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Abstract 

Physical activity (PA) has been identified as an important modifiable risk factor for numerous 

cancers, with the World Cancer Research Fund (WCRF)/American Institute for Cancer 

Research (AICR) reporting convincing evidence for a protective role of PA for cancers of the 

colon, breast and endometrium. 

Despite this, evidence suggesting a protective role for PA in upper gastrointestinal (GI) 

cancer aetiology is more limited, particularly from large-scale prospective studies. Currently, 

there is a lack of prospective evidence investigating the association between PA and 

oesophageal and gastric cancers.  

There is also a lack of evidence in relation to the underlying biological mechanisms 

underpinning the previously reported ‘convincing’ associations between PA and cancer risk. 

For the purposes of this thesis, the associations between PA and colorectal cancer (CRC) 

risk as potentially mediated by the insulin-like growth factor (IGF) pathway are further 

investigated using novel mechanistic systematic review methodology.   

In order to address these research gaps, two pieces of work were undertaken within this 

thesis: 

1. Firstly, a prospective cohort study investigating self-reported PA, screen-based 

sedentary behaviour and oesophago-gastric cancer risk was conducted within the UK 

Biobank. A cohort of 359,033 adults aged 40–69 years were identified between 2006-

2010. During a mean 5.5 years of follow-up, 294 oesophageal cancer and 217 gastric 

cancer cases were diagnosed. PA and screen-based sedentary behaviour levels were 

not associated with overall oesophageal cancer (high vs low PA; HR 1.18 95% CI 

0.85–1.62), (high vs low screen time; HR 1.14 95% CI 0.87–1.49) or gastric cancer 

risk (high vs low PA; HR 1.28 95% CI 0.82–1.98), (high vs low screen time; HR 1.13 
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95% CI 0.83–1.55). When compared with low levels, high PA levels were associated 

with a significantly reduced risk of gastric non-cardia cancer (HR 0.58, 95% CI 0.37–

0.95). Moderate PA levels were associated with a 38% reduced risk of oesophageal 

adenocarcinoma (OAC) (HR 0.62, 95% CI 0.43–0.89). This work has been published 

in the United European Gastroenterology Journal in 2018 (Kunzmann*, Mallon* et al, 

United European Gastroenterol J. 2018 Oct;6(8):1144-1154; *Joint first authorship) 

2. Secondly, a systematic review, utilising the recently developed WCRF-

International/University of Bristol methodology for identifying and carrying out 

systematic reviews of mechanisms of exposure-cancer associations was conducted 

to assess whether the IGF pathway mediates the association between PA and CRC 

risk. This review entailed two specific objectives: 

• To assess the components of PA, including type, intensity and duration in relation to 

concentrations of any IGF biomarker related to the IGF pathway. 

• To assess the association between circulating IGF components and CRC risk. 

Fifty-seven studies assessing domains of PA in relation to concentrations of any IGF 

biomarker related to the IGF pathway and 19 studies observing biomarkers related to the IGF 

pathway and CRC risk were identified.  

Meta-analyses for part 1 of this review revealed statistically significant decreased levels of 

IGF-1 in relation to self-report PA (via questionnaire), (SMD -0.08, 95% CI -0.16, 0.00) only. 

No significant associations between long-term (numerous sessions performed over several 

weeks/months) and short-term (typically, one short distinct session of PA lasting several 

minutes/hours) PA interventions with any biomarkers related to the IGF pathway were found.  

https://www.ncbi.nlm.nih.gov/pubmed/30288276
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Meta-analyses comparing the highest vs lowest levels of circulating IGF-1 showed an almost 

1.3-fold increased risk of CRC (RR 1.27, 95% CI 1.12-1.45) and a significant 1.7-fold 

increased risk in CRC (RR 1.69, 95% CI 1.26-2.26) when comparing the highest vs lowest 

circulating levels of IGF-2. 

Overall the work within this MPhil thesis adds to current knowledge regarding a protective 

role for PA in reducing the risk of some subtypes of upper GI cancer, giving a greater insight 

into potential mediators in the PA-CRC relationship.  

This work provides both novel evidence for PA in upper GI cancer aetiology, as well as a 

deeper understanding of the underlying mechanisms through which PA may reduce CRC 

risk, which may prove useful in informing future research in this area. 
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1.1 Aims and objectives 

The broad aims of this MPhil project are to examine the association between the main 

components of PA; duration, frequency and intensity, as well as sedentary behaviour, and 

the risk of GI cancers, namely oesophageal and CRC.  

Despite promising evidence to suggest a role for PA in the risk reduction of a number of 

cancers (1), there still remains a paucity of data in relation to a number of cancer sites, 

including cancers of oesophagus and stomach, as well as a lack of evidence to suggest the 

underlying biological mechanisms underpinning the association between PA and cancer risk.  

In particular, there is only suggestive evidence for a protective role of PA in upper GI cancer 

aetiology (2). Although previous systematic reviews and meta-analyses (3–5) have reported 

reduced risks of both oesophageal and gastric cancer with increased levels of PA, there is 

still a lack of evidence from large-scale prospective studies in relation to individual cancer 

subtypes. Evidence in relation to sedentary behaviour and these cancer types is also limited, 

particularly that from derived large-scale prospective studies.  

Thus, the first aim and objective of this thesis is to carry out a large-scale prospective study, 

utilising data from the UK Biobank to determine the associations between PA, sedentary 

behaviour and risk of oesophago-gastric cancer. 

There is also convincing evidence suggesting an inverse relationship between PA and CRC 

risk currently (6), as well as consistent evidence to suggest IGF as a major determinant of 

CRC development and progression. However, there is still a lack of evidence in relation to 

whether the IGF pathway mediates the association between PA and CRC risk. Although 

previous systematic reviews and meta-analysis (7,8) have exhibited an inverse relationship 

between PA and CRC, the identification of the potential underlying mechanisms mediating 

this relationship remains poor. Whilst numerous systematic reviews and meta-analysis have 
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reported an association between IGF and CRC independently, they also present limitations, 

with few reporting on all components of IGF.  

Whilst these numerous individual studies have assessed the association between PA and 

CRC risk and IGF and CRC respectively, none have reviewed this association collectively to 

attempt to determine plausible biological mechanisms. The WCRF International and the 

University of Bristol have recently developed a novel framework which provides a platform to 

gain an overview of these mechanistic pathways through conducting a systematic review of 

the literature .  

Hence, our second aim and objective of this thesis is to apply this framework to gain a better 

understanding of the mechanisms (IGF biomarkers) underpinning the association between 

PA (exposure) and CRC. To our knowledge, this is the first systematic review to apply this 

novel framework to attempt to answer this research question.  

1.1.1 Thesis Outline 

Chapter 1 introduces the reader to the general concepts of PA, including definitions, 

measurements and current recommendations, as well as known associations between PA 

and cancer risk, including the current epidemiological evidence and the potential underlying 

mechanisms underpinning this association. It also provides a brief overview of each of the GI 

cancers, including aetiology and common risk factors for these cancers. Chapter 2 describes 

the literature on epidemiology and risk factors for oesophago-gastric cancer, as well as the 

current evidence in relation to PA and oesophago-gastric cancer risk. The results of the 

prospective cohort study observing PA and sedentary behaviour in relation to oesophago-

gastric cancer risk are then presented and discussed.  Extracts from this chapter have been 

published by Kunzmann and Mallon et al. (Joint first authors): “Physical activity, sedentary 

https://pure.qub.ac.uk/portal/en/publications/physical-activity-sedentary-behaviour-and-risk-of-oesophagogastric-cancer-a-prospective-cohort-study-within-uk-biobank(c72e7b8f-2c42-4520-ba77-2af99da4e7eb).html
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behaviour and risk of oesophago-gastric cancer: a prospective cohort study within UK 

Biobank” in the United European Gastroenterology Journal (2018).  

Chapter 3 describes the literature on IGF and CRC risk, as well as the current evidence in 

relation to PA and CRC risk. This chapter also provides an overview of the biological 

relationship between IGF and CRC, as well as the epidemiological evidence on this 

relationship. This chapter details the methodology used for the systematic review of PA, IGF 

& CRC and presents the results of this.  

Chapter 4 provides an interpretation and discussion of the significance of the findings from 

this thesis, including its strengths and limitations as well as recommendations for future 

research in the area.  

1.2 Concepts of Physical Activity  

 PA is defined as any bodily movement produced by skeletal muscle that results in energy 

expenditure (9). The most common measure of energy expenditure resulting from PA is 

kilocalories (kcal).  The caloric expenditure due to PA should be attributed to the volume of 

PA, accounting for its three main components; duration, frequency and intensity. 

Furthermore, we should also observe the domains of PA in which these components occur. 

These domains are most commonly categorized as PA during; sleep, at work (occupational 

PA [OPA]) and in leisure time (Leisure time PA [LTPA]). These domains and the caloric 

contribution of each domain are summated to give the total energy expenditure due to PA.  

The three main components of PA allow for a quantitative understanding of the relationship 

between PA and health. The duration of PA typically refers to the length of time (usually in 

minutes) an activity is continued. Frequency of PA refers to the number of times an activity 

is performed within a specific time-period and is usually expressed as the number of times 

per week an activity is performed. Frequency can be expressed as sessions, episodes or 

https://pure.qub.ac.uk/portal/en/publications/physical-activity-sedentary-behaviour-and-risk-of-oesophagogastric-cancer-a-prospective-cohort-study-within-uk-biobank(c72e7b8f-2c42-4520-ba77-2af99da4e7eb).html
https://pure.qub.ac.uk/portal/en/publications/physical-activity-sedentary-behaviour-and-risk-of-oesophagogastric-cancer-a-prospective-cohort-study-within-uk-biobank(c72e7b8f-2c42-4520-ba77-2af99da4e7eb).html
https://pure.qub.ac.uk/portal/en/journals/united-european-gastroenterology-journal(30c94f6d-7047-4ee1-a981-f70deab913ba).html
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bouts of activity per week. Intensity of PA refers to the rate of energy expenditure required to 

perform an activity and can be expressed in absolute or relative terms such as low, moderate 

and high, as defined in section 1.2.4.  

1.2.1 Types of Physical activity 

There are numerous types of PA which can be categorised into; aerobic/anaerobic activity, 

resistance training and mobility/balancing activities. The American College of Sports 

Medicine defines aerobic activity as; “any activity which uses large muscle groups, can be 

maintained continuously and is rhythmic in nature” (10). Typical aerobic activities include; 

walking, cycling, jogging and rowing. The criterion measure for aerobic fitness is peak oxygen 

consumption (VO2 Max), which indicates the maximum rate at which aerobic metabolism can 

supply energy (11).  

In contrast, anaerobic activity has been defined as; “intense PA of very short duration, fuelled 

by the energy sources within the contracting muscles, independent of the use of inhaled 

oxygen as an energy source” (12). Typical anaerobic activities include sprinting and 

gymnastics. 

Although often categorized as an individual component of PA, resistance training is a 

common anaerobic activity which is performed specifically to increase an individual’s 

muscular strength, power, and endurance. The volume of resistance exercise performed is 

typically measured by assessing the number of times the resistance exercise is performed 

(reps), the number of sets performed, and the exercise which is performed (13).  

Mobility and balancing activities are those which are required to maintain the range of motion 

necessary to efficiently carry out everyday activities and to prevent falls, and are particularly 

important for older adults (14).  
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1.2.1.1 Exercise 

Despite often being confused and used interchangeably with ‘physical activity’, exercise is in 

fact a subset of PA. Although they share numerous common elements; both produce bodily 

movements via skeletal muscles, both result in energy expenditure and both are positively 

correlated with physical fitness, each term describes a distinctly different concept.  

Exercise’s main distinction from PA is that it is a planned, structured and repetitive bodily 

movement, which is purposeful in the sense that it aims to improve or maintain one or more 

components of physical fitness.  

Differentiating between these terms is of importance not just for the purposes of the research 

literature but also to help individuals better understand their current behaviours and how each 

entity may improve their personal health (15).  

1.2.1.2 Physical fitness 

Physical fitness is also a distinct entity to PA and refers to attributes an individual has or 

achieves, which relate to their ability to perform an activity (9). The main components of 

physical fitness in relation to health can be categorised as; cardiorespiratory endurance, 

muscular endurance, muscular strength, body composition and flexibility. 

1.2.1.3 Sedentary behaviour  

Sedentary behaviour is defined as any waking activity with low energy expenditure (≤1.5 

Metabolic equivalents [METS]), while in a sitting, reclining or lying posture (16). Although, 

historically conceptualized as a lack of PA, sedentary behaviour has more recently been 

regarded as a somewhat distinct behaviour, which can coexist with high levels of PA (17). 

Some of the most common sedentary behaviours include; screen-time (TV or computer 

screen viewing), sitting and driving (18).  
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1.2.2 Current physical activity guidelines and recommendations  

It is currently recommended by the UK Government that individuals in the UK participate in 

at least 150 minutes of moderate-intensity PA per week (19) for general health. Typically, it 

is suggested that adults (aged 19-64 years) participate in 30 minutes of PA on at least 5 days 

per week, although this may be accumulated in bouts of 10 minutes or more. Alternatively, 

75 minutes of vigorous intensity activity spread across the week or a combination of moderate 

and vigorous intensity activity may produce comparable benefits.  

The WCRF/AIRC suggest similar guidelines for the prevention of cancer (20), recommending 

that adults participate in at least 30 minutes of moderate PA every day and limit sedentary 

time. Furthermore, it is also recommended that individuals partake in muscle and bone-

strengthening activities that incorporate major muscle groups at least 2 days per week and 

those with poor mobility perform activities to enhance balance and prevent falls (21). 

1.2.3 Physical inactivity prevalence  

Whilst higher levels of PA may confer greater health outcomes, physical inactivity has been 

identified as the fourth leading risk factor for global mortality, contributing to  approximately 

3.2 million deaths worldwide (22). In recent years, physical inactivity has become an 

increasingly pressing public health issue, with levels declining in co-ordinance with 

technological and economic advances (14). In 2010, it was estimated that approximately 23% 

of adults (18 years and over) were insufficiently active globally (22). Moreover, physical 

inactivity represents a major problem in the UK, with approximately 20.1 million (39%) adults 

failing to meet the recommended PA activity levels in 2015 (23). In England, up to 16.8 million 

adults were insufficiently active, with almost half the population of Northern Ireland (650,000; 

[46%]) failing to meet the recommended PA recommendations in 2015 (23). Failure to meet 

these recommendations may be partially due to a number of factors, including the lack of 
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knowledge and misinterpretation of guidelines, with conflicting individual interpretations of 

how much PA is needed to maintain or improve health (14). 

1.2.3.1 Sedentary behaviour and Cancer risk 

Currently, the evidence relating to sedentary behaviour and risk of cancer is lacking, with only 

limited-suggestive evidence of an increased risk for endometrial cancer in association with 

increased levels of sedentary behaviour. This evidence is based on findings from the 

WCRF/AICR continuous update project (CUP) (24), which conducted a meta-analysis of 

three cohort studies comparing the highest versus lowest levels of sedentary behaviour 

(defined as sitting time) in relation to endometrial cancer. This meta-analysis found that 

increased sitting time (highest vs lowest levels) was associated with a significant increased 

risk of endometrial cancer (RR 1.46, 95% CI 1.21-1.76). In relation to other cancers, including 

oesophageal and stomach cancer, the evidence is currently too limited to draw definitive 

conclusions. 

1.2.4 Measuring Physical Activity  

One of the most commonly applied proxies for the measurement of PA intensity is the 

metabolic equivalents (METS). One MET is defined as the amount of oxygen consumed while 

sitting at rest and is equal to 3.5 ml O2 per kg body weight x min (25). METS can be quantified 

in relation to various household, occupational and recreational activities, each of which has 

their own respective energy expenditure value.   

Table 1.1 presents an overview of MET values for PA according to intensity, along with 

examples of typical recreational and household activities belonging to each category (26). 
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Table 1.1 MET values for physical activities according to intensity of activity 

Physical activity MET 

Light intensity activity 

Sleeping 

Sitting (D=desk work) 

Cleaning (housework) 

<3 

1.0 

1.3 

2.5 

Moderate intensity activity 

Bicycling (for leisure – 5.5 mph) 

Walking (2.5 mph) 

Stair climbing (slow pace) 

3-6 

3.5 

3.3 

4.4 

Vigorous intensity activity 

Running (in place) 

Running (marathon) 

>6 

8.0 

13.3 

 

MET-minutes or MET-hours are calculated by multiplying the MET score for each type of PA 

by the minutes performed in hours or minutes (27).  

