analyses did not substantially change the 

summary relative risk estimates (proximal colon cancer: 0.77 (95% CI = 0.68 to 0.87); 

distal colon cancer: 0.75 (95% CI = 0.69 to 0.82).   
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Figure 3.2. Random-effects meta-analysis of the main result of studies that 

investigated the associations between physical activity and the risks of proximal 

colon and distal colon cancers. The black squares and horizontal lines represent the 

effect estimate and 95% confidence interval of each study.  The relative size of the 

black square represents the weight that the study contributed to the summary relative 

risk.  The diamonds represent the summary relative risk and associated 95% confidence 

intervals. RR = relative risk; CI = confidence interval.

. 

. 

Proximal colon cancer 
Giovanucci, 1995, Males (29) 
Colbert, 2001, Males (21) 
Chao, 2004, Both (26) 
Calton, 2006, Females (19) 
Friedenreich, 2006, Both (27) 
Larsson, 2006, Males (32) 
Lee, 2007, Females (33) 
Lee, 2007, Males (33) 
Mai, 2007, Females (35) 
Wolin, 2007, Females (39) 
Howard, 2008, Females (30) 
Howard, 2008, Males (30) 
Moradi, 2008, Females (36) 
Moradi, 2008, Males (36) 
 Nilsen, 2008, Both (37) 
Vena, 1985, Males (41) 
Brownson, 1989, Males (40) 
Gerhardsson, 1990, Females (28) 
Gerhardsson, 1990, Males (28) 
Inoue, 1995, Females (31) 
Inoue, 1995, Males (31) 
Slattery, 1997, Females (38) 
Slattery, 1997, Males (38) 
Levi, 1999, Both (34) 
Boutron-Ruault, 2001, Both (18) 
Isomura, 2006, Females (20) 
Isomura, 2006, Males (20) 
Boyle, 2011, Females (9) 
Boyle, 2011, Males (9) 
Subtotal  (I2 = 31.3%, P = .057) 

Distal colon cancer 
Giovanucci, 1995, Males (29) 
Colbert, 2001, Males (21) 
Chao, 2004, Both (26) 
Calton, 2006, Females (19) 
Friedenreich, 2006, Both (27) 
Larsson, 2006, Males (32) 
Lee, 2007, Females (33) 
Lee, 2007, Males (33) 
Mai, 2007, Females (35) 
Wolin, 2007, Females (39) 
Howard, 2008, Females (30) 
Howard, 2008, Males (30) 
Moradi, 2008, Females (36) 
Moradi, 2008, Males (36) 
Nilsen, 2008, Both (37) 
Vena, 1985, Males (41) 
Brownson, 1989, Males (40) 
Gerhardsson, 1990, Females (28) 
Gerhardsson, 1990, Males (28) 
Inoue, 1995, Females (31) 
Inoue, 1995, Males (31) 
Slattery, 1997, Females (38) 
Slattery, 1997, Males (38) 
Levi, 1999, Both (34) 
Boutron-Ruault, 2001, Both (18) 
Isomura, 2006, Females (20) 
Isomura, 2006, Males (20) 
Boyle, 2011, Females (9) 
Boyle, 2011, Males (9) 
Subtotal  (I2 = 0.0%, P = .473) 

Year, Sex (reference #) 
First Author, 

0.75 (0.36 to 1.55) 
0.73 (0.47 to 1.14) 
0.63 (0.45 to 0.88) 
0.87 (0.46 to 1.62) 
0.65 (0.43 to 1.00) 
0.71 (0.39 to 1.29) 
0.55 (0.24 to 1.26) 
0.29 (0.14 to 0.60) 
0.77 (0.54 to 1.08) 
0.97 (0.68 to 1.38) 
0.91 (0.70 to 1.17) 
0.83 (0.68 to 1.02) 
0.71 (0.50 to 0.91) 
0.83 (0.67 to 1.00) 
0.81 (0.59 to 1.10) 
0.39 (0.21 to 0.71) 
0.60 (0.39 to 0.94) 
0.71 (0.20 to 2.50) 
1.25 (0.33 to 5.00) 
0.50 (0.20 to 1.50) 
0.70 (0.40 to 1.50) 
0.63 (0.44 to 0.89) 
0.56 (0.40 to 0.78) 
0.28 (0.11 to 0.67) 
0.09 (0.01 to 0.70) 
1.60 (0.70 to 3.60) 
0.90 (0.50 to 1.70) 
0.90 (0.52 to 1.54) 
1.11 (0.68 to 1.83) 
0.73 (0.66 to 0.81) 

0.50 (0.25 to 1.00) 
0.94 (0.58 to 1.53) 
0.82 (0.55 to 1.24) 
1.36 (0.75 to 2.46) 
0.96 (0.64 to 1.45) 
0.70 (0.38 to 1.27) 
1.37 (0.66 to 2.85) 
0.89 (0.53 to 1.51) 
0.63 (0.37 to 1.09) 
0.54 (0.34 to 0.84) 
0.82 (0.58 to 1.14) 
0.83 (0.67 to 1.03) 
0.83 (0.59 to 1.25) 
0.71 (0.59 to 0.83) 
0.56 (0.37 to 0.83) 
0.72 (0.44 to 1.16) 
0.83 (0.57 to 1.21) 
0.24 (0.07 to 0.83) 
0.30 (0.09 to 1.00) 
1.00 (0.50 to 2.00) 
0.70 (0.40 to 1.30) 
0.62 (0.44 to 0.88) 
0.65 (0.47 to 0.90) 
0.53 (0.24 to 1.16) 
0.50 (0.20 to 1.00) 
0.60 (0.30 to 1.10) 
0.70 (0.40 to 1.10) 
0.84 (0.47 to 1.50) 
0.66 (0.41 to 1.07) 
0.74 (0.68 to 0.80) 

RR (95% CI)  

  1.67 
  3.72 
  5.36 
  2.15 
  3.99 
  2.34 
  1.34 
  1.68 
  5.15 
  5.02 
  7.08 
  8.55 
  6.08 
  8.62 
  5.83 
  2.28 
  3.76 
  0.61 
  0.53 
  0.94 
  1.98 
  5.05 
  5.38 
  1.14 
  0.22 
  1.37 
  2.26 
  2.74 
  3.16 
  100.00 

  1.24 
  2.53 
  3.60 
  1.69 
  3.56 
  1.64 
  1.11 
  2.17 
  2.04 
  2.91 
  5.22 
  12.88 
  4.23 
  20.45 
  3.65 
  2.54 
  4.20 
  0.39 
  0.41 
  1.24 
  1.71 
  4.96 
  5.64 
  0.96 
  0.92 
  1.41 
  2.33 
  1.77 
  2.59 
  100.00 

  Weight 
  % 
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Table 3.2. Summary of results from the primary random-effects meta-analysis and the subgroup random-effects meta-analyses 

 

 

Meta-analysis 

Proximal colon cancer Distal colon cancer Meta-Regression 

 

RR (95% CI) 

 

I
2
, % 

 

P 

 

RR (95% CI) 

 

I
2
, % 

 

P 

Ratio of RRs 

(95% CI)
a
 

Within-group ratio 

of results (95% CI) 

Primary meta-analysis 0.73 (0.66 to 0.81) 31.3 .057 0.74 (0.68 to 0.80) 0.0 .473 0.98 (0.87 to 1.11) – 

Subgroup meta-analyses         

Study design         

  Cohort studies 0.78 (0.72 to 0.86) 2.6 .423 0.78 (0.70 to 0.87) 15.4 .281 0.98 (0.86 to 1.13) 1.00 (reference) 

  Case–control studies 0.67 (0.54 to 0.85) 43.5 .041 0.67 (0.59 to 0.77) 0.0 .789 1.01 (0.80 to 1.29) 0.86 (0.76 to 0.98) 

Sex         

  Males 0.71 (0.60 to 0.83) 40.7 .063 0.74 (0.67 to 0.82) 0.0 .828 1.00 (0.84 to 1.19) 1.00  (reference) 

  Females 0.81 (0.71 to 0.92) 0.0 .516 0.76 (0.63 to 0.92) 33.9 .128 0.94 (0.74 to 1.18) 1.06 (0.92 to 1.21) 

Risk of bias         

  Lower risk of bias 0.78 (0.68 to 0.89) 33.4 .095 0.74 (0.66 to 0.84) 14.9 .282 0.95 (0.79 to 1.14) 1.00  (reference) 

  Higher risk of bias 0.67 (0.57 to 0.79) 25.7 .184 0.73 (0.65 to 0.82) 0.0 .603 1.04 (0.87 to 1.24) 0.94 (0.87 to 1.06) 

Definition of proximal and distal colon
b 

        

  Definition 1 0.73 (0.64 to 0.84) 24.8 .186 0.73 (0.62 to 0.86) 37.6 .076 0.98 (0.80 to 1.19) 1.00  (reference) 

  Definition 2 0.77 (0.65 to 0.91) 39.9 .102 0.75 (0.66 to 0.85) 0.0 .725 0.96 (0.78 to 1.18) 1.04 (0.91 to 1.18) 

  Definition 3 0.68 (0.48 to 0.97) 43.5 .115 0.75 (0.61 to 0.93) 0.0 .908 1.14 (0.77 to 1.67) 0.97 (0.79 to 1.19) 

Physical Activity domain         

  ≥2 domains 0.66 (0.53 to 0.83) 33.5 .122 0.74 (0.60 to 0.90) 35.8 .104 1.13 (0.83 to 1.54) 1.00  (reference) 

  Recreational  0.84 (0.76 to 0.92) 0.0 .766 0.74 (0.66 to 0.83) 10.9 .334 0.89 (0.77 to 1.04) 1.14 (0.98 to 1.33) 

  Occupational  0.72 (0.61 to 0.85) 41.9 .056 0.75 (0.63 to 0.88) 45.6 .037 1.03 (0.80 to 1.34) 1.05 (0.89 to 1.24) 

  Household
c 

0.65 (0.46 to 0.93) 29.6 .233 0.97 (0.75 to 1.25) 0.0 .587 1.44 (0.63 to 3.29) – 
Abbreviations:RR = relative risk; CI = confidence interval; – = not applicable.  
a Reference is relative risk of proximal colon cancer  
b Definition 1 = splenic flexure included as part of the proximal colon; Definition 2 = splenic flexure included as part of the distal colon; Definition 3 = splenic flexure not included in definition of the 

proximal colon or the distal colon 
c Omitted from within-group meta-regression due to collinearity. 

5
2
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Figure 3.3. Filled funnel plot of risk estimates from studies that investigated the 

associations between physical activity and the risks of proximal colon cancer (A) 

and distal colon cancer (B). The circles alone are real studies and the circles enclosed 

in boxes are ―filled‖ studies.  The horizontal lines represent the summary effect 

estimates, and the diagonal lines represent pseudo 95% confidence interval limits. 
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Moradi, 2008, Males (36) 
Howard, 2008, Males (30) 
Howard, 2008, Females (30) 
Slattery, 1997, Males (38) 
Moradi, 2008, Females (36) 
Slattery, 1997, Females (38) 
Nilsen, 2008, Both (37) 
Chao, 2004, Both (26) 
Wolin, 2007, Females (39) 
Brownson, 1989, Males (40) 
Friedenreich, 2006, Both (27) 
Mai, 2007, Females (35) 
Colbert, 2001, Males (21) 
Boyle, 2011, Males (9) 
Vena, 1985, Males (41) 
Isomura, 2006, Males (20) 
Boyle, 2011, Females (9) 
Larsson, 2006, Males (32) 
Calton, 2006, Females (19) 
Inoue, 1995, Males (31) 
Lee, 2007, Males (33) 
Giovanucci, 1995, Males (29) 
Isomura, 2006, Females (20) 
Lee, 2007, Females (33) 
Levi, 1999, Both (34) 
Inoue, 1995, Females (31) 
Gerhardsson, 1990, Females (28) 
Gerhardsson, 1990, Males (28) 
Boutron-Ruault, 2001, Both (18) 

Year, Sex (reference #) 
First Author, 

1.17 (0.90 to 1.52) 
1.00 (0.74 to 1.34) 
1.11 (0.73 to 1.70) 
0.86 (0.54 to 1.37) 
0.86 (0.53 to 1.38) 
1.02 (0.62 to 1.67) 
1.45 (0.87 to 2.41) 
0.77 (0.45 to 1.30) 
1.80 (1.01 to 3.19) 
0.72 (0.41 to 1.29) 
0.68 (0.38 to 1.22) 
1.22 (0.64 to 2.32) 
0.78 (0.40 to 1.50) 
1.68 (0.84 to 3.35) 
0.54 (0.25 to 1.18) 
1.29 (0.58 to 2.84) 
1.07 (0.48 to 2.37) 
1.01 (0.43 to 2.37) 
0.64 (0.27 to 1.52) 
1.00 (0.41 to 2.42) 
0.33 (0.13 to 0.80) 
1.50 (0.55 to 4.10) 
2.67 (0.94 to 7.58) 
0.40 (0.13 to 1.21) 
0.53 (0.16 to 1.75) 
0.50 (0.15 to 1.70) 
2.96 (0.51 to 17.32) 
4.17 (0.68 to 25.60) 
0.18 (0.02 to 1.75) 

RRR (95% CI) 

0.13 
0.15 
0.22 
0.24 
0.24 
0.25 
0.26 
0.27 
0.29 
0.30 
0.30 
0.33 
0.34 
0.35 
0.40 
0.41 
0.41 
0.43 
0.44 
0.45 
0.46 
0.51 
0.53 
0.56 
0.61 
0.62 
0.90 
0.93 
1.16 

of RRR 
error 
Standard 

Larger risk reduction for PCC   Larger risk reduction for DCC  
1 .1 .3 .5 1 2 3 10 

To examine whether study size influenced the likelihood of a study finding that physical 

activity had differential associations with the risks of proximal colon and distal colon 

cancers, for each of the 29 sets of results in the primary meta-analysis, we calculated a 

ratio of the risk ratios (and 95% confidence interval), which compared the association 

between physical activity and the risk of proximal colon cancer with the association 

between physical activity and the risk of distal colon cancer.  These ratios of risk ratios, 

sorted by standard error, are graphically represented in a forest plot (Figure 3.4).  Visual 

inspection of this forest plot indicated that the ratios with larger standard error were 

generally farther from the null than those with less standard error, suggesting that 

smaller studies (i.e. studies with larger standard error) were more likely than larger 

studies to find that physical activity has differential associations with proximal colon 

and distal colon cancers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.4. Forest plot of ratios of risk ratios (RRRs) for associations between 

physical activity and risks of proximal colon cancer (PCC) and distal colon cancer 

(DCC) in each study (sorted by the standard error of the RRR). CI = confidence 

interval. The black diamonds and horizontal lines represent the ratios of risk ratio and 

95% confidence interval for each study. 



55 

Subgroup Meta-Analyses  

The results of the subgroup random-effects meta-analyses revealed no meaningful or 

statistically significant differences between the risk estimates for proximal colon and 

distal colon cancers (Table 3.2).  Subgroup analyses also showed no statistically 

significant differences between the results for males and females, between studies with 

a higher risk of bias and those with a lower risk of bias, among studies with different 

definitions of proximal colon and distal colon, or among studies with results based on 

different physical activity domains.  However, risk estimates from case–control studies 

were, on average, statistically significantly lower than those from cohort studies (ratio 

of risk estimates = 0.86, 95% CI = 0.76 to 0.98).  Forest plots for meta-analyses of all 

subgroups (i.e. study design, sex, risk of bias, definition of proximal colon and distal 

colon, physical activity domain) are presented in Figures 3.5 - 3.9 at the end of this 

chapter.  

3.5 DISCUSSION 

The results of this systematic review and meta-analysis suggest that the association 

between physical activity and the risk of colon cancer does not differ by anatomical 

subsite.  The summary risk estimates from the 21 studies indicate that the risks of both 

proximal colon cancer and distal colon cancer are approximately 25% lower among the 

most physically active people compared with the least active people.  There was no 

strong evidence that the results differed between males and females, between studies 

with a higher or lower risk of bias, between studies with different definitions of 

proximal colon and distal colon, or between physical activity domains.  However, the 

risk estimates from case–control studies were, on average, farther from the null than 

those from cohort studies, which may reflect the influence of selection and recall biases 

in case–control studies.
3
  Sensitivity analyses suggested that any publication bias that 

was present had minimal effect on the summary relative risks.   

Although the results of this meta-analysis suggest that physical activity has similar 

associations with the risks of proximal colon and distal colon cancers, many of the 

individual studies included in our meta-analysis reported results that suggested 

otherwise.  However, the results of these studies are inconsistent: while some studies 

have found that physical activity may be associated with a greater risk reduction for 

proximal colon cancer than for distal colon cancer, others have found the opposite, or no 

difference.  It has been suggested that these inconsistent results may be due to 
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methodological differences among the studies.
21

  For example, several different 

definitions of proximal colon and distal colon were used in the studies included in this 

meta-analysis.  However, our subgroup analyses revealed no meaningful differences 

among the results from studies that used different definitions of proximal colon and 

distal colon.  

Another methodological difference involves the measurement of physical activity, 

which was measured during various periods, at different intensities, and in different 

domains.  The timing, intensity, and domain of physical activity may influence its 

association with the risk of colon cancer,
4
 and there is interest in how these components 

influence health outcomes.
42

  Although too few studies reported the timing and intensity 

of physical activity to investigate to investigate these variables separately in this meta-

analysis, it was possible to examine separate physical activity domains.  The results of 

these physical activity domain-specific meta-analyses revealed no statistically 

significant differences among studies with results based on different physical activity 

domains and indicated that physical activity in any domain is associated with a reduced 

risk of colon cancer. 

It is also possible that the differential associations of physical activity with the risks of 

colon cancer at anatomical subsites were due to chance, given that many of the included 

studies had small numbers of participants with proximal colon and distal colon 

cancers.
43

  We assessed this possibility by investigating whether smaller studies were 

more likely than larger studies to find that physical activity had differential associations 

with the risks of proximal colon and distal colon cancers and found that was indeed the 

case (Figure 3.4).  This finding suggests that at least some of the inconsistent results of 

the included studies may be due to imprecise estimates of risk caused by low statistical 

power. 

A number of biological reasons have been put forth to explain why physical activity 

may have differential associations with the risks of proximal colon and distal colon 

cancers.  Some have suggested that physical activity may increase gut motility more 

extensively in the proximal colon than in the distal colon.
27,33,44

  However, it has also 

been argued that by increasing gastrointestinal transit time and decreasing constipation, 

physical activity would have a greater impact on the risk of distal colon cancer, because 

the distal colon has a stronger storage function than the proximal colon.
20,28

  It has been 

proposed that the effect of physical activity on metabolic hormone levels and growth 
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factors may influence the risk of proximal colon cancer more than the risk of distal 

colon cancer.
33

  Finally, the associations between physical activity and obesity 

(decreased risk) and vitamin D (increased levels) have been suggested as reasons for a 

greater risk reduction for distal colon cancer than for proximal colon cancer.
9
 

This study has some limitations.  Although we found low statistical heterogeneity in the 

primary meta-analysis and in the subgroup analyses, as with most meta-analyses of 

observational studies, the included studies were conducted on different population 

groups, and the measurement and categorization of the exposure (physical activity) was 

highly heterogeneous.  As such, the results of this meta-analysis should only be 

interpreted as showing that the research conducted to date indicates that the most active 

individuals have a 25% lower risk of colon cancer compared with the least active, and 

that the risk reduction is virtually identical for cancers of the proximal colon and distal 

colon.  Our results do not provide any information about the duration, frequency, 

intensity, or timing of physical activity required to optimally reduce the risk of colon 

cancer.   

Another limitation is our exclusion of four studies that investigated associations 

between physical activity and the risks of proximal colon and distal colon cancers but 

did not report sufficient data to include in the meta-analysis and for which we were 

unable to obtain the information from the authors.  Three of these studies
22,24,25 

reported 

that physical activity had similar associations with the risks of proximal colon and distal 

colon cancers, and the fourth study
23

 reported identical risk estimates (but no confidence 

intervals) for the association between lifetime recreational physical activity and the risks 

of proximal colon and distal colon cancers.  It is therefore unlikely that inclusion of 

these studies would have substantially changed the results of this meta-analysis.  There 

are also many published studies that have investigated the association between physical 

activity and the risk of colon cancer that were not included in this meta-analysis because 

they did not report separate results for proximal colon and distal colon cancers.  

Nonetheless, our results are very similar to those of a recent meta-analysis that 

estimated the association between physical activity and the risk colon cancer but did not 

look at subsite-specific colon cancer,
3
 suggesting that the studies included in this meta-

analysis are a representative sample of the published studies that have investigated the 

association between physical activity and the risk of colon cancer.  That meta-analysis,
3 

which included 17 of the 21 studies in this meta-analysis, found a summary risk 
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estimate of 0.76 for colon cancer, compared with our summary relative risks of 0.73 for 

proximal colon cancer and 0.74 for distal colon cancer.   

In conclusion, the results of this systematic review and meta-analysis indicate that there 

is strong and consistent evidence that physical activity is associated with reduced risks 

of both proximal colon and distal colon cancers and that the association between 

physical activity and risk of colon cancer does not differ by subsite.  This finding 

suggests that future research on physical activity and colon cancer should focus on other 

aspects of the association that remain unclear, such as whether sedentary behavior and  

non-aerobic physical activity (e.g. resistance training) are associated with the risk of 

colon cancer, whether the intensity of physical activity influences the association 

between physical activity and the risk of colon cancer, and whether obesity, diet, and/or 

ethnicity modify the association between physical activity and the risk of colon 

cancer.
3,4 
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Table 3.3: Additional characteristics of the studies included in the primary meta-analysis of studies that have investigated the effect of 

physical activity on the risk of proximal colon cancer (PCC) and distal colon cancer (DCC) 

First Author, Year, 

Country (reference) 

Definition of proximal and 

distal colon 

Physical activity 

timing 

Highest vs lowest categories for main 

result 

Other variables adjusted for (1) or confounding effects 

considered (2) 

COHORT STUDIES    

Giovanucci, 1995, 

United States (29) 
PCC: Ce, AC,  HF, TC, SF 

DCC: DC, SC 

Baseline, typical week  Highest quintile (median 43.75 MET-

hours/week) vs lowest quintile (median 

0.9 MET-hours/week) 

None 

Colbert, 2001, 

Finland (21) 

PCC: Ce, AC, TC 

DCC: SF, DC, SC 

Baseline, past year Active vs sedentary 1. Supplement group, cigarettes per day 

2. Energy intake, fat, calcium, fiber 

Chao, 2004, 

United States (26) 

PCC: Ce, AC, HF, TC, SF 

DCC: DC, SC 

Baseline, past year ≥7 hours/week vs 0 hours/week 1. Sex, physical activity in 1982, smoking, alcohol, red meat, folate, 

fiber, multivitamin use in 1982, HRT 

2. Race, family history of CRC, aspirin use, vegetables and fruit 

intake, calcium, energy intake 

Calton, 2006, 

United States (19) 

PCC: Ce, AC, HF, TC, SF 

DCC: DC, SC 

Baseline, past year PCC: 65.0–98.1 vs 34–48.5 MET 

hours/day  

DCC: 61.0–98.1 vs 34–52.4 MET 

hours/day  

1. Education, family history of CRC, smoking, HRT, aspirin and 

NSAID use, alcohol consumption, calcium, red meat 

2. Height, race, diabetes history, multivitamin use, fat, fiber, vitamin 

D, folate 

Friedenreich, 2006, 

Europe (27) 

PCC: Ce, Ap, AC, HF, TC, SF 

DCC: DC, SC 

Last year Active vs inactive 1. Study center, energy intake, education, smoking, height, weight, 

fiber 

2. Red meat, processed meat, fish, fruit and vegetables, dairy 

products, alcohol, calcium, folate, marital status, HRT, waist and hip 

circumference and ratio 

Larsson, 2006, 

Sweden (32) 

PCC: Ce, Ap, AC, HF, TC 

DCC: SF, DC, SC 

Baseline, past year ≥44.9 vs  <37.9 MET-hours/day 1. Education, family history, diabetes, smoking, aspirin use 

2. multivitamin use, energy intake, alcohol intake, dietary fiber, 

calcium, folate, fruit and vegetables, red meat 

 

6
3
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Table 3.3: Additional characteristics of the studies included in the primary meta-analysis of studies that have investigated the effect of 

physical activity on the risk of proximal colon cancer (PCC) and distal colon cancer (DCC), continued 

First Author, Year, 

Country (reference) 

Definition of proximal and 

distal colon 

Physical activity 

timing 

Highest vs lowest categories for main 

result 

Other variables adjusted for (1) or confounding effects 

considered (2) 

Lee, 2007, 

Japan (33) 

PCC: Ce, Ap, AC, HF, TC, SF 

DCC: DC, SC 

Baseline, current Highest quartile (median 43.75 MET-

hours/day) vs lowest quartile (28.5 

[females] or 28.25 [males] MET-

hours/day ) 

1. Study area, family history of CRC, smoking status, alcohol 

intake, red meat intake, dietary fiber, folate 

2. Calcium, vitamin D 

Mai, 2007, 

United States (35) 

PCC: Ce, AC, HF, TC, SF 

DCC: DC, SC 

Lifetime ≥4 vs 0–0.5 hours/week/year 1. Race 

2. HRT, NSAIDs, smoking, caloric intake, folate, calcium, dietary 

fiber 

Wolin, 2007, 

United States (39) 

PCC: Ce, AC, HF, TC, SF 

DCC: DC, SC 

Baseline ≥21.5 vs < 2 MET-hours/week  1. Smoking, multivitamin use, aspirin use, alcohol intake, red meat, 

vitamin D, calcium, family history of CRC, history of endoscopy, 

history of polyps 

Howard,2008, 

United States (30) 

PCC: Ce, Ap, AC, HF, TC 

DCC: SF, DC, SC 

Baseline, past year ≥5 times/week vs never/rarely 1. Smoking, alcohol, education, race, family history of CRC, energy 

intake, red meat, calcium, whole grains, fruit, vegetables, daily 

routine activity, HRT 

2. Scanning for CRC, aspirin and NSAID use, OC use, marital 

status, multivitamin use, fat, dietary fiber, vitamin C, vitamin D, 

vitamin E, folate, iron 

Moradi, 2008, 

Sweden (36) 

PCC: Ce, AC, HF, TC, SF 

DCC: DC, SC 

1960 and 1970 Very high or high vs sedentary  1. Calendar year intervals of follow-up, place of residence, 

socioeconomic status 

Nilsen, 2008, 

Norway (37) 

PCC: Ce, Ap, AC, HF, TC, SF 

DCC: DC, SC 

Baseline Highest vs lowest activity 1. Smoking, alcohol use, marital status, education 

 

6
4
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Table 3.3: Additional characteristics of the studies included in the primary meta-analysis of studies that have investigated the effect of 

physical activity on the risk of proximal colon cancer (PCC) and distal colon cancer (DCC), continued 

First Author, Year, 

Country (reference) 

Definition of proximal and 

distal colon 

Physical activity 

timing 

Highest vs lowest categories for main 

result 

Other variables adjusted for (1) or confounding effects 

considered (2) 

CASE–CONTROL STUDIES    

Vena, 1985, United 

States (41) 

PCC: Ce, AC, TC 

DCC: DC, SC 

Lifetime 0 vs >20 years in light or sedentary work 

 

None 

Brownson, 1989, 

United States (40) 

PCC: Ce, Ap, AC, HF, TC, SF 

DCC: DC, SC 

Current High vs low None 

Gerhardsson, 1990, 

Sweden (28) 

PCC: Ce, AC, TC 

DCC: DC, SC 

1980 Very active vs sedentary 1. Sex, energy intake, protein, total fat, fiber, browned meat intake 

 

Inoue, 1995, 

Japan (31) 

PCC: Ce, AC, TC 

DCC: DC, SC 

Current >3–4 vs < 3–4 times/month 

 

None 

 

Slattery, 1995, 

United States (38) 

PCC: Ce, AC, HF, TC 

DCC: SF, DC, SC 

Last year, and 10 and 

20 years ago 

Lifetime physical activity score of 10–12 

vs  <4 

1. Family history, aspirin and NSAID use, energy intake, dietary 

intake of fiber and calcium 

Levi, 1999, 

Switzerland (34) 

PCC: Ce, Ap, AC, HF, TC, SF 

DCC: DC, SC 

Between 30 and 49 

years of age  

Tiring or very tiring vs mainly sitting 1. Sex, education, alcohol, energy intake 

Boutron-Ruault, 2001, 

France (18) 

PCC: Ce, AC, HF, TC 

DCC: SF, DC, SC 

Usual Strenuous vs low 1. Sex 

2. Family history, alcohol, tobacco, fat, fiber, folate, energy intake 

Isomura, 2006, 

Japan (20) 

PCC: Ce, AC, TC 

DCC: DC, SC 

5 years before 

diagnosis/enrolment 

≥16 vs  0 MET-hours/week 1. Cigarettes, alcohol, residential area, occupational physical activity 

Boyle, 2011, 

Australia (9) 

PCC: Ce, AC, HF, TC 

DCC: SF, DC, SC 

Adult lifetime Always >12 MET-hours/week vs always 

<12 MET-hours/week 

1. Sex, occupational physical activity, cigarette smoking, diabetes, 

energy intake, alcohol intake, education level 

2. Folate use, multivitamin use, aspirin use, NSAID use 

Abbreviations: Ce = cecum; Ap = appendix; AC = ascending colon; HF = hepatic flexure; TC = transverse colon; SF = splenic flexure; DC = descending colon; SC = sigmoid colon; HRT = hormone 

replacement therapy; CRC = colorectal cancer; NSAID = non-steroidal anti-inflammatory drug; OC = oral contraceptive