MET values are derived from ‘The Compendium of Physical activities’, a resource which was 

developed to provide a five-digit coding scheme which links categories and types of PA with 

their respective MET value (26). It has become one of the most widely used and accepted 

resources to quantify the energy costs of PA, obtained from questionnaires, logs and records. 

Currently, the World Health Organisation (WHO) recommends at least 600 MET minutes of 

total activity/week for health benefits; which equates to approximately 150 minutes/week of 

brisk walking (i.e. moderate-intensity PA) or 75 minutes/week of running (i.e. vigorous-

intensity PA) (28). 
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1.2.4.1 Subjective measures 

Accurate measurement and assessment of PA is required to evaluate and assess current 

levels and changes in levels of PA over time. The most common PA measurements at 

population level include self-report measurements (subjective measurements) which come 

primarily in the form of questionnaires, as well as diaries, logs, interviews and surveys. 

Despite presenting practical, easily administered and inexpensive methods for gaining 

important and useful insights into PA behaviours at a population level, self-report measures 

often incur accuracy and reliability issues (29).  

This relates mainly to social desirability bias (30). Social desirability bias refers to the 

tendency of an individual to provide responses based on what they perceive as being socially 

desirable as opposed to providing responses which are more reflective of their own thoughts 

(31). PA is often over-reported (30), with respondents often reporting higher duration, 

intensity or frequency of activity than is actually true, leading to inaccuracies and low validity 

in the assessment of PA (32,33). 

One of the most commonly used instruments is the International Physical Activity 

Questionnaire (IPAQ) (34) which was developed and tested for its validity and reliability in 12 

countries. The study of Marshall et al., concluded that the IPAQ is a valid instrument to 

monitor population levels of PA among 18 to 65-year old adults in diverse settings(34). Since 

then, it has been become one of the most widely used and recognized self-report instruments 

for PA globally. 

1.2.4.2 Objective measures  

Objective measurements of PA, including devices such as pedometers and accelerometers 

may also offer a solution to issues with self-report data (35). In recent years the use of these 

devices has become more common for the measurement of PA, as they offer a practicable 
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and increasingly reliable measure of PA levels (36). Pedometers measure the number of 

steps during motion which can then be used to determine the distance walked and resulting 

energy expenditure. Despite providing an inexpensive, simple method for PA measurement, 

pedometers do however fail to account for the intensity of PA measurement, which can lead 

to inaccurate estimations of energy expenditure (37).  

Accelerometers on the other hand, despite being a more expensive measure of PA, present 

accurate measures of human movement, accounting for both its frequency and intensity. 

Accelerometery data can derive both velocity and displacement information by integrating 

accelerometery data with respect to time (38) and thus, is preferred to some of the more basic 

measurements of human movement. However, devices such as pedometers or 

accelerometers can provide information regarding domains of PA or types of activities 

performed.  

1.2.5 Physical activity and GI Cancer risk – Epidemiology 

In terms of PA and cancer prevention, the WCRF/AICR have reported a protective role of PA 

for cancers of the colon, breast and endometrium (39). This evidence suggests that for 

individuals partaking in any type/intensity of activity, there is a “convincing” level of evidence 

for a decreased risk of CRC and a “probable” level of evidence for a decreased risk of breast 

(postmenopausal) and endometrial cancer. They also report a “probable” level of evidence 

for decreased risk of premenopausal breast cancer for those partaking in vigorous PA. 

Despite this, evidence suggesting a protective role for PA in other GI cancer aetiology is more 

limited. 
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Figure 1.1 Summary of evidence on PA and the risk of cancer (Adapted from 

 WCRF/AICR CUP expert report on PA and the risk of cancer (39).  

 

 

 

 

 

 

 

 

 

 

 

 

1.3 Cancer development 

Cancer is a group of over 100 diseases characterised primarily by uncontrolled cell growth 

(40). Although many cancers are idiopathic, increasing attention is being paid to risk factors 

such as diet, PA and sedentary behaviour which can increase an individual’s cancer risk 

profile through contributing to uncontrolled cell growth.  Cancer is this uncontrolled cell growth 

which contributes to the proliferation of cancer cells, resulting in the invasion of normal tissues 

and organs before eventually spreading throughout the body (metastasis).  
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1.3.1 Hallmarks of Cancer 

To provide a better understanding of the underlying principles of carcinogenesis, The 

“Hallmarks of Cancer” framework was developed by Hanahan and Weinberg in 2000 (41), 

and was subsequently updated in 2011 (42).  

This concept proposes that all cancers share six common traits involved in the transformation 

of normal human cells into cancerous cells. In summary, these traits are: 

1. Self-Sufficiency in Growth Signals: In this stage normal cells require mitogenic 

growth signals before they can develop an active proliferative state. Tumour cells are 

not dependent on stimulation from their normal tissue microenvironment as many 

generate their own growth signals. It is this lack of dependence from exogenously 

derived signals which disrupts the normal behaviour of the various cell types within a 

tissue. These processes result in increased tumour growth and cell division (43).  

2. Insensitivity to Antigrowth Signals: Within normal tissue, multiple antiproliferative 

signals maintain cellular quiescence and tissue homeostasis. Antigrowth signals 

operate to restrain the proliferation of cancer cells. The proliferation of cancer cells is 

highly dependent upon the evasion of these antiproliferative signals. Although not 

entirely understood, there exists more than one strategy by which cells avoid 

differentiation. One strategy for evading differentiation involves the c-myc oncogene. 

Myc, in synergy with another factor; Max, can present differentiation-inducing signals 

(44). When c-Myc is overexpressed, this can reverse these differentiation-inducing 

signals and thus, promotes tumour growth. 

3. Evading Apoptosis: The ability of tumour cell populations to expand can be 

determined via programmed cell death, known as apoptosis. Although it may occur 

through a variety of ways, the p53 tumour suppressor gene is thought to be the 
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greatest contributor to this process. It is the inactivation of the p53 protein, the product 

of the p53 tumour suppressor gene, which removes a key component of the DNA 

damage sensor that induces apoptosis (45).  

4. Limitless Replicative Potential: Cancer cells have the potential for indefinite growth 

and division and can be immortalised due to this limitless replicative potential.  

5. Sustained Angiogenesis: The growth of new blood vessels through angiogenesis 

sustains tumour growth. The process of angiogenesis heavily relies and depends on 

nearby capillaries to deliver oxygen to cancer cells.  

6. Tissue Invasion and Metastasis: Cancer cells have the ability to metastasise and 

invade other tissues as it spreads to other sites in the body.  

Figure 1.2 The Hallmarks of Cancer: six biological landmarks acquired in the process of 

malignant transformation (Adapted from Hanahan and Weinberg, 2000 (41)).  
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1.3.2 Site-specific pathology 

Although all cancers share these common traits, each cancer presents its own unique 

aetiology and pathology with multiple structural, molecular and behavioural features. Site-

specific pathologies are presented subsequently, outlining the development and progression 

of each respective GI cancer. 

1.3.2.1 Oesophageal cancer pathology 

Cancer of the oesophagus progresses in a linear fashion beginning with metaplasia, 

dysplasia and eventually an adenocarcinoma, the most common type of oesophageal cancer 

in developed countries (46). Figure 1.3 depicts the progression of normal squamous mucosa 

to OAC, going through the stages of metaplasia and dysplasia.  

Figure 1.3 Progression of oesophageal cancer (Modified from Villanacci et al. (47)) 

 

1.3.2.2 Gastric cancer pathology  

Gastric cancers are primarily adenocarcinomas, which account for 90-95% of all gastric 

cancers (48). There are two main 2 main types of gastric cancer: 1) intestinal; and 2) 

undifferentiated or diffuse type. One of the main risk factors for gastric cancer is Helicobacter 
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pylori (H. pylori), which is also a key risk factor for gastritis. Due to this pylori-induced gastritis, 

it is believed that most gastric cancers are developed in a mucosa with deep changes 

associated with atrophy and intestinal metaplasia (49). The atrophy of mucosa in the corpus 

causes the erosion of the parietal cells and inflammation advances in the corpus and 

intestinal metaplasia and subsequently dysplasia, develop. 

 

Figure 1.4 A model of gastric cancer development (Modified from Riquelme et al. (50)). 

 

1.3.2.3 Colorectal cancer pathology 

Most CRCs start as a growth on the inner lining of the colon or rectum. CRC develops in a 

multi-stage manner, beginning with normal epithelium, through an adenoma and then into a 

carcinoma which invades surrounding tissues and eventually undergoes metastasis (51). 

Figure 1.5 depicts the progression of a normal cell into an invasive CRC.  
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Figure 1.5 Progression of a normal epithelium into an invasive CRC (Modified from Janne 

and Mayer (52)).  

 

1.3.2.4 Other gastrointestinal cancer pathology 

Other GI cancers that can occur include pancreatic, hepatobiliary tract, small intestine and 

gallbladder tumours. Given the focus of the remaining parts of this thesis on upper GI cancers 

and CRC, the pathology of these are not discussed in further details.  

1.4 Gastrointestinal cancer epidemiology 

1.4.1 Oesophageal cancer epidemiology 

Oesophageal cancer is the eighth most common cancer worldwide, with around 456,000 new 

cases occurring in 2012, accounting for a total of 3.2% of all cancer cases (53). Oesophageal 

cancer is comprised of two major subsites: oesophageal squamous cell carcinoma (OSCC) 

and OAC, each of which have distinct aetiologies. These distinct differences were highlighted 

in 2017, in a comprehensive molecular analysis reporting contrasts in molecular profiles 

through DNA sequencing, analyses of gene and protein expression (54). This study, which 

performed a molecular analysis of 164 carcinomas of the oesophagus, reported that OSCCs 

were more comparative to squamous carcinomas of other organs than they were to OACs. 
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Although historically, oesophageal cancer primarily comprised OSCC, which still holds for the 

developing world, there has been a sharp rise in the incidence of OAC which has now become 

the most common type of oesophageal cancer in Western countries (46).   

1.4.1.1 Risk factors 

Based on current data, it has been deemed that there is ‘convincing’ evidence that alcoholic 

drinks increase the risk of OSCC and body fatness increases the risk of OAC, and ‘probable’ 

evidence that maté (a south American drink consumed scalding hot) increases the risk of 

OSCC (55). Currently, there is only ‘suggestive’ evidence that PA decreases the risk of 

oesophageal cancer. Gastro-oesophageal reflux disease (GORD), a common condition 

which can result in inflammation of the oesophagus, is one of the most commonly cited risk 

factors for oesophageal adenocarcinoma (56). 

1.4.1.2 Physical activity and oesophageal cancer risk 

Most of the current evidence on the association between PA and oesophageal cancer 

suggests an inverse relationship between PA and OAC. When comparing the most physically 

active to the least physically active individuals, previous systematic reviews have reported a 

reduced risk of oesophageal cancer (4,5). Singh et al. also reported a significant 32% reduced 

risk for OAC specifically (OR 0.68, 95% CI 0.55-0.85) when comparing the most to the least 

physically active individuals. However, results for OSCC were less conclusive (57,58). In a 

case-control study (59) in an Iranian population, observing body size and sedentary lifestyle 

in relation to OSCC risk, Etemadi et al., reported only significant associations for women. 

This study reported that having a very obese body size (based on body size pictograms) at 

age 15 and age 30, increased the risk for OSCC by up to 3.2-fold (OR 3.2, 95% CI 1.3–7.7) 

and 3.1-fold (OR 3.1, 95% CI 1.1–8.5) respectively, for women but not for men. Furthermore, 

sedentary work at age 15 (OR 3.3, 95% CI 1.3–8.3) and at age 30 (OR 18.2, 95% CI 3.9–
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86.2) were associated with a significant increased risk of OSCC in women only. Conversely, 

Leitzmann et al., in a large prospective study (60) which identified 149 cases of OSCC 

reported no significant associations with PA levels (RR 1.05, 95% CI 0.64- 1.74). 

Currently, there is also a paucity of evidence in relation to sedentary behaviour and 

oesophageal cancer risk, with a previous meta-analysis reporting no associations between 

TV viewing, sedentary time and oesophageal cancer (61). This meta-analysis which 

observed TV and sedentary time in relation to numerous cancer types, reported only a non-

significant reduced risk of oesophageal cancer (RR 0.87, 95% CI 0.57-1.34) after pooling 

results from four studies. Low heterogeneity was observed across studies relating to 

sedentary behaviour and oesophageal cancer (I2 = 34.1%; Ptrend = 0.26) with no assessment 

for publication bias performed due to the small number of studies observed.  

1.4.2 Gastric (Stomach) Cancer epidemiology 

Gastric cancer (GC) is the fifth most common cancer worldwide (53) and the third most 

common cause of cancer death in both male and females. Men are twice as likely to develop 

GC and it is a disease characterized by old age, with the average age of diagnosis in the US 

being 72 years old (62). Moreover, in the UK between 2013-2015, around half of all new 

cases were reported in individuals aged 75 years and older (63). GC’s two major subsites 

are: the cardia (proximal) and non-cardia (distal). In contrast to declining non-cardia tumours, 

cardia tumours have been increasing in the past 70 years, particularly in males and in western 

countries (64). Along with these varying time trends, GC incidence also varies geographically, 

by up to ten-fold in some instances (65).  Approximately 70% of all GC cases occur in less 

developed countries with around half of all cases in Eastern Asia (66). Despite this, overall 

gastric cancer incidence and mortality has decreased dramatically over the past 70 years 
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(67), predominantly in developed countries. This decline has been attributed to a reduction 

in one of the main risk factors for gastric cancer; H. pylori infection.  

1.4.2.1 Risk factors 

H. pylori, a gram-negative bacillus that manifests in the human stomach, is a common chronic 

bacterial infection and one of the most common risk factors for gastric cancer (68).  

The global report on diet, nutrition, PA and stomach cancer (62) by the WCRF also considers 

the following as having a ‘probable’ effect on increasing stomach cancer risk; body fatness 

(cardia), alcoholic drinks (approximately 3 drinks per day and over), foods preserved by 

salting, and processed meat (non-cardia).  

1.4.2.2 Physical activity and gastric cancer risk 

Currently, there is limited evidence to suggest an association between PA and gastric cancer 

risk with previous studies reporting conflicting results. When comparing active to inactive 

individuals, one study (69) reported significant reduced risks of up to 31% for GAC (HR 0.69, 

95% CI 0.50-0.94) and 56% for gastric non-cardiac adenocarcinoma. In a meta-analysis (4) 

comparing the most vs least active individuals, a significant risk reduction of 13% (RR 0.87, 

95% CI 0.78-0.97) for overall gastric cancer was observed. One cohort study (58) reported a 

strong inverse association with gastric non-cardia adenocarcinoma (RR 0.62, 95% CI 0.44-

0.87) when comparing the highest versus lowest PA level.  

1.4.3 Colorectal cancer epidemiology 

CRC, also known as bowel cancer, is the third most common cancer worldwide with around 

1.4 million new cases occurring in 2012, accounting for a total of 10% of all new cancer cases 

(66). It is the fourth most common cause of death from cancer, thought to account for upward 

of 694,000 deaths worldwide. Incidence patterns are similar in men and women as it is the 
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third most common cancer in men (746,000; 10% of all cancer cases) and the second in 

women (614,000; 9.2%). The highest rates are observed in Australia/New Zealand (32.2 per 

100,000) with the lowest rates reported in Western Africa (3.8 per 100,000)(66).  

The prognosis rate for CRCs diagnosed at an early stage is promising, with a 5-year survival 

rate of up to 90% (6). However, those diagnosed at a later stage offer a poorer prognosis 

with a 5-year survival rate of only 13%.  

1.4.3.1 Risk factors 

In the most recent global report (6) on diet, nutrition, PA and CRC, the WCRF presented 

evidence on the most commonly cited risk factors for CRC, as well as the lifestyle behaviours 

which may reduce the risk of this disease. Currently the strongest or most ‘convincing’ 

evidence for an increased risk of CRC relates to; adult attained height, body fatness, alcoholic 

drinks and processed meat intake. In contrast, the strongest or most ‘convincing’ evidence 

for a decreased risk of CRC relates to PA. Other common risk factors include age and genetic 

predisposition.  

1.4.3.2 Physical activity and colorectal cancer risk 

Along with breast and endometrium cancer, CRC presents some of the most promising 

evidence in relation to PA and cancer risk reduction with consistent findings indicating a lower 

risk with increasing levels of activity in a dose-response manner (70,71). This was exhibited 

in a recent meta-analysis by Kyu et al. (72), which reported that when compared with 

insufficiently active individuals (men and women), the risk of CRC in low active, moderately 

active and highly active groups was reduced by 10%, 17% and 21%, respectively. This meta-

analysis had number of methodological strengths; assessing for publication bias, conducting 

sensitivity analyses including only higher quality studies and carrying out assessment for 

quality studies.  
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Another meta-analysis analysing the association between leisure-time PA and 26 different 

types of cancer, also reported a significant association between PA and CRC risk (8). This 

study, which observed PA and CRC risk through 12 different studies, with a total of 14,160 

cases reported a significant 16% (HR 0.84, 95% CI 0.77-0.91) reduced risk for cancer of the 

colon when comparing individuals with the highest vs lowest levels of activity. Although 

difficult to exclude potential residual confounding due to lifestyle behaviours such as diet and 

smoking, body mass index (BMI) was carefully adjusted for in all analyses in this 

comprehensive review of the associations between PA and 26 different cancer types, 

including CRC. 

1.4.4 Other GI Cancers 

Although not the primary focus of this thesis, an overview of the epidemiology for other GI 

cancers is presented subsequently to provide a greater understanding of the burden that 

these cancers present, as well as their relationship with PA. 

1.4.4.1 Pancreatic cancer epidemiology 

PC is a highly fatal cancer and is the seventh most common death from cancer worldwide, 

attributable for around 331,000 deaths per year (4% of all deaths) (53). It is the thirteenth 

most common cancer with a poor 5-year survival rate, estimated to be less than 5% (53,73). 

This may be attributed to late diagnosis as this cancer does not typically produce symptoms 

during its early stages. The incidence and mortality of PC increases in correlation with age, 

with an average age of diagnosis in the US – 71 years, and in England – 72 years (74). 

Almost 90% of all PC cases are diagnosed after the age of 55 years (75). Those symptoms 

which do present, such as aches and pains, often go unnoticed as they are already prevalent 

in this aging population, further contributing to late diagnosis rates (76). The incidence of PC 

also varies greatly geographically. Northern America and Western Europe present the 
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highest incidence, with similar rates of 7.4 per 100,000 people and 7.3 per 100,000 people, 

respectively. Conversely, some of the lowest incidence rates were observed in Middle Africa 

and South-central Asia, with rates of about 1.0 per 100,000 people. Mortality rates follow 

similar patterns, with the highest rates presenting in Northern America (6.9 per 100,000 

people) and Western Europe (6.8 per 100,000 people), in both genders. Such similarities in 

incidence and mortality rates are due mainly to the severity of the fatality of this disease (76).  

1.4.4.2 Risk factors 

A number of risk factors for PC have been suggested (77), although the most “convincing” 

evidence relates to the role of body fatness in the progression of this disease (78). Previous 

studies have shown positive correlations between common proxies of overweight and 

obesity, including; BMI and waist to hip ratio (79–81), and PC risk. Additionally, a “probable 

increased risk” with greater childhood growth has also been reported. Tobacco use has been 

established as one of the leading preventable causes of PC, and may double the risk of this 

disease (RR = 2) with approximately 25% of PC cases attributable to cigarette smoking (77). 

Other risk factors with “limited, but suggestive” evidence include; red meat, processed meat, 

alcoholic drinks (>3 drinks per day), foods and beverages containing fructose and foods 

containing saturated fatty acids.  

1.4.4.3 Physical activity and pancreatic cancer risk 

Currently, evidence to suggest an association between PA and PC is only deemed as 

“limited” by the WCRF, mainly due to inconsistent results. One previous systematic review 

and meta-analyses (82) reported a weak significant association (RR 0.93, 95 % CI 0.88-0.98) 

in PC risk when comparing high versus low levels of activity from cohort studies only. 

However, results from case-control studies yielded a stronger significant risk reduction of up 

to 22% (RR 0.78, 95 % CI 0.66-0.94) when comparing high versus low levels of activity. The 
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differences in risk observed between study designs may be due to several factors, including; 

recall bias, measurement bias and selection bias. Despite these limitations, this study did 

however present its strengths, including stratification by smoking and BMI, making it an 

important study in relation to PA and PC risk. One other systematic review and meta-analyses 

(83) reported only a weak inverse association between overall PA and PC risk. 

1.4.5 Liver cancer epidemiology 

Liver cancer is the sixth most common cancer globally with 782,000 new cases diagnosed in 

2012 (66). It is projected that by 2035 this figure will rise to approximately 1,341,344 cases 

(84). It is the second most common cause of death from all cancers, accounting for 746,000 

deaths worldwide in 2012 (85). Approximately 50% of the total number of new cases and 

deaths in 2012 occurred in China (86). Liver cancer is more common in men than women; it 

is the fifth most common cancer in men (554,000 cases, 7.5% of the total) and the ninth in 

women (228,000 cases, 3.4%). Liver cancer presents one of the poorest prognosis rates of 

all cancers, with an average 5 year survival rate in Europe of approximately 12% (87).   

1.4.5.1 Risk factors 

In the latest global report summarising the evidence on diet, nutrition, PA and liver cancer 

(85), the WCRF has concluded that there is “convincing” evidence that aflatoxins, alcoholic 

drinks and body fatness increase the risk of liver cancer, whereas there is “probable” 

evidence that coffee consumption decreases liver cancer risk. This includes food that may 

be contaminated by aflatoxins, including cereals (grains), as well as pulses (legumes), seeds, 

nuts and some vegetables and fruits and consumption of approximately 3 or more alcoholic 

drinks per day. As well as being two of the most distinctive risk factors for hepatocellular 

carcinoma, HBV and HCV also share risk factors common to this cancer, including sex 

hormones (88), tobacco use (89) and metabolic syndrome (90,91). 
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1.4.5.2 Physical activity and liver cancer risk 

Currently the WCRF reports a “limited-suggestive” level of evidence in relation to PA of all 

types and liver cancer risk (85). In a recent study utilising data from the National Institutes of 

Health (NIH)‐AARP Diet and Health Study cohort, Arem et al. (92) reported a lower risk of 

liver cancer of up to 26% (HR 0.74, 95% CI 0.57–0.96) in individuals who maintained 

consistent activity levels over the life-course in comparison to those with consistently low 

levels of activity. In a previous study (93) utilising the same cohort a similar 36% (HR 0.64, 

95% CI 0.49–0.84) lower liver cancer risk was reported, on this occasion comparing high 

levels to low PA levels from the year prior. 

1.4.6 Gallbladder cancer epidemiology 

Gallbladder cancer is a rare cancer, with 178,100 new cases (1.3% of total cancer cases) 

diagnosed globally in 2012 (53), and 1,932 new cases diagnosed in the UK in 2013 (94). 

Gallbladder cancer is the twentieth most common cancer in the world and the seventeenth 

most common cause of death from cancer. It is more common in women (101,000 cases) 

than men (77,000 cases) and is most common in less developed regions which present 65% 

of all cases (53). Moreover, it presents relatively poor survival rates, with 148,200 deaths due 

to the disease in 2012. Such poor survival rates are due mainly to poor treatment and late 

detection of the disease, which remains asymptomatic until aggressive disease has 

progressed (95). It has been reported as the most common malignancy of the biliary tract, 

accounting for 80-95% of biliary tract cancers worldwide (96). Adenocarcinomas account for 

approximately 90-95% of all gallbladder cancer cases, with only a small proportion of 

squamous cell carcinomas (97). 
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1.4.6.1 Risk factors 

The latest WCRF CUP report (97) summarising the evidence on diet, nutrition, PA and 

gallbladder cancer, has concluded that there is strong evidence to report a probable 

increased risk of gallbladder cancer in association with body fatness (marked by BMI). This 

stands for both direct and indirect effects through the formation of gallstones. There is 

currently inconclusive evidence to suggest an association between; peppers (capsicums), 

fish, coffee, tea, alcohol, sugar, vitamin C, calcium and vitamin D supplements, low fat diets, 

height and gallbladder cancer risk. 

1.4.6.2 Physical activity and Gallbladder cancer 

Currently the WCRF presents no evidence to suggest an association between PA and 

gallbladder cancer risk. This is due mainly to a lack of, and inconsistency of evidence in 

relation to PA and gallbladder cancer risk. One systematic review (98) reporting on the 

associations between PA and diseases of the biliary tract, reported inconsistent findings. Of 

the three cross-sectional studies identified, all reported only non-significant associations 

between habitually active individuals and gallbladder cancer risk.  The study by Behrens et 

al. (93), examined data on 507,981 participants aged 50–71 years at baseline. Over 10-years 

of follow-up, they identified 317 cases of incident biliary cancer. A multivariate analysis 

comparing the most active (vigorously active >5/week) with the least active individuals (never 

or rarely engaging in vigorous activity) reported only a non-significant risk reduction for 

gallbladder cancer (RR 0.63, 95 % CI 0.33–1.21). Given this studies’ sizable cohort, 

prospective design and large follow-up time, it presents important information on the 

associations between levels of PA and gallbladder cancer risk. Peel et al. (99) observed 

treadmill endurance times in relation to gallbladder cancer risk in 38,801 men over 28-years 

of follow-up. Similarly, to the previous study, reported only a non-significant trend favouring 
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fit over unfit individuals with a relative risk of 0.83 (95 % CI 0.09–7.74). Findings from this 

study should however be interpreted with caution given the small number of cases observed 

(n=7). The study by Yun et al. (100), which followed 444,693 Korean men aged >40 years 

over a 6-year period, reported an almost significant reduction in the risk of gallbladder cancer 

in those who engaged in moderate or vigorous PA (risk ratio 0.81, 95 % CI 0.65–1.02). This 

study also provides important evidence on the relationship between PA levels and gallbladder 

cancer, presenting several strengths including the assessment of dietary preferences as 

covariates, a 6-year follow up time and a large cohort of men. The previously discussed 

systematic review by Moore et al. (8) reported a similar suggestive inverse association 

between LTPA and gallbladder risk (HR 0.72, 95% CI 0.51-1.01), from 6 studies observing a 

total of 382 gallbladder cancer cases. 
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1.5 Mechanisms underlying Physical activity and Cancer risk 

Several biological mechanisms have been proposed to underpin the previously 

described epidemiological associations between PA and GI cancer risk. These are 

discussed in further detail below.  

1.5.1 Body fatness 

Overweight and obesity are the accumulation of excess or abnormal body fat, with 

weight, weight gain and obesity thought to account for up to 20% of all cancer cases 

(101). One of the most common proxies for assessing overall body fatness is the body 

BMI, which is measured as an individual’s weight in kilograms divided by the square 

of the height in metres. BMI classes are as follows; 25.0–29.9 (overweight), 30.0–34.9 

(obesity; class 1), 35.0–39.9 (obesity; class 2), ≥40.0 (obesity; class 3).  

In 2016, over 1.9 Billion adults worldwide were deemed to be overweight, with 650 

million (13%) of these reported as obese (102). It has been estimated previously, that 

in men and women (respectively) with a BMI of ≥40.0, the overall risk of death from 

cancer is 1.5 to 1.6-fold higher (103). In 2016, the International Agency for Research 

on Cancer (IARC) assessed  the associations of excess body fat on cancer risk in 

more than 1000 studies, using BMI as a proxy for body fatness (104). This report 

identified eight cancers for which there is ‘sufficient’ evidence to suggest that the 

absence of additional body fat lowers cancer risk; gastric cardia, liver, gallbladder, 

pancreas, ovary, and thyroid, as well as multiple myeloma and meningioma. This is in 

addition to cancers of the colon, oesophagus (adenocarcinoma), breast 

(postmenopausal), kidney and corpus uteri which had been previously reported to 

show similar associations (105). 
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Table 1.2 shows the relative risk (RR) of the highest BMI category evaluated versus 

the normal BMI category (18.5 – 24.9), for these respective cancers (104).  

Table 1.2 Strength of the evidence for a cancer-preventive effect of the absence of 

excess body fatness, according to cancer site.  

Cancer site RR of the Highest BMI Category 
Evaluated versus Normal BMI 

Colon and Rectum 1.3 (1.3–1.4) 

Oesophagus (adenocarcinoma) 4.8 (3.0–7.7) 

Breast (postmenopausal) 1.1 (1.1–1.2) 

Kidney 1.8 (1.7–1.9) 

Corpus uteri 7.1 (6.3–8.1) 

Gastric cardia 1.8 (1.3–2.5) 

Liver 1.8 (1.6–2.1) 

Gallbladder 1.3 (1.2–1.4) 

Pancreas 1.5 (1.2–1.8) 

Ovary 1.1 (1.1–1.2) 

Thyroid 1.1 (1.0–1.1) 

Multiple myeloma 1.5 (1.2–2.0) 

Meningioma 1.5 (1.3–1.8) 

 

Although BMI serves as a reliable proxy for overall body fatness, it does however fail 

to account for body fat distribution. Visceral obesity, which is defined by the waist/hip 

ratio (WHR), is associated with a greater risk for obesity-related morbidity compared 

with overall adiposity (106). One of the best illustrations of the link between visceral 

obesity and cancer risk can be observed through the OAC model, with numerous 

studies reporting increased risks of OAC with increased levels of visceral adiposity 

(107–109). Although not yet completely understood, the mechanisms underlying this 

obesity-cancer relationship are thought to be related to numerous factors, including; 
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chronic inflammation, adipokine production, sex hormone production and insulin 

resistance. Therefore, body fatness may be a linking factor between PA and GI cancer. 

1.5.2 Insulin resistance and IGF signalling 

Past research has indicated that insulin and IGF-1 are major determinants of 

proliferation, differentiation and apoptosis, and therefore may influence 

carcinogenesis (110). The IGF system consists of two ligands, IGF-1 and IGF-2; three 

cell-membrane receptors, IGF-1 receptor (IGF-IR), insulin receptor (IR), and IGF-2 

receptor (IGF-IIR); and six high-affinity IGF binding proteins, IGFBP-1 through -6. In 

the circulation, IGF-1’s main binding protein is IGFBP-3. IGF peptides have systemic, 

hormonal, and local paracrine effects on cell behaviour (111). IGF-1 and IGF-2 are 

produced in the liver and exert their actions by binding to the IGF-1 receptor (IGF-IR) 

(112). IGF-1 and IGF-2 have both been shown to be overexpressed in certain tumour 

cells (113–115). This may be due to IGF-1’s mitogenic and antiapoptotic properties, 

exhibited in a previous laboratory study (116). Conversely, early studies have shown 

high IGFBP-3 concentrations to be associated with decreased cancer risk, including 

cancer of the colon (110). In contrast to IGF-1, IGFBP-3 is thought to be 

antiproliferative and proapoptotic and may blunt cell growth through ligand seclusion 

(117). The exact mechanisms involved in IGF and cancer pathogenesis are discussed 

in greater detail in Chapter 3; “Physical activity, the IGF pathway, and colorectal 

cancer risk: a systematic review using WCRF-mechanistic study methodology”.  

1.5.3 Sex steroid hormones 

Hormone sensitive cancers such as breast, prostate and colon are some of the most 

commonly occurring cancers worldwide (66). Sex hormones are comprised of three 

groups of steroids—oestrogens, progestogens and androgens, of which may influence 
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the progression of these hormone sensitive cancers. The two main androgens are 

testosterone and androstenedione, which are converted to oestradiol and estrone 

respectively via aromatisation. The steroids; oestradiol, testosterone, and 5α-

dihydrotestosterone are primarily bound to sex hormone binding globulin (SHBG), and 

serum albumin to a lesser extent.  

Although there exists a paucity of data observing the associations between PA, sex 

hormones and cancer risk collectively, individual studies have reported associations 

between these respective variables previously. One case-control study has reported 

decreased risks of CRC in association with SHBG (RRQ4-Q1= 0.65, 95% CI 0.42-0.99 

and testosterone (RRQ4-Q1 = 0.62 95% CI 0.40–0.96) in men. This study combined data 

from four population studies and collected information on lifestyle, medical history, and 

diet. In a 12-month randomized clinical trial evaluating the effect of exercise  on serum 

sex hormones in men, Hawkins et al. (118) reported increases in serum concentrations 

of SHBG but not for testosterone. This trial compared an intervention group 

participating in moderate/vigorous-intensity aerobic activity for 60 min·d−1, 6 d·wk−1 to 

a control group maintaining their regular activity. Serum SHBG increased 14.3% in 

exercisers compared to 5.7% in controls after 3 months (P = 0.04), with this increase 

remaining 8.9% above baseline in exercisers versus 4.0% in controls (P = 0.13) after 

12 months. These results indicate that SHBG may play a potential role in mediating 

the PA-cancer relationship and that these beneficial effects may be dependent upon 

the interactions of intensity, frequency and duration of exercise.   