6
5
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Figure 3.5. Random-effects meta-analyses of cohort studies and case–control studies that 

investigated associations between physical activity and the risks of proximal colon and distal 

colon cancers. The black squares and horizontal lines represent the effect estimate and 95% 

confidence interval of each study.  The relative size of the black square represents the weight that 

the study contributed to the summary relative risk.  The diamonds represent the summary relative 

risk and associated 95% confidence intervals. RR = relative risk; CI = confidence interval.
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Giovanucci, 1995, Males (29) 
Colbert, 2001, Males (21) 
Chao, 2004, Both (26) 
Calton, 2006, Females (19) 
Friedenreich, 2006, Both (27) 
Larsson, 2006, Males (32) 
Lee, 2007, Females (33) 
Lee, 2007, Males (33) 
Mai, 2007, Females (35) 
Wolin, 2007, Females (39) 
Howard, 2008, Females (30) 
Howard, 2008, Males (30) 
Moradi, 2008, Females (36) 
Moradi, 2008, Males (36) 
Nilsen, 2008, Both (37) 
Subtotal  (I2 = 2.6%, P = .423) 
Cohort: Distal colon cancer 
Giovanucci, 1995, Males (29) 
Colbert, 2001, Males (21) 
Chao, 2004, Both (26) 
Calton, 2006, Females (19) 
Friedenreich, 2006, Both (27) 
Larsson, 2006, Males (32) 
Lee, 2007, Females (33) 
Lee, 2007, Males (33) 
Mai, 2007, Females (35) 
Wolin, 2007, Females (39) 
Howard, 2008, Females (30) 
Howard, 2008, Males (30) 
Moradi, 2008, Females (36) 
Moradi, 2008, Males (36) 
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Case-control: Proximal colon cancer 
Vena, 1985, Males (41) 
Brownson, 1989, Males (40) 
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Gerhardsson, 1990, Males (28) 
Inoue, 1995, Females (31) 
Inoue, 1995, Males (31) 
Slattery, 1997, Females (38) 
Slattery, 1997, Males (38) 
Levi, 1999, Both (34) 
Boutron-Ruault, 2001, Both (18) 
Isomura, 2006, Females (20) 
Isomura, 2006, Males (20) 
Boyle, 2011, Females (9) 
Boyle, 2011, Males (9) 
Subtotal  (I2 = 43.5%, P = .041) 
Case-control: Distal colon cancer 
Vena, 1985, Males (41) 
Brownson, 1989, Males (40) 
Gerhardsson, 1990, Females (28) 
Gerhardsson, 1990, Males (28) 
Inoue, 1995, Females (31) 
Inoue, 1995, Males (31) 
Slattery, 1997, Females (38) 
Slattery, 1997, Males (38) 
Levi, 1999, Both (34) 
Boutron-Ruault, 2001, Both (18) 
Isomura, 2006, Females (20) 
Isomura, 2006, Males (20) 
Boyle, 2011, Females (9) 
Boyle, 2011, Males (9) 
Subtotal  (I2 = 0.0%, P = .789) 

year, sex (reference) 
First author, 

0.75 (0.36 to 1.55) 
0.73 (0.47 to 1.14) 
0.63 (0.45 to 0.88) 
0.87 (0.46 to 1.62) 
0.65 (0.43 to 1.00) 
0.71 (0.39 to 1.29) 
0.55 (0.24 to 1.26) 
0.29 (0.14 to 0.60) 
0.77 (0.54 to 1.08) 
0.97 (0.68 to 1.38) 
0.91 (0.70 to 1.17) 
0.83 (0.68 to 1.02) 
0.71 (0.50 to 0.91) 
0.83 (0.67 to 1.00) 
0.81 (0.59 to 1.10) 
0.78 (0.72 to 0.86) 

0.50 (0.25 to 1.00) 
0.94 (0.58 to 1.53) 
0.82 (0.55 to 1.24) 
1.36 (0.75 to 2.46) 
0.96 (0.64 to 1.45) 
0.70 (0.38 to 1.27) 
1.37 (0.66 to 2.85) 
0.89 (0.53 to 1.51) 
0.63 (0.37 to 1.09) 
0.54 (0.34 to 0.84) 
0.82 (0.58 to 1.14) 
0.83 (0.67 to 1.03) 
0.83 (0.59 to 1.25) 
0.71 (0.59 to 0.83) 
0.56 (0.37 to 0.83) 
0.78 (0.70 to 0.87) 

0.39 (0.21 to 0.71) 
0.60 (0.39 to 0.94) 
0.71 (0.20 to 2.50) 
1.25 (0.33 to 5.00) 
0.50 (0.20 to 1.50) 
0.70 (0.40 to 1.50) 
0.63 (0.44 to 0.89) 
0.56 (0.40 to 0.78) 
0.28 (0.11 to 0.67) 
0.09 (0.01 to 0.70) 
1.60 (0.70 to 3.60) 
0.90 (0.50 to 1.70) 
0.90 (0.52 to 1.54) 
1.11 (0.68 to 1.83) 
0.67 (0.54 to 0.85) 

0.72 (0.44 to 1.16) 
0.83 (0.57 to 1.21) 
0.24 (0.07 to 0.83) 
0.30 (0.09 to 1.00) 
1.00 (0.50 to 2.00) 
0.70 (0.40 to 1.30) 
0.62 (0.44 to 0.88) 
0.65 (0.47 to 0.90) 
0.53 (0.24 to 1.16) 
0.50 (0.20 to 1.00) 
0.60 (0.30 to 1.10) 
0.70 (0.40 to 1.10) 
0.84 (0.47 to 1.50) 
0.66 (0.41 to 1.07) 
0.67 (0.59 to 0.77) 

RR (95% CI)  

1.47 
3.96 
6.84 
1.98 
4.36 
2.19 
1.14 
1.48 
6.41 
6.16 
11.44 
17.87 
8.52 
18.28 
7.89 
100.00 

2.34 
4.53 
6.19 
3.13 
6.13 
3.04 
2.11 
3.95 
3.72 
5.14 
8.45 
16.41 
7.09 
21.52 
6.26 
100.00 

7.99 
11.04 
2.75 
2.42 
3.98 
7.24 
12.99 
13.41 
4.71 
1.07 
5.44 
7.94 
9.06 
9.94 
100.00 

8.16 
13.53 
1.25 
1.32 
3.99 
5.52 
15.96 
18.16 
3.09 
2.96 
4.54 
7.49 
5.69 
8.33 
100.00 

Weight 
% 
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Figure 3.6. Random-effects meta-analyses of studies that investigated associations 

between physical activity and the risks of proximal colon and distal colon cancers 

among males and females.  

. 

. 

. 

. 

Males: Proximal colon cancer 
Vena, 1985, Males (41) 
Brownson, 1989, Males (40) 
Gerhardsson, 1990, Males (28) 
Giovanucci, 1995, Males (29) 
Inoue, 1995, Males (31) 
Slattery, 1997, Males (38) 
Colbert, 2001, Males (21) 
Isomura, 2006, Males (20) 
Larsson, 2006, Males (32) 
Lee, 2007, Males (33) 
Howard, 2008, Males (30) 
Moradi, 2008, Males (36) 
Boyle, 2011, Males (9) 
Subtotal (I2 = 40.7%, P = .063)   
Males: Distal colon cancer 
 Vena, 1985, Males (41) 
Brownson, 1989, Males (40) 
Gerhardsson, 1990, Males (28) 
Giovanucci, 1995, Males (29) 
Inoue, 1995, Males (31) 
Slattery, 1997, Males (38) 
Colbert, 2001, Males (21) 
Isomura, 2006, Males (20) 
Larsson, 2006, Males (32) 
Lee, 2007, Males (33) 
Howard, 2008, Males (30) 
Moradi, 2008, Males (36) 
Boyle, 2011, Males (9) 
Subtotal  (I2 = 0.0%, P = .828) 

Females: Proximal colon cancer 
Gerhardsson, 1990, Females (28) 
Inoue, 1995, Females (31) 
Slattery, 1997, Females (38) 
Calton, 2006, Females (19) 
Isomura, 2006, Females (20) 
Lee, 2007, Females (33) 
Mai, 2007, Females (35) 
Wolin, 2007, Females (39) 
Howard, 2008, Females (30) 
Moradi, 2008, Females (36) 
Boyle, 2011, Females (9) 
Subtotal  (I2 = 0.0%, P = .516) 

Females: Distal colon cancer 
Gerhardsson, 1990, Females (28) 
Inoue, 1995, Females (31) 
Slattery, 1997, Females (38) 
Calton, 2006, Females (19) 
Isomura, 2006, Females (20) 
Lee, 2007, Females (33) 
Mai, 2007, Females (35) 
Wolin, 2007, Females (39) 
Howard, 2008, Females (30) 
Moradi, 2008, Females (36) 
Boyle, 2011, Females (9) 
Subtotal  (I2 = 33.9%, P = .128) 

year, sex (reference) 
First author, 

0.39 (0.21 to 0.71) 
0.60 (0.39 to 0.94) 
1.25 (0.33 to 5.00) 
0.75 (0.36 to 1.55) 
0.70 (0.40 to 1.50) 
0.56 (0.40 to 0.78) 
0.73 (0.47 to 1.14) 
0.90 (0.50 to 1.70) 
0.71 (0.39 to 1.29) 
0.29 (0.14 to 0.60) 
0.83 (0.68 to 1.02) 
0.83 (0.67 to 1.00) 
1.11 (0.68 to 1.83) 
0.71 (0.60 to 0.83) 

0.72 (0.44 to 1.16) 
0.83 (0.57 to 1.21) 
0.30 (0.09 to 1.00) 
0.50 (0.25 to 1.00) 
0.70 (0.40 to 1.30) 
0.65 (0.47 to 0.90) 
0.94 (0.58 to 1.53) 
0.70 (0.40 to 1.10) 
0.70 (0.38 to 1.27) 
0.89 (0.53 to 1.51) 
0.83 (0.67 to 1.03) 
0.71 (0.59 to 0.83) 
0.66 (0.41 to 1.07) 
0.74 (0.67 to 0.82) 

0.71 (0.20 to 2.50) 
0.50 (0.20 to 1.50) 
0.63 (0.44 to 0.89) 
0.87 (0.46 to 1.62) 
1.60 (0.70 to 3.60) 
0.55 (0.24 to 1.26) 
0.77 (0.54 to 1.08) 
0.97 (0.68 to 1.38) 
0.91 (0.70 to 1.17) 
0.71 (0.50 to 0.91) 
0.90 (0.52 to 1.54) 
0.81 (0.71 to 0.92) 

0.24 (0.07 to 0.83) 
1.00 (0.50 to 2.00) 
0.62 (0.44 to 0.88) 
1.36 (0.75 to 2.46) 
0.60 (0.30 to 1.10) 
1.37 (0.66 to 2.85) 
0.63 (0.37 to 1.09) 
0.54 (0.34 to 0.84) 
0.82 (0.58 to 1.14) 
0.83 (0.59 to 1.25) 
0.84 (0.47 to 1.50) 
0.76 (0.63 to 0.92) 

RR (95% CI)  

   5.40 
   8.50 
   1.34 
   4.05 
   4.76 
   11.58 
   8.43 
   5.36 
   5.55 
   4.07 
   16.79 
   16.89 
   7.29 
   100.00 

   4.20 
   6.97 
   0.68 
   2.05 
   2.84 
   9.35 
   4.20 
   3.86 
   2.71 
   3.60 
   21.35 
   33.89 
   4.29 
   100.00 

   1.03 
   1.61 
   13.18 
   4.13 
   2.44 
   2.38 
   13.61 
   13.06 
   24.79 
   18.24 
   5.55 
   100.00 

   2.24 
   6.08 
   14.86 
   7.69 
   6.73 
   5.58 
   8.81 
   11.11 
   15.22 
   13.72 
   7.96 
   100.00 

   Weight 
   % 
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Figure 3.7 Random-effects meta-analyses of studies with a lower risk of bias and 

studies with a higher risk of bias that investigated associations between physical 

activity and the risks of proximal colon and distal colon cancers. 

. 

. 

. 

. 

Lower risk of bias: Proximal colon cancer 
Giovanucci, 1995, Males (29) 
Slattery, 1997, Females (38) 
Slattery, 1997, Males (38) 
Calton, 2006, Females (19) 
Friedenreich, 2006, Both (27) 
Isomura, 2006, Females (20) 
Isomura, 2006, Males (20) 
Larsson, 2006, Males (32) 
Lee, 2007, Females (33) 
Lee, 2007, Males (33) 
Wolin, 2007, Females (39) 
Howard, 2008, Females (30) 
Howard, 2008, Males (30) 
Nilsen, 2008, Both (37) 
Boyle, 2011, Females (9) 
Boyle, 2011, Males (9) 
Subtotal (I2 = 33.4%, P = .095)   
Lower risk of bias: Distal colon cancer 
Giovanucci, 1995, Males (29) 
Slattery, 1997, Females (38) 
Slattery, 1997, Males (38) 
Calton, 2006, Females (19) 
Friedenreich, 2006, Both (27) 
Isomura, 2006, Females (20) 
Isomura, 2006, Males (20) 
Larsson, 2006, Males (32) 
Lee, 2007, Females (33) 
Lee, 2007, Males (33) 
Wolin, 2007, Females (39) 
Howard, 2008, Females (30) 
Howard, 2008, Males (30) 
Nilsen, 2008, Both (37) 
Boyle, 2011, Females (9) 
Boyle, 2011, Males (9) 
Subtotal  (I2 = 14.9%, P = .282) 
Higher risk of bias: Proximal colon cancer 
Vena, 1985, Males (41) 
Brownson, 1989, Males (40) 
Gerhardsson, 1990, Females (28) 
Gerhardsson, 1990, Males (28) 
Inoue, 1995, Females (31) 
Inoue, 1995, Males (31) 
Levi, 1999, Both (34) 
Boutron-Ruault, 2001, Both (18) 
Colbert, 2001, Males (21) 
Chao, 2004, Both (26) 
Mai, 2007, Females (35) 
Moradi, 2008, Females (36) 
Moradi, 2008, Males (36) 
Subtotal  (I2 = 25.7%, P = .184)  
Higher risk of bias: Distal colon cancer 
Vena, 1985, Males (41) 
Brownson, 1989, Males (40) 
Gerhardsson, 1990, Females (28) 
Gerhardsson, 1990, Males (28) 
Inoue, 1995, Females (31) 
Inoue, 1995, Males (31) 
Levi, 1999, Both (34) 
Boutron-Ruault, 2001, Both (18) 
Colbert, 2001, Males (21) 
Chao, 2004, Both (26) 
Mai, 2007, Females (35) 
Moradi, 2008, Females (36) 
Moradi, 2008, Males (36) 
Subtotal  (I2 = 0.0%, P = .603) 

year, sex (reference) 
First author, 

0.75 (0.36 to 1.55) 
0.63 (0.44 to 0.89) 
0.56 (0.40 to 0.78) 
0.87 (0.46 to 1.62) 
0.65 (0.43 to 1.00) 
1.60 (0.70 to 3.60) 
0.90 (0.50 to 1.70) 
0.71 (0.39 to 1.29) 
0.55 (0.24 to 1.26) 
0.29 (0.14 to 0.60) 
0.97 (0.68 to 1.38) 
0.91 (0.70 to 1.17) 
0.83 (0.68 to 1.02) 
0.81 (0.59 to 1.10) 
0.90 (0.52 to 1.54) 
1.11 (0.68 to 1.83) 
0.78 (0.68 to 0.89) 

0.50 (0.25 to 1.00) 
0.62 (0.44 to 0.88) 
0.65 (0.47 to 0.90) 
1.36 (0.75 to 2.46) 
0.96 (0.64 to 1.45) 
0.60 (0.30 to 1.10) 
0.70 (0.40 to 1.10) 
0.70 (0.38 to 1.27) 
1.37 (0.66 to 2.85) 
0.89 (0.53 to 1.51) 
0.54 (0.34 to 0.84) 
0.82 (0.58 to 1.14) 
0.83 (0.67 to 1.03) 
0.56 (0.37 to 0.83) 
0.84 (0.47 to 1.50) 
0.66 (0.41 to 1.07) 
0.74 (0.66 to 0.84) 

0.39 (0.21 to 0.71) 
0.60 (0.39 to 0.94) 
0.71 (0.20 to 2.50) 
1.25 (0.33 to 5.00) 
0.50 (0.20 to 1.50) 
0.70 (0.40 to 1.50) 
0.28 (0.11 to 0.67) 
0.09 (0.01 to 0.70) 
0.73 (0.47 to 1.14) 
0.63 (0.45 to 0.88) 
0.77 (0.54 to 1.08) 
0.71 (0.50 to 0.91) 
0.83 (0.67 to 1.00) 
0.67 (0.57 to 0.79) 

0.72 (0.44 to 1.16) 
0.83 (0.57 to 1.21) 
0.24 (0.07 to 0.83) 
0.30 (0.09 to 1.00) 
1.00 (0.50 to 2.00) 
0.70 (0.40 to 1.30) 
0.53 (0.24 to 1.16) 
0.50 (0.20 to 1.00) 
0.94 (0.58 to 1.53) 
0.82 (0.55 to 1.24) 
0.63 (0.37 to 1.09) 
0.83 (0.59 to 1.25) 
0.71 (0.59 to 0.83) 
0.73 (0.65 to 0.82) 

RR (95% CI)  

2.85 
8.47 
9.01 
3.66 
6.71 
2.33 
3.83 
3.98 
2.27 
2.86 
8.42 
11.77 
14.13 
9.74 
4.64 
5.34 
100.00 

2.70 
9.11 
10.08 
3.60 
6.96 
3.05 
4.82 
3.50 
2.44 
4.53 
5.86 
9.48 
17.71 
7.10 
3.76 
5.29 
100.00 

5.51 
9.21 
1.46 
1.27 
2.24 
4.79 
2.74 
0.53 
9.11 
13.28 
12.75 
15.17 
21.95 
100.00 

5.60 
9.30 
0.86 
0.91 
2.74 
3.79 
2.12 
2.03 
5.60 
7.97 
4.51 
9.34 
45.22 
100.00 

Weight 
% 
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Figure 3.8. Random-effects meta-analyses of studies that used definition 1, definition 2, 

and definition 3 for the proximal colon and the distal colon to investigate associations 

between physical activity and the risks of proximal colon and distal colon cancers.

. 

 

. 

 

 

. 

Definition 1: Proximal colon cancer 
Gerhardsson, 1990, Females (28) 
Gerhardsson, 1990, Males (28) 
Giovanucci, 1995, Males (29) 
Levi, 1999, Both (34) 
Chao, 2004, Both (26) 
Calton, 2006, Females (19) 
Friedenreich, 2006, Both (27) 
Lee, 2007, Females (33) 
Lee, 2007, Males (33) 
Mai, 2007, Females (35) 
Wolin, 2007, Females (39) 
Moradi, 2008, Females (36) 
Moradi, 2008, Males (36) 
Nilsen, 2008, Both (37) 
Subtotal  (I2 = 24.8%, P = .186) 
Definition 1: Distal colon cancer  

  Gerhardsson, 1990, Females (28) 
Gerhardsson, 1990, Males (28) 
Giovanucci, 1995, Males (29) 
Levi, 1999, Both (34) 
Chao, 2004, Both (26) 
Calton, 2006, Females (19) 
Friedenreich, 2006, Both (27) 
Lee, 2007, Females (33) 
Lee, 2007, Males (33) 
Mai, 2007, Females (35) 
Wolin, 2007, Females (39) 
Moradi, 2008, Females (36) 
Moradi, 2008, Males (36) 
Nilsen, 2008, Both (37) 
Subtotal  (I2 = 37.6%, P = .076) 
Definition 2: Proximal colon cancer 
Slattery, 1997, Females (38) 
Slattery, 1997, Males (38) 
Boutron-Ruault, 2001, Both (18) 
Colbert, 2001, Males (21) 
Larsson, 2006, Males (32) 
Howard, 2008, Females (30) 
Howard, 2008, Males (30) 
Boyle, 2011, Females (9) 
Boyle, 2011, Males (9) 
Subtotal  (I2= 39.9%, P = .102) 
Definition 2: Distal colon cancer 
Slattery, 1997, Females (38) 
Slattery, 1997, Males (38) 
Boutron-Ruault, 2001, Both (18) 
Colbert, 2001, Males (21) 
Larsson, 2006, Males (32) 
Howard, 2008, Females (30) 
Howard, 2008, Males (30) 
Boyle, 2011, Females (9) 
Boyle, 2011, Males (9) 
Subtotal  (I2 = 0.0%, P = .725) 
Definition 3: Proximal colon cancer 
Vena, 1985, Males (41) 
Brownson, 1989, Males (40) 
Inoue, 1995, Females (31) 
Inoue, 1995, Males (31) 
Isomura, 2006, Females (20) 
Isomura, 2006, Males (20) 
Subtotal  (I2 = 43.5%, P = .115) 
Definition 3: Distal colon cancer 
Vena, 1985, Males (41) 
Brownson, 1989, Males (40) 
Inoue, 1995, Females (31) 
Inoue, 1995, Males (31) 
Isomura, 2006, Females (20) 
Isomura, 2006, Males (20) 
Subtotal  (I2 = 0.0%, P = .908) 

year, sex (reference) 
First author, 

0.71 (0.20 to 2.50) 
1.25 (0.33 to 5.00) 
0.75 (0.36 to 1.55) 
0.28 (0.11 to 0.67) 
0.63 (0.45 to 0.88) 
0.87 (0.46 to 1.62) 
0.65 (0.43 to 1.00) 
0.55 (0.24 to 1.26) 
0.29 (0.14 to 0.60) 
0.77 (0.54 to 1.08) 
0.97 (0.68 to 1.38) 
0.71 (0.50 to 0.91) 
0.83 (0.67 to 1.00) 
0.81 (0.59 to 1.10) 
0.73 (0.64 to 0.84) 

0.24 (0.07 to 0.83) 
0.30 (0.09 to 1.00) 
0.50 (0.25 to 1.00) 
0.53 (0.24 to 1.16) 
0.82 (0.55 to 1.24) 
1.36 (0.75 to 2.46) 
0.96 (0.64 to 1.45) 
1.37 (0.66 to 2.85) 
0.89 (0.53 to 1.51) 
0.63 (0.37 to 1.09) 
0.54 (0.34 to 0.84) 
0.83 (0.59 to 1.25) 
0.71 (0.59 to 0.83) 
0.56 (0.37 to 0.83) 
0.73 (0.62 to 0.86) 

0.63 (0.44 to 0.89) 
0.56 (0.40 to 0.78) 
0.09 (0.01 to 0.70) 
0.73 (0.47 to 1.14) 
0.71 (0.39 to 1.29) 
0.91 (0.70 to 1.17) 
0.83 (0.68 to 1.02) 
0.90 (0.52 to 1.54) 
1.11 (0.68 to 1.83) 
0.77 (0.65 to 0.91) 

0.62 (0.44 to 0.88) 
0.65 (0.47 to 0.90) 
0.50 (0.20 to 1.00) 
0.94 (0.58 to 1.53) 
0.70 (0.38 to 1.27) 
0.82 (0.58 to 1.14) 
0.83 (0.67 to 1.03) 
0.84 (0.47 to 1.50) 
0.66 (0.41 to 1.07) 
0.75 (0.66 to 0.85) 

0.39 (0.21 to 0.71) 
0.60 (0.39 to 0.94) 
0.50 (0.20 to 1.50) 
0.70 (0.40 to 1.50) 
1.60 (0.70 to 3.60) 
0.90 (0.50 to 1.70) 
0.68 (0.48 to 0.97) 

0.72 (0.44 to 1.16) 
0.83 (0.57 to 1.21) 
1.00 (0.50 to 2.00) 
0.70 (0.40 to 1.30) 
0.60 (0.30 to 1.10) 
0.70 (0.40 to 1.10) 
0.75 (0.61 to 0.93) 

RR (95% CI)  

1.12 
0.97 
3.14 
2.12 
10.90 
4.09 
7.87 
2.49 
3.16 
10.43 
10.14 
12.59 
18.98 
11.99 
100.00 

1.65 
1.73 
4.52 
3.67 
9.47 
5.73 
9.41 
4.15 
6.87 
6.58 
8.34 
10.35 
17.99 
9.54 
100.00 

13.28 
14.10 
0.62 
9.95 
6.38 
18.17 
21.57 
7.42 
8.51 
100.00 

13.00 
14.80 
2.41 
6.64 
4.29 
13.68 
33.77 
4.64 
6.79 
100.00 

18.29 
24.62 
9.46 
16.69 
12.75 
18.19 
100.00 

18.87 
31.30 
9.23 
12.77 
10.51 
17.33 
100.00 

Weight 
% 
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Figure 3.9. Random-effects meta-analyses of studies that investigated associations between physical activity (PA) and the 

risks of proximal colon and distal colon cancers based on physical activity performed in two or more domains, recreational 

physical activity, occupational physical activity, and household physical activity. 

. 

. 

. 

. 

. 

. 

. 

. 
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THE WESTERN AUSTRALIAN BOWEL HEALTH STUDY 

The following three chapters (Chapters Four, Five and Six) are original research 

articles.  Chapter Four describes a study that examined the effect of timing and intensity 

of physical activity on the risk of colorectal cancer, and also examined whether these 

associations differed by colorectal subsite (proximal colon, distal colon, rectum).  The 

study described in Chapter Five investigated the association between sedentary 

behaviour at work and the risk of subsite-specific colorectal cancer.  Finally, the study 

presented in Chapter Six investigated whether resistance training may be an 

independent risk factor for colon cancer and/or rectal cancer.  All three of these studies 

were based on data collected during the Western Australian Bowel Health Study 

(WABOHS).  More information on the WABOHS is given below.       

THE WESTERN AUSTRALIAN BOWEL HEALTH STUDY 

The Western Australian Bowel Health Study (WABOHS) was a case-control study of 

colorectal cancer that was conducted in Western Australia between 2005 and 2007.  The 

main aim of the WABOHS was to investigate whether proximal colon and distal colon 

cancers have different environmental and genetic risk factors.   

The cases in the WABOHS were recruited from the Western Australia Cancer Registry.  

Notification of all cancers, with the exception of non-melanoma skin cancer, is required 

by law in Western Australia.  All eligible incident cases of colorectal cancer (C18-C20 

in version 10 of the International Classification of Diseases) who were aged between 40 

and 79 years of age, and were diagnosed between June 1, 2005 and August 31, 2007, 

were sent a letter inviting them to participate in the WABOHS, along with an 

information sheet and consent form.  Non-responders were sent a reminder letter three 

weeks after the initial invitation. 

The controls were randomly selected from the Western Australian electoral roll.  

Registration on the electoral roll is compulsory in Australia, and it is considered to be 

virtually complete.  The sampling frame for controls was based on the distribution of 

the age-group (five-year) and sex of people who were diagnosed with an incident 

colorectal cancer in Western Australia in 2002.  As with the cases, the controls were 

sent an invitation letter, information sheet and consent form, and a reminder letter if 

they had not responded within three weeks. 
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Cases and controls who agreed to take part in the WABOHS were sent a study package, 

which contained the study questionnaires (see Appendix One) and a cheek swab DNA 

kit.  If the study materials had not been returned after three weeks a reminder postcard 

was sent, and if there was still no response after five weeks a replacement study kit was 

sent. 

A total of 1,770 incident cases of colorectal cancer were diagnosed in Western Australia 

between June 1, 2005 and August 31, 2007.  Two-hundred and twenty-six cases were 

deemed to be ineligible, for the following reasons: not adenocarcinoma or doubtful 

diagnosis (n=52), familial colorectal cancer (n=2), incorrect age (n=5), not residing in 

Western Australia (n=13), incorrect address (n=3), their clinician did not give 

permission to contact them (n=33), died within three months of diagnosis (n=105), ill 

health (n=5), or did not speak English (n=8). This left 1544 eligible cases, of whom 918 

(59.5%) participated.  Information (including tumour site) on each case‘s colorectal 

cancer was obtained from pathology reports stored at the Western Australian Cancer 

Registry. 

A total of 2,247 controls were randomly selected from the electoral roll between 2005 

and 2007.  Forty-nine controls were deemed to be ineligible, for the following reasons: 

previous diagnosis of colorectal cancer (n=4), incorrect age (n=4), incorrect address 

(n=34), ill health (n=5), or did not speak English (n=2).  This left 2,198 controls, of 

whom 1,021 (46.5%) participated. 

Funding, Study Investigators and Project Staff 

The Western Australian Bowl Health Study was supported by the Australian National 

Health and Medical Research Council (Project Grant Number 353568). The Chief 

Investigators were Professor Lin Fritschi, Professor Jane Heyworth, Professor Barry 

Iacopetta, A/Prof Kieran McCaul and Professor David Crawford.  The Associate 

Investigators were Professor Cameron Platell and Dr Tim Threlfall.  The project staff 

included Cassandra Clayforth, Jenny Landrigan, Jen Girschik, Clare Tran, Beatriz 

Cuesta-Briand, Dr Mehdi Tabatabaei, Robin Mina and John Langley.  I gratefully 

acknowledge the contributions that the study investigators and project staff made to the 

Western Australian Bowel Health Study. 
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4 TIMING AND INTENSITY OF RECREATIONAL 

PHYSICAL ACTIVITY AND THE RISK OF SUBSITE-

SPECIFIC COLORECTAL CANCER 

This chapter is based on the following published paper: 

Boyle T, Heyworth J, Bull F, McKerracher S, Platell C, Fritschi L. Timing and intensity 

of recreational physical activity and the risk of subsite-specific colorectal cancer. 

Cancer Causes Control. 2011;22(12):1647-1658.  Initially submitted on June 5, 2011.  

Accepted for publication on September 2, 2011. 

4.1 ABSTRACT 

Although there is convincing evidence that physical activity reduces colon cancer risk, 

there are important questions about the association that remain unanswered.  These 

include the timing and intensity of activity required to optimally reduce risk, and 

whether physical activity has a different effect on cancers at different sites within the 

colon.  A case-control study was conducted in Western Australia in 2005-07 to 

investigate these issues.  The estimated effects of recreational physical activity on the 

risk of distal colon, proximal colon and rectal cancers was analysed using multinomial 

logistic regression.  This analysis included 870 cases and 996 controls.  Distal colon 

cancer risk was reduced by performing a high level of vigorous intensity activity 

between the ages 19 and 34 years (females, Adjusted Odds Ratio (AOR)=0.49, 95% 

confidence interval (CI)=0.21-1.17), 35 and 50 years (males, AOR=0.55, 95% CI=0.30-

1.00), after the age of 51 years (males and females, AOR=0.45, 95% CI=0.24-0.85), and 

consistently over the adult lifetime (males and females, AOR=0.59, 95% CI=0.36-0.96).  

In males, rectal cancer risk was reduced by performing a high level of vigorous intensity 

activity between the ages 35 and 50 years (AOR=0.49, 95% CI=0.29-0.84), and 

consistently over the adult lifetime (AOR=0.50, 95% CI=0.28-0.89).  Physical activity 

was not associated with proximal colon cancer risk.  Moderate intensity activity did not 

reduce the risk of colorectal cancer.  These results suggest that physical activity may 

have a greater effect on distal colon cancer risk than proximal colon cancer risk, and 

that vigorous intensity physical activity may be required to reduce the risk of colon and 

rectal cancers. 
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4.2 INTRODUCTION 

The inverse association between physical activity and colon cancer has been well 

established, and the evidence to support this association has been judged to be 

convincing.
1
  Most studies have found that, compared with those who are the least 

physically active, the most active people have a 30% to 40% reduction in their risk of 

colon cancer.
2
  In terms of biological mechanisms, the strongest evidence exists for the 

effects of physical activity on body fat and insulin resistance.
3
  The effects of physical 

activity on vitamin D, insulin-like growth factors, adipokines, low-grade inflammation, 

immune function, oxidative stress, prostaglandins, and gastrointestinal transit time have 

also been hypothesised to be involved in reducing the risk of colon cancer.
3
  There has 

generally been no association found between rectal cancer risk and physical activity.
1,4

 

Despite the convincing evidence that physical activity reduces colon cancer risk,
1,5-7

 

there are several questions that remain unanswered about this association.  Although a 

review paper found that several studies have shown that vigorous intensity activity is 

more protective than lower intensity physical activity,
2
  the intensity of physical activity 

that is required to optimally reduce risk is not clear.
4,7

  The appropriate timeframe of 

exposure to physical activity is also unclear.  Most studies have only collected 

information about physical activity level at one point in time or age; few studies have 

collected information about physical activity at several different points over a lifetime, 

and few have examined the association between lifetime physical activity and colon and 

rectal cancer risk.
2
 

A further issue is whether physical activity has the same effect on distal and proximal 

colon cancer risk.  There are morphologic, molecular and epidemiological differences 

between distal and proximal colon cancers, and it has been suggested that they may be 

two different diseases.
8
  There also appear to be different environmental and genetic risk 

factors for distal and proximal colon cancers.
8
  Previous research looking at the effect of 

recreational or total physical activity is inconsistent.  Some studies have found a greater 

effect for distal colon cancers
9-14

 or proximal colon cancers,
15-19

 while others have found 

no difference.
20-30

 

We conducted a case-control study to investigate these issues.  The aims of the study 

were: to determine whether total, moderate intensity and/or vigorous intensity 

recreational physical activity performed during specific age periods is associated with 

the risk of colorectal cancer; to determine whether different patterns of physical activity 
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over the adult lifetime are associated with the risk of colorectal cancer; and to determine 

whether these associations differ by subsite (distal colon, proximal colon and rectum).   

4.3 METHODOLOGY 

4.3.1 The Western Australian Bowel Health Study 

The Western Australian Bowel Health Study was a case-control study that was 

conducted in Western Australia between 2005 and 2007.  The participants resided in 

Western Australia and were aged between 40 and 79 years.  Cases were people 

diagnosed with a histopathologically confirmed incident colorectal cancer between June 

2005 and August 2007, and whose cancer was notified to the Western Australian Cancer 

Registry.   Registration of all cancer cases is mandatory in Australia (with the exception 

of non-melanoma skin cancer).  Cases with cancer occurring in the hepatic flexure, 

caecum, ascending colon or transverse colon were classified as having proximal colon 

cancer, cases with cancer occurring in the splenic flexure, descending colon or sigmoid 

colon were classified as having distal colon cancer, while cases with cancer occurring in 

the rectosigmoid junction or rectum were classified as having rectal cancer.   

Age and sex matched controls were randomly selected from the Western Australian 

electoral roll.  Registration on the electoral roll is compulsory in Australia and it is 

considered to be virtually complete.  Self-administered questionnaires (Appendix 1) 

were used to collect information on lifestyle, diet, occupation and medication use from 

918 cases (59.5% response fraction) and 1021 controls (46.5% response fraction).  A 

total of 73 participants were excluded due to missing data on one or more covariates, 

leaving 870 cases and 996 controls in this analysis.  Ethics approval for the Western 

Australian Bowel Health Study was obtained from The University of Western Australia 

Human Research Ethics Committee and the Confidentiality of Health Information 

Committee within the Western Australian Department of Health.  Informed consent was 

obtained from all participants. 

4.3.2 Exposure measurement 

Recreational physical activity performed over the adult lifetime was collected using a 

questionnaire based on other physical activity questionnaires that have been found to be 

reliable.
31-33

  Participants were asked to record the recreational physical activity that 

they performed regularly (more than 10 times) during three periods of their life: 19 to 

34 years; 35 to 50 years; and 51 years and above.  For each recreational physical 
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activity they listed, participants recorded the number of years, the number of months per 

year, and the number of hours per week (truncated at 14 hours for each activity).  Based 

on these data, the number of hours spent on each activity in each age period was 

calculated.  A MET (metabolic equivalent)-value was assigned to each activity 

according to the Compendium of Physical Activities.
34

  This MET-value was multiplied 

by the total number of hours spent performing each activity, resulting in a MET-hour 

total for each activity and, when all activities were summed, a MET-hour total for each 

age period.  MET-hours per week were calculated by dividing the MET-hour total by 

the number of weeks spent in the age period.  We used the above method to also 

calculate the number of MET-hours per week spent in moderate intensity activity 

(activities with a MET-value between three and six) and vigorous intensity activity 

(activities with a MET-value equal to or greater than six). 

For each age period, and individually for total, vigorous intensity and moderate intensity 

activity, the MET-hours per week total was categorised as no physical activity (i.e. zero 

MET-hours per week), and the remaining active participants were divided into three 

groups of roughly equal size (0.1 to 11.9, 12 to 29.9, and 30+ MET-hours per week for 

total activity; 0.1 to 5.9, 6 to 17.9, and 18+ MET-hours per week for both moderate 

intensity and vigorous intensity activity).  The category cut-off points of six, 12, 18 and 

30 MET-hours per week are roughly equivalent to 0.9, 1.7, 2.6 and 4.4 hours per week 

of jogging (MET-value = 7.0) respectively.  The same MET-hours per week cut-offs 

were used for each age period and each intensity to allow direct comparison across the 

age periods and across different levels of intensity respectively.   

To investigate the effect of different patterns of physical activity over the adult lifetime 

a new variable was created, for each of total, moderate intensity and vigorous intensity 

activity.  Participants who were consistently in the lower two categories of physical 

activity were classified as ‗Always No or Low Activity‘.  Participants who were in one 

of the higher two categories in only one age period were classified as ‗High Activity in 

One Age Period‘, participants who were in one of the higher two categories for two of 

the three age periods were classified as ‗High Activity in Two Age Periods‘, and 

participants who were consistently in one of the two higher categories were classified as 

‗Always High Activity‘. 
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4.3.3 Statistical analysis 

The odds ratios for the risk of proximal colon cancer, distal colon cancer and rectal 

cancer were estimated using polytomous logistic regression models.  For the three age 

periods we estimated the dose-response relationship using the median MET-hours per 

week of each category of physical activity. For the lifetime models we assessed the 

dose-response relationship by entering the categorical variable as a continuous variable. 

The controls were age group and sex matched to the cases, so these variables were 

included in all models.  An a priori decision was made to include occupational physical 

activity, energy intake, alcohol intake, cigarette use, diabetes and socioeconomic status 

in the final analyses, as they were considered to be potential confounders and are 

established risk factors for colorectal cancer.
35

  A lifetime occupational activity variable 

was created by assigning participants to the occupational activity category (based on job 

title and duties) in which they spent the most time.
36

  Energy intake (kilojoules per day 

from food) and alcohol intake (grams per day) were categorised based on the control 

quartiles.  Cigarette use was categorised into never, former and current smokers. 

Diabetes was classified as having diabetes, high blood sugar level only, or neither.  

Socioeconomic status was classified using the Index of Relative Socio-economic 

Disadvantage from the Socio-Economic Indexes for Areas
37

 and was categorised into 

five groups.  Body mass index (at ages 20 years and 40 years) was not included in the 

final model as obesity is considered to be one of the main mechanisms through which 

physical activity affects colon cancer risk (note that including these variables in the final 

model had little effect on the results).  We also assessed the impact of multivitamin use, 

folate supplement use, aspirin use and use of non-steroidal anti-inflammatory drugs on 

the results; these variables had little effect on the relationship between recreational 

physical activity and colorectal cancer so were not included in the final analyses. 

All models involving physical activity between the ages 19 and 34 years were adjusted 

for recreational physical activity between the ages 35 and 50 years, and vice versa, and 

all models involving recreational physical activity since turning 51 years were adjusted 

for all recreational physical activity before that age.  Models that investigated the effect 

of moderate intensity activity were also adjusted for vigorous intensity activity, and vice 

versa. 

The controls were selected from the electoral roll, but we did not exclude the cases who 

were not on the electoral roll.  We therefore conducted a sensitivity analysis, in which 
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we repeated all analyses without cases who were not on the electoral roll (n=54) and 

compared the effect sizes with those from the original models.  We also conducted a 

sensitivity analysis to determine whether colorectal cancer-related symptoms among the 

cases may have resulted in them decreasing the amount of recent recreational physical 

activity they performed.  This analysis was done by changing the referent year to one 

year before study invitation and re-running all the analyses.  

All analyses were performed for males and females combined, as well as separately.  

All analyses were performed using Stata version 11.1 (StataCorp, College Station, TX, 

USA). 

4.4 RESULTS 

4.4.1 Participants characteristics 

The demographic and various dietary and lifestyle characteristics of the participants by 

cancer status are shown in Table 4.1.  Controls were less likely than cases to have 

diabetes, be former smokers, be in the highest quartile of alcohol consumption 10 years 

ago, and be in the sedentary lifetime occupational activity category.  There was a higher 

proportion of males among both the distal colon and rectal cancer cases than the 

proximal colon cancer cases.  Cases with proximal colon cancer were more likely to be 

aged over 60 years than cases with distal colon cancer or rectal cancer. 

4.4.2 Total recreational physical activity 

The total MET-hours per week for the different age periods were positively correlated.  

The correlation coefficients were 0.60 for 19 to 34 years and 35 to 50 years, 0.37 for 19 

to 34 years and 51+ years, and 0.57 for 35 to 50 years and 51+ years.  Compared with 

participants who did not do any recreational physical activity between the ages 19 and 

34 years, those who did 30 or more MET-hours a week reduced their risk of distal colon 

cancer by 44% (AOR=0.56, 95% CI=0.32-0.97) (Table 4.2). This association appeared 

stronger among females (AOR=0.33, 95% CI=0.13-0.84) than males (AOR=0.72, 95% 

CI=0.35-1.47) (Table 4.3), although this difference was not statistically significant.  

Total activity between the ages 19 and 34 years was not associated with the risk of 

proximal colon and rectal cancers.  Total physical activity during the ages 35 and 50 

years, and since turning 51 years, did not affect the risk of colorectal cancer at any site. 
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Table 4.1: Selected characteristics of the participants, by outcome, in the Western 

Australian Bowel Health Study, 2005-2007 

 Cases  

 

Proximal 

Colon 

Cancer 

(n=284) 

Distal 

Colon 

Cancer 

(n=268) 

Rectal 

Cancer 

(n=318) 

All 

(n=870) 

Controls 

(n=996) 

Characteristic % % % % % 

Sex      

Male 54.6 61.6 67.9 61.6 59.6 

Female 45.4 38.4 32.1 38.4 40.4 

Age (Years)      

40-49 4.2 5.6 5.7 5.2 7.0 

50-59 16.9 29.8 26.1 24.2 22.0 

60-69 37.3 35.1 37.7 36.8 35.6 

70-79 41.6 29.5 30.5 33.8 35.3 

Index of Relative  

Socioeconomic Disadvantage 

     

Quintile 1 (most disadvantaged) 15.5 20.2 17.9 17.8 16.9 

Quintile 2 18.0 18.3 24.5 20.5 19.3 

Quintile 3 22.2 15.3 22.0 20.0 23.2 

Quintile 4 23.6 23.9 18.9 22.0 19.6 

Quintile 5 (least disadvantaged) 20.8 22.4 16.7 19.8 21.1 

Smoking      

Never Smoker 43.7 38.8 37.4 39.9 45.9 

Former Smoker 49.3 51.5 53.1 51.4 44.8 

Current Smoker 7.0 9.7 9.4 8.7 9.3 

Diabetes and/or High Blood  

Sugar 

     

Neither 79.2 78.7 81.4 79.9 85.4 

High Blood Sugar 6.7 6.0 4.4 5.6 5.2 

Diabetes 14.1 15.3 14.2 14.5 9.3 

Energy Intake from Food 10  

years ago (kilojoules per day) 

     

≤6301 24.6 22.4 17.3 21.3 24.6 

6302-8074 21.5 23.9 24.2 23.2 25.1 

8075-10406 29.2 23.9 29.6 27.7 25.3 

≥10407+ 24.6 29.8 28.9 27.8 25.0 
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Table 4.1: Selected characteristics of the participants, by outcome, in the Western 

Australian Bowel Health Study, 2005-2007, continued 

 Cases  

 

Proximal 

Colon 

Cancer 

(n=284) 

Distal 

Colon 

Cancer 

(n=268) 

Rectal 

Cancer 

(n=318) 

All 

(n=870) 

Controls 

(n=996) 

Characteristic % % % % % 

Alcohol Consumption 10 years 

ago (grams per day) 

     

≤1.12 25.0 20.9 22.6 22.9 24.9 

1.13-9.51 24.3 24.6 21.7 23.4 25.0 

9.52-27.19 24.3 22.0 23.9 23.4 24.9 

≥27.2 26.4 32.5 31.8 30.2 25.2 

Lifetime Occupational Activity      

Sedentary 6.3 11.6 7.2 8.3 5.7 

Light 62.7 54.5 50.6 55.7 56.5 

Medium 23.9 25.4 30.5 26.8 26.5 

Heavy/Very Heavy 7.0 8.6 11.6 9.2 11.2 

 

4.4.3 Vigorous and moderate intensity recreational physical activity 

The correlation coefficients between moderate intensity MET-hours per week for the 

different age periods were 0.60 for 19 to 34 years and 35 to 50 years, 0.41 for 19 to 34 

years and 51+ years, and 0.65 for 35 to 50 years and 51+ years.  The vigorous intensity 

MET-hours per week variables for the different age periods were also positively 

correlated, although the association was weaker than those found for total and moderate 

intensity physical activity (the correlation coefficients were 0.58 for 19 to 34 years and 

35 to 50 years, 0.24 for 19 to 34 years and 51+ years, and 0.45 for 35 to 50 years and 

51+ years).  There was very little correlation between moderate intensity MET-hours 

per week and vigorous intensity MET-hours per week in any of the age periods (the 

correlation coefficients were 0.08 for 19 to 34 years, 0.04 for 35 to 50 years, and 0.03 

for 51+ years). 

Compared with participants who did not do any vigorous intensity activity between the 

ages 19 and 34 years, participants who did any level of vigorous intensity activity had a 

reduced risk of distal colon cancer (Table 4.2).  Participants who performed the highest 

level of vigorous intensity activity in this age period had a 33% reduced risk of distal 
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colon cancer, although this result was borderline non-significant (AOR=0.67, 95% 

CI=0.43-1.04).  The association appeared stronger for females (AOR=0.49, 95% 

CI=0.21-1.17) than for males (AOR=0.83, 95% CI=0.83, 95% CI=0.49-1.43) (Table 

4.3), although this difference was not statistically significant.  A high level of vigorous 

intensity activity between the ages 19 and 34 years was not associated with proximal 

colon or rectal cancer risk.  An increasing level of vigorous intensity activity between 

the ages 35 and 50 years was associated with a reduced risk of rectal cancer (Ptrend<0.05) 

(Table 4.2).  Participants performing the highest levels of vigorous intensity activity in 

this age period significantly reduced their risk of rectal cancer by 37%, compared with 

those doing no vigorous intensity activity (AOR=0.63, 95% CI=0.40-0.98).  This risk 

reduction was seen among males (AOR=0.49, 95% CI=0.29-0.84, Ptrend<0.05) but not 

females (AOR=1.00, 95% CI=0.43-2.32) (Table 4.3).  Males performing the highest 

amount of vigorous intensity recreational activity in this age period also had a 45% 

reduced risk of distal colon cancer (AOR=0.55, 95% CI=0.30-1.00).  A high level of 

vigorous intensity activity between the ages 35 and 50 years was not associated with 

proximal colon cancer risk.  

 Increasing levels of vigorous intensity activity after the age of 51 years was associated 

with a decreased risk of distal colon cancer (Ptrend<0.01).  Participants who were in the 

highest category of vigorous intensity activity in this age period had a 55% reduced risk 

of distal colon cancer (AOR=0.45, 95% CI=0.24-0.85), compared with those who did 

not do any vigorous intensity activity (Table 4.2).  A similar association was seen 

among both males and females (Table 4.3).  There was no significant association 

between vigorous intensity activity after the age of 51 years and the risk of proximal 

colon or rectal cancers. 

Moderate intensity activity alone was not associated with the risk of cancer of the 

proximal colon, distal colon or rectum in any age period (Table 4.2). 
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Table 4.2: Association between recreational physical activity performed in different age periods and site-specific colorectal cancer risk in the 

Western Australian Bowel Health Study, 2005-2007 

MET-Hours per Week Controls Proximal Colon Cancer Distal Colon Cancer Rectal Cancer 

Categories Median (All) n n AOR (95% CI)
a 

n AOR (95% CI)
a
 n AOR (95% CI)

a
 

19-34 YEARS OF AGE         

Total physical activity         

0 METS 0 154 51 1.00 54 1.00 64 1.00 

0 <  METS <  12 6.0 289 71 0.82 (0.50-1.33) 77 0.77 (0.48-1.26) 77 0.60 (0.38-0.95) 

12 <=  METS < 30 19.8 270 82 1.08 (0.65-1.81) 77 0.78 (0.46-1.31) 83 0.73 (0.45-1.18) 

≥30 METS 48.4 283 80 0.92 (0.53-1.57) 60 0.56 (0.32-0.97) 94 0.83 (0.50-1.38) 

Ptrend    0.944  0.048  0.417 

Moderate physical activity only         

0 METS 0 389 104 1.00 104 1.00 123 1.00 

0 <  METS <  6 3.0 196 55 1.30 (0.86-1.96) 57 1.17 (0.78-1.77) 53 0.88 (0.59-1.31) 

6 <=  METS < 18 10.7 216 68 1.43 (0.95-2.16) 54 0.92 (0.60-1.42) 71 1.12 (0.75-1.65) 

≥18 METS 28.3 195 57 1.15 (0.73-1.82) 53 0.94 (0.59-1.50) 71 1.33 (0.87-2.03) 

Ptrend    0.806  0.559  0.068 

Vigorous physical activity only         

0 METS 0 306 108 1.00 108 1.00 112 1.00 

0 <  METS <  6 2.9 216 43 0.58 (0.38-0.88) 46 0.60 (0.39-0.91) 60 0.79 (0.54-1.17) 

6 <=  METS < 18 10.5 229 58 0.80 (0.53-1.19) 60 0.76 (0.51-1.13) 69 0.90 (0.61-1.32) 

≥18 METS 32.0 245 75 0.99 (0.65-1.50) 54 0.67 (0.43-1.04) 77 0.99 (0.66-1.48) 

Ptrend    0.372  0.269  0.678 
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Table 4.2: Association between recreational physical activity performed in different age periods and site-specific colorectal cancer risk in the 

Western Australian Bowel Health Study, 2005-2007, continued   

MET-Hours per Week Controls Proximal Colon Cancer Distal Colon Cancer Rectal Cancer 

Categories Median (All) n n AOR (95% CI)
a 

n AOR (95% CI)
a
 n AOR (95% CI)

a
 

35-50 YEARS OF AGE
         

Total physical activity         

0 METS 0 179 60 1.00 62 1.00 66 1.00 

0 <  METS <  12 6.4 248 60 0.78 (0.48-1.27) 54 0.64 (0.39-1.05) 87 1.19 (0.75-1.88) 

12 <=  METS < 30 20.1 305 80 0.79 (0.49-1.30) 83 0.90 (0.55-1.46) 89 0.94 (0.58-1.51) 

≥30 METS 47.1 264 84 0.99 (0.59-1.66) 69 0.93 (0.55-1.57) 76 0.82 (0.49-1.36) 

Ptrend    0.419  0.436  0.129 

Moderate physical activity only         

0 METS 0 288 93 1.00 80 1.00 93 1.00 

0 <  METS <  6 3.0 144 33 0.72 (0.44-1.17) 30 0.84 (0.50-1.41) 52 1.24 (0.80-1.93) 

6 <=  METS < 18 11.8 257 62 0.69 (0.45-1.06) 63 0.99 (0.64-1.54) 76 0.95 (0.63-1.42) 

≥18 METS 31.3 307 96 0.86 (0.56-1.31) 95 1.20 (0.77-1.86) 97 0.85 (0.56-1.29) 

Ptrend    0.975  0.219  0.202 

Vigorous physical activity only         

0 METS 0 524 158 1.00 170 1.00 190 1.00 

0 <  METS <  6 2.7 154 37 0.90 (0.58-1.38) 27 0.56 (0.35-0.91) 47 0.86 (0.58-1.28) 

6 <=  METS < 18 10.9 156 44 0.98 (0.64-1.50) 38 0.81 (0.52-1.26) 41 0.74 (0.48-1.12) 

≥18 METS 32.7 162 45 0.87 (0.56-1.35) 33 0.68 (0.42-1.10) 40 0.63 (0.40-0.98) 

Ptrend    0.587  0.206  0.042 
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Table 4.2: Association between recreational physical activity performed in different age periods and site-specific colorectal cancer risk in the 

Western Australian Bowel Health Study, 2005-2007, continued   

MET-Hours per Week Controls Proximal Colon Cancer Distal Colon Cancer Rectal Cancer 

Categories Median (All) n n AOR (95% CI)
a 

n AOR (95% CI)
a
 n AOR (95% CI)

a
 

51 YEARS AND ABOVE
         

Total physical activity         

0 METS 0 116 33 1.00 36 1.00 39 1.00 

0 <  METS <  12 6.2 219 72 1.19 (0.70-2.01) 55 1.00 (0.58-1.71) 77 1.28 (0.78-2.11) 

12 <=  METS < 30 20.0 272 75 0.98 (0.57-1.69) 81 1.04 (0.60-1.79) 94 1.33 (0.80-2.20) 

≥30 METS 48.6 303 84 0.88 (0.49-1.58) 77 0.88 (0.49-1.59) 79 0.99 (0.57-1.74) 

Ptrend    0.300  0.521  0.407 

Moderate physical activity only         

0 METS 0 156 46 1.00 46 1.00 54 1.00 

0 <  METS <  6 2.8 125 44 1.16 (0.69-1.94) 30 0.83 (0.47-1.47) 44 1.15 (0.70-1.89) 

6 <=  METS < 18 12.0 256 64 0.87 (0.53-1.44) 61 0.82 (0.49-1.36) 75 1.03 (0.65-1.63) 

≥18 METS 32.8 373 110 1.00 (0.61-1.64) 112 0.97 (0.59-1.62) 116 1.12 (0.70-1.79) 

Ptrend    0.961  0.638  0.725 

Vigorous physical activity only         

0 METS 0 597 176 1.00 186 1.00 212 1.00 

0 <  METS <  6 2.6 103 34 1.14 (0.72-1.79) 28 1.05 (0.64-1.71) 30 0.95 (0.60-1.52) 

6 <=  METS < 18 10.7 112 26 0.75 (0.45-1.26) 19 0.51 (0.29-0.91) 22 0.61 (0.36-1.03) 

≥18 METS 32.0 98 28 0.87 (0.51-1.50) 16 0.45 (0.24-0.85) 25 0.81 (0.47-1.41) 

Ptrend    0.503  0.006  0.334 
a Adjusted for age group, sex, lifetime occupational physical activity level, cigarette smoking, diabetes, education level, energy intake from food, alcohol intake, and socioeconomic status 

8
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Table 4.3: Association between total and vigorous intensity recreational physical activity performed in different age periods and site-specific 

colorectal cancer risk among males and females in the Western Australian Bowel Health Study, 2005-2007 

 Proximal Colon Cancer Distal Colon Cancer Rectal Cancer 

 Males Females Males Females Males Females 

MET-Hours per Week OR (95% CI)
a 

OR (95% CI)
a
 OR (95% CI)

a 
OR (95% CI)

a
 OR (95% CI)

a 
OR (95% CI)

a
 

19-34 YEARS OF AGE       

Total physical activity       

0 METS 1.00 1.00 1.00 1.00 1.00 1.00 

0 <  METS <  12 0.71 (0.35-1.43) 0.98 (0.48-1.99) 1.03 (0.55-1.93) 0.43 (0.19-0.93) 0.55 (0.31-0.99) 0.73 (0.34-1.59) 

12 <=  METS < 30 1.13 (0.55-2.29) 1.13 (0.52-2.46) 0.88 (0.45-1.74) 0.62 (0.27-1.43) 0.61 (0.33-1.11) 1.12 (0.49-2.57) 

≥30 METS 0.95 (0.46-1.98) 0.93 (0.40-2.15) 0.72 (0.35-1.47) 0.33 (0.13-0.84) 0.78 (0.42-1.44) 0.98 (0.40-2.43) 

Ptrend 0.710 0.840 0.188 0.127 0.490 0.622 

Vigorous  physical activity only       

0 METS 1.00 1.00 1.00 1.00 1.00 1.00 

0 <  METS <  6 0.57 (0.31-1.07) 0.53 (0.29-0.97) 0.71 (0.40-1.25) 0.46 (0.24-0.88) 0.71 (0.42-1.18) 0.93 (0.50-1.71) 

6 <=  METS < 18 0.80 (0.46-1.37) 0.77 (0.41-1.45) 0.88 (0.53-1.47) 0.62 (0.31-1.22) 0.82 (0.51-1.32) 1.08 (0.56-2.09) 

≥18 METS 1.13 (0.67-1.91) 0.81 (0.39-1.67) 0.83 (0.49-1.43) 0.49 (0.21-1.17) 1.06 (0.66-1.69) 0.86 (0.37-1.98) 

Ptrend 0.206 0.985 0.793 0.246 0.386 0.795 
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Table 4.3: Association between total and vigorous intensity recreational physical activity performed in different age periods and site-specific 

colorectal cancer risk among males and females in the Western Australian Bowel Health Study, 2005-2007, continued 

 Proximal Colon Cancer Distal Colon Cancer Rectal Cancer 

 Males Females Males Females Males Females 

MET-Hours per Week OR (95% CI)
a 

OR (95% CI)
a
 OR (95% CI)

a 
OR (95% CI)

a
 OR (95% CI)

a 
OR (95% CI)

a
 

35-50 YEARS OF AGE
       

Total physical activity       

0 METS 1.00 1.00 1.00 1.00 1.00 1.00 

0 <  METS <  12 0.79 (0.40-1.56) 0.71 (0.34-1.48) 0.57 (0.30-1.09) 0.88 (0.38-2.05) 1.22 (0.69-2.15) 1.12 (0.50-2.48) 

12 <=  METS < 30 0.82 (0.42-1.60) 0.70 (0.33-1.49) 0.87 (0.47-1.59) 1.00 (0.42-2.37) 1.03 (0.58-1.84) 0.75 (0.32-1.74) 

≥30 METS 1.05 (0.53-2.08) 0.81 (0.36-1.82) 0.80 (0.41-1.53) 1.17 (0.46-2.97) 0.85 (0.46-1.58) 0.73 (0.29-1.83) 

Ptrend 0.408 0.968 0.855 0.513 0.246 0.311 

Vigorous  physical activity only       

0 METS 1.00 1.00 1.00 1.00 1.00 1.00 

0 <  METS <  6 0.53 (0.27-1.05) 1.53 (0.84-2.79) 0.42 (0.21-0.84) 0.89 (0.44-1.77) 0.68 (0.40-1.14) 1.16 (0.62-2.19) 

6 <=  METS < 18 0.59 (0.32-1.08) 1.89 (0.99-3.63) 0.77 (0.44-1.33) 0.96 (0.44-2.07) 0.60 (0.36-1.01) 1.02 (0.49-2.11) 

≥18 METS 0.72 (0.41-1.26) 1.02 (0.47-2.21) 0.55 (0.30-1.00) 0.85 (0.35-2.07) 0.49 (0.29-0.84) 1.00 (0.43-2.32) 

Ptrend 0.389 0.941 0.111 0.735 0.014 0.935 
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Table 4.3: Association between total and vigorous intensity recreational physical activity performed in different age periods and site-specific 

colorectal cancer risk among males and females in the Western Australian Bowel Health Study, 2005-2007, continued 

 Proximal Colon Cancer Distal Colon Cancer Rectal Cancer 

 Males Females Males Females Males Females 

MET-Hours per Week OR (95% CI)
a 

OR (95% CI)
a
 OR (95% CI)

a 
OR (95% CI)

a
 OR (95% CI)

a 
OR (95% CI)

a
 

51 YEARS AND ABOVE
       

Total   physical activity       

0 METS 1.00 1.00 1.00 1.00 1.00 1.00 

0 <  METS <  12 1.47 (0.74-2.92) 0.91 (0.38-2.17) 1.03 (0.53-2.01) 0.77 (0.28-2.15) 1.46 (0.81-2.62) 1.06 (0.37-3.03) 

12 <=  METS < 30 1.04 (0.51-2.12) 0.91 (0.37-2.21) 1.02 (0.52-1.99) 1.00 (0.36-2.80) 1.09 (0.61-1.98) 1.91 (0.67-5.45) 

≥30 METS 0.81 (0.38-1.75) 0.97 (0.37-2.49) 0.80 (0.38-1.66) 0.92 (0.31-2.75) 0.86 (0.44-1.65) 1.32 (0.42-4.15) 

Ptrend 0.142 0.930 0.373 0.883 0.157 0.718 

Vigorous  physical activity only       

0 METS 1.00 1.00 1.00 1.00 1.00 1.00 

0 <  METS <  6 0.89 (0.43-1.84) 1.36 (0.73-2.55) 1.12 (0.55-2.24) 0.99 (0.48-2.04) 1.00 (0.53-1.88) 0.83 (0.40-1.74) 

6 <=  METS < 18 0.87 (0.45-1.68) 0.55 (0.23-1.29) 0.52 (0.25-1.08) 0.55 (0.21-1.47) 0.63 (0.34-1.19) 0.49 (0.18-1.33) 

≥18 METS 0.49 (0.23-1.06) 1.65 (0.74-3.70) 0.48 (0.22-1.08) 0.36 (0.11-1.13) 0.71 (0.36-1.41) 0.91 (0.34-2.46) 

Ptrend 0.076 0.374 0.045 0.062 0.254 0.730 

  a
 Adjusted for age group, lifetime occupational physical activity level, cigarette smoking, diabetes, education level, energy intake from food,  

  alcohol intake, and socioeconomic status 
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4.4.4 Adult lifetime recreational physical activity and colorectal cancer risk 

The risk of distal colon cancer decreased as the number of age periods in which a 

participant performed a high level of vigorous intensity activity increased (Ptrend<0.01).  