1.5.4 Inflammation 

In 1863, Virchow hypothesized that chronic inflammation was a key determinant of cell 

proliferation (119). It is estimated that underlying infections and inflammation 
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contribute to up to 25% of all cancer cases. Key characteristics of cancer related 

inflammation include; inflammatory cells and mediators (chemokines, cytokines and 

prostaglandins) in tumour tissues, tissue remodelling and angiogenesis (120). There 

are two primary pathways connecting inflammation and cancer; extrinsic pathways 

and intrinsic pathways (120). Extrinsic pathways come from conditions which cause 

non-resolving inflammatory responses, whereas intrinsic pathways are operated by 

oncogenes or tumour suppressor genes. Pro-inflammatory cytokines, such as tumour 

necrosis factor (TNF), interleukin (IL)-1 and IL-6 have been identified as key 

determinants of growth, differentiation and immune cell activation and are linked to 

chronic inflammation (Figure 1.9).  

Figure 1.6 The role of inflammation in tumorigenesis (Adapted from Aggarwal et al. 

(121)).  
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The cytokine TNF-α, is an important inflammatory factor which is part of the TNF/TNF 

receptor cytokine superfamily. Although initially considered as a therapeutic cytokine, 

TNF-α has now been identified as a key mediator of inflammation (122). IL-6 is both a 

pro-inflammatory cytokine and an anti-inflammatory myokine which contributes to host 

defence, and is produced in response to infections and tissue injuries (123). A recent 

exercise trial reported a systemic increase in TNF- α immediately post-exercise for up 

to 4 hours (124). This trial which observed the acute responses to two different 

exercise protocols; 1) a high intensity intermittent walking protocol (3 × 5 min bursts at 

80% VO2 max), and 2) a continuous moderate intensity walking protocol (60% VO2 

max for 30 min), reported that regardless of exercise intensity, there was a post 

exercise increase in TNF- α. However, similar increases in IL-6 were reported for both 

exercise protocols, also lasting for up to 4 hours post-exercise. IL-6 may act as a 

mediator for the beneficial metabolic effects of exercise through blunting TNF- α, 

neutralising its pro-inflammatory effects (125). Peake et al. (126) has previously 

proposed that the post-exercise increase in IL-6 and other cytokines may  attributed 

to a number of factors, including;  level of energy expenditure, reduced availability of 

glycogen or through alterations in stress hormones such as growth factors, 

catecholamines and cortisol which are released with greater metabolic demands 

(126). Therefore, inflammatory markers may underlie the associations been PA and 

GI cancer risk.  
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2.1 Introduction 

Oesophageal cancer is the eighth most common cancer worldwide (66).  It has been 

estimated that by the year 2025, the prevalence of oesophageal cancer may rise by 

as much as 140% (127).  Oesophageal cancer is primarily comprised of OSCC in the 

developing world, whereas in Western countries OAC is now the most common type 

of oesophageal cancer (46).  

With around 952,000 (6.8% of total cancers cases) cases diagnosed in 2012 (66) and 

723,000 deaths (8.8% of the total) GC is the fifth most common cancer in the world. 

Historically, distinguishing between oesophageal and gastric carcinomas has proved 

troublesome, with both presenting different histological appearances and anatomical 

locations (128). Most GCs are adenocarcinomas, which account for 90-95% of all GCs 

(48).   

The prognosis rate for both upper GI cancers is poor, with a 5-year survival ranging 

between 15-25% for oesophageal cancer (129) and less than 20% for gastric cancer 

(130), due mainly to late diagnosis. These statistics are concerning as the response 

to treatments during the advanced stages of these cancers is poor, suggesting that 

the reduction of mortality from these cancers may be better achieved through the 

identification of modifiable risk factors, and implementation of appropriate prevention 

programmes (131).  

Although difficult to distinguish, the adjacent tumours of OAC and gastric cardia 

adenocarcinoma do share a number of common risk factors, most notably GORD 

(132). GORD occurs when the oesophageal mucosa receives increased exposure to 

gastric contents (133) and can often lead to further complications such as 

oesophageal ulcer and Barrett’s oesophagus, which can be found in up to 20% of 
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patients with verified reflux oesophagitis, an associated symptom of GORD (134). 

Barrett’s oesophagus is of notable interest, as it is one of the major risk factors in the 

development of OAC (135). A recent comprehensive study of cancer incidence and 

mortality risks in a large Barrett’s oesophagus cohort reported that when compared 

with the general population, the Barrett’s oesophagus cohort had a 24-fold greater risk 

of OAC (excess absolute risk, 24.00, 95% CI, 20.00–28.00), a 26-fold greater risk of 

overall oesophageal cancer (excess absolute risk, 26.00, 95% CI 21.00–28.00) and a 

standardised mortality ratio (SMR) of over 10 (SMR, 10.20 95% CI 8.15-12.61). This 

study observed a large and diverse community-based US cohort which included 8,929 

Barrett’s oesophagus patients histologically diagnosed by a pathologist (136). The 

WCRF have also presented evidence on the risk factors for oesophageal and gastric 

cancers based on the findings of the CUP project systematic review literature. The 

findings for each respective cancer are presented in the tables below (Tables 2.1 & 

2.2). 
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Table 2.1 Risk factors for Oesophageal Cancer 

 Diet, Nutrition, Physical Activity and Oesophageal Cancer 

STRENGTH OF CURRENT 

EVIDENCE 

DECREASES  

RISK 

INCREASES  

RISK 

CONVINCING  

Effect on Risk: 
  

Alcoholic drinks* 

Body fatness** 

PROBABLE  

Effect on Risk: 
  

Mate* 

LIMITED 

EVIDENCE 

Suggestive 

Vegetables 

Fruit*  

Physical activity 

Processed Meat* 

No Conclusion 

Dietary fibre, fruit**, red meat, processed meat**, total meat, 

poultry, fish, coffee, high-temperature drinks, mate**, alcohol**, 

pyridoxine, vitamin C, vitamin E, folate, beta-carotene, body 

fatness*, adult attained height, patterns of diet, cereals (grains) and 

their products, starchy roots, tubers and plantains, pulses 

(legumes), soya and soya products, herbs spices and condiments, 

milk and dairy products, total fat, saturated fatty acids, 

monounsaturated fatty acids, polyunsaturated fatty acids, sugary 

foods and drinks, salt, salting, fermenting, pickling, smoked and 

cured foods, nitrates and nitrites, frying, grilling (broiling) and 

barbecuing (charbroiling), protein, vitamin A, retinol, thiamin, 

riboflavin, calcium, iron, zinc, pro-vitamin A carotenoids, beta-

cryptoxanthin and energy intake 

Source: AICR/WCRF Continuous Update Project Report: Oesophageal Cancer, 

201*squamous cell carcinoma **adenocarcinoma 
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Table 2.2 Risk factors for Gastric Cancer 

Diet, Nutrition, Physical Activity and Stomach Cancer 

STRENGTH OF CURRENT 

EVIDENCE 

 DECREASES  

RISK 

 INCREASES  

RISK 

 PROBABLE  

Effect on Risk: 
  Body fatness* 

    Alcoholic drinks 

    Processed meat** 

    Salt-preserved foods 

Source: AICR/WCRF Continuous Update Project Report: Stomach Cancer, 2016 

*Only cardia stomach cancer is associated with obesity 

**Only non-cardia stomach cancer is associated with processed meat 

Given the poor prognosis for oesophageal and stomach cancer patients (137) due to 

late diagnosis, the reduction of burden from these cancers may be better achieved 

through the implementation of appropriate primary prevention programmes.  

PA is a modifiable risk factor suggested for primary prevention of other cancer sites 

(138). However, evidence suggesting a protective role for PA in GI cancer aetiology is 

more limited (55,139).  

Previous systematic reviews noted reduced risks of oesophageal (4,5) and GC (3,4) 

in the most physically active individuals compared to the least active individuals. Singh 

et al. also reported a significant 32% reduced risk for OAC specifically (OR 0.68, 95% 

CI 0.55-0.85) when comparing the most to the least physically active individuals. 



54 
 

However, results for oesophageal squamous cell carcinoma (SCC) were less 

conclusive (58,59).  Furthermore, there was considerable heterogeneity observed in 

meta-analyses by histological subtype, which also relied heavily on case-control study 

evidence that is prone to recall bias.  Below is a summary of the current 

epidemiological evidence, highlighting the association between PA and oesophago-

gastric cancer risk. 

2.2 Physical activity and oesophago-gastric cancer risk 

2.2.1 Brownson et al. (1991) 

In a series of case-control studies conducted in Missouri, USA, Brownson et al., in 

1991 (140) investigated the job activity of white males to assess the association 

between OPA and oesophago-gastric cancer risk.  In this study, men reporting the 

lowest OPA levels had a non-significant decreased risk of oesophageal cancer of up 

to 30% (OR 0.7, 95% CI 0.3-1.4) but conversely had a non-significant increased risk 

of GC (OR 1.4, 95% CI 0.9-2.2) compared with those reporting high OPA levels. When 

observing individuals partaking in moderate levels of PA activity in the workplace, 

there were no inherit associations in risk for either cancer, with both presenting similar 

measures of effect (oesophageal cancer: OR 1.0, 95% CI 0.7-1.4; stomach cancer: 

OR 1.0, 95% CI 0.8-1.4). This study also failed to detect any apparent dose-response 

relationship between PA and oesophageal and gastric cancer, respectively.  Despite 

adjusting for age and smoking, this study did however present many limitations 

including the subjective, self-reported nature of PA measurement and failure to 

account for several other established risk factors including; body fatness, alcohol 

intake and dietary intake. These discrepancies in the measurement of PA along with 

incomplete information about the histology and localization of the cancer-type studied 
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present difficulties in elaborating the association between PA and site-specific cancer 

risk from this early study (30). 

2.2.2 Vigen et al. (2006) 

Vigen et al. in 2006 (141) also investigated the association between OPA and cancer 

risk, in this instance by subtype of oesophageal (OAC) and GCs (cardia and non-

cardiac). When comparing the highest to lowest quartile of OPA, this study reported 

risk reductions for OAC with increasing levels of total PA (OR 0.67, 95% CI 0.38-1.19) 

but not for cardiac or non-cardiac GC. These reductions in risk were however non-

significant. The average annual activity index prior to age 65 years was however 

significantly associated with the risk of OAC (OR 0.61, 95% CI 0.38-0.99), with a 39% 

decreased risk for the highest versus lowest quartile, also showing a modest 

association with the risk of gastric cardia (OR 0.76, 95% CI 0.49-1.18) and non-cardia 

gastric cancer (OR 0.77, 95% CI 0.52-1.14), despite including the null value. Overall, 

this paper successfully exhibited a modest inverse association between OAC and PA 

with similar findings for cardiac and non-cardiac gastric. Unlike most other studies, this 

study considered subsite and histology of the observed cancers, providing a greater 

understanding of how PA can affect these cancers and how these associations may 

differ by site.  Although there was no evidence of effect after modification by race, age, 

BMI, education, or years worked, the inclusion of these variables for adjustment 

presents major strength of this study. One limitation of this study concerns the method 

of data collection. Where data were not available due to death or illness, next-of-kin 

interviews were conducted for 28% (250/865) of the case patients in the final analysis. 

This may lead to potential recall bias, with those interviewed unlikely to be aware of 

the exact characteristics, habits and height and weight measurements of the family 

member from 20 and 40 years prior to the interview date.  
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However, by attaining OPA information across the working life span, this presented 

the ability to observe PA over different time frames as opposed to one single point in 

time.  

2.2.3 Dar et al. (2013) 

Dar et al. (142) also observed the risk of oesophageal cancer by subtype, reporting on 

the association between OPA and OSCC. Results from this case-control conducted in 

an Indian population reported that when compared with sedentary jobs, individuals 

whom were more active in the workplace had a significant increased risk of OSCC 

(OR 3.07, 95% CI 2.13-4.40). Moreover, those who reported very active occupations 

were at an even greater risk for OSCC, with an almost 5.7-fold increased risk (OR 

5.65, 95% CI 3.49-9.12) when compared to their more sedentary counterparts. These 

findings suggest a dose-response relationship between OPA and OSCC risk, where 

OSCC risk increases in co-ordinance with increasing levels of OPA.  

2.2.4 Parent et al. (2011) 

In a more recent case-control study observing the role of OPA, as well as recreational 

PA in relation to oesophago-gastric cancer risk, Parent et al. in 2011 (143) reported a 

protective effect of OPA against both oesophageal (intermediate OPA: OR 0.72, 95% 

CI  0.31-1.65; high OPA: OR 0.66, 95% CI 0.23-1.88) and GC (intermediate OPA: OR 

0.72, 95% CI 0.42-1.22; high OPA: OR 0.68, 95% CI 0.35-1.32). Despite being non-

significant, these findings indicate an apparent dose-response relationship between 

PA and cancer risk, with decreasing risks concomitant with increasing levels of PA. 

Similar trends have been observed for cancers of the colon, breast and endometrium, 

with consistent findings indicating a lower risk with increasing levels of activity in a 

dose-response manner (33). When combining occupational and recreational PA to 
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create a composite measure of PA, high levels of overall PA were associated with a 

7% risk reduction for GC (OR 0.93, 95% CI 0.67–1.31) and a 46% risk reduction for 

oesophageal cancer (OR 0.54, 95% CI 0.31–0.93), with the latter achieving statistical 

significance.  

2.2.5 Leitzmann et al. (2009) 

In a cohort study, Leitzmann et al. (2009) (60) investigated the association between 

total PA to oesophageal and gastric carcinoma according to histology and anatomic 

site. This large-scale study was comprised of a cohort of 487,732 U.S. men and 

women, in which 523 cases of oesophageal carcinoma (149 OSCC and 374 OAC) 

and 642 cases of gastric carcinoma (313 cardia and 329 non-cardia) were recorded. 

Results from this study show a strong inverse association gastric non-cardia 

adenocarcinoma (GNCA) with a risk reduction of 38% (RR 0.62, 95% CI 0.44-0.87) 

when comparing the highest versus lowest PA level.  Relationships were also evident 

for gastric cardia adenocarcinoma (RR 0.83, 95% CI 0.58-1.19) and OAC (RR 0.75, 

95% CI 0.53-1.06), albeit slightly weaker. No significant relationships were observed 

between PA and OSCC (RR 1.05, 95% CI 0.64, 1.74). With a sizable cohort and 

information presented on tumour histology and anatomic location present, this study 

provides important evidence on the relationship between PA levels and upper GI 

cancer sub-sites.  

2.2.6 Cook et al. (2013) 

In a large cohort study investigating the relationship between PA and sedentary 

behaviour in relation to oesophageal and GCs, Cook et al. (144) presented evidence 

for an inverse association between strenuous PA and GNCA. In individuals partaking 

in strenuous PA over the 12 months prior to being interviewed, a dose-response 
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relationship was reported, with the greatest protection observed in those taking part in 

this type of PA more than 5 times per week (HR 0.58, 95% CI 0.39-0.88). A protective 

effect against GNCA was also observed in individuals accumulating more than 7 

hours/week of recreational moderate-vigorous PA (MVPA) during ages 15-18 years 

(HR 0.61, 95% CI 0.41-0.91) and for those accumulating between 4-7 hours/week of 

recreational MVPA during ages 35-39 years (HR 0.66, 95% CI 0.44-0.99).   

These findings suggest that not only may higher amounts of MVPA be protective of 

GNCA, but also that PA accumulated throughout the life-course may confer beneficial 

effects.   

2.2.7 Campbell et al. (2007) 

Similar findings for GC have been observed in a study by Campbell et al. (145)  which 

also reported that when comparing more frequent (3+ times/week) to less frequent 

(<1/month) strenuous activities, there was an associated reduction in risk of 43% (OR 

0.57, 95% CI 0.40-0.80) for gastric cancer.  However, there were no associations 

reported between any type of PA and cardia cancers of the stomach and OAC.  

Despite the inherit limitations of studies using self-reported measurements of PA, this 

study did however present many strengths. All analyses were adjusted for sex, height, 

weight, educational level, smoking status, alcohol consumption, energy intake 

(kcal/day) and daily consumption of fruit, red meat and processed meat (in g/day), 

many of which are established risk factors for oesophageal and gastric cancers.  Along 

with providing a composite score of PA, these strengths provide valuable information 

in helping better understand the relationship between PA and these cancers.  
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2.2.8 Huerta et al. (2010) 

A prospective study by Huerta et al. (69) reported a significant decreased risk of GNCA 

(HR 0.44, 95% CI 0.26-0.74) when comparing active vs inactive participants, 

according to the PA index (a composite score of occupational PA, and time spent in 

sport and cycling) as well  as a significant decreased risk for GAC (HR  0.69, 95% CI 

0.50–0.94). This study utilised information from the European Prospective 

Investigation into Cancer and nutrition (EPIC) cohort which recruited 420,449 

participants between 1991 and 2000, followed-up for a mean of 8.8 years. From this, 

410 gastric adenocarcinoma and 80 OAC cases were reported. Given its lengthy 

follow-up time, information on various domains of PA from a diverse range of 

participants, and information on tumour and histological site, this study provides 

important evidence on the associations between PA and oesophago-gastric cancer 

risk. 