Participants who were always in one of the higher two categories of vigorous intensity 

recreational activity (i.e. performed 6 or more MET-hours per week of vigorous 

intensity activity in each age period they were in) had a 41% reduced risk of distal colon 

cancer (AOR=0.59, 95% CI=0.39-0.96), compared with those who consistently did little 

or no vigorous intensity recreational activity (Table 4.4).  This association was found 

among both males and females (Table 4.5).  Males who were consistently in one of the 

higher two categories of vigorous intensity recreational activity also had a significantly 

reduced risk of rectal cancer (AOR=0.50, 95% CI=0.28-0.89) (Table 4.5).  Neither a 

consistently high level of total activity nor moderate intensity activity was significantly 

associated with the risk of proximal colon, distal colon or rectal cancers (Table 4.4).   

None of the effect estimates in the above analyses were appreciably changed when the 

cases who were not on the electoral roll were excluded.  Changing the referent year to 

one year before study invitation also did not appreciably change any of the effect 

estimates.  The crude (i.e. only adjusted for age-group and sex) results are available in 

Table 4.6 at the end of this chapter. 

4.5 DISCUSSION 

In this population-based case-control study we found that performing a high level of 

vigorous intensity recreational physical activity (18 or more MET-hours per week) after 

the age of 51 years reduced the risk of distal colon cancer in both males and females.  

The same amount of vigorous intensity activity performed between the ages 19 and 34 

years also reduced the risk of distal colon cancer in females, and performed between the 

ages 35 and 50 years it reduced the risk of both distal colon cancer and rectal cancer in 

males.  We also found that consistently performing six or more MET-hours per week of 

vigorous intensity activity throughout the adult lifetime was significantly associated 

with a reduced risk of distal colon cancer in males and females, and rectal cancer in 

males.  Moderate intensity activity alone was not associated with the risk of colorectal 

cancer, regardless of subsite, and proximal colon cancer risk was not associated with 

physical activity in any of the age periods or over the adult lifetime. 
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Table 4.4: Association between patterns of recreational physical activity performed over the adult lifetime and site-specific colorectal cancer 

risk in the Western Australian Bowel Health Study, 2005-2007 

Pattern of Adult Lifetime  

Physical Activity 

Controls Proximal Colon Cancer Distal Colon Cancer Rectal Cancer 

n n AOR (95% CI)
a
 n AOR (95% CI)

a 
n AOR (95% CI)

a 

Total physical activity        

Always No or Low Activity 209 65 1.00 70 1.00 77 1.00 

High in One Age Period 207 52 0.83 (0.54-1.26) 44 0.59 (0.38-0.91) 77 0.97 (0.66-1.41) 

High in Two Age Periods 211 56 0.81 (0.54-1.23) 55 0.73 (0.48-1.11) 40 0.49 (0.31-0.75) 

Always High Activity 369 111 1.01 (0.70-1.44) 99 0.75 (0.52-1.08) 124 0.87 (0.62-1.22) 

Ptrend   0.807  0.319  0.201 

Moderate  physical activity only        

Always No or Low Activity 237 75 1.00 67 1.00 71 1.00 

High in One Age Period 207 53 0.80 (0.53-1.21) 48 0.83 (0.54-1.27) 78 1.34 (0.91-1.97) 

High in Two Age Periods 234 55 0.69 (0.46-1.04) 64 0.96 (0.64-1.44) 66 0.99 (0.67-1.48) 

Always High Activity 318 101 0.98 (0.68-1.39) 89 1.01 (0.69-1.47) 103 1.14 (0.80-1.63) 

Ptrend   0.926  0.743  0.851 

Vigorous  physical activity only        

Always No or Low Activity 418 123 1.00 132 1.00 152 1.00 

High in One Age Period 281 74 0.96 (0.68-1.34) 75 0.81 (0.58-1.14) 92 0.84 (0.62-1.15) 

High in Two Age Periods 167 54 1.14 (0.78-1.67) 37 0.65 (0.42-0.99) 45 0.68 (0.46-1.01) 

Always High Activity 130 33 0.93 (0.59-1.45) 24 0.59 (0.36-0.96) 29 0.62 (0.39-0.98) 

Ptrend   0.942  0.008  0.011 
   a

 Adjusted for age group, sex, lifetime occupational physical activity level, cigarette smoking, diabetes, education level, energy  

   intake from food, alcohol intake, and socioeconomic status 
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Table 4.5: Association between patterns of total and vigorous intensity recreational physical activity performed over the adult lifetime and 

site-specific colorectal cancer risk among males and females in the Western Australian Bowel Health Study, 2005-2007 

Pattern of Adult Lifetime  

Physical Activity 

Proximal Colon Cancer Distal Colon Cancer Rectal Cancer 

AOR (95% CI)
a 

AOR (95% CI)
a
 AOR (95% CI)

a 
AOR (95% CI)

a
 AOR (95% CI)

a 
AOR (95% CI)

a
 

Males Females Males Females Males Females 

Total physical activity       

Always No or Low Activity 1.00 1.00 1.00 1.00 1.00 1.00 

High in One Age Period 0.89 (0.49-1.60) 0.80 (0.43-1.48) 0.56 (0.32-0.99) 0.65 (0.32-1.31) 1.00 (0.62-1.61) 0.89 (0.47-1.68) 

High in Two Age Periods 0.78 (0.44-1.39) 0.84 (0.45-1.55) 0.71 (0.42-1.22) 0.72 (0.36-1.47) 0.54 (0.32-0.92) 0.33 (0.14-0.77) 

Always High Activity 1.11 (0.68-1.83) 0.90 (0.52-1.54) 0.66 (0.41-1.07) 0.84 (0.47-1.50) 0.80 (0.52-1.24) 1.02 (0.58-1.80) 

Ptrend 0.577 0.794 0.227 0.713 0.160 0.817 

Vigorous  physical activity only       

Always No or Low Activity 1.00 1.00 1.00 1.00 1.00 1.00 

High in One Age Period 0.84 (0.53-1.32) 1.08 (0.64-1.82) 0.84 (0.54-1.30) 0.82 (0.47-1.45) 0.81 (0.55-1.19) 0.87 (0.49-1.53) 

High in Two Age Periods 0.93 (0.55-1.57) 1.41 (0.79-2.52) 0.64 (0.37-1.10) 0.68 (0.34-1.38) 0.59 (0.36-0.96) 0.84 (0.42-1.67) 

Always High Activity 0.76 (0.42-1.39) 1.30 (0.64-2.64) 0.56 (0.30-1.05) 0.57 (0.23-1.41) 0.50 (0.28-0.89) 1.04 (0.47-2.30) 

Ptrend 0.438 0.255 0.030 0.129 0.004 0.808 
  a

 Adjusted for age group, lifetime occupational physical activity level, cigarette smoking, diabetes, education level, energy intake from food, alcohol 

   intake, and socioeconomic status  

9
0
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The results of this study suggest that physical activity may have different effects on 

subsite-specific colorectal cancer.  We found that the risk of distal colon cancer, but not 

proximal colon cancer, was reduced by performing a high level of recreational activity, 

particularly vigorous intensity activity.  Twenty-two previous studies have looked at the 

effect of recreational or total physical activity on proximal colon and distal colon 

cancers separately, with six finding a larger risk reduction for distal colon cancers,
9-14

 

five finding a greater effect for proximal colon cancers,
15-19

 and 11 finding no 

difference.
20-30

  Ten of these 22 studies reported proximal colon and distal colon results 

for males and females separately,
9,11,14,18,19,22,23,25,28,29

 with most finding similar patterns 

of risk by sex.  Only one study reported the effect of age-period specific physical 

activity on distal colon and proximal colon cancers separately; this study found similar 

null associations between vigorous intensity physical activity between the ages of 14 

and 22 and proximal colon and distal colon cancer risk.
27 

 Four of the 22 studies looked 

at the effect of long term physical activity on distal colon and proximal colon cancers 

separately; one of these studies found that there may be a greater risk reduction for 

distal colon cancer,
9
 while the other three studies found no difference.

25,26,28
  The 

inconsistency in the results of these 22 studies may be due to the different ways that 

both the outcome and the exposure have been measured; the studies have classified 

proximal colon and distal colon cancers in at least six different ways, and physical 

activity has been measured differently in each study.  Of the possible mechanisms 

linking physical activity and colon cancer, there is some evidence that obesity
38,39 

and 

vitamin D
40

 may have a greater effect on distal colon cancer than proximal colon 

cancer.  Although the relationship between physical activity and proximal colon and 

distal colon cancers remains unclear, the results of this study support the suggestion that 

lifestyle factors are more strongly associated with distal colon cancer than proximal 

colon cancer.
38

   

In this study we found that vigorous intensity recreational physical activity was required 

to reduce the risk of distal colon cancer.  Participants who consistently did six or more 

MET-hours per week of vigorous intensity physical activity over their adult lifetime 

reduced their risk of distal colon cancer by 41%, and males also reduced their risk of 

rectal cancer by 50%.  The same amount of energy expended performing moderate 

intensity physical activity, in any age period or over the adult lifetime, did not have an 

effect on the risk of distal colon, proximal colon or rectal cancers.  While studies 

looking at intensity have often found a greater risk reduction for vigorous intensity 
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activity,
2
 few have separated long-term moderate intensity and vigorous intensity 

activities.  Those that have provide mixed results.  For example, Slattery and colleagues 

found that long term involvement (the past 20 years) in a high level of vigorous 

intensity activity led to an almost 40% reduction risk in colon cancer in both males and 

females, but moderate intensity activity was not associated with a risk reduction.
41

  Mai 

and colleagues, however, found that moderate intensity activity led to a greater risk 

reduction in colon cancer than vigorous intensity activity in females.
26

  It is possible that 

several of the biological mechanisms through which physical activity may reduce colon 

cancer risk are associated with vigorous intensity activity rather than moderate intensity 

activity, and it has been suggested that vigorous intensity activity may be required to 

optimally reduce the risk of colon cancer.
2
  The findings of the current study support 

this suggestion. 

A number of other studies have examined the effect of recreational or total physical 

activity performed in specific age periods,
23-27,42-45

 and/or performed consistently over a 

period of time,
9,13,16,25,26,41,44,46,47 

on colorectal cancer risk.  While recreational or total 

physical activity in early adulthood (approximately under the age of 30 years) has 

generally been found to have no significant effect on the risk of colon cancer or rectal 

cancer,
23,24,27,42-44

 there is fairly consistent evidence for an inverse association between 

physical activity performed in later age periods and colorectal cancer risk.
23,42-44

  

Although the exact timing of exposure remains unclear, and the current study is perhaps 

the first to show a significant association between physical activity in early adulthood 

and colon cancer risk (albeit for females only), the collective data suggest that physical 

activity performed in mid and late adulthood may be more beneficial than that 

performed in early adulthood.  Most,
9,16,25,26,41,44,46

 but not all,
13,47

 of the previous 

research that has examined the effect of long-term activity has found that participants 

who perform a consistently high level of physical activity have a reduced risk of colon 

cancer. 

An increasing level of vigorous intensity physical activity between the ages of 35 and 

50 years was significantly associated with a decreasing risk of rectal cancer in males in 

this study, and males who performed six or more MET-hours of vigorous intensity 

activity consistently over their adult lifetime also had a 52% reduced risk of rectal 

cancer.  Although the majority of previous studies have found no association between 

physical activity and rectal cancer,
1
  few have examined the effect of long term 

recreational physical activity on rectal cancer.  Most of the previous studies that have 
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investigated this issue have also found that participants (both males and females) with 

the highest levels of long-term physical activity have a reduced risk of rectal cancer 

compared with those with the lowest levels of long-term physical activity.
25,44,48

  The 

previous research, combined with this study, provides some evidence that the risk of 

rectal cancer may be decreased by performing a high level of vigorous intensity 

physical activity consistently over the lifetime.    

 This study had several limitations.  We had information about physical activity 

performed in two domains (recreational and occupational), but were lacking information 

about housework and transport-related physical activity.  As physical activity was self-

reported, and had to be recalled at multiple time points throughout the adult lifetime, 

misclassification of exposure is possible, although it is likely that any such exposure 

misclassification would have been non-differential and would therefore have attenuated 

the risk estimates.  Indeed, the failure to find any association between moderate 

intensity recreational physical activity and colorectal cancer may be due to non-

differential misclassification of exposure, as moderate intensity activities are less 

reliably recalled than vigorous intensity activities.
49

  The use of self-reported physical 

activity also means that recall bias (cases reporting less recreational activity than they 

actually performed) is a possible explanation for the results.  This explanation is 

unlikely though, as it would mean that participants with distal colon and rectal cancers 

recalled their past physical activity differently to participants with proximal colon 

cancer.  Further, in a recent study, less than 10% of Western Australians aged between 

55 and 74 years who thought that colorectal cancer was preventable, believed that 

physical inactivity increased the risk of colorectal cancer.
50

  Selection bias is another 

possibility, especially given the low response fraction among the controls (46.5%).  

Chance findings are also a possibility, given the large number of analyses performed. 

This study also had several strengths.  It was a population-based study with 

histopathologically confirmed cases, and we were able to control for many potential 

confounders.  We also had detailed information about recreational physical activity 

performed over the adult lifetime. 

In conclusion, the results of this study suggest that physical activity may have a greater 

effect on the risk of distal colon cancer than proximal colon cancer, that long term 

vigorous intensity activity may reduce the risk of rectal cancer in males but not females, 

and that vigorous intensity physical activity is required to optimally reduce colorectal 
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cancer risk.  The latter finding is in keeping with the most recent global physical activity 

guidelines, as well those from Canada and the United States, which have placed a 

greater focus on vigorous intensity physical activity, with it recommended as an 

alternative (or supplement) to moderate intensity activity to meet the recommended 

weekly dose .
4,51,52

  Australian physical activity guidelines also recommend that adults 

try to engage in some regular vigorous intensity activity, in addition to 30 minutes of 

moderate intensity activity on most or all days of the week.
53

  Public health programs 

that promote the uptake or maintenance of physical activity, particularly vigorous 

intensity activity, throughout the lifetime should be supported.   
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Table 4.6: Crude and adjusted association between recreational physical activity performed in different age periods, and over the lifetime, and 

site-specific colorectal cancer risk in the Western Australian Bowel Health Study, 2005-2007 

Categories  of  

MET-Hours per Week 

Proximal Colon Cancer Distal Colon Cancer Rectal Cancer 

OR (95% CI)
a 

AOR (95% CI)
b
 OR (95% CI)

a 
AOR (95% CI)

b
 OR (95% CI)

a 
AOR (95% CI)

b
 

19-34 years of age       

Total physical activity       

0 METS 1.00 1.00 1.00 1.00 1.00 1.00 

0 <  METS <  12 0.79 (0.52-1.19) 0.82 (0.50-1.33) 0.74 (0.49-1.11) 0.77 (0.48-1.26) 0.64 (0.43-0.94) 0.60 (0.38-0.95) 

12 <=  METS < 30 1.02 (0.68-1.53) 1.08 (0.65-1.81) 0.76 (0.51-1.15) 0.78 (0.46-1.31) 0.72 (0.49-1.06) 0.73 (0.45-1.18) 

≥30 METS 0.94 (0.62-1.41) 0.92 (0.53-1.57) 0.57 (0.37-0.87) 0.56 (0.32-0.97) 0.75 (0.51-1.09) 0.83 (0.50-1.38) 

Ptrend 0.714 0.944 0.022 0.048 0.729 0.417 

Moderate  physical activity only      

0 METS 1.00 1.00 1.00 1.00 1.00 1.00 

0 <  METS <  6 1.14 (0.78-1.66) 1.30 (0.86-1.96) 1.05 (0.73-1.53) 1.17 (0.78-1.77) 0.84 (0.58-1.21) 0.88 (0.59-1.31) 

6 <=  METS < 18 1.25 (0.88-1.78) 1.43 (0.95-2.16) 0.90 (0.62-1.31) 0.92 (0.60-1.42) 1.02 (0.73-1.43) 1.12 (0.75-1.65) 

≥18 METS 1.11 (0.77-1.60) 1.15 (0.73-1.82) 0.98 (0.67-1.43) 0.94 (0.59-1.50) 1.16 (0.82-1.63) 1.33 (0.87-2.03) 

Ptrend 0.631 0.806 0.792 0.559 0.191 0.068 

Vigorous physical activity only      

0 METS 1.00 1.00 1.00 1.00 1.00 1.00 

0 <  METS <  6 0.59 (0.40-0.88) 0.58 (0.38-0.88) 0.60 (0.40-0.88) 0.60 (0.39-0.91) 0.76 (0.53-1.10) 0.79 (0.54-1.17) 

6 <=  METS < 18 0.77 (0.53-1.11) 0.80 (0.53-1.19) 0.71 (0.49-1.02) 0.76 (0.51-1.13) 0.78 (0.55-1.11) 0.90 (0.61-1.32) 

≥18 METS 0.97 (0.68-1.37) 0.99 (0.65-1.50) 0.59 (0.41-0.86) 0.67 (0.43-1.04) 0.79 (0.56-1.11) 0.99 (0.66-1.48) 

Ptrend 0.496 0.372 0.035 0.269 0.348 0.678 

1
0
1
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Table 4.6: Crude and adjusted association between recreational physical activity performed in different age periods, and over the lifetime, and 

site-specific colorectal cancer risk in the Western Australian Bowel Health Study, 2005-2007, continued 

Categories  of  

MET-Hours per Week 

Proximal Colon Cancer Distal Colon Cancer Rectal Cancer 

OR (95% CI)
a 

AOR (95% CI)
b
 OR (95% CI)

a 
AOR (95% CI)

b
 OR (95% CI)

a 
AOR (95% CI)

b
 

35-50 years of age
       

Total physical activity       

0 METS 1.00 1.00 1.00 1.00 1.00 1.00 

0 <  METS <  12 0.77 (0.51-1.17) 0.78 (0.48-1.27) 0.57 (0.37-0.87) 0.64 (0.39-1.05) 0.95 (0.65-1.39) 1.19 (0.75-1.88) 

12 <=  METS < 30 0.82 (0.56-1.21) 0.79 (0.49-1.30) 0.73 (0.50-1.07) 0.90 (0.55-1.46) 0.79 (0.55-1.15) 0.94 (0.58-1.51) 

≥30 METS 1.02 (0.70-1.51) 0.99 (0.59-1.66) 0.70 (0.47-1.04) 0.93 (0.55-1.57) 0.75 (0.51-1.10) 0.82 (0.49-1.36) 

Ptrend 0.393 0.419 0.498 0.436 0.097 0.129 

Moderate physical activity only      

0 METS 1.00 1.00 1.00 1.00 1.00 1.00 

0 <  METS <  6 0.74 (0.47-1.17) 0.72 (0.44-1.17) 0.68 (0.42-1.10) 0.84 (0.50-1.41) 1.16 (0.77-1.73) 1.24 (0.80-1.93) 

6 <=  METS < 18 0.78 (0.54-1.13) 0.69 (0.45-1.06) 0.84 (0.57-1.22) 0.99 (0.64-1.54) 0.93 (0.66-1.33) 0.95 (0.63-1.42) 

≥18 METS 0.99 (0.71-1.37) 0.86 (0.56-1.31) 1.06 (0.76-1.50) 1.20 (0.77-1.86) 0.98 (0.70-1.36) 0.85 (0.56-1.29) 

Ptrend 0.638 0.975 0.279 0.219 0.707 0.202 

Vigorous physical activity only      

0 METS 1.00 1.00 1.00 1.00 1.00 1.00 

0 <  METS <  6 0.82 (0.55-1.24) 0.90 (0.58-1.38) 0.51 (0.32-0.80) 0.56 (0.35-0.91) 0.85 (0.58-1.23) 0.86 (0.58-1.28) 

6 <=  METS < 18 0.97 (0.66-1.41) 0.98 (0.64-1.50) 0.72 (0.48-1.07) 0.81 (0.52-1.26) 0.72 (0.49-1.05) 0.74 (0.48-1.12) 

≥18 METS 0.99 (0.68-1.44) 0.87 (0.56-1.35) 0.59 (0.39-0.90) 0.68 (0.42-1.10) 0.64 (0.44-0.95) 0.63 (0.40-0.98) 

Ptrend 0.939 0.587 0.027 0.206 0.022 0.042 

 

1
0
2
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Table 4.6: Crude and adjusted association between recreational physical activity performed in different age periods, and over the lifetime, and 

site-specific colorectal cancer risk in the Western Australian Bowel Health Study, 2005-2007, continued 

Categories  of  

MET-Hours per Week 

Proximal Colon Cancer Distal Colon Cancer Rectal Cancer 

OR (95% CI)
a 

AOR (95% CI)
b
 OR (95% CI)

a 
AOR (95% CI)

b
 OR (95% CI)

a 
AOR (95% CI)

b
 

51 years and above
       

Total physical activity       

0 METS 1.00 1.00 1.00 1.00 1.00 1.00 

0 <  METS <  12 1.12 (0.70-1.80) 1.19 (0.70-2.01) 0.79 (0.49-1.28) 1.00 (0.58-1.71) 1.10 (0.70-1.73) 1.28 (0.78-2.11) 

12 <=  METS < 30 0.95 (0.59-1.51) 0.98 (0.57-1.69) 0.92 (0.59-1.46) 1.04 (0.60-1.79) 1.10 (0.71-1.70) 1.33 (0.80-2.20) 

≥30 METS 0.99 (0.63-1.57) 0.88 (0.49-1.58) 0.78 (0.50-1.24) 0.88 (0.49-1.59) 0.79 (0.51-1.23) 0.99 (0.57-1.74) 

Ptrend 0.678 0.300 0.479 0.521 0.067 0.407 

Moderate physical activity only      

0 METS 1.00 1.00 1.00 1.00 1.00 1.00 

0 <  METS <  6 1.15 (0.71-1.85) 1.16 (0.69-1.94) 0.82 (0.48-1.37) 0.83 (0.47-1.47) 1.08 (0.68-1.73) 1.15 (0.70-1.89) 

6 <=  METS < 18 0.83 (0.54-1.27) 0.87 (0.53-1.44) 0.79 (0.51-1.22) 0.82 (0.49-1.36) 0.89 (0.59-1.33) 1.03 (0.65-1.63) 

≥18 METS 0.99 (0.67-1.47) 1.00 (0.61-1.64) 1.00 (0.67-1.48) 0.97 (0.59-1.62) 0.94 (0.65-1.37) 1.12 (0.70-1.79) 

Ptrend 0.918 0.961 0.459 0.638 0.683 0.725 

Vigorous physical activity only      

0 METS 1.00 1.00 1.00 1.00 1.00 1.00 

0 <  METS <  6 1.07 (0.70-1.64) 1.14 (0.72-1.79) 0.87 (0.55-1.37) 1.05 (0.64-1.71) 0.90 (0.58-1.40) 0.95 (0.60-1.52) 

6 <=  METS < 18 0.79 (0.50-1.25) 0.75 (0.45-1.26) 0.53 (0.32-0.89) 0.51 (0.29-0.91) 0.54 (0.34-0.88) 0.61 (0.36-1.03) 

≥18 METS 1.03 (0.65-1.62) 0.87 (0.51-1.50) 0.49 (0.28-0.86) 0.45 (0.24-0.85) 0.69 (0.43-1.11) 0.81 (0.47-1.41) 

Ptrend 0.897 0.503 0.004 0.006 0.047 0.334 

  

1
0
3
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Table 4.6: Crude and adjusted association between recreational physical activity performed in different age periods, and over the lifetime, and 

site-specific colorectal cancer risk in the Western Australian Bowel Health Study, 2005-2007, continued 

Categories  of  

MET-Hours per Week 

Proximal Colon Cancer Distal Colon Cancer Rectal Cancer 

OR (95% CI)
a 

AOR (95% CI)
b
 OR (95% CI)

a 
AOR (95% CI)

b
 OR (95% CI)

a 
AOR (95% CI)

b
 

Pattern of adult lifetime physical activity
      

Total physical activity       

Always No or Low Activity 1.00 1.00 1.00 1.00 1.00 1.00 

High in One Age Period 0.83 (0.55-1.26) 0.83 (0.54-1.26) 0.60 (0.39-0.92) 0.59 (0.38-0.91) 0.99 (0.69-1.44) 0.97 (0.66-1.41) 

High in Two Age Periods 0.82 (0.55-1.24) 0.81 (0.54-1.23) 0.76 (0.51-1.14) 0.73 (0.48-1.11) 0.49 (0.32-0.76) 0.49 (0.31-0.75) 

Always High Activity 1.02 (0.72-1.46) 1.01 (0.70-1.44) 0.75 (0.53-1.07) 0.75 (0.52-1.08) 0.88 (0.63-1.24) 0.87 (0.62-1.22) 

Ptrend 0.731 0.807 0.308 0.319 0.214 0.201 

Moderate  physical activity only      

Always No or Low Activity 1.00 1.00 1.00 1.00 1.00 1.00 

High in One Age Period 0.82 (0.55-1.23) 0.80 (0.53-1.21) 0.77 (0.50-1.16) 0.83 (0.54-1.27) 1.28 (0.88-1.87) 1.34 (0.91-1.97) 

High in Two Age Periods 0.71 (0.48-1.06) 0.69 (0.46-1.04) 0.92 (0.62-1.37) 0.96 (0.64-1.44) 0.94 (0.64-1.38) 0.99 (0.67-1.48) 

Always High Activity 1.01 (0.71-1.42) 0.98 (0.68-1.39) 0.93 (0.65-1.34) 1.01 (0.69-1.47) 1.09 (0.77-1.54) 1.14 (0.80-1.63) 

Ptrend 0.974 0.926 0.973 0.743 0.954 0.851 

Vigorous  physical activity only      

Always No or Low Activity 1.00 1.00 1.00 1.00 1.00 1.00 

High in One Age Period 0.93 (0.67-1.29) 0.96 (0.68-1.34) 0.83 (0.60-1.14) 0.81 (0.58-1.14) 0.86 (0.63-1.16) 0.84 (0.62-1.15) 

High in Two Age Periods 1.13 (0.78-1.64) 1.14 (0.78-1.67) 0.65 (0.43-0.98) 0.65 (0.42-0.99) 0.69 (0.47-1.01) 0.68 (0.46-1.01) 

Always High Activity 0.92 (0.60-1.43) 0.93 (0.59-1.45) 0.58 (0.36-0.94) 0.59 (0.36-0.96) 0.59 (0.38-0.92) 0.62 (0.39-0.98) 

Ptrend 0.962 0.942 0.006 0.008 0.006 0.011 
  a

 Adjusted for age group and sex 

  b
 Adjusted for age group, sex, lifetime occupational physical activity level, cigarette smoking, diabetes, education level, energy intake from food, alcohol intake, and  

  socioeconomic status  

1
0
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5 LONG TERM SEDENTARY WORK AND THE RISK 

OF SUBSITE-SPECIFIC COLORECTAL CANCER 

This chapter is based on the following published paper: 

Boyle T, Heyworth J, Fritschi L, Bull F. Long term sedentary work and the risk of 

subsite-specific colorectal cancer. Am J Epidemiol. 2011;176(10):1183–1191.  Initially 

submitted on September 27, 2010.  Accepted for publication on December 22, 2010.  

5.1 ABSTRACT 

Research suggests that sedentary behaviour may increase the risk of some chronic 

diseases.  Sedentary behaviour is characterised by prolonged sitting and other activities 

requiring very low energy expenditure (less than 1.5 metabolic equivalents or METS) 

and is considered to be an independent exposure, distinct from low levels of physical 

activity.  The aims of the study were to examine whether sedentary work is associated 

with colorectal cancer, and to determine whether the association differs by colorectal 

subsite.  A total of 918 cases and 1,021 controls participated in a population-based case-

control study of colorectal cancer in Western Australia in 2005-07.  Data were collected 

on lifestyle, physical activity and lifetime job history. The estimated effects of sedentary 

work on the risk of cancers of the proximal colon, distal colon and rectum were 

analysed using multinomial logistic regression.  Compared with participants who did 

not spend any time in sedentary work, participants who spent 10 or more years in 

sedentary work had almost twice the risk of distal colon cancer [Adjusted Odds Ratio 

(AOR)=1.94, 95% Confidence Interval (CI): 1.28, 2.93], and a 44% increased risk of 

rectal cancer (AOR=1.44, 95% CI: 0.96, 2.18).  This association was independent of 

recreational physical activity, and was seen even among the most recreationally active 

participants.  Sedentary work was not associated with the risk of proximal colon cancer.  

These results suggest that long-term sedentary work may increase the risk of distal 

colon cancer and rectal cancer. 
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5.2 INTRODUCTION 

Research suggests that sedentary behaviour may increase the risk of some chronic 

diseases.
1
  Sedentary behaviour is characterised by prolonged sitting and other activities 

requiring very low energy expenditure (less than 1.5 metabolic equivalents or METS) 

and is considered to be an independent exposure, distinct from low levels of physical 

activity.
1-3

  Research on the more recognised risk factor of physical activity has shown 

that a low level of work-related activity  is associated with an increased risk of 

colorectal cancer,
4
 however these studies have mostly compared light-intensity 

occupations (or combined sedentary and light-intensity occupations) with physically 

active work.  Physical activity and sedentary behaviour (often called ‗too much sitting‘) 

may act through different mechanisms
1
 and, as such, it is not clear if a low level of 

physical activity, a high level of sedentary behaviour, or a combination of both, are 

behind the associations seen.  Previous studies have generally not adjusted for 

recreational physical activity, and also have not investigated whether recreational 

physical activity modified the effect of sedentary work on colorectal cancer risk.  

Additionally, few of these studies have investigated the effect of long-term sedentary 

work on the risk of colorectal cancer; most have only examined occupational activity at 

one point in time.   

Another unresolved issue is whether sedentary work has a different effect on distal and 

proximal colon cancer risk.  It has been suggested that distal and proximal colon cancers 

may in fact be two different diseases - there are morphologic, molecular and 

epidemiological differences between distal and proximal colon cancers, and research 

suggests that they may have different environmental and genetic risk factors.
5
  Different 

effects by tumour subsite may have screening implications,
6
 and may provide further 

clues into the aetiology of colon cancer. 

We conducted a case-control study to investigate these issues.  The aims of the study 

were: to examine whether sedentary work was associated with colorectal cancer; to 

determine whether the association differed by subsite; and to investigate whether 

recreational physical activity modified the effect of sedentary work on colorectal cancer 

risk. 
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5.3 METHODOLOGY 

5.3.1 The Western Australian Bowel Health Study (WABOHS) 

The WABOHS was a case-control study that took place in Western Australia between 

2005 and 2007.  The details of the WABOHS have been described previously.
7
  Briefly, 

all participants were aged between 40 and 79 years and resided in Western Australia.  

Cases were incident cases of colorectal cancer who had been notified to the Western 

Australian Cancer Registry between June 2005 and August 2007.   With the exception 

of non-melanoma skin cancer, it is mandatory to register all cases of cancer in Australia.  

Carcinomas occurring in the hepatic flexure, caecum, ascending colon and transverse 

colon were classified as proximal colon cancers, carcinomas occurring in the splenic 

flexure, descending colon and sigmoid colon were classified as distal colon cancers, 

while carcinomas occurring in the recto-sigmoid junction and rectum were classified as 

rectal cancers.  Controls were randomly selected from the Western Australian electoral 

roll, which is considered to be virtually complete as registration on the electoral roll is 

compulsory in Australia.  Information on lifestyle, diet, occupation and medication use 

was collected, using self-administered questionnaires, from 918 histopathologically 

confirmed cases (59.5% response fraction) and 1,021 age- and sex-matched controls 

(46.5% response fraction).  Forty-eight cases and 25 controls were excluded due to 

missing data on one or more covariates, leaving 996 controls and 870 cases in this 

analysis.  Ethics approval for the WABOHS was obtained from The University of 

Western Australia Human Research Ethics Committee and the Confidentiality of Health 

Information Committee within the Western Australian Department of Health, and 

written informed consent was obtained from all participants. 

5.3.2 Exposure measurement 

Participants were asked to complete their lifetime occupational history, from their first 

job to retirement.  For each job that a participant held, they were required to record the 

job title and duties, company, location, age started and stopped, and whether the job was 

full time, part time, casual or seasonal.  Occupational physical activity was calculated 

by classifying each job (based on job title and duties) that a participant held into one of 

five categories of Physical Demands Strength Rating, according to the U.S. Department 

of Labor's Dictionary of Occupational Titles (DOT).
8
  The five categories are: sedentary 

(e.g. bookkeepers, computing professionals), light (e.g. teachers, hairdressers, 

housewives), medium (e.g. mechanics, police officers, nurses), heavy (e.g. plumbers, 
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farmers), and very heavy (e.g. miners, fire fighters).  The heavy and very heavy 

categories were combined as there were few participants in the very heavy category.  

Jobs classified as sedentary by the DOT involve sitting most of the time, while light 

jobs involve activity of a light intensity.
8
 

The number of years that a participant spent in each level of occupational activity was 

calculated.  Part time, casual and seasonal occupations were considered to be equivalent 

to 0.5, 0.25 and 0.25 years of full time work respectively.  A lifetime occupational 

activity variable was created by assigning participants to the occupational activity 

category that they spent most time in.  As more than half of the participants were in the 

‗light‘ category it was used as the reference level in the model that assessed the effect of 

lifetime occupational activity on colorectal cancer.  To further quantify the effect of 

sedentary work on colorectal cancer the number of years spent in sedentary work was 

categorised as none, more than zero but less than 10 years, and 10 or more years. The 

latter two categories were determined from the distribution among controls that led to 

two groups of roughly equal size. 

5.3.3 Statistical analysis 

Polytomous logistic regression models were used to estimate the odds ratios for the risk 

of proximal colon cancer, distal colon cancer and rectal cancer.  Postestimation 

commands were used to test whether the effect of each exposure differed significantly 

by subsite.
9
  As this was an imputed dataset (see below), the command MIM was used 

to generate parameter estimates.
10

  All analyses were performed using Stata version 11.1 

(StataCorp, College Station, TX, USA). 

Sex and age group (five year) were included in all models, as the control distribution 

was matched to the case distribution on these variables.  Energy intake ten years ago, 

cigarette use, alcohol intake ten years ago, diabetes, socioeconomic status, body mass 

index at ages 20 and 40 years, and lifetime recreational physical activity were included 

in the final analyses as they are established risk factors for colorectal cancer and were 

considered to be potential confounders.
11

  The model assessing the effect of years in 

sedentary work additionally adjusted for combined years in heavy and very heavy 

occupational activity.  Energy intake (kilojoules per day from food) and alcohol intake 

(grams per day) were categorised based on the control quartiles.  Cigarette use (pack 

years) was categorised into three groups (0, 1-19, 20+).  Diabetes was classified as 

having diabetes, high blood sugar level only, or neither.  Socioeconomic status was 
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classified using the Index of Relative Socio-economic Disadvantage from the Socio-

Economic Indexes for Areas,
12

 and was categorised into five groups.  Body mass index 

(BMI) was classified as under or normal weight (<25), overweight (25-30) and obese 

(30+).  BMI at ages 20 years and 40 years were imputed, using the multiple imputation 

command ICE,
13

 as there were 8% missing data for these variables.   

Recreational physical activity performed over the adult lifetime was collected using a 

questionnaire based upon others that have been shown to be reliable.
14-16

  Participants 

were asked to record the recreational physical activity that they performed regularly 

(more than 10 times) during three periods of their life (up to the date of their 

participation in the study): 19 to 34 years; 35 to 50 years; and 51 years and above.  For 

each age period, a MET-hours per week total was calculated.  This total was then 

categorised as no physical activity (i.e. zero MET-hours per week), and the remaining 

active participants were split into three groups of roughly equal size (0.1 to 11.9, 12 to 

29.9, and 30 MET-hours per week).  A lifetime recreational physical activity score was 

created by summing the category (0, 1, 2 or 3) from each age period.  The total score 

was then split into two groups (0-4, 5-9 for participants aged 51 years or older; 0-2, 3-6 

for participants aged less than 51 years).  This procedure was also done for vigorous 

intensity activities (activities with a MET value of six or more) only. 

To determine whether recreational physical activity modified the effect of sedentary 

work on colorectal cancer risk, we included an interaction term in the full model.  

Recreational physical activity was considered to be a potential effect modifier and is an 

established risk factor for colorectal cancer.  We also examined whether vigorous 

intensity recreational physical activity or BMI at age 40 years modified the effect of 

sedentary work on colorectal cancer risk.  Postestimation commands were used to 

generate odds ratios and confidence intervals for the models that included an interaction 

term. 

Chi-square tests were used to assess the differences between outcomes for the selected 

characteristics in Table 5.1.  All P values were two-sided.   

The controls were selected from the electoral roll but we did not exclude the cases who 

were not on the electoral roll.  We therefore conducted a sensitivity analysis, in which 

we repeated all analyses without cases who were not on the electoral roll (n=54) and 

compared the effect sizes with those from the original models. 
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There was no statistically significant interaction by sex in any of the analyses, and the 

associations observed were similar in both sexes, so all results are presented for males 

and females combined. 

5.4 RESULTS 

The demographic and various dietary and lifestyle characteristics of the participants by 

cancer status are shown in Table 5.1.  There was a higher proportion of females among 

the proximal colon cancer cases than the distal colon or rectal cancers.  The age 

distribution among participants with proximal colon cancer was significantly different 

to that of participants with distal colon cancer or rectal cancer, with 79% of proximal 

colon cancer aged over 60 years compared with 65% of distal colon cancer cases and 

68% of rectal cancer cases.  Participants from more disadvantaged areas were more 

likely to have rectal cancer than distal colon cancer.  Compared with all cases, controls 

were less likely to be 20+ pack-year smokers and to have diabetes.  Proximal colon 

cancer cases were less likely than distal colon or rectal cancer cases to be overweight or 

obese at 20 years of age. 

Compared with participants who spent most time in a light job, participants who spent 

most of their working life in a sedentary occupation had two times the risk of distal 

colon cancer (AOR=2.07, 95% CI: 1.25, 3.44) (Table 5.2).  Participants who spent 10 or 

more years in sedentary work had almost twice the risk of distal colon cancer 

(AOR=1.94, 95% CI: 1.28, 2.93), and nearly 1.5 times the risk of rectal cancer 

(AOR=1.44, 95% CI: 0.96, 2.18), compared with participants who never held a 

sedentary occupation (Table 5.2).  When the interaction term between total recreational 

physical activity and sedentary work was included in the model (Table 5.3), it was not 

statistically significant (p=0.29).  The risk of distal colon cancer and rectal cancer 

increased with increasing duration of sedentary work among both the most 

recreationally active and least recreationally active participants (Table 5.3).  The risk of 

proximal colon cancer was not linked with sedentary work in the whole population 

(Table 5.2), the most recreationally active participants or the least recreationally active 

participants (Table 5.3).  Neither vigorous intensity recreational physical activity nor 

BMI at age 40 years modified the association between years in sedentary work and 

colorectal cancer (data not shown). 
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Table 5.1: Selected characteristics of the participants, by outcome, in the Western Australian Bowel Health Study, 2005-2007 

 Cases  

 Proximal Colon Distal Colon Rectal All CRC Controls 

 n % n % n % n % n % 

Sex 

   Male 155 54.6 165 61.6 216 67.9 536 61.6 594 59.6 

   Female 129 45.4 103 38.4 102 32.1 334 38.4 402 40.4 

Age (Years) 

   40-49 12 4.2 15 5.6 18 5.7 45 5.2 70 7.0 

   50-59 48 16.9 80 29.8 83 26.1 211 24.2 219 22.0 

   60-69 106 37.3 94 35.1 120 37.7 320 36.8 355 35.6 

   70-79 118 41.6 79 29.5 97 30.5 294 33.8 352 35.3 

Index of Relative Socioeconomic Disadvantage (Quintiles) 

   1 (most disadvantaged) 44 15.5 54 20.2 57 17.9 155 17.8 168 16.9 

   2 51 18.0 49 18.3 78 24.5 178 20.5 192 19.3 

   3 63 22.2 41 15.3 70 22.0 174 20.0 231 23.2 

   4 67 23.6 64 23.9 60 18.9 191 22.0 195 19.6 

   5 (least disadvantaged) 59 20.8 60 22.4 53 16.7 172 19.8 210 21.1 

Smoking (Pack Years) 

   0-0.9 132 46.5 116 43.3 135 42.4 383 44.0 493 49.5 

   1-19.9 62 21.8 66 24.6 79 24.8 207 23.8 236 23.7 

   20+ 90 31.7 86 32.1 104 32.7 280 32.2 267 26.8 

1
1
1
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Table 5.1: Selected characteristics of the participants, by outcome, in the Western Australian Bowel Health Study, 2005-2007, continued 

  Cases  

 Proximal Colon Distal Colon Rectal All CRC Controls 

 n % n % n % n % n % 

BMI at Age 20
a 

   <25 225 84.0 182 73.7 223 76.6 630 78.2 767 83.0 

   25-30 39 14.6 60 24.3 56 19.2 155 19.2 136 14.7 

   30+ 4 1.5 5 2.0 12 4.1 21 2.6 21 2.3 

BMI at Age 40* 

   <25 143 54.0 123 48.8 158 53.7 425 52.3 538 58.4 

   25-30 95 35.8 89 35.3 92 31.3 276 34.0 296 32.1 

   30+ 27 10.2 40 15.9 44 15.0 111 13.7 87 9.4 

Diabetes and/or High Blood Sugar 

   Neither 225 79.2 211 78.7 259 81.4 695 79.9 851 85.4 

   High Blood Sugar 19 6.7 16 6.0 14 4.4 49 5.6 52 5.2 

   Diabetes 40 14.1 41 15.3 45 14.2 126 14.5 93 9.3 

Energy Intake from Food 10 years ago (kilojoules per day) 

   0-6301 70 24.6 60 22.4 55 17.3 185 21.3 245 24.6 

   6302-8074 61 21.5 64 23.9 77 24.2 202 23.2 250 25.1 

   8075-10406 83 29.2 64 23.9 94 29.6 241 27.7 252 25.3 

   10407+ 70 24.6 80 29.8 92 28.9 242 27.8 249 25.0 

1
1
2
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Table 5.1: Selected characteristics of the participants, by outcome, in the Western Australian Bowel Health Study, 2005-2007, continued 

 Cases  

 Proximal Colon Distal Colon Rectal All CRC Controls 

 n % n % n % n % n % 

Alcohol Consumption 10 years ago (grams per day) 

   0-1.1292 71 25.0 56 20.9 72 22.6 199 22.9 248 24.9 

   1.1293-9.514 69 24.3 66 24.6 69 21.7 204 23.4 249 25.0 

   9.515-27.198 69 24.3 59 22.0 76 23.9 204 23.4 248 24.9 

   27.199+ 75 26.4 87 32.5 101 31.8 263 30.2 251 25.2 

Total Lifetime Recreational Physical Activity 

   0 (least active) 112 39.4 112 41.8 137 43.1 361 41.5 387 38.9 

   1 (most active) 172 60.6 156 58.2 181 56.9 509 58.5 609 61.1 

Vigorous (6+ METS) Lifetime Recreational Physical Activity 

   0 (least active) 197 69.4 209 78.0 245 77.0 651 74.8 708 71.1 

   1 (most active) 87 30.4 59 22.0 73 23.0 219 25.2 288 28.9 

   BMI, Body Mass Index; CRC, Colorectal Cancer; MET, Metabolic Equivalent 
   a 

Total case and control numbers do not add up due to missing data 

 

 

1
1
3
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Table 5.2: Association between lifetime occupational activity, years in sedentary work, and site-specific colorectal cancer risk in the Western 

Australian Bowel Health Study, 2005-2007 

 Controls Proximal Colon Cancer Distal Colon Cancer Rectal Cancer 

 n n OR (95% CI)
a 

AOR (95% CI)
b 

n OR (95% CI)
a 

AOR (95% CI)
b 

n OR (95% CI)
a 

AOR (95% CI)
b 

LIFETIME OCCUPATIONAL PHYSICAL ACTIVITY CATEGORY 

Sedentary 57 18 1.13 (0.64,2.01) 1.12 (0.63,2.00) 31 2.07 (1.26,3.38) 2.07 (1.25,3.44) 23 1.27 (0.75,2.16) 1.34 (0.78,2.30) 

Light (reference) 563 178 1.00 1.00 146 1.00 1.00 161 1.00 1.00 

Medium 264 68 0.84 (0.60,1.17) 0.81 (0.58,1.15) 68 0.99 (0.70,1.40) 0.92 (0.64,1.31) 97 1.12 (0.82,1.54) 1.03 (0.75,1.42) 

Heavy/Very Heavy 112 20 0.56 (0.33,0.96) 0.55 (0.32,0.95) 23 0.83 (0.50,1.38) 0.75 (0.44,1.27) 37 0.98 (0.63,1.52) 0.88 (0.56,1.38) 

YEARS IN A SEDENTARY OCCUPATION
 

0 Years (reference) 805 232 1.00 1.00 196 1.00 1.00 251 1.00 1.00 

0< Years <10 95 24 0.93 (0.58, 1.49) 0.89 (0.55, 1.44) 27 1.15 (0.73, 1.82) 1.21 (0.76, 1.95) 26 0.89 (0.56, 1.41) 0.93 (0.58, 1.49) 

10+ Years 96 28 1.14 (0.72, 1.79)  1.11 (0.69, 1.76)
c
 45 1.87 (1.26, 2.78)  1.94 (1.28, 2.93)

c
 41 1.29 (0.87, 1.93) 1.44 (0.96, 2.18) 

P-value for trend   0.70  0. 84
d
  0.003  0.002

d
  0.33 0.14 

AOR, Adjusted Odds Ratio; CI, Confidence Interval; OR, Odds Ratio 

a
 Adjusted for age group and sex 

b
 Adjusted for age group, sex, lifetime recreational physical activity level, cigarette smoking (pack year tertiles), diabetes, education level, energy intake from food, alcohol intake, 

body mass index at age 20 years, body mass index at age 40 years, and socioeconomic status.  The AOR in the Years in a sedentary occupation analysis is additionally adjusted for 

years in a heavy or very heavy occupation.
 

c
 P-value for difference between Proximal Colon and Distal Colon is <0.05 

d
 P-value for difference between Proximal Colon trend and Distal Colon trend is <0.05 

1
1
4
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Table 5.3: Effects of lifetime recreational physical activity and body mass index on the association between years in sedentary work and site-

specific colorectal cancer risk in the Western Australian Bowel Health Study, 2005-2007 

 Proximal Colon Cancer Distal Colon Cancer Rectal Cancer 

 Lifetime Recreational  

Physical Activity 

Lifetime Recreational  

Physical Activity 

Lifetime Recreational  

Physical Activity 

 Groups 0 & 1  

(Less Active) 

Groups 2 & 3 

(More Active) 

Groups 0 & 1  

(Less Active) 

Groups 2 & 3  

(More Active) 

Groups 0 & 1  

(Less Active) 

Groups 2 & 3  

(More Active) 

 AOR (95% CI)
a 

AOR (95% CI)
a
 AOR (95% CI)

a
 AOR (95% CI)

a
 AOR (95% CI)

a
 AOR (95% CI)

a
 

YEARS IN A SEDENTARY OCCUPATION 

0 Years 1.13 (0.83, 1.53) 1.00 1.25 (0.90, 1.73) 1.00 1.20 (0.89, 1.62) 1.00 

0 < Years < 10 0.56 (0.21, 1.50) 1.13 (0.64, 1.97) 1.35 (0.63, 2.91) 1.30 (0.72, 2.35) 1.22 (0.57, 2.59) 0.88 (0.49, 1.59) 

10+ Years 0.68 (0.29, 1.58) 1.49 (0.86, 2.60) 1.42 (0.71, 2.82) 2.60 (1.57, 4.31) 1.49 (0.79, 2.79) 1.57 (0.93, 2.65) 

AOR, Adjusted Odds Ratio; CI, Confidence Interval; OR, Odds Ratio 

a
 Adjusted for age group, sex, lifetime recreational physical activity level. cigarette smoking (pack year tertiles), diabetes, education level, energy intake from food, alcohol intake, 

body mass index at age 20 years, body mass index at age 40 years, and socioeconomic status, and years in a heavy or very heavy occupation .
 

1
1
5
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Participants who spent most time in jobs requiring heavy or very heavy activity had a 

significantly reduced risk of proximal colon cancer (AOR=0.56, 95% CI: 0.32, 0.96), 

compared with participants who spent most time in a light job (Table 5.2). 

There were no meaningful changes to the effect estimates in the above analyses when 

the cases who were not on the electoral roll were excluded. 

5.5 DISCUSSION 

In this study we found that participants who spent most time in sedentary work had a 

risk of distal colon cancer that was two times higher than those who spent most time in 

a job requiring light activity.  Similarly, participants who spent 10 or more years in 

sedentary work had almost twice the risk of distal colon cancer, and almost 1.5 times 

the risk of rectal cancer, of those who did not do any sedentary work.  Proximal colon 

cancer risk was not associated with sedentary work, though the risk was significantly 

reduced among participants who spent most time in jobs requiring heavy or very heavy 

activity.  

Previous research that has investigated the association between long-term exposure to a 

low level of work-related activity and colorectal cancer has generally found an 

increased risk,
17-25

 although these studies have in the main compared light-intensity 

work with more physically active work.  The four studies that have investigated the 

effect of time spent sitting, or a proxy measure, on colorectal cancer risk have all 

revealed an increased risk.
26-29

  Howard et al. found that participants who spent nine or 

more hours per day sitting had a 25% greater risk of colon cancer than those who spent 

less than three hours per day sitting.
27

  Whittemore et al. found that, compared with 

Chinese-American men who spent less than five hours sitting, those who spent five to 

nine hours sitting had 2.4 times the risk of colorectal cancer, and participants who spent 

10 or more hours sitting had 3.9 times the risk of colorectal cancer.
29

  Colbert et al. 

found that participants who reported that their occupation in the past year involved 

mainly sitting had a 67% greater risk of colon cancer and a 41% increased risk of rectal 

cancer than those who reported ‗walking quite a lot‘ in their occupation.
26

  Neither of 

these associations reached statistical significance however, and the authors did not find 

an association between sedentary behaviour in leisure-time and colon or rectal cancer 

risk.
26

  Finally, Steindorf et al. found that those who spent more than 2 hours a day 
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watching television more than doubled their risk of colorectal cancer, compared with 

those who spent less than 1.14  hours a day watching television.
28

 

The positive association found between sedentary work and colorectal cancer in this 

study was independent of recreational physical activity, and was seen among the most 

recreationally active participants.  Indeed, even a high level of vigorous intensity 

recreational physical activity did not modify the effect of sedentary work.  This finding 

fits with the ‗Active Couch Potato‘ phenomenon, in which high amounts of sedentary 

behaviour and physical activity coexist, and lends support to the notion that sedentary 

behaviour affects disease risk independently of physical activity.
1
  

There are several plausible biological mechanisms through which sedentary work, and 

sedentary behaviour in general, may increase the risk of colorectal cancer (see reference 

30 for a review of the evidence and proposed mechanisms linking sedentary behaviour 

and cancer).  Sedentary behaviour has been shown to increase blood glucose levels and 

decrease insulin sensitivity, independently of physical activity.
31

  Increased blood 

glucose and decreased insulin resistance are both thought to promote colorectal cancer 

carcinogenesis.
32-33

  Sedentary behaviour has also been linked to an increased risk of 

diabetes and obesity (again independently of exercise level),
34

 both of which are 

established risk factors for colorectal cancer.
11

  Bed-rest studies and mice experiments 

provide some evidence that sedentary behaviour is associated with markers of 

inflammation and mitochondrial function.
30

  Other proposed mechanisms through which 

sedentary behaviour may increase the risk of colorectal cancer include increasing levels 

of pro-inflammatory factors, decreasing levels of anti-inflammatory factors, and 

decreasing levels of Vitamin D.
30

  Although several of these mechanisms are the same 

as those proposed for the inverse relationship between physical activity and colorectal 

cancer,
35

 many of them appear to act independently of physical activity.  It has also 

been proposed that the loss of local contractile activity caused by sitting results in 

unique gene expressions which may be involved in disease etiology.
36

  Sitting has been 

shown to suppress the regulation of skeletal muscle lipoprotein lipase, which plays an 

important role in lipid metabolism and may have a positive effect on diet-induced 

adiposity and insulin resistance.
36

 

Our finding that sedentary work is associated with the risk of distal colon cancer but not 

proximal colon cancer adds to the evidence suggesting that lifestyle factors may play a 

larger role in distal colon carcinogenesis than in proximal colon carcinogenesis.
37

  Fruit 
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and vegetable intake,
38

 calcium intake,
39

 and meat consumption
40

 all appear to be more 

strongly associated with distal colon cancer than proximal colon cancer, although the 

literature concerning physical activity and distal colon and proximal colon cancers is 

inconsistent.
41

  There is no clear mechanistic explanation, however, for why sedentary 

behaviour would increase the risk of distal colon and rectal cancers but not proximal 

colon cancer.  Obesity is one possibility – an increased body mass index may have a 

greater effect on distal colon cancer,
37

 and there is evidence that obesity has a greater 

effect on microsatellite-stable tumours,
42

 which are more likely to occur in the distal 

colon than the proximal colon.
5
  There is some evidence that Vitamin D has a stronger 

protective effect on distal colon and rectal cancers than proximal colon cancer,
43

 

however there is little evidence that insulin affects proximal and distal colon cancers 

differently,
44-47

 and anti-inflammatories may have a more pronounced protective effect 

on proximal tumours than distal tumours.
48-49

  Further mechanistic evidence is needed to 

understand why the association between sedentary behaviour, and lifestyle factors in 

general, and colon cancer may differ by subsite. 

The findings of this study have occupational health implications, especially given that 

advances in technology have led to increasing amounts of sedentary behaviour at work 

and in other settings.  Findings from the National Health and Nutrition Examination 

Survey suggest that the average American adult spends 55% (7.7 hours) of their waking 

time sedentary.
50

  This figure increases to more than 60% (8+ hours) among adults aged 

60 years and above.  Sedentary work is unlikely to be eliminated from modern life.  

However,  strategies to minimise the amount of time spent sitting, especially long bouts 

of sitting, have been suggested.
1
  For example, it has been suggested that new 

occupational regulations could be introduced to break up prolonged sedentary time by 

taking regular non-sitting ‗breaks‘,
1
 which have been shown to have a beneficial effect 

on metabolic biomarkers.
51

  A recent systematic review, however, found that there is a 

lack of evidence concerning the effectiveness of workplace interventions for reducing 

sitting, and called for more research to develop effective programs that specifically 

target sitting.
52

  It has also been suggested that future guidelines on physical activity and 

health should include recommendations regarding sedentary behaviour.
53

  This will 

become especially important if, as we found in our study, sedentary behaviour has a 

detrimental effect on disease risk even among individuals who are physically active in 

their leisure-time.  Some countries, including Australia,
54

 Canada,
55

 and the United 
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Kingdom have or are developing sedentary behaviour recommendations for early years 

(<5 years of age), children, and/or adults. 

This study had several limitations.  Selection bias is a possible explanation for the 

results, especially given the low response fraction among the controls (46.5%).  Basing 

occupational activity level on job title is not an ideal assessment, and may have led to 

non-differential exposure misclassification.  Recreational activity was determined by 

self-report of activities, however this approach to measuring physical activity has been 

found to be reliable and valid.
56

  We only had data on sedentary behaviour in one 

domain (occupation), and were not able to take into account sedentary behaviour during 

leisure-time, at home or during transport.  This study also had several strengths.  It was 

a population-based study with histopathologically confirmed cases, and we were able to 

control for many potential confounders including lifetime recreational physical activity.  

We were also able to investigate whether recreational physical activity modified the 

effect of sedentary work on colorectal cancer risk. 

Aside from the increased risk of distal colon cancer and rectal cancer seen among those 

who worked in a sedentary occupation for 10 or more years in this study, an increasing 

level of sedentary behaviour has been linked to an increased risk of several other 

chronic diseases, as well as increased mortality.
57-58

  Sedentary behaviour appears to be 

a novel and important risk factor for many chronic diseases.
59
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6 RESISTANCE TRAINING AND THE RISK OF 

COLON AND RECTAL CANCERS 

This chapter is based on the following accepted paper: 

Boyle T, Bull F, Fritschi L, Heyworth J. Resistance training and the risk of colon and 

rectal cancers. Cancer Causes Control. 2012; 23(7):1091-1097.  Initially submitted on 

January 18, 2012.  Accepted for publication on March 22, 2012. 

6.1 ABSTRACT 

Although there is convincing evidence that physical activity reduces colon cancer risk, 

research in this area has focused on aerobic activity.  We conducted a case-control study 

to investigate whether resistance training was associated with the risk of colon and 

rectal cancers.  Data were collected on various colorectal cancer risk factors, including 

recreational physical activity performed during three age periods, from 870 cases and 

996 controls in Western Australia in 2005-07.  Participants were classified as having 

never, possibly or definitely performed resistance training in each age period and over 

the adult lifetime.  The association between resistance training and colon and rectal 

cancer risk was analysed using multinomial logistic regression.  Participants who 

definitely performed resistance training in their lifetime had a non-significant reduced 

risk of colon cancer compared with those who did no resistance training [Adjusted Odds 

Ratio (AOR) =0.70, 95% Confidence Interval (CI) =0.45-1.11].  No association was 

found for rectal cancer risk (AOR=1.16, 95% CI=0.71-1.87).  Performing resistance 

training was associated with a lower risk of colon cancer in each age period, although 

none of the relationships were statistically significant.  This study provides some initial 

evidence, albeit inconclusive, that resistance training may be inversely associated with 

colon cancer risk. 
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6.2 INTRODUCTION 

There is convincing evidence that physical activity reduces colon cancer risk.
1
  

However, the majority of research in this area has focused on aerobic activity, and to 

date there is little, if any, published research about the effect of resistance training on 

the risk of colon and rectal cancers.  While aerobic activity ―improves the efficiency and 

capacity of the cardiorespiratory system‖, resistance training (also called strength 

training) ―improves the strength, power, endurance, and size of skeletal muscles.
2
  

Weight training is the most common form of resistance training.  Data from population 

surveillance of risk factors show the prevalence of resistance training is low.  In the 

United States in 2004 it was estimated that 19.6% of the population engaged in physical 

activities designed to ―strengthen muscles‖ two or more times a week.
3
  This figure rose 

to 22% in 2008.
4
  In Australia there is a wider range, with data from Western Australia 

(2009) showing about one third of adults engaged in at least one weekly session of 

exercise ―designed to increase muscle strength or tone‖,
5
 while only 13.7% of adults in 

a regional population of Queensland, Australia reported doing ―any gym-based 

resistance training‖ in the last week.
6
  In all of these studies the prevalence of resistance 

training decreased as age increased.
3-6

  It is possible the prevalence of resistance training 

is lower than these estimates; it has been suggested that surveys using general questions 

about participation in ―strengthening exercises‖ may overestimate the proportion of the 

population consistently and appropriately performing resistance training.
7
 

Some previous research has shown that higher levels of muscular strength, of which 

resistance training is a major determinant, have been associated with lower risks of 

cancer mortality in males (females were not included in the study), independently of 

cardiorespiratory fitness and waist circumference.
8
  This research also found that 

muscular strength was inversely associated with the risk of colorectal cancer-specific 

mortality, although this result was based on very small numbers.
8
  Other research 

suggests that resistance training influences insulin sensitivity, glucose uptake and 

diabetes risk,
9-13

 all of which are thought to play a role in colon carcinogenesis.
14,15

  It 

therefore appears biologically plausible that resistance training may be associated with a 

reduced risk of colon cancer.   