2.2.9 Chen et al. 2014 

Some of the strongest evidence to suggest a protective role of PA for oesophageal 

and GCs is in the form of a meta-analysis from 2014 (4). Of the 15 studies reviewed, 

pooled results indicate a collective reduced risk of GC of 13% amongst the most 

physically active people when compared with the least active (RR 0.87, 95% CI 0.78-

0.97) and a reduced risk of 27% for oesophageal cancer (RR 0.73, 95% CI 0.56-0.97). 

Despite some limitations including heterogeneity amongst studies, the inability to 

conduct sub-group and the residual confounding factors which were not adjusted for 

across all studies, this meta-analysis provides strong evidence to suggest a role of PA 

in the risk reduction of cancers of the oesophagus and stomach.  
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The subsequent table (Table 2.3) provides summarized findings from the 

aforementioned studies investigating the association between PA and oesophago-

GCs. 
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Author 

 

 

 

 

Sex 

 

 

 

 

PA domain 

 

 

 

 

Cancer type  

 

 

 

 

OR/RR/HR (95% CI) 

 

 

 

P-Trend 

(Dose-response) 

Brownson et al. (1991) Male Occupational PA Oesophageal cancer 

 

Gastric cancer 

Low Occupational 

PA: OR 0.7, 95% CI = 

0.3-1.4 

Low Occupational 

PA: OR 1.4, 95% CI = 

0.9-2.2 

0.18 

 

0.13 

 

Vigen et al. (2006) 

 

Male & Female 

 

Occupational PA 

 

OAC 

 

 

 

 

Gastric cancer (Cardiac) 

 

 

Non-Cardiac 

 

 

Total PA:  OR 0.67, 

95% CI 0.38-1.19 

Average annual 

activity (Prior to 65 

yrs): OR 0.61, 95% CI 

0.38-0.99 

Average annual 

activity (Prior to 65 

yrs): OR  0.76, 95% CI 

0.49-1.18 

Average annual 

activity (Prior to 

65yrs): OR 0.77, 95% 

CI 0.52-1.14 

 

N/A 

Table 2.3 Summarized findings from studies investigating the association between PA and oesophageal and gastric cancers  
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Dar et al. (2013) 

 

Male & Female 

 

Occupational PA  

(Active vs inactive) 

 

OSCC 

 

 

 

OSCC 

 

Active occupations: 

OR 3.07, 95% CI 2.13-

4.40 

 

Very active 

occupations: OR 

5.65, 95% CI 3.49-

9.12 

 

Parent et al. (2011) Male & Female Occupational PA  Oesophageal cancer 

 

 

 

 

 

Gastric cancer 

Intermediate OPA: 

OR 0.72, 95% CI 0.31-

1.65 

 

High OPA: OR 0.66, 

95% CI 0.23-1.88 

 

Intermediate OPA: 

OR 0.72, 95% CI 0.42-

1.22 

 

High OPA: OR 0.68, 

95% CI 0.35-1.32 

N/A 
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Leitzmann et al. (2009) 

 

Male & Female 

 

Total PA 

 

OAC 

 

 

Gastric adenocarcinoma 

(Non-Cardiac) 

Gastric adenocarcinoma 

(Cardiac)                            

 

 

Total PA: RR 0.75, 

95% CI 0.53-1.06 

 

 

Total PA: RR 0.62, 

95% CI 0.44-0.87 

Total PA: RR 0.83, 

95% CI 0.58-1.19 

 

0.240 

 

 

0.024 

 

0.147 

Cook et al. (2013) Male & Female  Occupational PA, 

Recreational PA 

(intensity and duration 

at various time-points 

throughout the life-

course) 

Gastric non-cardia 

adenocarcinoma 

Strenuous PA, 5 

times/week during 

last 12 months: HR 

0.58, 95% CI 0.39-

0.88 

7 hours/week of 

recreational 

moderate-vigorous 

PA (MVPA) during 

ages 15-18 years: HR 

0.61, 95% CI 0.41-

0.91 

4-7 hours/week of 

recreational MVPA 

during ages 35-39 

0.01 

 

 

 

0.01 

 

 

0.04 
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years: HR 0.66, 95% 

CI 0.44-0.99 

 

Campbell et al. (2007) 

 

 

 

Male & Female 

 

 

 

Total PA (Intensity; 

Moderate and 

strenuous, and 

frequency of PA) 

 

Gastric cancer Average lifetime 

strenuous PA (4th 

Quartile): OR 0.55, 

95% CI 0.39-0.77 

Strenuous PA 2 years 

ago, 3+/week 

(Ontario sample): OR 

0.57, 95% CI 0.40-

0.80 

Strenuous PA 2 years 

ago, 3+/week 

(National sample): 

OR 0.67, 95% CI 0.53-

0.86 

 

0.0002 

 

 

0.0003 

 

 

0.0003 
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*N/A = Not Available 

 

 

 

Huerta et al. (2010) 

 

 

 

 

 

 

 

 

 

Male & Female 

 

Total PA, Occupational 

PA, recreational PA, 

household PA & 

vigorous PA 

 

Gastric adenocarcinoma 

 

 

 

Gastric adenocarcinoma 

(Non-Cardiac) 

 

Active vs. inactive 

participants: HR 0.69, 

95% CI 0.50-0.94 

 

Active vs inactive 

participants: HR 0.44, 

95% CI 0.26-0.74 

 

0.006 

 

 

 

0.001 

Chen, Yu & Li, (2014) Male & Female Total PA Gastric cancer  

 

 

Oesophageal cancer 

Most vs Least active: 

RR 0.87, 95% CI 0.78-

0.97 

 

Most vs Least active: 

RR 0.73, 95% CI 0.56-

0.97 

0.012 

 

 

0.018 
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In addition to PA, Sedentary behaviour, defined as waking activity with low energy 

expenditure (≤1.5 METS) and a sitting or reclining posture, has also been associated 

with an increased risk of a number of cancers in a limited number of studies to date 

(146). However, there is a notable paucity of data in relation to upper GI cancer risk.  

Additional studies assessing the association between PA, sedentary behaviour, and 

oesophageal and GC, according to anatomical and histological subsite are warranted. 

Therefore, we aimed to explore the association between physical activity, sedentary 

behaviour, and oesophago-gastric cancer risk within a large UK prospective cohort. 
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2.3 Methods  

2.3.1 Study population 

A cohort of 502,640 individuals was identified from the UK Biobank. The UK Biobank 

is a large prospective cohort study which has collected, and continues to collect, 

detailed health-related information on individuals across the UK. The resource is 

available for use by all researchers interested in health-related research with the aim 

of providing insight to the health of the public. Prior to retrieval of the data, researchers 

must sign a material transfer agreement, conforming not to identify any participant, 

maintain data security, and to utilise the data only for the purposes of the approved 

research (147). Individuals aged 40-69 years were invited to participate between 2006 

and 2010 if they were registered with the National Health Service and typically lived 

within a 25-mile radius of one of the 22 study assessment centres (148). This variation 

in geographical location of assessment centres provides socioeconomic and ethnic 

heterogeneity, thus enhancing generalisability when examining the associations 

between baseline characteristics and health outcomes. Assessment centre visits 

consisted of six stations; consent, touchscreen questionnaire, verbal interview, eye 

measures, physical measures and blood/urine sample collection. For the touchscreen 

questionnaire stage, participants provided details of various lifestyle behaviours such 

as smoking, alcohol consumption, PA and sedentary behaviour, as well as information 

on sociodemographics, occupation, illness and medical history. 

 In total, around 9.2 million invitations were mailed to potential participants, from which 

there was a 5.5% response rate. The UK Biobank is linked to U.K. cancer registry data 

from the Health and Social Care Information Centre (in England and Wales) as well 

as the Scottish Cancer Registry (in Scotland) and death records from the U.K. Office 
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of National Statistics. The UK Biobank conforms to the ethical guidelines of the 1975 

Declaration of Helsinki as reflected in a prior approval by the North West Multi-Centre 

Research Ethics Committee (10th May 2016). All participants provided written 

informed consent.  

For the purposes of our analysis, participants who were diagnosed with malignant 

cancer (excluding non-melanoma skin cancer) on or before baseline were excluded 

(n=26,875). Participants who did not have complete information PA as defined by the 

standard IPAQ guidelines (149) (n=110,199) or important baseline characteristics 

(education, Townsend deprivation (150), smoking status, alcohol consumption, height, 

BMI and waist-hip ratio, total n=6140) were also excluded. This resulted in a total of 

359,425 individuals being retained for inclusion in our analysis  

2.3.2 Physical activity and sedentary behaviour assessment 

PA assessment within the UK Biobank was measured using the validated International 

Physical Activity Questionnaire (IPAQ short-form) (151). During assessment centre 

visits; questions asked via touchscreen questionnaire were similar to those used in the 

short form IPAQ. Participants self-reported the frequency (days per week), intensity 

and duration (minutes per day) of walking, moderate and vigorous activity in the past 

7 days. These measures were all added to create a composite PA score (149), 

weighted as the summation of the duration (in minutes) and frequency (in days) of 

walking, moderate-intensity and vigorous-intensity activity.  

Time spent in vigorous, moderate and walking activity was weighted by the energy 

expended for these categories of activity, to produce MET min/week of physical 

activity. One MET is considered a resting metabolic rate obtained during quiet sitting 

(26). Met-minutes were computed by multiplying the MET score for each type of 
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physical activity by the minutes performed.  MET scores for each type of PA are as 

follows; minutes of walking (×3.3), moderate exercise (×4.0) and vigorous exercise 

(×8.0). Data processing rules published by IPAQ were followed (149). MET min/week 

were calculated for the purposes of analysis as per IPAQ suggested protocol. Data 

processing rules published by IPAQ suggest that, due to the non-normal distribution 

of energy expenditure in populations, the continuous indicator of physical activity 

should be presented as median minutes/week or median MET–minutes/week as 

opposed to means. Cut-off points were also calculated based on these data 

processing and analysis guidelines.   

 
Screen-based sedentary behaviour was based on how many hours per day individuals 

self-reported using a computer and watching TV on a typical day (152). These two 

variables were summed to calculate the total hours per day an individual spent being 

sedentary. The number of hours per day of screen-based sedentary behaviour that 

individuals reported was divided into three categories for analysis; low (0-3 hours), 

moderate (>3-4) and high (>4-16). 

2.3.3 Anthropometric assessment 

Height and weight were measured by UK Biobank study centre staff. BMI was then 

calculated as weight (kg) divided by height (m) squared. Study centre staff also 

measured hip and waist circumference respectively. Waist circumference 

measurements were taken from the level of the umbilicus. Waist circumference values 

were regarded as a measure of central obesity, using cut-off values based on 

International Diabetes Federation (IDF) criteria (>94cm in men and >80cm in women) 

(153).  
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2.3.4 Assessment of other co-variates 

Age, sex, ethnicity, smoking status, alcohol intake and medical history were derived 

from touchscreen questionnaires. Townsend scores, a measure of area-based 

socioeconomic deprivation (154), were derived from postcode of usual residence.  

2.3.5 Definition of cancer outcomes 

Incident cancer cases within the UK Biobank cohort were identified through linkage to 

national cancer registries (Health & Social Care Information Centre and the NHS 

Central Register.  Participants were followed up until upper GI cancer diagnosis, death, 

emigration or end of follow-up (30th September 2014). The histology for neoplasms is 

presented in the data showcase for UK Biobank and is coded according to the 

International Classification of Diseases for Oncology, 3rd edition (ICD-O). 

Oesophageal and gastric cancers were defined as C15 and C16, respectively (155).  

2.4 Statistical analysis  

Proportions for categorical variables and means for continuous variables were 

compared for baseline characteristics between individuals by their category PA (low, 

moderate and high).   

Cox proportional hazards models were used to estimate the hazard ratios (HR) and 

corresponding 95% confidence intervals (CI) for the associations between categories 

of PA, screen-based sedentary time (hours per day), and risk of oesophago-gastric 

cancer. Analyses were adjusted for age (as the underlying timescale variable), sex, 

Townsend deprivation index quintiles, educational attainment (University degree or 

not), height (metres), smoking status (by pack-years; never, former <20 pack-years, 

former 20+ pack-years, current <20 pack years and current ≥20 pack years), and 
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alcohol intake (never drinker, former drinker, current light-moderate/occasional drinker 

[<14 units per week], current heavy drinker [≥14 units per week]). Further analyses 

additionally adjusted for BMI and abdominal obesity (waist:hip ratio >94cm in men or 

>80cm in women) at baseline. Screen-based sedentary behaviour analyses were 

additionally adjusted for total MET hours of PA. Tests for trend were assessed by 

including physical activity categories as a continuous variable in survival analyses. 

Subgroup analyses were conducted by histological (adenocarcinoma and SCC) and 

topographical subtype (gastric cardia and non-cardia), sex, smoking status, BMI and 

comorbidity status at baseline. Additional sensitivity analyses were conducted by type 

and intensity of PA (walking, other moderate physical activity and vigorous physical 

activity) and separately, restricting analysis to cancers diagnosed at least 3 years after 

baseline to evaluate the impact of prevalent disease.  

Analyses were conducted using Stata/IC (version 14.1, TX, USA). 
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2.5 Results 

Most participants reported moderate or high PA levels, with few reporting PA (18% of 

men and 17% of women). When compared with participants in the moderate and high 

PA categories, participants in the low PA category were more likely to be younger, be 

current heavy smokers, report never or former drinking of alcohol, and to have an 

obese BMI or high waist:hip ratio (Table 2.4). 
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Table 2.4 Characteristics by physical activity category amongst 359,425 UK Biobank participants 

  Physical activity category 
 Low  Moderate  High 

  No./mean %/SD   No./mean %/SD   No./mean %/SD 

Total 61,595 0.2%   149,636 0.4%  148,194 0.4% 
Age at baseline 55.87 7.9  56.71 8.0  56.53 8.3 
Height (m) 1.69 0.09  1.69 0.09  1.69 0.09 
Sex         

Female 30,897 50.2%  81,249 54.3%  73,145 49.4% 
Male 30,698 49.8%  68,387 45.7%  75,049 50.6% 

Educational attainment  
 

  
 

  
 

No university degree 38,995 63.3%  91,122 60.9%  99,244 67.0% 
University graduate 22,600 36.7%  58,514 39.1%  48,950 33.0% 

Townsend deprivation 
quintile 

 
 

  
 

  
 

1 (Least deprived) 13,176 21.4%  31,714 21.2%  30,121 20.3% 
2 12,615 20.5%  30,742 20.5%  30,290 20.4% 
3 12,329 20.0%  30,136 20.1%  30,130 20.3% 
4 12,001 19.5%  29,786 19.9%  29,952 20.2% 

5 (Most deprived) 11,474 18.6%  27,258 18.2%  27,701 18.7% 
Smoking status*  

 
  

 
  

 
Never 33,341 54.1%  83,884 56.1%  80,821 54.5% 

Former light smoker 14,544 23.6%  38,209 25.5%  39,532 26.7% 
Former heavy smoker 6,214 10.1%  13,111 8.8%  13,345 9.0% 

Current light smoker 3,593 5.8%  7,851 5.2%  7,987 5.4% 
Current heavy smoker 3,903 6.3%  6,581 4.4%  6,509 4.4% 

Alcohol intake†  
 

  
 

  
 

Never drinker 2,797 4.5%  5,504 3.7%  5,271 3.6% 
Current light-moderate 

drinker 
34,622 

56.2% 
 83,508 

55.8% 
 80,173 

54.1% 
Current heavy drinker 21,796 35.4%  56,005 37.4%  57,871 39.1% 

Former drinker 2,380 3.9%  4,619 3.1%  4,879 3.3% 
Body Mass Index 
(Kg/m2) 

 
 

  
 

  
 

<18.5 263 0.4%  779 0.5%  745 0.5% 
18.5-<25 15,916 25.8%  49,971 33.4%  54,430 36.7% 

25-<30 25,318 41.1%  64,553 43.1%  64,585 43.6% 
30+ 20,098 32.6%  34,333 22.9%  28,434 19.2% 

Waist:hip ratio ‡  
 

  
 

  
 

<IDF guideline 25,315 41.1%  72,441 48.4%  80,876 54.6% 
>IDF guideline 36,280 58.9%  77,195 51.6%  67,318 45.4% 

*by pack years (light=<20 pack-years; heavy=>20 pack-years) 
†Light-moderate (special occasions, 1-3 times per month, <14 units/week) Heavy (>14 units/week) 
‡Based on International Diabetes Federation criteria (>94cm in men; >80cm in women).  
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PA levels were not associated with risk of overall oesophageal or GC, or gastric cardia 

cancers. High levels of PA were, however, associated with a reduced risk of gastric 

non-cardia cancer (HR 0.60, 95% CI 0.38-0.96) when compared with low PA levels. 