Although the importance of resistance training for a range of health benefits has been 

recognised in recent physical activity guidelines,
16-19

 its effect on  the risk of different 

types of cancer, such as colorectal cancer, is not clear, and additional observational 
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epidemiologic research into the effect of different types of physical activity (such as 

resistance training) has been recommended.
19

  We conducted a case-control study to 

investigate this question.  We decided a priori to examine colon and rectal cancers as 

separate outcomes as they are thought to have some different risk factors,
20

 and previous 

research strongly suggests that there is a convincing association between physical 

activity and colon cancer but no association between physical activity and rectal 

cancer.
1
 

6.3 METHODOLOGY 

A total of 918 cases (46.5% response) and 1021 controls (59.5% response) participated 

in a case-control study of colorectal cancer in Western Australia in 2005-07.
21

  Cases 

had a histologically confirmed incident colorectal cancer that was notified to the 

Western Australian Cancer Registry between June 2005 and August 2007.  The controls 

were randomly selected from the Western Australian electoral roll.  The sampling frame 

for controls was based on the distribution of people with regard to age group (five-year) 

and sex who were diagnosed with an incident colorectal cancer in Western Australia in 

2002.  All participants were aged between 40 and 79 years of age and resided in 

Western Australia.  When we omitted participants with missing information on one or 

more covariates, 870 cases and 996 controls remained for this analysis.  Ethics approval 

for the study was obtained from The University of Western Australia Human Research 

Ethics Committee and the Confidentiality of Health Information Committee within the 

Western Australian Department of Health, and written informed consent was obtained 

from all participants. 

6.3.1 Exposure measurement 

Data were collected on various colorectal cancer risk factors, including recreational 

physical activity performed during three age periods: 19 to 34 years; 35 to 50 years; and 

51 years and above.  The physical activity questionnaire used was based on 

questionnaires that have been shown to be reliable.
22-24

  Participants were asked to 

record the name of each recreational physical activity that they performed regularly, 

with the number of years, the months per year and the hours per week for each.  Each 

activity was then classified as definite or possible resistance training, or other (non-

resistance training) physical activity.  Activities such as ‗resistance training‘, ‗weights‘, 

‗weight training‘, ‗strength training‘, ‗circuit training‘ and ‗weightlifting‘ were 

classified as definite resistance training, while activities such as ‗gym‘, ‗gym activities‘, 
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‗health club‘ and ‗home gym‘ were classified as possible resistance training.  

Participants were classified as definitely, possibly or never performing resistance 

training in each age period and over the lifetime. 

6.3.2 Statistical analysis 

The estimated effect of definitely or possibly performing resistance training on the risk 

of cancers of the colon and the rectum was analysed using unconditional multinomial 

logistic regression and 95% confidence intervals (CIs).  For each age period, and over 

the lifetime, we performed a second analysis in which we combined the definite and 

possible resistance training categories.  Age-group and sex were included in all 

analyses, as the controls were frequency matched to the cases on these variables.  We 

made an a priori decision to include lifetime moderate and vigorous recreational 

physical activity, lifetime occupational physical activity, and energy intake in the final 

analyses, as all may be associated with the risk of colorectal cancer
25

 and were 

considered to be potential confounders.  Body mass index at 40 years of age, diabetes, 

alcohol intake, fruit consumption ten years ago, vegetable consumption ten years ago, 

fibre intake from food, folate intake from food, smoking, anti-inflammatory use and 

socio-economic status were also considered as possible confounders, but including these 

variables in the model had no meaningful effect on the risk estimates so they were not 

included in the final analyses.  All models involving resistance training between the 

ages 19 and 34 years were adjusted for resistance training between the ages 35 and 50 

years, and vice versa, and all models involving resistance training since turning 51 years 

were adjusted for resistance training before that age. 

Data about non-resistance training recreational physical activity were converted into 

metabolic equivalent (MET)-hours per week and, in each age period and separately for 

moderate-intensity activity (activities with a MET-value between 3.0 and 5.9) and 

vigorous-intensity physical activity (activities with a MET-value  equal to or greater 

than 6.0), categorised as 0, 0.1-5.9, 6-17.9, and 18+ MET-hours per week.  Lifetime 

variables for moderate and vigorous physical activity were created with the following 

categories: ―Always No or Low Activity‖ (participants who were in one of the lower 

two categories in each age period); ―High Activity in One Age Period‖ (participants 

who were in of one the higher two categories in a single age period); ―High Activity in 

Two Age Periods‖ (in one of the higher two categories for two of the three age periods); 

and ―Always High Activity‖ (always in one of the higher two categories).
21

  Lifetime 
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occupational activity was classified as sedentary, light, medium or heavy/very heavy.
26

  

Energy intake was split into quartiles, based on the distribution among the controls. 

6.4 RESULTS 

Compared with the controls, cases were more likely to be in the lowest category of 

lifetime vigorous recreational physical activity, and be in the sedentary lifetime 

occupational activity category (Table 6.1).  The age-group and sex distribution of the 

cases and controls were similar.   

Table 6.1: Selected characteristics of the participants in the Western Australian 

Bowel Health Study, 2005-2007 

 Cases  

 

Colon Cancer 

(n=552) 

Rectal Cancer 

(n=318) 

All 

(n=870) 

Controls 

(n=996) 

Characteristic % % % % 

Sex     

Male 58.0 67.9 61.6 59.6 

Female 42.0 32.1 38.4 40.4 

Age (Years)     

40-49 4.9 5.7 5.2 7.0 

50-59 23.2 26.1 24.2 22.0 

60-69 36.2 37.7 36.8 35.6 

70-79 35.7 30.5 33.8 35.3 

Energy Intake from Food 10  

years ago (kilojoules per day) 

    

≤6301 23.6 17.3 21.3 24.6 

6302-8074 22.6 24.2 23.2 25.1 

8075-10406 26.6 29.6 27.7 25.3 

≥10407+ 27.2 28.9 27.8 25.0 
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Table 6.1: Selected characteristics of the participants in the Western Australian 

Bowel Health Study, 2005-2007, continued 

 Cases  

 

Colon Cancer 

(n=552) 

Rectal Cancer 

(n=318) 

All 

(n=870) 

Controls 

(n=996) 

Characteristic % % % % 

Lifetime Occupational Activity     

Sedentary 8.9 7.2 8.3 5.7 

Light 58.7 50.6 55.7 56.5 

Medium 24.6 30.5 26.8 26.5 

Heavy/Very Heavy 7.8 11.6 9.2 11.2 

Lifetime Moderate 

Recreational Activity  

    

Always No or Low Activity 26.1 24.2 25.4 25.3 

High in One Age Period 19.6 23.6 21.0 21.4 

High in Two Age Periods 21.2 20.8 21.0 22.7 

Always High Activity 33.2 31.4 32.5 30.6 

Lifetime Vigorous  

Recreational Activity 

    

Always No or Low Activity 46.6 47.8 47.0 41.3 

High in One Age Period 26.8 28.3 27.4 28.4 

High in Two Age Periods 15.0 11.6 13.8 16.1 

Always High Activity 11.6 12.3 11.8 14.3 

 
Compared with participants who never performed resistance training, participants who 

definitely performed resistance training at some point during their adult lifetime were 

more likely to be male, to be aged below 60 years, to have spent most of their working 

life in a sedentary or light occupation, and to have performed a medium to high level of 

vigorous recreational physical activity over their adult lifetime (Table 6.2). 
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Table 6.2: Selected characteristics of the participants by never/ever performed 

resistance training status in the Western Australian Bowel Health Study, 2005-

2007 

 Performed Resistance Training  

Over the Adult Lifetime 

 

Never 

(n=1610) 

Definite 

(n=128) 

Possible 

(n=128) 

Characteristic % % % 

Sex    

Male 60.9 64.8 52.3 

Female 39.1 35.2 47.7 

Age (Years)    

40-49 5.5 7.0 13.3 

50-59 20.7 32.8 42.2 

60-69 36.5 37.5 30.5 

70-79 37.2 22.7 14.1 

Energy Intake from Food 10  

years ago (kilojoules per day) 

   

≤6301 22.9 22.7 25.8 

6302-8074 25.1 19.5 18.0 

8075-10406 26.0 27.3 31.2 

≥10407+ 26.1 30.5 25.0 

Lifetime Occupational Activity    

Sedentary 6.3 6.2 15.6 

Light 55.3 64.1 58.6 

Medium 27.4 23.4 20.3 

Heavy/Very Heavy 11.0 6.2 5.5 

Lifetime Moderate 

Recreational Activity 

   

Always No or Low Activity 25.7 19.5 27.3 

High in One Age Period 21.1 21.9 21.9 

High in Two Age Periods 20.9 30.5 25.8 

Always High Activity 32.3 28.1 25.0 
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Table 6.2: Selected characteristics of the participants by never/ever performed 

resistance training status in the Western Australian Bowel Health Study, 2005-

2007, continued 

 Performed Resistance Training  

Over the Adult Lifetime 

 

Never 

(n=1610) 

Definite 

(n=128) 

Possible 

(n=128) 

Characteristic % % % 

Lifetime Vigorous  

Recreational Activity 

   

Always No or Low Activity 45.8 23.4 41.4 

High in One Age Period 27.8 35.9 21.9 

High in Two Age Periods 14.7 18.0 16.4 

Always High Activity 11.8 22.7 20.3 

 

The prevalence of resistance training increased with age, although in each age period 

less than 5% of participants definitely performed resistance training (Table 6.3).  

Almost 7% of participants definitely did some resistance training during their lifetime, 

and a further 7% of participants possibly did some resistance training. 

In each of the age periods, the odds ratios for the association between definitely 

performing resistance training and colon cancer were below one (Table 6.3).  While 

these results are suggestive of a decreased risk, none of the relationships were 

statistically significant.  Similarly, participants who definitely performed resistance 

training in their lifetime had a non-significant 30% reduced risk of colon cancer 

compared with those who did no resistance training (95% CI 0.45 to 1.11).  Similar 

results were found for those who possibly performed resistance training.  When the two 

resistance training categories were combined, participants who definitely or possibly did 

some resistance training during their adult lifetime had a 32% lower risk of colon cancer 

(95% CI 0.49 to 0.95) than those who did none. 

Stratified analyses revealed no meaningful differences between the risk estimates by 

sex, age (age > 65 years and age ≤ 65 years), body mass index (BMI > 25 and BMI ≤ 

25), or vigorous recreational physical activity (always no or low activity and high 

activity in one or more age periods), and including interaction terms between resistance 
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Table 6.3: Association between resistance training and the risk of colon and rectal cancers in the Western Australian Bowel Health Study, 2005-2007 

 Controls Colon Cancer Cases Rectal Cancer Cases 

Performed Resistance Training n n OR (95% CI)
a
 AOR (95% CI)

b
 n OR (95% CI)

a
 AOR (95% CI)

b
 

19 to 34 years         

Never
 

950 536 1.00 1.00 299 1.00 1.00 

Definite 27 9 0.61 (0.28-1.31) 0.74 (0.33-1.66) 12 1.26 (0.62-2.55) 1.29 (0.60-2.82) 

Possible 19 7 0.73 (0.30-1.77) 0.74 (0.30-1.86) 7 1.12 (0.46-2.73) 1.36 (0.53-3.48) 

Definite or possible combined 46 16 0.65 (0.36-1.18) 0.74 (0.40-1.35) 19 1.20 (0.69-2.12) 1.36 (0.75-2.48) 

35 to 50 years         

Never 923 526 1.00 1.00 296 1.00 1.00 

Definite 33 10 0.55 (0.27-1.13) 0.61 (0.29-1.31) 13 1.13 (0.58-2.20) 1.14 (0.54-2.38) 

Possible 40 16 0.74 (0.40-1.34) 0.74 (0.39-1.38) 9 0.67 (0.32-1.42) 0.64 (0.29-1.41) 

Definite or possible combined 73 26 0.65 (0.41-1.04) 0.69 (0.42-1.12) 22 0.89 (0.53-1.47) 0.86 (0.50-1.48) 

51 + years         

Never 819 480 1.00 1.00 272 1.00 1.00 

Definite 45 18 0.69 (0.39-1.20) 0.80 (0.43-1.50) 10 0.64 (0.32-1.30) 0.58 (0.25-1.33) 

Possible 43 18 0.71 (0.40-1.26) 0.76 (0.41-1.38) 9 0.61 (0.29-1.27) 0.67 (0.31-1.46) 

Definite or possible combined 88 36 0.70 (0.46-1.05) 0.78 (0.51-1.22) 19 0.62 (0.37-1.05) 0.66 (0.37-1.16) 

Adult Lifetime         

Never 846 492 1.00 1.00 272 1.00 1.00 

Definite 73 29 0.69 (0.44-1.08) 0.70 (0.45-1.11) 26 1.06 (0.66-1.70) 1.16 (0.71-1.87) 

Possible  77 31 0.70 (0.45-1.09) 0.67 (0.43-1.04) 20 0.77 (0.46-1.30) 0.78 (0.46-1.33) 

Definite or possible combined 150 60 0.69 (0.50-0.96) 0.68 (0.49-0.95) 46 0.91 (0.63-1.32) 0.96 (0.66-1.39) 
a Adjusted for age group and sex only. 
b Adjusted for age group, sex, resistance training in other age periods, lifetime moderate and vigorous non-resistance training recreational physical activity, lifetime occupational activity, and energy intake. 

Abbreviations: AOR, Adjusted Odds Ratio; CI, Confidence Interval; OR, Odds Ratio 

1
3
5
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training and these variables in the model revealed no significant interaction (p>0.8 for 

all interaction terms). 

There did not appear to be any association between resistance training and the risk of 

rectal cancer; only one of the odds ratios for the association between definitely 

performing resistance training and rectal cancer was below one (Table 6.3). 

The results of the analysis including the variables that were considered as possible 

confounders but not included in the final model are available in Table 6.4 at the end of 

this chapter. 

6.5 DISCUSSION 

The results of this study provide some initial evidence that resistance training may be 

inversely associated with colon cancer risk, independently of other recreational physical 

activity.  In each of the age periods, as well as over the lifetime, definitely performing 

resistance training was associated with a lower risk of colon cancer, although none of 

these results was statistically significant.  As such, these results should be treated with 

caution.  Resistance training was not associated with the risk of rectal cancer. 

It appears biologically plausible that resistance training may reduce the risk of colon 

cancer.  Resistance training has an effect on several biological mechanisms that are 

thought to be associated with the development of colon cancer, including insulin 

sensitivity and glucose uptake.
9,13

  Other possible mechanisms include improved 

immune function and lower exposure to systemic inflammation.
8
  Resistance training 

has also been shown to have beneficial effects in cancer patients, such as improved 

aerobic capacity and body composition and decreased fatigue.
9
 

While the results of this study provide some initial evidence, albeit inconclusive, that 

resistance training may be inversely associated with colon cancer, it is important to note 

that aerobic physical activity has been repeatedly shown to lower the risk of colon 

cancer.
1,27,28

  To put the current results in perspective, in a previous analysis of this 

study population we found that performing a high level of vigorous intensity 

recreational activity consistently over the adult lifetime significantly reduced the risk of 

distal colon cancer by 41% in both males and females (AOR=0.59, 95% CI=0.36-0.96)  

and the risk of rectal cancer by 50% in males (AOR=0.50, 95% CI=0.28-0.89),
21

 which 

are greater risk reductions and more precise results than those found in the current 

analysis of resistance training.  
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This study had several limitations.  Assessing the effect of resistance training on the risk 

of colorectal cancer was not an aim of the WABOHS, and participants were not asked 

specifically about resistance training.  We therefore had to use the name of the 

recreational activities they listed to determine whether they performed resistance 

training.  This resulted in the need to include a ‗possible resistance training‘ category, as 

it was not clear whether participants who listed activities such as ‗gym‘ and ‗health 

club‘ did or did not perform resistance training.  Although we would have expected to 

find a weaker association between this ‗possible‗ resistance training category and colon 

cancer than between definite resistance training and colon cancer, this was not always 

the case and increases the likelihood that this may be a false-positive result.  More work 

is needed on the development of valid and reliable tools that measure resistance training 

performed recently and in the past, particularly as recent physical activity guidelines 

recommend this type of physical activity.
29

 

A further limitation of this study was the very low prevalence of resistance training; 

fewer than 7% of the participants definitely performed some resistance training during 

their lifetime.  The low prevalence of resistance training resulted in low power to detect 

significant differences and made it difficult to draw any strong conclusions from the 

results.  The low prevalence of resistance training also meant that it was not possible to 

look at possible interactions between different types of physical activity.  The relatively 

low response fractions in this study, particularly among the controls, mean that selection 

bias cannot be ruled out as a possible explanation for the results.  It is possible that the 

controls who participated in the WABOHS may have been more health-conscious, and 

therefore possibly more likely to have performed resistance training, than those who did 

not participate.  This may have resulted in an overestimation of the possible protective 

effect of resistance training.  The strengths of this study were that it was population-

based with histopathologically confirmed cases, and we were able to control for many 

potential confounders. 

It has been suggested that resistance training could become a major part of policies and 

programs concerning disease prevention and public health.
30

  Previous research 

indicates that resistance training may lead to a variety of health benefits,
31

 such as a 

reduction of falls in older adults
19

 and a reduced risk of all-cause and cancer-specific 

mortality.
32

  However, the population prevalence of resistance training is low, 

particularly among older adults.
3-6

  Recent global
18

 and national
16,17,19

 physical activity 

guidelines have placed a greater focus on muscle-strengthening activities, although 
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these recommendations are largely based on reducing the risk of falls.  The opportunity 

to promote resistance training would be increased with confirmatory evidence on a 

wider range of health benefits.  However the effect that resistance training has on the 

risk of chronic diseases, such as colon cancer, is not well understood and warrants 

further investigation.  Future research in this area should examine the effect of 

resistance training more comprehensively, by investigating intensity, frequency, 

duration and consistency.   
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Table 6.4: Association between resistance training and the risk of colon and rectal 

cancers in the Western Australian Bowel Health Study, 2005-2007, after 

controlling for variables that were considered as possible confounders but not 

included in the final model 

 Colon Cancer Cases Rectal Cancer Cases 

Performed Resistance Training AOR (95% CI)
a
 AOR (95% CI)

a
 

19 to 34 years    

Never
 

1.00 1.00 

Definite 0.77 (0.34-1.77) 1.35 (0.61-3.02) 

Possible 0.86 (0.34-2.20) 1.39 (0.52-3.70) 

Definite or possible combined 0.80 (0.43-1.49) 1.41 (0.76-2.63) 

35 to 50 years    

Never 1.00 1.00 

Definite 0.62 (0.28-1.34) 1.13 (0.53-2.42) 

Possible 0.79 (0.41-1.50) 0.68 (0.30-1.52) 

Definite or possible combined 0.71 (0.43-1.18) 0.88 (0.51-1.55) 

51 + years    

Never 1.00 1.00 

Definite 0.88 (0.47-1.66) 0.61 (0.26-1.43) 

Possible 0.78 (0.42-1.44) 0.68 (0.31-1.49) 

Definite or possible combined 0.83 (0.53-1.30) 0.67 (0.38-1.20) 

Adult Lifetime    

Never 1.00 1.00 

Definite 0.74 (0.47-1.18) 1.23 (0.75-2.02) 

Possible  0.72 (0.45-1.13) 0.82 (0.47-1.41) 

Definite or possible combined 0.73 (0.52-1.03) 1.02 (0.69-1.49) 

a Adjusted for age group, sex, resistance training in other age periods, lifetime moderate and vigorous non-resistance training 

recreational physical activity, lifetime occupational activity, energy intake, diabetes, alcohol intake, fruit consumption ten years ago, 

vegetable consumption ten years ago, dietary fibre intake, dietary folate intake, smoking, anti-inflammatory use, socio-economic 

status and body mass index at 40 years of age, Note that body mass index at 40 years of age was imputed due to 8% missing data. 

Abbreviations: AOR, Adjusted Odds Ratio; CI, Confidence Interval. 
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7 MEASURING LIFETIME PHYSICAL ACTIVITY IN 

EPIDEMIOLOGICAL STUDIES 

Up to this point the focus of this thesis has been on clarifying the association between 

physical activity and colon and rectal cancers.  This was done by conducting two 

reviews of the literature (Chapters Two and Three) and performing three original 

research studies (Chapters Four, Five and Six) based on data from the Western 

Australian Bowel Health Study (WABOHS). 

This chapter concentrates on measurement of lifetime physical activity, and is divided 

into three sections.  The first section (7A) describes the development of a questionnaire 

to collect information about lifetime physical activity in the Breast Cancer Environment 

and Employment Study (BCEES), a case-control study of breast cancer.  The second 

section (7B) describes a study that assessed the test-retest reliability of the questions 

used to measure lifetime transport-related physical activity in the BCEES.  The final 

section (7C) describes a study that compared the self-reported method of measuring 

occupational physical activity in the BCEES with the rating system based on job title 

and duties used in the WABOHS. 
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7A DEVELOPING A QUESTIONNAIRE TO COLLECT 

INFORMATION ABOUT LIFETIME PHYSICAL 

ACTIVITY IN THE BREAST CANCER ENVIRONMENT 

AND EMPLOYMENT STUDY 

7A.1 INTRODUCTION 

Long-term or lifetime physical activity is thought to reduce the risk of a number of 

chronic diseases.  Questionnaires are the preferred instruments in large-scale 

epidemiological studies that measure physical activity performed in the past (in 

particular age-periods and/or over the entire adult lifetime),
1
 as they are easy to 

administer, inexpensive and non-invasive.
2
   

In order to provide a comprehensive measure of the different facets of physical activity, 

it is important that domain, frequency, duration, intensity, timing and type of activity 

are all taken into account when measuring physical activity performed over the 

lifetime.
3
   

Domains of physical activity include recreational, occupational, household, and 

transport-related.  While questionnaires have traditionally captured information about 

recreational and/or occupational physical activity, it is increasingly being recognised 

that a complete picture of an individual‘s physical activity should also include 

household activity and transport-related activity.  Collecting information about 

household activity is particularly important for females, as in Australia females spend 

twice as much time as males performing household activities.
4
   Transport-related 

physical activity (or ‗active transport‘), such as walking or cycling to and from work or 

school, is a convenient way for people to meet recommended physical activity levels, 

and research indicates that transport-related physical activity is associated with a 

reduced risk of obesity and several chronic diseases.
5-8

  

Frequency refers to how often an activity is performed (e.g. months per year and hours 

per week), while duration refers to the length of time an activity is performed (e.g. 
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number of years).  Together, frequency and duration provide information about the 

amount of physical activity performed.   

Intensity refers to the level of effort required to perform an activity.  Intensity can be 

measured relatively by asking the participant to rate how much effort was required, or 

absolutely by assigning a metabolic equivalent (MET)-value to each activity, with one 

MET equivalent to a resting metabolic rate obtained during quiet sitting.
9
  It is 

important to take intensity into account, as it has been suggested that physical activity of 

different intensities may impact on health in different ways and, as such, should be 

treated as potentially independent influences on disease risk.
10,11

   

Timing refers to when the activity was performed (e.g. between the ages of 19 and 34 

years).  Collecting information about physical activity in different age periods allows 

researchers to investigate whether there are age periods in which physical activity may 

confer a greater reduction in the risk of certain diseases.  It also allows researchers to 

investigate the effect of different patterns of physical activity on disease risk, such as a 

consistently high level of physical activity performed over a long period of time or 

throughout the lifetime. 

Finally, the types of physical activity include: aerobic physical activity, which generally 

involves large muscle groups and ―improves the efficiency and capacity of the 

cardiorespiratory system‖
11

; resistance training (also called strength training), which 

―improves the strength, power, endurance, and size of skeletal muscles‖
11

; and 

sedentary behaviour, which refers to sitting and other activities that require very low 

energy expenditure.
10

   

The multi-faceted nature of physical activity makes it difficult to measure accurately.
12

  

As such, physical activity measurement in epidemiological research has been 

undertaken in a somewhat heterogeneous manner. However, in more recent times, 

standardised physical activity questionnaires for collecting information about current 

physical activity have been developed (such as the International Physical Activity 

Questionnaire and the Global Physical Activity Questionnaire), and these questionnaires 

have been found to be valid and reliable.
13,14

  As yet there are no standardised 

questionnaires to collect information about physical activity that has been performed 

over the lifetime. 
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7A.1.1 Physical activity and the risk of breast cancer 

Physical activity is a known risk factor for breast cancer, particularly postmenopausal 

breast cancer.
15,16

  Although there have been many studies that have examined the 

association between physical activity and breast cancer risk there are several 

unanswered questions, such as whether intensity matters, whether there is a certain age 

period in which physical activity may confer a greater risk reduction, and whether 

sedentary behaviour is an independent risk factor for breast cancer.
15,17

  One of the aims 

of the Breast Cancer Environment and Employment Study (BCEES) was to provide 

information to investigate these issues.  The BCEES was a case-control study conducted 

in Western Australia between 2009 and 2011.  The aims of the BCEES were to identify 

environmental, occupational, lifestyle and genetic risk factors for breast cancer. 

To be able to investigate the issues mentioned above we needed to use a comprehensive 

and reliable self-administered questionnaire to collect information about recreational, 

household, transport-related and occupational physical activity performed over the 

lifetime.  As the physical activity questionnaire was one of several exposures being 

measured in the BCEES questionnaire, we wanted to minimise participant burden and to 

make the physical activity section as simple as possible to complete. 

7A.2 BRIEF REVIEW OF EXISTING QUESTIONNAIRES 

We conducted a literature search for reliable self-administered physical activity 

questionnaires that measured recreational, household, transport-related and occupational 

physical activity performed over the lifetime and were suitable for use with an 

Australian population.   

We identified three questionnaires that collect information about physical activity 

performed over the adult lifetime at the time of the search in 2009.  These 

questionnaires were the Historical Leisure Activity Questionnaire (HLAQ),
18

 the 

Lifetime Total Physical Activity Questionnaire (LTPAQ),
3
 and the Chasan-Taber 

Physical Activity Questionnaire (CT-PAQ),
19

 which is a modified version of the HLAQ.  

The physical activity questionnaire used in the Western Australian Bowel Health Study 

(WABOHS) was also considered.
20

  The WABOHS questionnaire was a modified 

version of the LTPAQ, and is described in Chapter Three and included in Appendix 

One. 
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Test-retest studies of the HLAQ, the LTPAQ and the CT-PAQ indicate that they all 

have acceptable reliability.
3,18,19

  Although the validity of these questionnaires has not 

been directly tested, the LTPAQ and the CT-PAQ have shown moderate to good 

convergent validity with the Lifetime Physical Activity Questionnaire (LPAQ).
1
  This 

finding provides some support for the validity of all three questionnaires (LTPAQ, CT-

PAQ and LPAQ), as it indicates that they are all measuring similar constructs.
1
  Note 

that the LPAQ was not considered for use in the BCEES as the publication describing 

its development was published after recruitment had started.
1
 

Two of these questionnaires, the HLAQ and the LTPAQ, were not suitable as they were 

designed to be administered by trained interviewers.  The self-administered physical 

activity questionnaire used in the WABOHS was well understood and deemed feasible 

to use with the same population that would take part in the BCEES (i.e. females residing 

in Western Australia), and we were able to collect detailed information about 

recreational physical activity with it.  However it had some limitations.  Although 

gardening/yard work is listed as an example activity, the questionnaire did not collect 

information about other types of household-related physical activity, such as household 

chores.  In addition, it did not ask about transport-related or occupational physical 

activity.  The CT-PAQ also did not contain items about transport-related or 

occupational physical activity, and contained many recreational activities that are not 

applicable to the Australian population. 

As none of the questionnaires met all of our aims we elected to modify one of them for 

use in the BCEES.  The CT-PAQ was designed to be self-administered, contains items 

about recreational and household physical activity, and has been shown to have high 

test-retest reliability.
19

  As such, it was considered to be the most suitable existing 

questionnaire to modify for use in the BCEES.  A description of these modifications, as 

well as an overview of the development of the BCEES PAQ, follows.   

7A.3 DEVELOPMENT OF THE BCEES PHYSICAL ACTIVITY 

QUESTIONNAIRE 

7A.3.1 Domains of physical activity 

Recreational physical activity 

In the CT-PAQ participants are asked to record the time they spent performing a list of 

recreational physical activities, as well as any activities not listed, during each specified 
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age period.  As mentioned above, many of the recreational activities listed in the CT-

PAQ are not applicable to the Australian population.  Therefore, we replaced the list of 

activities in the CT-PAQ with the seven most commonly listed activities by WABOHS 

female participants on the physical activity questionnaire used in that study.   These 

activities were walking for exercise, swimming, dancing, tennis, aerobics, netball and 

squash.  Three spaces were left for ‗Other‘ recreational activities that were not included 

in the list.   

Household physical activity 

The CT-PAQ asks participants to record information about the time spent doing 

gardening/yard work, grooming and feeding children, playing with children, doing light 

housekeeping and doing heavy housekeeping.  To reduce participant burden we 

combined the grooming and feeding children and playing with children items, and 

renamed it ‗Childcare‘. 