Moderate or high PA levels were associated with non-significant 26-28% reduced risks 

of GAC (Table 2.5).  

Moderate PA levels were also associated with a reduced risk of OAC (HR 0.63, 95% 

CI 0.44-0.91), although there was no evidence of a dose-response association as the 

association was not statistically significant for high PA levels (p for trend  = 0.45).  

Conversely, moderate and high PA was associated with an increased risk of 

oesophageal SCC (HRmoderate 3.81, 95% CI 1.16-12.55; HRhigh 3.91, 95% CI 1.19-

12.87) when compared with low levels. After additionally adjusting for BMI and 

waist:hip ratio, results remained unchanged (Table 2.5). 
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Table 2.5 Cox proportional hazards results for the association between measures of physical activity 

and types of oesophago-gastric cancers amongst 359,425 participants of the UK Biobank study. 

    Physical activity categories  

    Low Moderate High p-trend 
 

Person-years 341,285.5 825,654.2 815,617.6   

Oesophageal cancer Cases 55 106 134   

HR (95% CI)* 1.00(referent) 0.83(0.60–1.15) 1.02(0.75–1.40) 0.54 

HR (95% CI)† 1.00(referent) 0.87(0.63–1.21) 1.11(0.81–1.53) 0.28 
     

  

Oesophageal 
adenocarcinoma 

Cases 50 72 95   

HR (95% CI)* 1.00(referent) 0.63(0.44–0.91) 0.80(0.56–1.12) 0.45 

HR (95% CI)† 1.00(referent) 0.69(0.48–0.99) 0.91(0.64–1.29) 0.96 
     

  

Oesophageal SCC Cases 3 28 28   

HR (95% CI)* 1.00(referent) 3.81(1.16–12.55) 3.91(1.19–12.87) 0.05 

HR (95% CI)† 1.00(referent) 3.47(1.05–11.45) 3.38(1.02–11.19) 0.11 
     

  

Gastric cancer Cases 44 87 87   

HR (95% CI)* 1.00(referent) 0.82(0.57–1.18) 0.80(0.55–1.15) 0.28 

HR (95% CI)† 1.00(referent) 0.83(0.57–1.19) 0.82(0.56–1.18) 0.34 
     

  

Gastric 
adenocarcinoma 

Cases 37 73 75   

HR (95% CI)* 1.00(referent) 0.82(0.55–1.23) 0.82(0.55–1.22) 0.41 

HR (95% CI)† 1.00(referent) 0.83(0.56–1.24) 0.84(0.57–1.26) 0.49 
     

  

Gastric cardia cancer Cases 15 32 43   

HR (95% CI)* 1.00(referent) 0.93(0.50–1.71) 1.19(0.66–2.15) 0.40 

HR (95% CI)† 1.00(referent) 0.96(0.52–1.78) 1.27(0.70–2.31) 0.29 
     

  

Gastric non-cardia 
cancer 

Cases 29 56 44   

HR (95% CI)* 1.00(referent) 0.77(0.49–1.22) 0.60(0.38–0.96) 0.03 

HR (95% CI)† 1.00(referent) 0.77(0.49–1.21) 0.60(0.37–0.96) 0.03 

 

*Adjusted for: sex, educational attainment (Degree v not), Townsend deprivation index (quintiles), smoking status 

(never, former light, former heavy, current light, current heavy), Height at baseline (m), alcohol intake (Never drinker, 

former drinker, current light-moderate drinker, current heavy drinker) & baseline date. Age was used as the timescale. 

 †Additionally, adjusted for BMI (<18.5,18.5-<25 (ref),25-<30,30+) and waist:hip ratio (>94 v <=94 in men; >80 v <=80 in 

women) 

Abbreviations: SCC=Squamous cell carcinoma 
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After excluding events within the first 3 years of follow-up, the previously observed 

inverse association between PA and gastric non-cardia cancer became attenuated 

(high compared with low levels HR 0.83, 95% CI 0.42–1.66). Other associations 

remained largely unchanged (Table 2.6). 

There were few associations between type of PA and risk of incident oesophageal and 

gastric carcinoma. However, individuals in the middle, but not the highest tertiles of 

vigorous PA levels had a reduced risk of overall GC (HR 0.65, 95% CI 0.46–0.92), 

adenocarcinoma and cardia subtypes, compared to individuals partaking in the lowest 

levels of vigorous activity (Table 2.7).  

There were no significant associations between levels of screen-based sedentary 

behaviour and oesophago-gastric cancer types and results were similar after 

additional adjustment for total MET hours of PA. However, moderate (HR 1.36, 95% 

CI 0.95–1.95) and high (HR 1.33, 95% CI 0.97–1.83) levels of screen-based sedentary 

behaviour were associated with a non-statistically significant increased risk of OAC 

(Table 2.8). 

The associations between PA and risk of oesophageal and GC were similar when 

stratified by comorbidity status, smoking, BMI and sex 
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Table 2.6 Cox proportional hazards results for the association between measures of physical activity 

and types of oesophago-gastric cancers amongst 359,425 participants of the UK Biobank study after 

excluding events within the first 3 years of follow-up. 

  

 
Physical activity categories 

  

 

Low Moderate High p-trend 

  Person-years 159,044.3 382,249.1 376,204.2  
Oesophageal 
cancer 

Cases 
27 42 82  

HR (95% CI) 
1.00(referent) 0.68(0.42–1.10) 1.30(0.84–2.01) 0.03      

 
Oesophageal 
adenocarcinoma 

Cases 
24 29 56  

HR (95% CI) 
1.00(referent) 0.54(0.31–0.93) 0.99(0.61–1.60) 0.46      

 
Oesophageal SCC Cases 0 12 18 

 
HR (95% CI) 1.00(referent) † † † 

     

 
Gastric cancer Cases 

18 45 43  
HR (95% CI) 

1.00(referent) 1.02(0.59–1.76) 0.97(0.56–1.68) 0.87      

 
Gastric 
adenocarcinoma 

Cases 
15 37 39  

HR (95% CI) 
1.00(referent) 1.00(0.55–1.83) 1.05(0.58–1.91) 0.85      

 
Gastric cardia 
cancer 

Cases 
6 14 18  

HR (95% CI) 
1.00(referent) 0.99(0.38–2.60) 1.24(0.49–3.15) 0.55      

 
Gastric non-cardia 
cancer 

Cases 
12 31 25  

HR (95% CI) 
1.00(referent) 1.02(0.52–1.99) 0.83(0.42–1.66) 0.50 

Adjusted for: sex, educational attainment (Degree v not), Townsend deprivation index (quintiles), smoking status (never, 

former light, former heavy, current light, current heavy), Height at baseline (m), alcohol intake (Never drinker, former 

drinker, current light-moderate drinker, current heavy drinker) & baseline date. Age was used as the timescale. 

† Unable to calculate estimate due to small numbers 

Abbreviations: SCC=Squamous cell carcinoma 
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Table 2.7 Cox proportional hazards results for the association between types/intensities of physical activity and types of oesophago-gastric cancers amongst 

359,425 participants of the UK Biobank study. 
    Walking tertiles   Moderate physical activity tertiles   Vigorous physical activity tertiles 

    Low Moderate High   Low Medium High   Low Medium High 
 

Person-years 687671.0 886687.3 408198.9 
 

762217.6 828576.9 391762.8 
 

767646.6 661179.3 553731.4 

Oesophageal 
cancer 

Cases 101 125 69 
 

111 111 73 
 

135 95 65 

HR (95% CI) 1.00(referent) 0.99(0.75–1.30) 1.15(0.76–1.76) 
 

1.00(referent) 1.00(0.75–1.34) 1.22(0.76–1.96) 
 

1.00(referent) 0.92(0.70–1.21) 0.78(0.54–1.11) 
             

Oesophageal 
adenocarcinoma 

Cases 81 90 46 
 

85 82 50 
 

96 73 48 

HR (95% CI) 1.00(referent) 0.91(0.66–1.25) 0.99(0.60–1.62) 
 

1.00(referent) 1.03(0.74–1.45) 1.28(0.73–2.25) 
 

1.00(referent) 1.04(0.76–1.43) 0.92(0.60–1.39) 
             

Oesophageal SCC Cases 15 27 17 
 

20 24 15 
 

31 16 12 

HR (95% CI) 1.00(referent) 1.42(0.74–2.74) 2.06(0.81–5.25) 
 

1.00(referent) 0.99(0.52–1.91) 0.89(0.31–2.58) 
 

1.00(referent) 0.65(0.34–1.21) 0.52(0.23–1.16) 
             

Gastric cancer Cases 70 99 49 
 

83 78 57 
 

104 54 60 

HR (95% CI) 1.00(referent) 1.08(0.79–1.49) 1.07(0.65–1.77) 
 

1.00(referent) 0.88(0.63–1.24) 1.14(0.66–1.97) 
 

1.00(referent) 0.66(0.47–0.92) 0.89(0.60–1.31) 
             

Gastric 
adenocarcinoma 

Cases 57 85 43 
 

70 64 51 
 

90 44 51 

HR (95% CI) 1.00(referent) 1.15(0.81–1.63) 1.16(0.68–1.99) 
 

1.00(referent) 0.87(0.60–1.27) 1.26(0.70–2.27) 
 

1.00(referent) 0.62(0.43–0.90) 0.85(0.56–1.30) 
             

Gastric cardia 
cancer 

Cases 25 40 25 
 

33 31 26 
 

45 21 24 

HR (95% CI) 1.00(referent) 1.28(0.76–2.15) 1.67(0.79–3.53) 
 

1.00(referent) 0.88(0.52–1.51) 1.22(0.53–2.82) 
 

1.00(referent) 0.55(0.32–0.93) 0.66(0.36–1.22) 
             

Gastric non-cardia 
cancer 

Cases 45 60 24 
 

51 47 31 
 

60 33 36 

HR (95% CI) 1.00(referent) 0.99(0.66–1.49) 0.78(0.40–1.53)   1.00(referent) 0.87(0.56–1.35) 1.09(0.53–2.24)   1.00(referent) 0.74(0.48–1.14) 1.08(0.65–1.79) 

All analyses adjusted for: sex, educational attainment (Degree v not), Townsend deprivation index (quintiles), smoking status (never, former light, former heavy, current light, current 

heavy), Height at baseline (m), alcohol intake (Never drinker, former drinker, current light-moderate drinker, current heavy drinker), baseline date and total minutes of physical activity per 

week. Age was used as the timescale. 

Abbreviations: SCC=Squamous cell carcinoma  
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Table 2.8 Cox proportional hazards results for the association between tertiles of screen-based 

sedentary behaviour and types of oesophago-gastric cancers amongst 359,425 participants of the UK 

Biobank study. 

    Screen time tertiles 

    Low (0-3) Moderate (>3-4) High (>4-16) p-trend 

  Person-years 944,192.8 421,633.7 608,245.1  

Oesophageal cancer Cases 104 70 121  

HR (95% CI)* 1.00(referent) 1.20(0.88–1.62) 1.17(0.90–1.53) 0.25 

HR (95% CI)† 1.00(referent) 1.20(0.88–1.63) 1.18(0.90–1.54) 0.23 
     

 

Oesophageal 
adenocarcinoma 

Cases 69 54 94  

HR (95% CI)* 1.00(referent) 1.37(0.96–1.95) 1.34(0.98–1.84) 0.07 

HR (95% CI)† 1.00(referent) 1.36(0.95–1.95) 1.33(0.97–1.83) 0.08 
     

 

Oesophageal SCC Cases 27 12 20  

HR (95% CI)* 1.00(referent) 0.82(0.41–1.62) 0.75(0.41–1.35) 0.34 

HR (95% CI)† 1.00(referent) 0.83(0.42–1.64) 0.78(0.43–1.42) 0.41 
     

 

Gastric cancer Cases 80 53 84  

HR (95% CI)* 1.00(referent) 1.22(0.86–1.73) 1.14(0.83–1.55) 0.42 

HR (95% CI)† 1.00(referent) 1.22(0.86–1.73) 1.14(0.83–1.56) 0.42 
     

 

Gastric 
adenocarcinoma 

Cases 68 45 71  

HR (95% CI)* 1.00(referent) 1.21(0.83–1.77) 1.11(0.79–1.57) 0.53 

HR (95% CI)† 1.00(referent) 1.21(0.83–1.77) 1.12(0.80–1.58) 0.51 
     

 

Gastric cardia cancer Cases 34 24 31  

HR (95% CI)* 1.00(referent) 1.27(0.75–2.14) 0.93(0.57–1.53) 0.80 

HR (95% CI)† 1.00(referent) 1.27(0.75–2.16) 0.95(0.58–1.57) 0.87 
     

 

Gastric non-cardia 
cancer 

Cases 46 29 54  

HR (95% CI)* 1.00(referent) 1.18(0.74–1.89) 1.32(0.88–1.97) 0.18 

HR (95% CI)† 1.00(referent) 1.18(0.74–1.88) 1.30(0.86–1.95) 0.21 

*Adjusted for: sex, educational attainment (Degree v not), Townsend deprivation index (quintiles), smoking status 

(never, former light, former heavy, current light, current heavy), Height at baseline (m), alcohol intake (Never drinker, 

former drinker, current light-moderate drinker, current heavy drinker) & baseline date. Age was used as the timescale. 

 † Additionally, adjusted for total MET hours of physical activity 

Abbreviations: SCC=Squamous cell carcinoma
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2.6 Discussion 

This large prospective cohort study indicates that PA was not associated with overall 

risk of oesophago-gastric cancer, however results differed by subtypes. Moderate, 

rather than high, PA levels were associated with the strongest reductions in OAC risk.  

Non-significant increased risks of OAC were also observed for individuals reporting 

the highest hours of sedentary behaviour.  

In contrast with previous systematic reviews (4,5), the present study did not report an 

inverse association with OAC or oesophageal cancer, when comparing the most to 

least physically active. The previous meta-analyses however were primarily driven by 

case-control studies, with only non-significant associations between PA and OAC risk 

observed in cohort studies (58,69). We did however observe a 37% risk reduction of 

OAC when comparing moderate levels to low levels of PA. 

Our observation for a lack of dose-response relationship between PA and OAC is 

perhaps unsurprising. OAC risk is strongly associated with both the frequency and 

duration of gastroesophageal reflux symptoms (156) and these symptoms are 

common in athletes (157,158). One case-control study (159) observed that moderate 

PA was associated with a 60% reduction in such symptoms, whereas another study 

noted high intensity PA was associated with a 3-fold increase in acid exposure (160). 

High intensity PA may increase acid reflux through relaxation of the lower oesophageal 

sphincter, enhanced pressure gradient between the stomach and oesophagus and 

increased mechanical stress as a result of bouncing organs (158). These findings 

suggest that the experience of reflux symptoms observed during PA may be intensity-

dependant, perhaps explaining why our current study found that moderate, rather than 

high, PA levels were associated reductions in OAC risk. 



81 
 

Although our present study initially found a significant reduction in gastric non-cardia 

cancer for the most physically active, the association became attenuated after 

excluding events in the first three years of follow-up. This suggests that reverse 

causation may have influenced the initial results, and contrasts with previous cohort  

studies (58,69,144) and systematic reviews (4,5) that reported inverse associations 

between PA and GC risk.  

In contrast with previous cohort (58,59,144) results, we observed a significant 

increased risk of oesophageal SCC with both moderate and high levels of PA, when 

compared with low levels even after adjustment for BMI and waist:hip ratio. Previous 

studies have shown an inverse-relationship between BMI and oesophageal SCC risk 

(161,162). This finding should however be interpreted with caution due to the small 

number of cases observed in the reference category group (n=3), and no calculation 

of oesophageal SCC was possible after excluding cancers in early years of follow-up.  

Identifying a clear biological mechanism linking PA and oesophago-gastric cancer and 

specifically OAC is however lacking. One of the most commonly hypothesised 

mechanisms by which PA is thought to reduce the risk of other cancers is through the 

reduction of systemic inflammation (163). However, we adjust for body composition in 

our analyses, and observed similar results across strata of BMI, suggesting any 

changes of PA on inflammatory markers are independent of BMI changes.  

While our results suggest a protective effect of high levels of PA for gastric non-cardia 

cancer and moderate levels of PA for OAC, further studies are required to confirm 

these results. A recent feasibility trial (164) of an exercise intervention in males at risk 

of OAC found that a moderate-intensity aerobic and resistance exercise intervention 

significantly reduced waist circumference (-4.5 [95% CI 7.5, -1.4] cm; p < 0.01) in 
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overweight and inactive men with Barrett’s oesophagus, the pre-cursor to OAC.  

Similar research may provide adequate aetiological evidence to inform on the 

development and advocacy of future PA interventions for cancer prevention.  

It is currently recommended that individuals in the UK participate in at least 150 

minutes of moderate-intensity PA per week (165) for general health, with similar 

recommendations for cancer prevention guidelines (19). Therefore, based on our 

present results, it may be a much more achievable and realistic target to develop 

interventions aiming to encourage individuals with low levels of PA to participate in 

moderate levels.  Recent advances in standardised scoring systems may also provide 

additional insight into PA’s association with cancer. Recently a collaborative group 

was formed to develop a standardised scoring system based on the 2018 WCRF/AICR 

cancer prevention recommendations (166). This tool allocates points to individuals 

based on their respective PA levels, as such: one point is allocated to those who 

complete ≥150 min of MVPA per week, 0.5 points to those who complete 75–<150 

mins of MVPA per week and 0 points to those who complete <75 mins of MVPA per 

week. This proposed scoring tool will allow for researchers to examine how adherence 

to the 2018 WCRF/AICR recommendations on PA relates to cancer risk and mortality 

specifically, amongst various adult populations. 

Despite previous systematic reviews (146) observing an increased risk of other cancer 

types in relation to sedentary behaviour, less is known in regard to its association with 

oesophago-gastric cancer. Results from our current study are supported by a meta-

analysis (167) which reported no associations between sedentary time and 

oesophageal cancer. However, our current study observed non-significant increased 

risks of OAC for individuals reporting the highest hours of sedentary behaviour, with 
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proposed mechanisms including an increased number of reflux episodes with 

increased sitting time (168) and increased body weight (169).  

Major strengths of this study were its large sample size and prospective design, 

minimising the impact of recall bias in participants with and without upper GI cancers. 

In addition, cancers were identified through robust, internationally accepted cancer 

registry classification systems. The availability of information on BMI, smoking, co-

morbidities and several other potentially important confounders, as well as information 

on the anatomical subsite of the tumour, are further major strengths of this study.  

There are, however, limitations to this study. Self-reported measurement of PA and 

sedentary behaviour may be subject to reporting and social desirability bias (170). 

Further research using validated and objective measures of PA such as accelerometer 

and pedometers may resolve these issues (170). Nevertheless, as data were collected 

prior to diagnosis, it is unlikely that any misclassification will have been differential 

between cancer cases and controls. The UK Biobank also had a poor response rate 

of 5.5% (171), potentially indicating response biases and differences in 

sociodemographic variables which may limit generalisability of findings. However, our 

sample still included a range of educational attainment and deprivation across 

participants.  

In conclusion, findings from this large UK prospective cohort show a decreased risk of 

OAC associated with moderate levels of PA. There were also suggestions of a direct 

association between screen-based sedentary behaviour and OAC risk 
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3.1 Introduction 

CRC is one of the most common malignancies worldwide as well as the fourth most 

common cause of death from cancer (66). The colon is the lower part of the intestinal 

tract, extending from the caecum to the rectum. CRC arises from the mucosal lining in 

the large intestine and comprises both the colon and the rectum. The remainder of the 

colon is divided into four main parts; the ascending colon, the transverse colon, the 

descending colon and the sigmoid colon, as outlined in figure 3.1. 

Figure 3.1 Composition of the colon 

 

 

 

 

 

 

 

It is estimated that the incidence of CRC will increase by 60% to more than 2.2 million 

new cases and 1.1 million deaths by 2030 (172).  

Despite a promising 5-year survival rate of up to 90% for CRCs which are diagnosed 

at an early stage (6), the diagnosis of this cancer generally occurs late, which is of 

critical importance given the quick formation of metastasis. Whilst at least 15% of 

CRCs are hereditary (173), lifestyle and environmental factors are thought to account 

for most CRCs. Although traditionally presenting the highest incidence rates in more 
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developed and industrialised countries, CRC rates have seen a rapid increase in 

developing countries (174). This exhibits the importance of identifying modifiable risk 

factors which may be associated with CRC, as well the biological mechanisms which 

may underpin these associations.  

One key modifiable risk factor suggested for primary prevention of CRC is PA. 

Evidence suggesting a protective role for PA in CRC aetiology is promising (1). The 

WCRF/AICR have judged there to be convincing evidence that higher PA levels are 

associated with a reduced risk of CRC (6). Previous systematic reviews and meta-

analyses have noted a reduced risk of CRC in the most physically active individuals 

compared to the least active, in a dose-response manner (7,8). Kyu et al. (7) reported 

that when compared with insufficiently active individuals the risk of CRC in low active, 

moderately active and highly active groups was reduced by 10%, 17% and 21%, 

respectively. Moore et al. (8) reported similar associations in a meta-analysis which 

observed PA and CRC risk through 12 different studies, with a total of 14,160 cases. 

This study reported a significant 16% (HR 0.84, 95% CI 0.77-0.91) reduced risk for 

cancer of the colon when comparing individuals with the highest vs lowest levels of 

activity. 

The mechanisms linking PA and CRC risk, however, remain poorly understood. Some 

of the most commonly proposed mechanisms relate to energy balance, insulin levels, 

inflammation and endogenous hormones (175).   

A key determinant of cell proliferation and apoptosis in many cancers is insulin-like 

growth factor-1 (IGF-1) (176). Specifically, IGF-1 has been implicated in the 

development and progression of CRC (177). In plasma, almost all IGFs are complexed 

to IGFBPs binding proteins which modulate the availability of free IGF-1 to the tissues, 
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with up to 80% of circulating IGF-1 carried by IGFBP-3 (178). IGF-1 and IGFBP-3 have 

been shown to have contrasting effects on cancer risk, with IGF-1 recognised as an 

antiapoptotic and IGFBP-3 a proapoptotic. This is evident from previous 

epidemiological studies which have examined the associations between biomarkers 

related to the IGF pathway and cancer risk.  

Previous research has focused on the effect of PA on serum levels of biomarkers such 

as IGF, as well as insulin and oestrogens, for example. These biomarkers, which lie 

on the causal pathway between PA and cancer risk may be of importance in 

determining an individual’s cancer risk profile. However, there is currently a paucity of 

data examining the IGF pathway as a mediator of the PA-Cancer relationship, and to 

our knowledge this systematic review is the first to study this. Thus, the aim of this 

systematic review is to examine whether the IGF pathway mediates the association 

between PA and CRC risk. 
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3.2 IGF and CRC risk – Current evidence  

3.2.1 Chen et al. (2009) 

Previous systematic reviews and meta-analyses have reported associations between 

circulating levels of IGF and cancer risk at a range of different cancer sites. Chen et 

al. (179)  in a meta-analysis of 96 studies, reported that higher levels of circulating IGF 

levels were associated with a significant increased cancer risk of 15% (OR, 1.15 95% 

CI 1.03–1.29), especially among prostate (OR, 1.24 95% CI 1.01–1.53) and pre-

menopausal breast cancer patients (OR, 1.52 95% CI 1.23–1.88). In contrast, higher 

concentrations of IGFBP-3 significantly decreased the risk of advanced PC by 56% 

(OR, 0.44 95% CI 0.25–0.77).  An increased risk was also reported for CRC (OR, 1.28 

95% CI 1.02–1.61) when comparing the highest to lowest levels of circulating IGF-1. 

This included 9 studies which assessed the associations between IGF-1 and CRC with 

a total of 1909 controls and 3783 cases.  

3.2.2 Renehan et al. (2004) 

Similar findings have been reported in a systematic review and meta-regression 

analysis by Renehan et al. (180) which also reports an increased risk of PC (OR, 1.49 

95% CI 1.14–1.95) and premenopausal breast cancer (OR, 1.65 95% CI 1.26–2.08) 

when comparing the 75th with the 25th percentile of IGF concentrations. Moreover, 

this study also reported that high concentrations of IGFBP-3 were associated with 

significant increased risk of pre-menopausal breast cancer (OR, 1.51, 95% CI 1.01–

2.27). Significant dose-response relationships were also reported for each respective 

cancer site (0.003; <0.001; 0.05). IGF-1 was also shown to associated with a 

significant increased risk of CRC (OR 1.58, 95% CI 1.11-2.27) after meta-analysis of 

5 cohort studies (181–185) comparing the highest vs lowest levels of IGF-1. Studies 
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assessing IGF-1 in relation to CRC risk showed low heterogeneity (I2 = 3.1). When 

comparing the highest and lowest categories of IGFBP-3 in relation to CRC risk a non-

significant decreased risk was observed (OR 0.77, 95% CI 0.36-1.66) with low 

heterogeneity between included studies (I2 = 17.2).  When assessing dose-response 

relationships between biomarkers related to the IGF pathway and CRC risk, only non-

significant increased risks were reported for IGF-1 and CRC risk (OR 1.18, 95% CI 

0.92-1.51) and IGFBP-3 and CRC risk (OR 1.16, 95% CI 0.85-1.57), respectively.  

This study analysed 26 datasets, identified from 21 eligible studies and included 3609 

cases and 7137 controls in total. Overall, studies assessing IGFBP-3 in relation to 

cancer risk showed low heterogeneity (I2 = 0.28) whereas those assessing IGF-I in 

relation to cancer risk showed high heterogeneity, which the authors attributed to the 

medium of collection. However, this study presented numerous methodological 

strengths, including the assessment of quality studies, assessment of publication bias, 

data sourced from both cohort and case-control studies, and a sizable overall cohort 

of cases and controls.  

3.2.3 Chi et al. (2013) 

Some of the strongest evidence between IGF and cancer risk shows consistent 

associations between circulating IGF levels and CRC. A systematic review and meta-

analyses by Chi et al. (186) reported significant associations between both IGF-1 and 

IGF-2 with CRC risk. This meta-analysis, which observed 19 epidemiological studies 

containing 5,155 cases and 9,420 controls assessed the association of circulation IGF 

peptides and CRC risk. The main results from the pooled adjusted ORs and 95 % CIs, 

comparing the highest and lowest categories of all components in IGF system of CRC, 

reported significant increased risks with higher levels of IGF-1 (OR, 1.25 95 % CI 1.08–
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1.45) and IGF-2 (OR, 1.52, 95 % CI 1.16–2.01) and non-significant decreased risks of 

CRC with higher levels of IGFBP-1 (OR, 0.85 95 % CI 0.70–1.03), IGFBP-2 (OR, 0.77 

95 % CI 0.41–1.43) and IGFBP-3 (OR, 0.88 95 % CI 0.71–1.10). This study was 

seminal in relation to IGF and CRC risk, being the first meta-analysis to study five 

components of IGF in relation to CRC risk. This meta-analysis presents numerous 

methodological strengths, reporting no significant publication bias and low 

heterogeneity in relation to studies observing the components of IGF-1 (I2 = 20.7%), 

IGF-2 (I2 = 14.9%) and IGFBP-3 (I2 = 3.8%). Moreover, this meta-analysis contained 

19 epidemiological studies, providing comprehensive pooled results. 
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3.3 Methods 

3.3.1 Aim and rationale 

Specific objectives for this review are to: 

• Part 1: To assess the components of PA, including type, intensity and duration 

in relation to concentrations of any IGF biomarker related to the IGF pathway. 

• Part 2: To assess the association between circulating IGF and CRC risk. 

• Overall aim: To assess whether the IGF pathway mediates the association 

between PA and CRC risk. 

3.3.1.1 WCRF systematic review methodology for mechanistic studies  

For the purposes of this systematic review, we utilised the recently developed WRCF 

systematic review methodology for mechanistic studies (187). This methodology was 

developed to allow for the integration of mechanistic studies into systematic reviews 

of exposures and disease to aid the inference of causality. This is a two-stage 

framework, in which the first stage is designed to identify mechanisms underpinning a 

specific exposure–disease relationship; and the second stage is a targeted systematic 

review of studies on a specific mechanism (As per details outlined in section 3.3.1).  

3.3.2 Study Strategy 

This review was developed according to the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) statement. Study protocol details have 

previously been published on the International prospective register of systematic 

reviews (PROSPERO). Available from: 

 http://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42017053257 

http://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42017053257
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3.3.3 Databases 

The electronic bibliographic databases MEDLINE, EMBASE, Web of Science and 

PubMed were systematically searched from inception to April 2017. The searches 

were restricted to English language and to studies carried out in humans.  

3.3.4 Search strategy 

Keywords and Medical Subject Heading (MeSH) search terms related to ‘physical 

activity’, ‘insulin-like growth factor’ and ‘cancer’ are outlined in appendix 1.  

3.3.5 Study selection  

Titles and abstracts of identified articles were independently reviewed by at least 2 

reviewers (Kristian Mallon and Helen Coleman or Chris Cardwell or Ruth Hunter). The 

following inclusion characteristics based on PICOS (population, intervention, 

comparator, outcome, study design) criteria were agreed for screening papers: 

1. Population: Adults aged 18 years and over of any gender.  

2. Intervention:  

(Part 1): Studies investigating the association between PA and biomarkers    

related to the IGF pathway. 

(Part 2): Studies investigating the association between biomarkers related to 

the IGF pathway and CRC risk. 

3. Comparator:  

(Part 1): Levels of any biomarker related to the IGF pathway between 

individuals exposed to a PA intervention vs. control group. 

(Part 2): Individuals who have received a diagnosis of CRC vs. individuals who 

have not received a CRC diagnosis. 
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4. Outcome:  

(Part 1): Levels of biomarkers related to the IGF pathway. 

(Part 2): CRC (Secondary outcomes; rectal and colon cancer).  

5. Study design: Case-control (including nested case-control studies) and cohort 

studies. 

 

3.3.6 Inclusion criteria 

The criteria for inclusion were case-control (including nested case-control studies) 

studies, cohort studies, and experimental studies in relation to IGF and PA. Single 

case reports and reviews were excluded. Searches were limited to studies involving 

humans and published in the English language only. 

For part 1 of the review, we included studies investigating the association between PA 

and biomarkers related to the IGF pathway. All the domains of PA including; 

occupational, recreational, household and commuting & active travel were studied in 

relation to frequency, intensity and duration. Sedentary behaviour was also studied in 

relation of frequency, intensity and duration. Measures of PA included both subjective 

(i.e. self-report data from questionnaires or interviews) and objective measures (i.e. 

using accelerometers or pedometers). We then categorised PA into three separate 

groups for the purpose of our analysis: 

• Questionnaire studies: Studies in which PA was measured by questionnaire 

• Long-term interventions: Studies in which PA was typically performed over a 

set number of days/weeks and/or months 

• Short-term interventions: Studies in which PA was typically performed in one 

short session over a number of minutes/hours 
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The relationship of PA behaviour in terms of concentrations of any IGF biomarker 

related to the IGF pathway were computed.  

Part 2 of this review includes studies investigating the association between biomarkers 

related to the IGF pathway and CRC risk. Here, we included case-control and cohort 

studies if they reported analyses of the associations between measurements of 

circulating IGF biomarkers related to the IGF pathway and CRC. 

Only studies reporting both the measures of strength of association and 95% 

confidence intervals, or studies which presented enough data for these to be 

calculated were included.  When comparing PA levels in relation to concentrations of 

any IGF biomarker related to the IGF pathway, we compared high versus low levels 

of PA. We also assessed continuous increments of PA in relation to concentrations of 

any IGF biomarker related to the IGF pathway. When assessing concentrations of IGF 

biomarkers in relation to CRC risk, we compared the highest to the lowest levels of 

IGF concentration.  

3.3.7 Exclusion criteria 

For part 1 of the review, PA studies which assessed only strength/resistance training 

were excluded. Studies with 10 or less participants were also excluded. 

For part 2 of the review, genetic studies were excluded, including studies of single 

nucleotide polymorphisms (SNPs) in IGF genes and CRC.  

Exclusive study populations of other comorbidities, for instance, heart failure, type II 

diabetes or acromegaly were excluded. Studies in which there was an intervention not 

related to PA, with no control group were excluded. This review also only reported on 

non-athletic populations, i.e. those individuals which are not considered ‘elite, 

competitive or trained athletes.  
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3.3.8 Study Selection and Date Extraction  

Titles and/or abstracts of studies retrieved using the search strategy and those from 

additional sources were screened independently by two review authors to identify 

studies that potentially met the inclusion criteria outlined above. The full-texts of these 

potentially eligible studies were retrieved and independently assessed for eligibility by 

two review team members. In the instance that multiple publications presented the 

same risk factor from a study sample, the most recent article was retained.  Any 

disagreements over the eligibility of studies for inclusion were resolved through 

discussion with a third reviewer.  