Transport related physical activity 

The CT-PAQ did not contain any items about transport-related physical activity, and we 

were not able to locate any other questionnaire that collects information about transport-

related physical activity performed over the lifetime.  As such, we developed new 

questions to capture information about lifetime transport-related physical activity.  We 

decided to collect information about walking to and from work or school and cycling to 

and from work or school, as these activities were considered to be the two most 

common types of transport-related physical activities.  The questions are similar (but 

more task-specific to assist recall) to those used to measure recent transport-related 

physical activity in the International Physical Activity Questionnaire, which have been 

shown to be valid and reliable.
21-23 

Occupational activity 

The CT-PAQ does not measure occupational activity, so we searched the literature for a 

tool to measure lifetime occupational physical activity.  We decided not to use the 

classification system based on job titles that was used in the WABOHS, as this method 

does not take into account within-job variation, seasonal changes or changes in job 

requirements over time,
24

  and may not reflect the actual activities performed on the 

job.
25

  Instead, we decided to ask participants to self-report the level of occupational 

activity required for each job they had held. 
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The BCEES used a job history to collect information about occupation.  To reduce 

participant burden and make it easier to complete the questionnaire we decided to use 

this frame to also collect information about occupational physical activity.  After 

considering several different occupational physical activity questionnaires,
3,26-28

 we 

decided to use the occupational activity item from the physical activity questionnaire 

used in the European Perspectives in Nutrition and Cancer (EPIC) study.
26

  This 

question asks participants to rate their job as mostly sitting, mostly standing, manual 

work, or heavy manual work.  This questionnaire has been shown to be valid and 

reliable for measuring current occupational activity,
26

 and other similar questionnaires 

have also been shown to be reliable.
29,30

 

7A.3.2 Frequency and duration 

To collect information about frequency and duration we asked participants to record the 

number of years, months per year and hours per week that they spent performing each 

listed recreational, household and transport-related physical activity in each age period 

(as in the CT-PAQ).  A change to the CT-PAQ was that participants were also asked to 

record the age that they started each activity.  It was expected that this information 

would allow for the possibility of more flexibility when analysing the data.  For 

occupational physical activity, for each job held for more than six months, participants 

were asked to report the number of hours per week and weeks per year worked, age 

started and the number of years worked.   

7A.3.3 Intensity of physical activity 

For recreational, household and transport-related physical activity we decided to use an 

absolute measure of intensity (MET values) rather than ask participants to rate how 

much effort was required to perform the activity.  This decision was made for several 

reasons.  First, people often confuse physical intensity with the emotional demands of 

an activity, and it has been recommended that measures of relative intensity should only 

be used to evaluate functional capacity.
31

  Second, asking participants to rate the 

intensity of each activity would have placed an additional burden on them and made the 

questionnaire more difficult and time-consuming.  Finally, by assigning MET-values to 

each activity we would be able to separate light (1.5 to 2.9 METS), moderate (3 to 5.9 

METS) and vigorous (6 or more METS) intensity activities.   
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7A.3.4 Timing of physical activity  

We divided the lifespan into three age periods, and participants were asked to record 

their participation in recreational, household and transport-related physical activity for 

each age period.  The age periods were 15 to 24 years of age, 25 to 39 years of age, and 

40 years of age and older, which were thought to roughly correspond to mid-

adolescence to early adulthood, early adulthood, and mid to late adulthood respectively.  

We also asked participants to record the age they started the activity to allow for more 

flexibility when looking at critical time periods. 

7A.3.5 Memory cues 

Aside from listing the seven (eight including gardening) most commonly performed 

recreational physical activities listed by females in the WABOHS, the instructions for 

the questionnaire included an extensive list of example recreational and gardening 

activities and household chores to help participants remember what activities they 

performed in the past.  Although other cognitive methods, such as using a calendar with 

personal and general landmark events, are also known to improve recall, these methods 

often rely on the presence of an interviewer to guide the participant through the 

questionnaire, are difficult to administer, and are less effective in self-administered 

questionnaires.
19,32

 

7A.3.6 Pilot testing 

A pilot study was conducted to ensure that participants were able to understand and 

correctly complete the questions.  The physical activity questions were piloted in 

conjunction with the main BCEES questionnaire, which contained items about 

demographics, sleep, reproductive history, occupational history, lifestyle and 

environment.  The pilot study was conducted among 36 people including patients at a 

breast screening clinic, teachers, and family and friends. The questionnaires were 

piloted until no new issues were raised.  

The results of the pilot studies indicated that participants were able to understand and 

complete the items about recreational physical activity, gardening, transport-related 

physical activity and occupational activity.  However, during pilot testing the majority 

of participants left the items about grooming and feeding children and playing with 

children blank, and said that they were not able to recall the time spent performing these 

activities.  We therefore decided to omit these items.  The majority of participants in the 
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pilot studies also said that they found it difficult to distinguish between light and heavy 

housekeeping, so this was reduced to a single item about household chores.  The final 

version of the BCEES physical activity questionnaire is in Appendix Two. 

7A.4 SUMMARY 

In summary, the BCEES physical activity questionnaire collects information about 

physical activity performed over the lifetime in four domains: recreational, household, 

transport-related, and occupational.  It was structured to collect information about 

frequency, duration, intensity and timing of activities at each time point.  The items 

about recreational and household activity are modified versions of questions from the 

CT-PAQ, which has been found to have high test-retest reliability.  The occupational 

physical activity question is the same as that used in the EPIC study, and has been 

shown to be valid and reliable.  As the items about transport-related physical activity 

were newly developed and their reliability was not known, we conducted a study to 

determine their test-retest reliability.  This study is reported in Chapter 7B. 
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7B TEST-RETEST RELIABILITY OF TRANSPORT-

RELATED PHYSICAL ACTIVITY PERFORMED OVER 

THE LIFETIME  

This chapter is based on the following published paper: 

Boyle T, Heyworth J, Bull F, Fritschi L. Test-retest reliability of transport-related 

physical activity performed over the lifetime. J Phys Act Health. 2012; In Press.  

Initially submitted on June 9, 2011.  Accepted for publication on February 27, 2012. 

7B.1 ABSTRACT 

One of the convenient ways to achieve recommended levels of physical activity is 

through ‗active transport‘, such as walking or cycling to and from work or school.  

Although studies have shown that participants can reliably recall information about 

recent transport-related physical activity, it is not known if the reliability remains high 

when asking about lifetime behaviour. This study tested the reliability of questions that 

collect information about transport-related physical activity performed over the lifetime.  

Participants were asked to complete self-administered questions about transport-related 

physical activity on two separate occasions.  The questions asked about cycling and 

walking to and from work and/or school during three age periods: 15 to 24 years; 25 to 

39 years; and 40 years and above.  A lifetime average was also calculated for cycling, 

walking and total activity.  There was fair to good test-retest reliability of the age-period 

specific questions for transport-related cycling (intraclass correlation coefficients (ICCs) 

from 0.65-0.74), walking (ICCs from 0.44-0.58) and total activity (ICCs from 0.57-

0.66).  The reliability of the lifetime averages were also fair to good (ICCs from 0.58-

0.70).  The questions tested in this study have moderate reliability, and appear to be 

useful questions for measuring lifetime transport-related physical activity. 
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7B.2 INTRODUCTION 

Physical activity is an important risk factor for the leading non-communicable diseases.
1
  

However it is a multi-faceted behaviour that is challenging to measure.
2
  Physical 

activity can occur in different domains, such as sports and leisure activities 

(recreational), at work (occupational), in the home (household) and travelling to and 

from work or school (transport-related).  In recent years researchers have begun to focus 

on measuring physical activity in specific domains, rather than a global measure of 

physical activity.
3
  One of the convenient ways to achieve recommended levels of 

physical activity is through ‗active transport‘, such as walking or cycling to and from 

work or school.  Transport-related physical activity has been associated with a 

decreased risk of various chronic diseases,
4-6

 and people who regularly cycle or walk to 

work are less likely to be obese than those who do not.
7
 

For many chronic diseases, such as colon and breast cancer, there is evidence that 

physical activity performed in the past, or over the lifetime, may result in a greater risk 

reduction than more recent physical activity.  There are questionnaires that have been 

shown to reliably measure recreational, household and/or occupational physical activity 

performed in the past,
8-11

 and studies have shown that participants can reliably recall 

information about transport-related physical activity performed in the last week or a 

typical week.
3,12-16

  However, it is not known if people can reliably recall information 

about the transport-related physical activity they have performed in the past.  Therefore, 

we conducted a study to determine the test-retest reliability of questions that collect 

information about transport-related physical activity performed over the lifetime. 

7B.3 METHODOLOGY 

This test-retest reliability study was conducted as part of the Breast Cancer 

Environment and Employment Study (BCEES), which is a case-control study of breast 

cancer currently being conducted in females in Western Australia.  Participants in the 

BCEES were asked to complete a self-administered questionnaire containing questions 

about various breast cancer risk factors, including physical activity performed during 

three age periods: 15 to 24 years; 25 to 39 years; and 40 years and above.  The physical 

activity section of the questionnaire contained items about recreational, household and 

transport-related physical activity.  The recreational and household questions were 

based on others that have been shown to be reliable,
8,10,11

 so they were not included in 

this reliability study.  The transport-related physical activity questions asked about 
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walking to and from work or school and cycling to and from work or school.  The 

questions followed the same format as those used to collect information about 

recreational and household activities – participants were asked to record the age first 

started, number of years, months per year and hours per week that they spent 

performing the two transport-related physical activities in each age period.  Participants 

were able to indicate that they had not performed either of the transport-related 

activities in the age period.  The physical activity questionnaire used in the BCEES is 

available in Appendix Two. 

Participants who returned their BCEES questionnaire between May and September 

2010 were invited to participate in the reliability study.  Those who consented 

completed a second set of the transport-related physical activity questions, 

approximately one week after the BCEES questionnaire was returned.  Ethics approval 

for this reliability study was received from Human Research Ethics Committees at the 

University of Western Australia and the Western Australian Department of Health, and 

informed written consent was obtained from all participants. 

7B.3.1 Analysis 

For each age group, the total hours that each participant spent performing each 

transport-related activity was calculated.  This total was then multiplied by a metabolic-

equivalent (MET) value from the Compendium of MET-values, resulting in a MET-

hour total for each activity.
17

  Cycling to and from work or school was assigned a MET 

value of 8.0, and walking to and from work or school was assigned a MET value of 

3.3.
17

  This total was then divided by the number of weeks that a participant spent in the 

age period, resulting in a MET-hours per week value for each participant.  We also 

combined the two activities and calculated the total MET-hours per week spent 

performing transport-related activity, and also calculated the average MET-hours per 

week over the lifetime for walking, cycling and total transport-related activity. 

To determine the test-retest reliability of the questionnaire we used the intraclass 

correlation coefficient (ICC, Type 2,1).
18

  A total of 12 ICCs were calculated (MET-

hours per week spent performing transport-related walking, cycling and total activity in 

each of the three age periods and over the lifetime) for all participants, as well as for 

cases and controls separately.  As the data were not normally distributed all values were 

log-transformed, after addition of one to account for zero values and values less than 

one.
19
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For total transport-related physical activity in each age period and over the lifetime we 

also recalculated the ICCs after removing the participants who reported no transport-

related on either administration of the questionnaire, and we also examined whether 

reliability differed between younger participants (less than 55 years of age) and older 

participants (aged equal to or greater than 55 years).  The following cut-off points were 

used to interpret the ICCs: 0 to 0.4 = poor agreement; 0.40 to 0.75 = fair to good 

agreement; 0.75 to 1.0 = excellent agreement.
20

   

For total transport-related physical activity in each age period and over the lifetime we 

also produced Bland-Altman plots.
21

  These are plots of the difference in MET-hours 

per week between the two questionnaires against the average MET-hours per week of 

the two questionnaires.  Participants who reported no activity in an age period (or over 

the lifetime) on both questionnaires were not included in the Bland-Altman plots.  All 

analyses were performed using Stata 11 (Statacorp, College Station, Texas, USA).   

7B.4 RESULTS 

7B.4.1 Response 

A total of 405 participants were sent an information sheet and a second copy of the 

transport physical activity questions.  Of these 405 participants, 353 (87.2%) returned 

the second questionnaire.  Complete data for both questionnaires were available from 

292 (72%) participants (130 cases and 160 controls).  The participants were aged 

between 32 and 80 years.  The median age was 59 years.  All participants were female.  

The median time between completion of the two questionnaires was 19.5 days. 

7B.4.2 Prevalence 

The prevalence of transport-related physical activity was highest in the youngest age 

period, with over 50% of the participants reporting walking and/or cycling for transport 

between the ages 15 and 24 years (Table 7B.1).  The prevalence decreased to around 

20% between 25 and 39 years of age, and to approximately 10% after the age of 40 

years.   Transport-related walking was more prevalent than transport-related cycling in 

each of the age periods. 

7B.4.3 Test-retest reliability 

The test-retest reliability of the age-period specific questions ranged from 0.65 to 0.74 

for transport-related cycling, 0.44 to 0.58 for transport-related walking and 0.57 to 0.66 
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for total transport-related physical activity (Table 7B.1).  The reliability of the lifetime 

averages for transport-related cycling, walking and total activity ranged from 0.58 to 

0.70 (Table 7B.1). 

Removing the participants who reported no transport-related physical activity on either 

administration of the questionnaire resulted in ICCs of 0.50, 0.58, 0.56 and 0.56 for 

total transport-related physical activity between the ages 15 and 24 years, 25 and 39 

years, after the age of 40 years, and over the lifetime, respectively. 

The reliability coefficients were generally higher for controls than for cases, particularly 

for the cycling questions (Table 7B.1).  Reliability did not differ between older and 

younger participants for total transport-related physical activity between the ages of 15 

and 24 years (ICCs=0.66 for both age groups) or over the lifetime (ICCs=0.65 and 0.69 

for the younger and older age groups respectively). Older participants were able to 

recall total transport-related physical activity between the ages of 25 and 39 years more 

reliably (ICCs=0.50 and 0.66 for the younger and older age groups respectively), while 

younger participants were able to recall total transport-related physical activity after the 

age of 40 years more reliably (ICCs=0.79 and 0.47 for the younger and older age groups 

respectively). 

The Bland-Altman plots of the difference against the average of the two questionnaires 

indicated that the agreement between the two administrations decreased as the level of 

transport-related physical activity increased (Figure 7B.1). 

7B.5 DISCUSSION 

In this study we found that participants were able to recall the transport-related cycling, 

walking and total activity they performed in each of the three age periods with fair to 

good test-retest reliability.  The reliability of the lifetime averages for transport-related 

cycling, walking and total activity were also fair to good.  The reliability coefficients for 

total transport-related physical activity in each of the age periods and over the lifetime 

remained in the fair to good range even after removing the participants who reported no 

activity on both administrations of the questionnaire.  The Bland-Altman plots suggest 

that recall of total transport-related physical activity became less reliable as the level of 

activity increased.   
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Table 7B.1: Test-retest reliability of questions about transport-related physical activity performed in different age periods 

Abbreviations: CI, Confidence Interval; SD, Standard Deviation 

a
 There are only 291 participants in the 40 years and above analyses (130 cases, 161 controls) 

 1
st
 Questionnaire 2

nd
 Questionnaire Intraclass Correlation Coefficient (95% CI) 

 

Age Period 

Mean MET-hours 

per week (SD) 

% Reporting 

Any 

Mean MET-hours 

per week (SD) 

% Reporting 

Any 

All  

(n=292) 

Cases Only 

(n=130) 

Controls Only 

(n=162) 

15 to 24 years        

   Cycling 3.9 (14.2) 22.2 2.6 (8.2)  21.9 0.65 (0.58-0.71) 0.52 (0.38-0.64) 0.70 (0.62-0.77) 

   Walking 3.9 (8.2) 44.5 4.5 (9.5) 51.7 0.58 (0.50-0.65) 0.56 (0.43-0.66) 0.60 (0.49-0.69) 

   Total 7.8 (18.3) 56.8 7.1 (11.9) 66.1 0.66 (0.59-0.72) 0.61 (0.48-0.70) 0.70 (0.61 - 0.77) 

25 to 39 years        

   Cycling 0.5 (3.3) 4.8 0.6 (4.7) 4.1 0.68 (0.62-0.74) 0.12 (-0.06-0.28) 0.78 (0.70-0.83) 

   Walking 0.7 (2.5) 14.0 1.5 (6.2) 18.2 0.44 (0.35-0.53) 0.44 (0.29-0.57) 0.45 (0.32-0.56) 

   Total 1.2 (4.4) 17.1 2.1 (7.9) 20.5 0.60 (0.52-0.67) 0.59 (0.46-0.69) 0.61 (0.50-0.70) 

40 years and above
a
        

   Cycling 0.4 (4.1) 2.4 0.8 (7.3) 3.4 0.74 (0.69-0.79) 0.71 (0.61-0.78) 0.74 (0.67-0.81) 

   Walking 0.3 (1.5) 6.5 0.8 (4.9) 10.7 0.47 (0.37-0.55) 0.43 (0.28-0.56) 0.51 (0.39-0.62) 

   Total 0.7 (4.6) 7.9 1.6 (8.9) 12.7 0.57 (0.49-0.64) 0.47 (0.32-0.59) 0.63 (0.53-0.72) 

Lifetime        

   Cycling 1.2 (5.3) 25.3 1.1 (5.3) 25.0 0.70 (0.64-0.75) 0.44 (0.29-0.57) 0.77 (0.70-0.83) 

   Walking 1.3 (2.6) 50.3 2.0 (5.8) 58.9 0.58 (0.49-0.65) 0.58 (0.45-0.68) 0.57 (0.46-0.67) 

   Total 2.5 (6.5) 62.3 3.1 (8.0) 71.6 0.68 (0.61-0.73) 0.63 (0.51-0.72) 0.71 (0.62-0.78) 

1
6
2
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Figure 7B.1: Bland-Altman plots of the difference in total MET-hours per week between the two questionnaires against the average total MET-hours per 

week of the two questionnaires.  The dashed line is the mean difference between the two questionnaires, and the shaded area indicates the 95% limits of agreement 

(defined as plus or minus two standard deviations of the mean difference of the two questionnaires) 
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Although the coefficients found in this test-retest reliability study of transport-related 

physical activity were modest (from 0.58 to 0.70 for the lifetime averages), they 

compare well with the reliability of questionnaires that measure more recent commuting 

activity, and those that measure lifetime physical activity in other domains (recreational, 

occupational and/or household, but not transport-related).  Test-retest reliability studies 

of questions about transport-related physical activity in the Global Physical Activity 

Questionnaire, which measures physical activity performed in a typical week, have 

found correlations ranging from 0.54 to 0.98, while test-retest reliability studies of the 

transport-related questions in the International Physical Activity Questionnaire-Long 

Form, which measures physical activity performed in the last week, range from 0.60 to 

0.89.
3,12-16

  Our results are also comparable with those from reliability studies of 

questionnaires asking about lifetime physical activity in other domains among females.  

Test-retest studies of the Lifetime Total Physical Activity Questionnaire (Pearson 

correlation coefficient for total hours per week in recreational, occupational and 

household physical activity over the lifetime=0.74) , the Chasan-Taber Physical 

Activity Questionnaire (ICC for lifetime average MET-hours per week in recreational 

and household physical activity=0.82), the Lifetime Physical Activity Questionnaire 

(ICC for lifetime average MET-hours per week in recreational, occupational and 

household physical activity=0.62)  and the Historical Physical Activity Questionnaire 

(Spearman rank correlations ranged from 0.69 to 0.85 for recreational physical activity 

performed in different age periods) have all found similar reliability coefficients to 

those found in this study.
8-11

  The similarity between our results and those from test-

retest studies of questionnaires which measure recent transport-related physical activity, 

or lifetime physical activity in other domains, suggests that the questions about lifetime 

transport-related physical activity tested in this study have acceptable reliability. 

In all the age periods and over the lifetime, transport-related cycling was more reliably 

recalled than transport-related walking. This finding is consistent with previous research 

that has shown that people are able to recall vigorous intensity activities more reliably 

than light and moderate intensity activities.
10,22

  We also found that controls were able 

to recall their activity more reliably than cases, particularly for the cycling items.  

However the reliability coefficients for total transport-related physical activity in each 

of the age periods and over the lifetime were in the fair to good range for both cases and 

controls.  Similarly, we found fair to good reliability for the age-period and lifetime 

totals among both younger and older participants.  
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This reliability study had some limitations which may affect the generalisability of the 

results.  As the sampling frame for this study was a case-control study of breast cancer 

the reliability of these questions among males is not known, although other studies have 

found that males are able to recall their total physical activity more reliably than 

females.
9,22

  It is also not known how reliable these questions will be in populations 

with different activity patterns; the reliability of the transport-related physical activity 

questions in the Global Physical Activity Questionnaire and the International Physical 

Activity Questionnaire vary greatly between countries and by education level.
3,12-16

  

This study also had several strengths.  It had a large sample size, there was an adequate 

time interval between administration of the two questionnaires, and we used the 

intraclass correlation coefficient rather than Pearson or Spearman correlation 

coefficients to assess reliability.
23

  In addition, this reliability study had a high response 

fraction and was conducted among the population of interest.   

One limitation of the questionnaire is that participants are not able to report specific 

details of multiple intervals of activity within an age range.  This limitation may be 

particularly relevant to the 15 to 24 years age period, where life transitions from school 

to higher education and work could result in different patterns of transport activity 

within this age range.  However, breaking the age categories into smaller units would 

increase respondent burden, which is undesirable.  Other self-administered lifetime 

physical activity questionnaires, such as the Chasan-Taber Physical Activity 

Questionnaire,
8
 the Lifetime Physical Activity Questionnaire,

9
 and the Historical 

Leisure Activity Questionnaire,
11

 also ask about overall duration of participation rather 

than asking participants to specifically report multiple episodes of the same activity 

within an age range. 

In conclusion, we found that participants were able to recall transport-related physical 

activity performed in the past with fair to good reliability.  The questions tested in this 

study appear to be useful for measuring lifetime transport-related physical activity in 

epidemiologic studies. 
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7C AGREEMENT BETWEEN TWO METHODS OF 

RATING OCCUPATIONAL PHYSICAL ACTIVITY 

The research study described in this chapter has been published in the following 

paper: 

Boyle T, Leong S. Agreement between two methods of rating occupational physical 

activity. Epidemiology. 2012; In Press.  Initially submitted on July 2, 2012.  Accepted 

for publication on August 2, 2012. 

7C.1 ABSTRACT 

Occupational physical activity is measured in a variety of ways in epidemiological 

studies. One method used commonly in the past, as well as in more recent studies, 

involves classifying occupational activity based on job title. This method is thought to 

have several limitations however, and there is little research about how it compares to 

more valid and reliable measures of occupational activity.  The aim of this study was to 

assess agreement between job title/duties-based occupational activity and self-reported 

occupational activity.  Participants (n = 765) who took part in a case-control study of 

breast cancer in Western Australia between 2009-10 were asked to choose the category 

(sedentary, standing, manual, heavy manual) that most closely described the physical 

activity of each job they had held. Each job was also coded as sedentary, light, medium, 

or heavy, based on job title/duties. Weighted kappa was used to assess agreement 

between the two methods for all jobs, currently held jobs, and overall lifetime activity.  

There was good agreement between the methods when rating the activity level of all 

jobs (kappa = 0.73), current jobs (kappa = 0.70), and overall lifetime activity (kappa = 

0.67).  These results suggest that studies that have not asked participants about their 

occupational physical activity, but do have information about job title/duties, may be 

useful datasets to investigate the association between occupational physical activity, 

occupational sitting and health outcomes. 
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7C.2 INTRODUCTION  

In recent years researchers have begun to focus on measuring physical activity in 

specific domains (recreational, occupational, household-related and transport-related) 

rather than global measures of physical activity.
1
  It is likely that most adults spend most 

time on activities in the occupational domain.
2
  Occupational physical activity has been 

associated with a range of health outcomes,
2
 and there is also limited evidence 

concerning the health risks of occupational sitting.
3
  

Occupational physical activity is measured in a variety of ways in epidemiological 

studies.
4-6

  Classifying activity based on job title was the most common method between 

the 1950s and the 1980s.
7
  One example of this method involves classifying jobs into 

one of five categories (sedentary, light, medium, heavy, and very heavy).
8
  Although 

recent studies have also used this method,
9-13

 it is thought to have several limitations.
4,14

  

It is now more common for studies to ask participants to self-report their occupational 

activity. One self-report method often used (e.g. 37 of the 43 studies in a recent review 

article
3
) is to ask participants to choose from one of several categories that most closely 

describes their job activity (such as sedentary, standing, manual or heavy manual). 

Previous research suggests this method has acceptable validity and reliability.
15-18

   

There is very little research about how job title-based measures of occupational activity 

compare to more valid and reliable measures. If there was good agreement between an 

occupational activity classification system based on job title/duties and a self-reported 

method with established validity and reliability, studies that have not asked participants 

about their occupational physical activity, but do have information about job title/duties, 

may still be useful datasets to investigate the association between occupational physical 

activity, occupational sitting and health outcomes. The aim of this study was to compare 

job title/duties-based occupational activity with self-reported occupational activity. 

7C.3 METHODOLOGY 

The sample size for this study was determined by the number of participants who had 

taken part in the Breast Cancer Environment and Employment Study (BCEES) between 

November 2009 and October 2010 and fully completed the occupation section of the 

BCEES questionnaire. The BCEES is a case-control study being conducted in Western 

Australia. Ethics approval for the BCEES was received from Human Research Ethics 

Committees at the University of Western Australia and the Western Australian 
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Department of Health, and informed written consent was obtained from all participants.  

For each job they had held for more than six months, participants were asked to record 

the job title, main job duties, age started, duration, employer, industry, the number of 

hours per week and weeks per year worked, and how much physical activity the job 

required.  The participants could choose from one of four physical activity categories: 

sedentary; standing; manual; and heavy manual (see Table 7C.1 for a description of the 

activity categories and example occupations).
15

  

A classification system based on job title/duties was compared with self-reported 

occupational activity. Each job was classified into one of five categories (sedentary, 

light, medium, heavy, and very heavy) of Physical Demands Strength Rating.
8 

 A 

description of these categories and example occupations are provided in Table 7C.1.  

The Strength Ratings were developed by occupational analysts and take into account 

posture, use of force and use of controls.
8
  The heavy and very heavy categories were 

combined as there were very few jobs assigned to the very heavy category. 

The self-reported sedentary, standing, manual, and heavy manual categories were 

considered to be equivalent to the sedentary, light, medium, and heavy Physical 

Demands Strength Ratings respectively. 

7C.3.1 Statistical analysis 

Quadratic weighted kappa was used to assess the agreement between the two methods at 

the individual job level, and when rating currently held positions only. Each participant 

was also assigned an overall lifetime occupational activity level, which was determined 

by calculating which occupational activity category they spent the greatest amount of 

time in over their working lifetime. Quadratic weighted kappa was used to compare 

overall lifetime occupational activity according to the two methods. All statistical 

analyses were conducted using Stata 11.0 (StataCorp, College Station, TX, USA). 

7C.4 RESULTS  

A total of 765 participants took part in the BCEES between November 2009 and 

October 2010 and fully completed the occupational activity section. The participants 

were all female and aged between 24 and 81 years (median age = 57 years). The 

participants held a total of 4503 jobs (median = 5 jobs). A total of 484 participants had a 

current job. 
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Table 7C.1: Overview of two different methods of classifying occupational physical activity 

Self-rated occupational activity Classification system based on job title and duties 

Category Description Example Jobs Category Description Example Jobs 

 

Sedentary 

 

Work that involves mostly 

sitting. 

 

Office jobs 

 

Sedentary 

 

Exerting up to 10 pounds of force occasionally and/or a 

negligible amount of force frequently to lift, carry, push, pull, or 

otherwise move objects, including the human body. Sedentary 

work involves sitting most of the time, but may involve walking 

or standing for brief periods of time. 

 

Secretary, 

clerk, other office 

jobs 

 

Standing 

 

Work that involves mostly 

standing and walking, without 

intense physical effort. 

 

Shop assistant, 

hairdresser, 

guard 

 

Light 

 

Requires walking or standing to a significant degree; or requires 

sitting most of the time but entails pushing and/or pulling of 

arm or leg controls; and/or requires working at a production rate 

pace entailing the constant pushing and/or pulling of materials 

even though the weight of those materials is negligible. 

 

Teacher, hairdresser, 

shop assistant 

 

Manual 

 

Work that involves some 

physical effort including 

handling of heavy objects and 

use of tools. 

 

Plumber, 

electrician, 

carpenter 

 

Medium 

 

Exerting 20 to 50 pounds of force occasionally, and/or 10 to 25 

pounds of force frequently, and/or greater than negligible up to 

10 pounds of force constantly to move objects. 

 

Nurse, factory 

worker, cleaner 

 

Heavy 

Manual 

 

Work that involves handling of 

very heavy objects. 

 

Docker, 

miner, 

bricklayer 

 

Heavy/ 

Very Heavy 

 

Exerting 50 to 100 pounds of force occasionally, and/or 25 to 

50 pounds of force frequently, and/or 10 to 20 pounds of force 

constantly to move objects. 

 

Farmer, bakery 

assistant, meat 

worker 

1
7
4
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Of the 4503 jobs, 46% were self-rated as sedentary, 35% as standing, 17% as manual 

and 2% as heavy manual, while the classification system categorised 42% of the jobs as 

sedentary, 37% as light, 20% as medium and 1% as heavy (Table 7C.2). There was 

good overall agreement between the two methods (kappa = 0.73, 95% CI = 0.71 - 0.74), 

with 72% of the 4503 jobs rated the same on both methods. Using the self-rated method 

as a ‗reference standard‘, the classification system correctly classified 84% of the self-

rated sedentary jobs as sedentary, 69% of the self-rated standing jobs as light, 58% of 

the self-rated manual jobs as medium, and 6% of the self-rated heavy manual jobs as 

heavy.  

Table 7C.2: Cross-tabulation of self-rated occupational activity and an 

occupational activity classification system based on job title and duties for 4503 

jobs in the Breast Cancer Environment and Employment Study, Western 

Australia, 2009-10 

  Classification System Based on Job Title and Duties  

Self-Rated 

Occupational 

Activity 

 Sedentary Light Medium Heavy Total 

Sedentary 1726 298 40 1 2065 

Standing 126 1085 362 9 1582 

Manual 24 277 437 22 760 

Heavy Manual 2 23 65 6 96 

Total 1878 1683 904 38 4503 

 

There was also good overall agreement between the two methods when rating current 

occupational activity (kappa = 0.70, 95% CI = 0.64 - 0.75), with 70% of the 484 

currently held jobs rated the same in both methods. 

The self-rated method classified 44% of the participants as having a sedentary lifetime 

occupational activity level, 36% as standing, 18% as manual and 2% as heavy manual 

(Table 7C.3).  The classification system categorised 40% of the participants as having a 

sedentary lifetime occupational activity level, 42% as light, 18% as medium and 1% as 

heavy. There was good overall agreement between the two methods when classifying 

participants into a lifetime occupational activity level (kappa = 0.67, 95% CI = 0.62 - 

0.71), with 70% of participants receiving the same rating on both methods. Using the 

self-rated method as a ‗reference standard‘, the classification system correctly classified 
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79% of the participants as having a sedentary lifetime occupational activity level, 71% 

as light, 49% as medium and 15% as heavy. 

 
Table 7C.3: Cross-tabulation of self-rated occupational activity and a classification 

system based on job title and duties when categorising lifetime occupational 

activity in the Breast Cancer Environment and Employment Study, Western 

Australia, 2009-10 

  Classification System Based on Job Title and Duties 

Self-Rated 

Lifetime 

Occupational 

Activity 

 Sedentary Light Medium Heavy Total 

Sedentary 267 59 11 0 337 

Standing 26 197 53 1 277 

Manual 8 60 68 2 138 

Heavy Manual 1 2 8 2 13 

Total 302 318 140 5 765 

 

7C.5 DISCUSSION 

The results of this study indicate that there is good agreement between self-rated 

occupational activity and a classification system based on job title and duties, 

particularly for sitting and standing jobs. There was good agreement between the two 

methods when rating the activity level of individual jobs and current occupation, and 

also when classifying participants into a lifetime occupational activity category.  Using 

the self-rated system as a ‗reference standard‘, the classification system correctly 

classified a high proportion of the individual jobs and participants‘ lifetime occupational 

activity levels as sedentary (sitting) and light (standing), but the proportion decreased as 

the level of activity increased. These results suggest that studies that have not collected 

self- reported occupational activity, but do have some information about job title/duties, 

may still be useful datasets to investigate the association between occupational physical 

activity, occupational sitting and disease risk. 

Only three previous studies have compared self-rated and job title-based occupational 

activity.
19-21

  Longnecker et al. and Moradi et al. found moderate agreement between 

self-reported occupational activity level and job-title based activity level among males 

and females respectively.
19,20

  Slattery and colleagues, however, found only fair 
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agreement between the two methods for both males and females,
21

 although the lower 

agreement may have been caused by the fact that recent activity was compared with 

lifetime occupation.
19

  In the current study we found good agreement between the two 

methods, although the study was conducted exclusively in females and it is not known if 

the results are generalisable to males. 
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8 DISCUSSION 

The primary aim of this thesis was to investigate the association between physical 

activity and the risk of colon and rectal cancers.  There has been a substantial amount of 

prior research done in this area, and reviews of this research have concluded that there is 

convincing evidence that physical activity reduces the risk of colon cancer, although the 

evidence is less convincing for rectal cancer.
1
  However, there are several aspects of the 

relationship between physical activity and colon and rectal cancers that remain unclear.  

These issues include: the timing and intensity of physical activity required to optimally 

reduce risk; whether sedentary behaviour has an independent influence on the risk of 

colon and rectal cancers; whether resistance training is independently associated with 

the risk of colon and rectal cancers; and whether physical activity has a different effect 

on the risk of proximal colon and distal colon cancers.  In this thesis I have investigated 

each of these issues, as well as some methodological issues concerning measurement of 

lifetime physical activity.  Specifically: 

 In Chapter Two I provided a narrative review of the studies that have 

investigated physical activity and timing, and/or sedentary behaviour, in relation 

to colon or colorectal cancer risk; 

 In Chapter Three I described a systematic review and meta-analysis of the 

studies that have examined the effect of physical activity on the risk of proximal 

colon and distal colon cancers.  I also investigated this issue in Chapters Four 

and Five, and these studies were included in the systematic review; 

 In Chapters Four, Five and Six respectively I described studies that investigated 

the effect of recreational physical activity (timing and intensity), sedentary 

behaviour at work, and resistance training on the risk of colon and rectal 

cancers.  These studies were based on data from a case-control study of 

colorectal cancer conducted in Western Australia between 2005 and 2007; and 

 Finally, in Chapter Seven I presented the development of a questionnaire to 

measure lifetime physical activity in a case-control study of breast cancer, and 

described two studies concerning the measurement of lifetime physical activity. 
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The major and minor findings of the thesis are outlined in the following two sections.  

They are also summarised, along with the original contributions of the thesis and the 

implications of the findings, in Table 8.1. 

8.1 MAJOR FINDINGS 

8.1.1 Sedentary behaviour may be a novel and important risk factor for colon and 

rectal cancers 

The first major finding of this thesis is that sedentary behaviour appears to be a novel 

and important risk factor for colon and rectal cancers, and that its effect is independent 

of physical activity and seen even among those who are physically active.  This finding 

is the most significant and original of this thesis, and is based on analysis of data from 

the Western Australian Bowel Health Study (WABOHS) (Chapter Five) and a detailed 

review of the literature (Chapter Two). 

Sedentary behaviour (or ―too much sitting‖) is an emerging risk factor for various 

chronic diseases, including several cancers.
2
  The study described in Chapter Five was 

one of the first with a primary focus on sedentary behaviour on the risk of colon and 

rectal cancers, and was also among the first to examine whether too much sitting 

increases the risk of colon and rectal cancers among physically active people.  The 

results of this study suggested that long-term sedentary work is independently 

associated with a 50% increased risk of rectal cancer and an almost 100% increased risk 

of distal colon cancer, and that physical activity does not modify its effect.  This finding 

is consistent with the previous research on sedentary behaviour and colon cancer or 

colorectal cancer (Chapter Two).  In summary, the first major finding is that sedentary 

behaviour may be a novel and important risk factor for colon and rectal cancers.   

8.1.2 Physical activity reduces the risk of proximal colon and distal colon cancers 

The second major finding is that physical activity reduces the risk of both proximal 

colon and distal colon cancer, and it is unlikely that the association between physical 

activity and colon cancer differs by subsite.  This finding is primarily based on a 

systematic review and meta-analysis (Chapter Three), but also takes into account results 

from the WABOHS (Chapters Four and Five).  

Analysis of data from the WABOHS suggested that recreational physical activity 

reduces the risk of distal colon cancer but not proximal colon cancer (Chapter Four).  
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While some previous studies have also found that physical activity may confer a greater 

risk reduction for distal colon cancer than for proximal colon cancer , other studies have 

found the opposite or no difference. 

As it remained unclear whether physical activity influences the risk of proximal colon 

and distal colon cancers differently, I conducted a meta-analysis of the studies that have 

investigated this issue (Chapter Three).  The results of the meta-analysis indicated that 

physical activity does not influence the risk of proximal colon and distal colon cancers 

differently, with an almost identical risk reduction (25% and 24% respectively) seen for 

both cancers.  The review also showed that smaller studies were more likely than larger 

studies to find that physical activity has a different effect on the risk of proximal colon 

and distal colon cancers, suggesting that at least some of the inconsistent results in this 

area may be due to imprecise estimates of risk caused by low statistical power.  These 

inconsistent results may also be due to methodological differences between the studies.  

For example, proximal colon and distal colon have been classified in at least six 

different ways, and physical activity has been measured in a variety of time periods, at 

different intensities, and in different domains. 

In summary, the second major finding is that physical activity reduces the risk of both 

proximal colon and distal colon cancer, and that the association does not differ by 

subsite.  The implications of this finding are that it may be more useful for future 

research on physical activity and colon cancer to concentrate on elucidating other 

aspects of the relationship rather than examining different subsite effects. 

8.1.3 Physical activity at almost any age reduces the risk of colon cancer, and 

lifetime physical activity reduces the risk of colon cancer and, arguably, rectal 

cancer. 

The third major finding is that physical activity at almost any age reduces the risk of 

colon cancer.  Physical activity performed over the lifetime has also been consistently 

shown to significantly reduce the risk of colon cancer, and lifetime physical activity 

may also be associated with a reduced risk of rectal cancer.  This finding is based on 

analysis of data from the WABOHS (Chapter Four), and from a detailed review of the 

literature (Chapter Two). 

In contrast to most studies of physical activity and colon and rectal cancers, which have 

only measured physical activity at one point in time, the WABOHS collected 
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information about physical activity performed throughout the entire adult lifetime.  Five 

previous studies of physical activity and colon or colorectal cancer have collected 

information about recreational physical activity in multiple age periods, and six 

previous studies have collected information about lifetime recreational physical activity.   

This literature had not previously been reviewed in a detailed manner. 

The results of the study presented in Chapter Four indicated that physical activity 

performed at any age reduces the risk of distal colon cancer.  Physical activity 

performed after the age of 51 years was associate with an approximately 50% reduced 

risk, and physical activity performed in earlier age periods was associated with an 

approximately 30% reduced risk.  The review of previous research on physical activity 

timing presented in Chapter Two confirmed that physical activity at any age (except 

before the age of approximately 20 years) is associated with a reduced risk of colon 

cancer, and that physical activity performed between the ages of 30 and 50 years has 

been most consistently found to reduce colon cancer risk.   

With regard to lifetime physical activity, results from the WABOHS indicated that 

being physically active throughout the lifetime was associated with a 55% reduced risk 

of colon cancer.  This finding is consistent with the results of other studies, which have 

shown that long-term or lifetime physical activity is associated with a significantly 

reduced risk of colon cancer.  Results from the WABOHS also suggested that being 

physically active over the lifetime reduces the risk of rectal cancer in males by 50%. 

Other studies that have investigated the effect of lifetime physical activity on rectal 

cancer have also generally found a reduced risk (Chapter Two).  

In summary, the third major finding of this thesis is that physical activity at almost any 

age reduces the risk of colon cancer, and that being physically active over the lifetime 

significantly reduces the risk of colon cancer and, arguably, rectal cancer.  

8.1.4 Vigorous intensity physical activity may be required to optimally reduce the 

risk of colon cancer among males 

The fourth and final major finding is that vigorous intensity physical activity may be 

required to optimally reduce the risk of colon cancer among males.  This finding is 

based on analysis of data from the WABOHS (Chapter Four) and a detailed review of 

the literature (Chapter Two). 
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Light, moderate and vigorous intensity physical activity may influence health in unique 

ways, however the vast majority of research on physical activity and colorectal cancer 

has simply compared the most active participants with the least active participants, 

without taking activity intensity into account.  In the analysis of data from the 

WABOHS, moderate intensity physical activity and vigorous intensity physical activity 

were considered to be independent risk factors for colorectal cancer, including mutually 

adjusting for the two variables in the analysis (Chapter Four).  Only nine of the almost 

100 previous studies on physical activity on colon cancer have investigated the effect of 

physical activity of different intensities on colon cancer risk among females, and just 

five among males. These studies have often combined different intensities (for example, 

investigating the effect of light to moderate intensity physical activity, or moderate to 

vigorous intensity physical activity), making it difficult to determine whether physical 

activity of different intensities have unique influences on the risk of colorectal cancer.  

In the WABOHS we found that vigorous intensity physical activity, but not moderate 

intensity physical activity, reduced the risk of colon cancer among both males and 

females. Two of the previous five studies among males have also observed that more 

intense activity may confer a greater risk reduction for colon cancer, however the 

previous nine studies involving females have generally found that the intensity of 

physical activity does not matter (Chapter Two).  For rectal cancer, vigorous intensity 

physical activity but not moderate intensity physical activity was associated with a 

reduced risk among males in the WABOHS.  In summary, the final major finding is that 

vigorous intensity physical activity may be required to optimally reduce the risk of 

colon cancer among males.   

8.2 MINOR FINDINGS 

8.2.1 Resistance training may reduce the risk of colon cancer 

The first minor finding is that resistance training may reduce the risk of colon cancer.  

The vast majority of research on physical activity and colorectal cancer has 

concentrated on aerobic physical activity, and little attention has been given to non-

aerobic activities such as resistance training.  The study presented in Chapter Six was 

the first to examine the effect of resistance training on the risk of colorectal cancer.  

Although this study suffered from several methodological limitations, the results 

provided some preliminary evidence that resistance training may reduce the risk of 

colon cancer, independently of aerobic physical activity.  Participants who definitely 
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performed some resistance training in their adult lifetime had a 30% lower risk of colon 

cancer than those who did not do any resistance training, although this difference was 

not statistically significant.  Resistance training was not associated with the risk of 

rectal cancer.  The effect of resistance training on the risk of colon cancer, and other 

chronic diseases, is worthy of further research.   

8.2.2 Reliability of lifetime transport-related physical activity 

The second minor finding is that females are able to recall the transport-related physical 

activity they performed during their lifetime with moderate reliability.  In recent years 

researchers have begun to focus on measuring physical activity in specific domains, 

rather than a global measure of physical activity.
3
  Although previous research has 

shown that participants are able to reliably recall recent transport-related physical 

activity, no studies have investigated the reliability of lifetime transport-related physical 

activity.  Therefore questions to measure lifetime transport-related physical activity 

were developed, and a study was conducted to assess their test-retest reliability.  The 

results indicated that the participants were able to recall the transport-related physical 

activity they performed during their lifetime with moderate reliability.  This is the first 

questionnaire to reliably measure transport-related physical activity performed over the 

lifetime. 

8.2.3 Agreement between methods of rating occupational physical activity 

The third minor finding is that a classification system based on job title and duties has 

good agreement with a valid and reliable self-reported method when rating occupational 

physical activity in females.  Occupational physical activity is measured in a variety of 

ways in epidemiological studies, and it not clear whether methods based on job titles 

rate occupational activity the same way as self-report methods.  The results of this study 

suggested that studies that have collected information about occupation, but not 

occupational physical activity, may still be useful datasets to examine the effect of 

occupational physical activity on health outcomes. 

8.3 PUBLIC HEALTH IMPLICATIONS 

As discussed in the Introduction of this thesis, understanding how the different 

components of physical activity (type, domain, timing, intensity, frequency and 

duration) influence health outcomes is critical.  The results of research that address 

these components have clear public health implications, and they ultimately help to 
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inform physical activity guidelines and health promotion messages by providing 

information on how much and what types of physical activity lead to the most beneficial 

health outcomes.  In this thesis I have investigated physical activity timing (specific age 

periods, and lifetime), domain (recreational, occupational and household), intensity 

(moderate and vigorous) and type (aerobic, sedentary behaviour, and resistance training) 

in relation to the risk of colon and rectal cancers.  In this section I will discuss the public 

health implications of my findings in the context of physical activity guidelines for 

adults and older adults from Australia,
4
 Canada,

5
 the United Kingdom,

6
 the United 

States,
7
 and the World Health Organisation (hereafter referred to as the Global physical 

activity guidelines).
8
 

For physical activity timing, this thesis has shown that there is good evidence that being 

physically active at almost any age, as well as over the lifetime, reduces the risk of 

colon cancer (Chapters Two and Four).  The age-period risk reductions have generally 

been found to be independent of each other, indicating that it is never too late to start 

being physically active.  While all the physical activity guidelines recommend that 

adults of all ages be physically active, only the Australian physical activity guidelines 

explicitly state that it is never too late to start being physically active.  Although it could 

be argued that this message is implicit in other national and international physical 

activity guidelines, a greater focus on this message may be warranted. 

The majority of research on physical activity and colon and rectal cancers has focused 

on recreational physical activity, and the majority of physical activity guidelines also 

tend to focus on recreational physical activity.  However, it is now generally accepted 

that physical activity is performed in four domains: recreational, occupational, 

household and transport-related.  Using data from the WABOHS, I was able to look at 

the first two of these domains (Chapters Four, Five and Six), and in the systematic 

review described in Chapter Three I conducted meta-analyses of studies that had 

investigated the effect of recreational, occupational and household-related physical 

activity on the risk of proximal colon and distal colon cancers.  The results of these 

meta-analyses showed that physical activity performed in any of these domains is 

associated with a reduced risk of colon cancer.  This finding implies that physical 

activity guidelines should make it clear that physical activity in any domain is beneficial 

for health.  The Global physical activity guidelines, which clearly state that physical 

activity performed for recreation, occupation, household chores or transport all 

contribute to meeting the recommended weekly dose, provides a good example of this. 
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In terms of physical activity intensity and type, in this thesis I have presented the 

argument that moderate intensity aerobic physical activity, vigorous intensity aerobic 

physical activity, sedentary behaviour and resistance training may all independently 

influence the risk of colon and rectal cancers (Chapters Two, Four, Five and Six).   

The results of my research, as well as the results of previous research, indicate that 

vigorous intensity physical activity may be required to optimally reduce the risk of 

colon cancer, particularly among males (Chapters Two and Four).  Although the 

evidence is not particularly strong for colon cancer, vigorous intensity physical activity 

has been shown to lead to greater fitness improvements and greater risk reductions for 

cardiovascular disease and all-cause mortality than moderate intensity physical 

activity.
9,10

  This research suggests that people already performing moderate intensity 

physical activity should be encouraged to also engage in physical activity of a vigorous 

nature, if physically capable.  The most recent Global, Canadian, United States and 

United Kingdom physical activity guidelines have all placed a greater focus on vigorous 

intensity physical activity, with it recommended as an alternative (or supplement) to 

moderate intensity activity to meet the recommended weekly dose. Australian physical 

activity guidelines also recommend that adults try to engage in some regular vigorous 

intensity activity, in addition to 30 minutes of moderate intensity activity on most or all 

days of the week.  

In the study described in Chapter Six I provided some initial evidence that resistance 

training (or strength training) may be independently associated with a decreased risk of 

colon cancer (but not rectal cancer).  Although the Australian guidelines for adults do 

not mention muscle-strengthening activities, the Global, Canadian, United Kingdom 

and United States physical activity guidelines all recommend that adults and older 

adults undertake muscle-strengthening activities at least twice a week.  These 

recommendations are largely based on improving physical function and reducing the 

risk of falls however, and the opportunity to promote resistance training would be 

increased with confirmatory evidence on a wider range of health benefits.  

Finally, the results of my research indicate that sedentary behaviour may be a novel and 

important risk factor for colon and rectal cancers.  This finding suggests that physical 

activity guidelines should encourage the public to sit less in both non-occupational and 

occupational settings.  As described above, recommendations concerning moderate 

intensity and vigorous intensity physical activity and muscle-strengthening activities 
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can be found in almost all physical activity guidelines.  In contrast, to date only the 

United Kingdom physical activity guidelines contain recommendations regarding 

sedentary behaviour for adults and older adults.  Sedentary behaviour has been 

associated with an increased risk of a range of chronic diseases, suggesting that all 

physical activity guidelines should include recommendations about reducing sitting 

time. 

The results of my research on sedentary behaviour, along with recent research that 

indicates that breaking up sitting time may help to counteract the negative health effects 

of sitting,
11

 has important implications for occupational health.  Specifically, 

occupational health programs that effectively minimise long bouts of sitting should be 

developed and implemented in workplaces in which sedentary behaviour is prevalent.  

A recent systematic review, however, found that there is a lack of evidence concerning 

the effectiveness of workplace interventions for reducing sitting time.
12 
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Table 8.1: Summary of the major and minor findings, contributions to the literature and implications of this thesis 

Finding Contribution to the Literature Implication 

Major Finding One: 

Sedentary behaviour is a novel and important risk 

factor for colon and rectal cancers, and its effect 

is independent of physical activity and seen even 

among those who are physically active. 

One of the few studies with a primary focus on the 

effect of sedentary behaviour on the risk of colon 

and rectal cancers.  

Physical activity guidelines should encourage the 

public to sit less in both non-occupational and 

occupational settings. 

Occupational health programs that effectively 

minimise long bouts of sitting should be developed 

and implemented in workplaces in which sedentary 

behaviour is prevalent. 

Major Finding Two: 

Physical activity reduces the risk of both proximal 

colon cancer and distal colon cancer.   It is 

unlikely that the association between physical 

activity and colon cancer differs by subsite.  

The first systematic review and meta-analysis of 

studies that have examined the effect of physical 

activity on proximal and distal colon cancers. 

It may be more beneficial for future research on 

physical activity and colon cancer to concentrate on 

elucidating other aspects of the relationship, rather 

than examining different subsite effects. 

Major Finding Three: 

Physical activity performed at almost any age, or 

over the lifetime, reduces the risk of colon cancer, 

and physical active performed over the lifetime 

may reduce the risk of rectal cancer 

One of the few studies with information about 

physical activity performed throughout the entire 

adult lifetime. 

The first detailed review of physical activity timing 

and the risk of colon cancer. 

Physical activity guidelines already recommend that 

adults of all ages be physically active, however they 

should also explicitly state it is never too late to start 

being physically active.  

 

1
9
0
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Table 8.1: Summary of the major and minor findings, contributions to the literature and implications of this thesis, continued 

Finding Contribution to the Literature Implication 

Major Finding Four 

Vigorous intensity physical activity may be 

required to optimally reduce the risk of colon 

cancer among males. 

One of few studies to have considered moderate 

intensity physical activity and vigorous intensity 

physical activity as independent risk factors for 

colon cancer. 

The greater focus on vigorous intensity physical 

activity seen in recent physical activity guidelines, 

with it recommended as an alternative (or 

supplement) to moderate intensity activity to meet 

the recommended weekly dose, is warranted. 

Minor Finding One: 

Resistance training may reduce the risk of colon 

cancer, independently of aerobic physical activity. 

The first study to examine the effect of resistance 

training on the risk of colon and rectal cancers. 

As currently seen, physical activity guidelines 

should contain recommendations concerning 

resistance (strength) training. 

Minor Finding Two:  

Females are able to recall the transport-related 

physical activity they performed during their 

lifetime with moderate reliability. 

The first test-retest reliability study of questions 

that measure lifetime transport-related physical 

activity. 

These questions can be used to collect reliable 

information transport-related physical activity 

performed over the lifetime in females. 

Minor Finding Three:  

An occupational physical activity classification 

system based on job title/duties has good 

agreement with a valid and reliable self-rated 

method. 

One of the few studies to examine agreement 

between a job-title based classification system and 

self-reported occupational physical activity. 

Studies that have collected information about 

occupation, but not occupational physical activity, 

may still be useful datasets to examine the effect of 

occupational physical activity on health outcomes in 

females. 

1
9
1
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8.4 LIMITATIONS AND FUTURE RESEARCH 

8.4.1 Limitations 

The limitations of the studies that made up this thesis have been discussed in previous 

chapters, so will only be revisited briefly in this section.  Much of the thesis was based 

on data from a case-control study (Chapters Four, Five and Six), which are more prone 

to problems such as selection bias and recall bias than cohort studies.   It is unlikely that 

recall bias influenced the results however, as the colon cancer-preventive effects of 

physical activity are not well known among the general community.  In a recent study 

less than 10% of Western Australians aged between 55 and 74 years who thought that 

colorectal cancer was preventable, believed that physical inactivity increased the risk of 

colorectal cancer.
13

  Selection bias is a possible explanation for the results based on 

WABOHS data however, especially given the low response fraction among the controls 

(46.5%).  It is possible that the controls who participated in the WABOHS may have 

been more health-conscious, and therefore possibly more likely to have performed 

physical activity, than those who did not participate.  This bias may have resulted in an 

overestimation of the protective effects of recreational physical activity and resistance 

training. 

A further limitation was the small number of participants performing particular types of 

physical activity, which led to some imprecise risk estimates.  In particular, the low 

prevalence of resistance training made it difficult to draw any firm conclusions about its 

effect on the risk of colon and rectal cancers.  Finally, the studies presented in Chapters 

7B and 7C were conducted among females only, so it not known if males are able to 

reliably recall lifetime transport-related physical activity, nor is it clear if self-reported 

and job-title based measures of occupational physical activity have good agreement 

when rating jobs among males.  Future research should address these questions. 

8.4.2 Measurement of lifetime physical activity and lifetime sedentary behaviour 

There is one important limitation that merits further discussion, and is also an important 

area for future research.  Although in this thesis I was able to look at several different 

components and types of physical activity (timing, intensity, sedentary behaviour, 

resistance training) and the effect they had on colorectal cancer risk, information about 

some components was not collected.  The WABOHS questionnaire did not collect 

information about household or transport-related physical activity, resistance training 

was not directly measured, and sedentary behaviour was only measured in the 
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occupational domain and was based on job titles and duties.  The physical activity 

questionnaire developed and used in the Breast Cancer Environment and Employment 

Study (BCEES) (Chapter 7B) measures some, but not all, of these missing components.  

While household and transport-related physical activity were measured in the BCEES, 

and occupational physical activity (including sedentary behaviour) at work was 

measured using a valid and reliable self-report method, resistance training was not 

directly measured, and information about sedentary behaviour was again only collected 

in the occupational domain.  Table 8.2 displays the different components of physical 

activity and shows which of these were measured in the WABOHS and the BCEES. 

Future studies of physical activity and colorectal cancer (and arguably any health 

outcome) should try to measure all of the physical activity components, including 

aerobic physical activity, resistance training and sedentary behaviour, because it is not 

otherwise possible to get a complete profile of an individual‘s activity level.  It is also 

important to minimise participant burden however, and self-administered physical 

activity questionnaires should be designed to be as simple as possible to complete. 

Although there are questionnaires that can reliably measure lifetime physical activity in 

multiple domains (such as the questionnaire outlined in Chapter 7B), measurement of 

retrospective sedentary behaviour (particularly non-occupational sedentary behaviour) 

over the lifetime is an area that needs further development.  Recently developed 

questionnaires designed to collect information about current or recent sitting in multiple 

domains have been shown to have acceptable validity and reliability,
14

 however little is 

known about the validity and reliability of measurement of sitting in the past.  More 

work is also needed on the measurement of resistance training, especially given that 

recent physical activity guidelines recommend this type of physical activity.
15 

8.4.3 Physical activity, sedentary behaviour and colorectal cancer survival 

As mentioned in the Introduction of this thesis, physical activity is thought to play a role 

in the development, progression and prognosis of colorectal cancer.  However, there is 

limited research regarding the effect that physical activity pre- and post-diagnosis has 

on colorectal cancer recurrence and survival, and no firm conclusions can be drawn 

from the studies to date.
16

  The role of sedentary behaviour in colorectal cancer survival 

is also largely unexplored.  Research on these topics may help to clarify whether 

initiatives to encourage healthy behaviours in newly diagnosed colorectal cancer 

patients could extend survival. 
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Table 8.2: Components of physical activity measured in the Western Australian Bowel Health Study (WABOHS) and the Breast Cancer Environment and 

Employment Study (BCEES)   

Note: Items with two ticks were measured in both studies, items with one tick were measured in the BCEES but not the WABOHS, and items with a cross were not 

measured in either study. 

COMPONENTS DOMAINS 

Type/Intensity Timing, Frequency and Duration Recreational Occupational
a 

Household Transport-Related 

Light Aerobic
b 

Timing     

Frequency     

Duration     

Moderate Aerobic  

Timing     

Frequency     

Duration     

Vigorous Aerobic
c 

Timing   not relevant  

Frequency   not relevant  

Duration   not relevant  

Resistance Training
d,e 

Timing   not relevant not relevant 

Frequency   not relevant not relevant 

Duration   not relevant not relevant 

Sedentary Behaviour 

Timing     

Frequency     

Duration     

   a. Occupational physical activity was not directly measured in the WABOHS (it was based on job titles and duties)  

  b. The two transport-related physical activities measured in the BCEES were of moderate (walking) and vigorous (cycling) intensity 

  c. Very few household physical activities are of vigorous intensity 

  d. Resistance training was not directly measured in the WABOHS or the BCEES (it was based on recreational physical activity titles) 

  e. Very few household or transport-related physical activities could be considered to be resistance training   

1
9
4
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8.4.4 Biological mechanisms 

While a limited number of studies investigating how physical activity and sedentary 

behaviour influences possible biomarkers of cancer risk have been conducted,
17,18

 the 

biological mechanisms through which physical activity and/or sedentary behaviour 

influence the risk of colon and rectal cancers remain unclear.  Future research, ideally 

intervention trials, should be conducted to shed further light on this issue.  Such 

research can also potentially provide further information on the type, timing, intensity 

and duration of physical activity needed to optimally reduce risk.
17 

8.4.5 Gene-environment interaction 

It is thought that no more than 10% of colorectal cancers are caused by inherited single 

gene mutations.
19

  However it is possible that a higher proportion may be caused by 

numerous low-penetrance variants (or polymorphisms) in metabolic or other genes that 

modify the effect that diet, lifestyle (such as physical activity) and environmental 

factors have on the risk of colon and rectal cancers.
19-20

 Although some studies have 

found that the effect of physical activity on colorectal cancer risk may be modified by 

particular genes (or vice versa),
21-23

 there is very limited research in this area.  

Investigating gene-physical activity and gene-sedentary behaviour interactions may lead 

to a better understanding of the association between physical activity, sedentary 

behaviour and colon and rectal cancers, and may also provide further information on the 

mechanisms through which physical activity and sedentary behaviour influence the risk 

of colon and/or rectal cancers.  

8.5 CONCLUSION 

The research presented in this thesis has helped to further our understanding of the 

intensity and timing of physical activity required to optimally reduce the risk of colon 

and rectal cancers, and has determined that physical activity probably has the same 

effect on the risk of proximal colon and distal colon cancers.  It has also provided 

important preliminary evidence that sedentary behaviour and resistance training may be 

independent risk factors for colon and/or rectal cancers, and has made some 

advancements to the measurement of lifetime physical activity.  Ultimately, the research 

presented in this thesis will help to inform physical activity guidelines and health 

promotion messages by providing information on the intensity, timing and types of 

physical activity that are associated with a reduced risk of colon and rectal cancers. 
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APPENDIX 1 QUESTIONNAIRES USED IN THE 

WESTERN AUSTRALIAN BOWEL HEALTH STUDY 
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APPENDIX 2 PHYSICAL ACTIVITY QUESTIONNAIRE 

USED IN THE BREAST CANCER ENVIRONMENT AND 

EMPLOYMENT STUDY 
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APPENDIX 3  FIRST PAGE OF PUBLICATIONS 

ARISING FROM THE MATERIAL IN THIS THESIS 

Note: The studies presented in Chapter 3, Chapter 7B and Chapter 7C have been 

accepted for publication but have not yet been published. 
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