Detailed information was recorded from all included studies in relation to location, 

study design, number of cases/controls, population characteristics, component of IGF 

measured, method of IGF measurement, confounding factors, and results. This 

information was reviewed by 2 reviewers independently (Kristian Mallon and Helen 

Coleman), and is summarized in table 3.1.  
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Table 3.1 Characteristics of studies investigating levels of physical activity in association with biomarkers related to the IGF pathway, according to method of physical activity 
assessment  
 
Questionnaire  

Author Location Study type Sample 

size 

Study 

population 

PA intervention/measure Component of IGF 

measured 

Method of IGF 

measurement 

Adami et al. (2010) Italy Longitudinal 531 Females Minutes/week of PA IGF-I ELISA 

Allen et al. (2003) UK Cohort  293 Females Minutes/week of PA IGF-I, IGFBP-1, IGFBP-2 & IGFBP-3 Not described 

Barnes et al. (2009) Germany Case-control  882 Females MET-hours IGF-I & IGFBP-3 ELISA 

Bonnefoy et al. (1998)  France Cross-sectional  60 Males & 
females 

Mean habitual daily energy expenditure (MHDEE), daily 
energy expenditure (DEE) and sport activity 

IGF-I Immunoassay 

Bonnefoy et al. (1999) France Longitudinal 39 Males & 
females 

MHDEE & DEE IGF-I Immunoassay 

Chang et al. (2002) USA Cross-sectional  381 Males & 
females 

Minutes/week of PA IGF-I, IGF-2 & IGFBP-3 ELISA 

DeLellis et al. (2004) USA Cohort 955 Males & 
females 

Hours/week of vigorous PA IGF-I & IGFBP-3 ELISA 

Friedenreich et al. (2011) Canada RCT 310 Females Aerobic exercise (mixed methods) IGF-I & IGFBP-3 Immunoassay 

Gapstur et al. (2004) USA Longitudinal 1418 Males Aerobic exercise (mixed methods) IGF-I & IGFBP-3 Immunoassay 

Haydar et al. (2000) USA Cross-sectional 273 Males & 
Females 

Leisure-time PA (LTPA) expressed as kcal/day IGF-1 Radioimmunoassay (RIA) 

Holmes et al. (2002) USA Cross-sectional 1037 Females MET-hrs/week (Nurses’ health study) IGF-1 & IGFBP-3 ELISA 

Hwang et al. (2016) Taiwan Cross-sectional 1839 Males & 
Females 

Quartiles of PA (according to IPAQ) IGF-1 Electro chemiluminescent 
immunoassay (ECLIA) 

Lemmey et al. (2001) UK Cross-sectional 155 (28 
Controls) 

Males & 
Females 

Habitual PA levels IGF-1 & IGFBP-3 RIA 

Lukanova et al. (2001)  USA Cross-sectional 400 Females Jogging, cycling, swimming & sports IGF-1 IRMA 

Paxton et al. (2014) USA Cross-sectional 755 Females Time spent sitting p/day IGF-1 & IGFBP-3 ELISA 

Poehlmann et al. (1990) USA Cross-sectional 68 Males LTPA in the past year IGF-1 RIA 

Rinaldi et al. (2014) Europe - EPIC 
Cohort  

Cross-sectional 2158 Females Occupational, recreational, & household domains of PA in 
the past year.  

IGF-1 & IGFBP-3 ELISA 

Rudman et al. (1994) USA Cross-sectional 98 Males Kcal/kg expended in the past week in moderate, hard or 
very hard activity 

IGF-1 Not described 

Slattery et al. (2005) USA Cross-sectional 494 Women Total PA level (PAL) (MET-mins) & Vigorous PAL (MET-mins) IGF-1 & IGFBP-3 RIA 

Spartano et al. (2017) USA  Cross-sectional 2109 Males & 
Females 

MVPA IGF-1 ELISA 

Teramukai et al. (2002) Japan Cross-sectional 616 Males MET-hrs/Week IGF-1 & IGFBP-3 IRMA 

Tworoger et al. (2007) USA Cross-sectional 565 Females MET-hrs/week of total PA (moderate-to-vigorous intensity), 
walking, or vigorous PA, and hrs/week of standing or sitting 

IGF-1 & IGFBP-3 ELISA 

Voskuil et al. (2001) Netherlands Cross-sectional 225 Females Categories included:  
1) Total activity score  

IGF-1, IGFBP-1, IGFBP-2 & IGFBP-3 Double-antibody IRMA: IGF-1, 
IGFBP-1 & IGFBP-3           
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2) Sports activity  
3) OPA   
4) Sports activity between ages 20-40.   
Total activity score was also calculated & hour’s p/day 
sports/cycling.  

 
RIA: IGFBP-2 

Wakai et al. (2009) Japan Cross-sectional 6957 Males & 
Females 

Walking time p/day & exercise time p/week IGF-1 & IGFBP-3 IRMA 

 

Long-term  interventions  
Ardawi et al. (2012)  Saudi Arabia Cross-sectional 1235 Females Specified training programme – 120-minute sessions, 4 days 

a week, for 8 weeks 
IGF-I Immunoassay 

Arikawa et al. (2010) USA RCT 319 Females Weight-bearing aerobic exercise IGF-1, IGFBP-1, IGFPB-2 & IGFBP-3  ELISA 

Ay & Yurtkuran. (2003) Turkey Case-control  41 Females 6 months of aquatic aerobic exercise IGF-I Not described 

Barnard et al. (2003) USA Case-Control 44 Males 45-minute sessions, 5 days per week, including flexibility, 
swimming and calisthenics exercises  

IGF-I, IGFBP-1 ELISA 

Brekke et al. (2014) Sweden RCT 68 Females 12-week walking programme IGF-I Not described 

Grandys et al. (2008) Poland Intervention 15 Males Cycling exercise programme- 40-miunte sessions, four 
days/week, for five weeks. 

IGF-I & IGFBP-3 Immunoassay 

Karatay et al. (2007) Turkey Intervention 49 Males & 
Females 

Dynamic treadmill exercise – 20-minute sessions, 5 days a 
week, for two weeks.  

IGF-1 & IGFBP-3 RIA 

Krogh et al. (2014) Denmark Randomized 
clinical trial 

79 
(Aerobic ex: 
41) 
  

Males & 
Females 

Both groups participated in 45-minute supervised sessions, 
3 times per week in a 3-month programme. Sessions were 
performed on stationary bikes and stretching exercises 
were also performed 

IGF-1 ELISA 

Lovell et al. (2012)  Australia RCT 32 (Aerobic 
training 
group:  
n=11) 

Males 30 to 45-minute/ cycling session at 50 to 70 % VO2max for 
16 weeks 

IGF-1 Immunoassay  

Mason et al. (2013)  USA RCT 439 in total 
(117 in 
exercise 
only group) 

Females 12-month exercise intervention - 45 minutes/day, 5 days/ 
week of moderate-to-vigorous intensity activity. 
Intensity - Target HR of 70-85% of observed Max 

IGF-1 & IGFBP-3 Immunoassay 

McTiernan et al. (2005) USA Randomized 
clinical trial 

173 Females 12 month Moderate-intensity aerobic exercise  
45 minutes of moderate-intensity exercise 5 days a week 

IGF-I & IGFBP-3 ELISA 

Nindl et al. (2010) USA Prospective 
cohort 

13 
(Observing 
aerobic 
croup only) 

Females Weekly training was composed of 20–30 minutes of 
continuous running at a prescribed target HR of 70–85% 
MHR, or interval running consisting of 400-, 800-, 1,200-, 
and 1,600-m runs conducted close to maximal intensity. 

IGF-1 IRMA 

Ohta et al. (2012)  Japan RCT 26 Females 12-week home-based bench step exercise programme IGF-1  ELISA 

Vitiello et al. (1997)  USA Prospective 
cohort 

67 Males & 
Females 

Either a 3 days/week, 6-month endurance (ET3) or 
stretching/flexibility (SF3) protocol, followed by an intensive 
5 days/week, 6-month endurance protocol. 

IGF-1 RIA  
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Voss et al. (2013) USA Prospective 
cohort 

65 Males & 
Females 

Group 1) Walking group taking part in 40 mins of walking 
for 12 months. Group 2) A flexibility, toning and balancing 
(FTB) protocol for 12 months 

IGF-1 ELISA 

Wieczorek-Baranowska et 
al. (2011) 

Poland  Case-control 37 Females 8-week aerobic PA programme on a cycle ergometer IGF-1 & IGFBP-3 RIA 

Yamada et al. (2015) Japan Prospective 
cohort 

227 Males & 
Females 

6-month pedometer-based walking programme IGF-I Not described 

 

Short-term interventions 
Amir et al. (2007) Israel Case-control  24 Males Wingate anaerobic test IGF-I Not described 

Blain et al. (2012) France Cross-sectional 220 Females 6-minute walking speed test  IGF-1 IRMA 

Cordova et al. (2016) Brazil Cross-sectional  100 Males & 
females 

Walking speed test IGF-I Not described 

Cui et al. (2015) China Cohort  18 Males Cycle ergometer (Sprint interval cycling) IGF-I Immunoassay 

Eliakim et al. (2014) Israel Cohort 28 Males & 
females 

Wingate anaerobic test IGF-I Immunoassay 

Glaser et al. (2010) Germany  Cross-sectional 1332 Males & 
Females 

Cycle ergometer IGF-I & IGFBP-3 ECLIA  

Griffin et al. (2011) Ireland Case-control 47 Males Graded cycle ergometer exercise test, to exhaustion  IGF-I ELISA 

Gursel et al. (2001) Turkey Case-control  40 Females 10-minute ergospirometric treadmill test, above anaerobic 
threshold 

IGF-I Immunoassay 

Herbert et al. (2017) UK Observational  22 
(Sedentary 
men) 

Males HIIT Sessions - HIIT sessions were performed every 5 days, 
for six weeks (nine sessions in total).   
Sessions consisted of 6x30 s sprints at 40% Peak power 
output interspersed with 3 min active recovery on a cycle 
ergometer.  

IGF-1 ECLIA 

Karl et al. (2009) USA Cross-sectional 46 Females Graded treadmill test IGF-1, IGF-2, IGFBP-1, IGFBP-2 & 
IGFBP-3 

Immunoassay 

Nishida et al. (2010) Japan Intervention 14 Males Cycling (Cycle ergometer) at individual lactate threshold 
intensity for 60 mins.  

IGF-I, IGFBP-1 & IGFBP-3 IRMA 

Suikkari et al. (1989) Finland Intervention 11 Males 3-hour exercise session on a cycle ergometer at 45-50% of 
individual Vo2 Max 

IGF-1 & IGFBP RIA 

Szewieczek et al. (2009) Poland Intervention 28 (14 
healthy 
controls) 

Males Submaximal exercise treadmill test with stress gradually 
increased every 3 minutes from 4.64 MET, to reach 85±5% 
of the age predicted HR max  

IGF-1 RIA 

Vega et al. (2011) Germany Intervention 20 Females Graded submaximal exercise test during pregnancy (T1) and 
postpartum (T2). Cycle ergometer test, increasing 
incrementally every 2 minutes by 25w steps until a HR of 
150 bpm is reached 

IGF-1 Antibody and immunoassay 
technique 

Wideman et al. (1999) USA Intervention 18 Males & 
Females 

30-minute aerobic exercise test on a cycle ergometer IGF-1 RIA  

Zaldivar et al. (2006) USA Intervention 11 Males 30-minutes of heavy cycling on a cycle ergometer IGF-I ELISA 
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A quality score was calculated utilising the Newcastle Ottawa Scale as shown in table 

3.2. This scale is applied to assess the quality of studies regarding their design, 

content and ease of use. 

Table 3.2. Summary of Newcastle Ottawa Scale scores for studies investigating 

biomarkers related to the IGF pathway and CRC risk.  

 

 

3.3.9 Evidence Synthesis 

For part 1 of the review, where there were sufficient data, meta-analyses were carried 

out for the difference in mean levels of IGF biomarkers pre- and post-intervention and 

for the highest vs lowest levels of PA, respectively. The remaining studies 

                                                            Category 

First Author (Year)  

Selection 
(maximum 4 

marks) 

Comparability 
(maximum 2 

marks) 

Outcome/ 
Exposure 

(maximum 3 
marks) 

Total 
(maximum 9 

marks) 

English et al. (2004) # 0000 0* 0*0 2 

Giovannucci et al. (2000) **0* 0* *** 7 

Gunter et al. (2008) **0* 00 *** 6 

Hunt et al. (2002) **0* 0* *** 7 

Jenab et al. (2007) **0* 00 *** 6 

Kaaks et al. (2000) **0* 00 *** 6 

Ma et al. (1999) **0* ** *** 8 

Nomura et al. (2003) **** 0* *** 8 

Ollberding et al. (2012) **** 00 0** 6 

Otani et al. (2007) **** 00 *** 7 

Palmqvist et al. (2002) 0*** 0* *** 7 

Palmqvist et al. (2003) 0*** 00 *** 7 

Probst-Hensch et al. (2001) **** 0* 0** 7 

Rinaldi et al. (2010) **0* 0* *** 7 

Wei et al. (2005) **0* 0* *** 7 

Max et al. (2008) *0** 00 *** 6 

Morris et al. (2006) *00* 00 *** 5 

Wu et al. (2011) **0* ** *** 8 

Ning et al. (2010) # 0*00 00 00* 2 

# Denotes studies were only the abstract was available  
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demonstrated wide variation in relation to the nature of the interventions (types of 

activity) and the outcomes assessed and thus, meta-analysis was not possible. The 

results from these studies were synthesised narratively. 

For part 2 of the review, meta-analyses were carried out for CRC risk and biomarkers 

related to the IGF pathway. Risk estimates for the highest vs lowest levels of IGF 

biomarkers were calculated and weighted to produce an overall pooled estimate with 

95% confidence intervals (CI). 

3.4 Statistical analysis 

Stata 14 (Stata Corporation, College Station, TX, USA) and Revman Review Manager 

were used for data analyses. For part 1 of the study, random effects meta-analyses 

were conducted to produce pooled estimates from unadjusted study results observing 

the association between PA and biomarkers related to the IGF pathway.  The number 

of participants in the PA and control groups were calculated to determine the 

Standardised mean difference (with 95% CIs).  

For part 2 of the study, risk estimates for biomarkers related to the IGF pathway were 

calculated and weighted to produce an overall pooled estimate with 95% CIs. Random 

effects models were used to allow for heterogeneity between studies. Post-hoc 

sensitivity analyses involving the removal of individual studies were performed to 

assess whether they were responsible for statistical heterogeneity.  Heterogeneity was 

assessed using I2 tests. Levels of heterogeneity were classified according to Higgins 

et al. (188) where; heterogeneity is considered low if I2 statistic is <25%, moderate if 

I2 statistic is ~50% and high if I2 statistic is ≥75%. Publication bias was assessed using 

Egger’s regression test (189).  
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3.5 Results 

The search identified 9,502 potentially relevant articles to include, after de-duplication 

had taken place.  

For part 1 of the review, we identified 6,780 potentially relevant articles in relation to 

PA and biomarkers related to the IGF pathway.  After title and abstract screening, 

there were 137 articles that met the eligibility criteria. After full-text review and further 

assessment of these 137 articles, 57 articles were deemed suitable for study synthesis 

based on the eligibility criteria. An overview of the study selection process is shown in 

figure 3.2.  
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                                                                  STEP 1 

To assess PA and its domains, including type, intensity and duration in relation to 

concentrations of any IGF biomarker related to the IGF pathway 

 
 

STEP 2 

Literature search in four databases 

Records identified through 

Cochrane  

(n= 656) 

 

Records identified 

through Web of Science 

(n= 5453)  

Records identified 

through all OVID 

databases 

(n= 3083) 

 

Total inclusion (n= 9130) 

 

Records after duplicates removed (n= 6870) 
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STEP 4 

Number of full-text articles assessed for eligibility (n=137) 

 

 

 

   

Excluded:  

• Population does not meet inclusion criteria (n=29) 

• Full-text unavailable (n=5) 

• Duplicate study populations (n=10) 

• PA & IGF results not reported independently (n=30) 

• Genetic studies (n=4) 

• Participants with a health condition (n=2) 
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Figure 3.2 Study selection process for studies relating to PA and levels of biomarkers 

related to the IGF pathway 

 

STEP 5 

Number of articles for full text review included in the systematic review  

(n=57) 
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For Part 2 of the review we identified 2,632 potentially relevant articles in relation to 

biomarkers related to the IGF pathway and CRC risk. After title and abstract screening, 

there were 73 articles that met the eligibility criteria. After full-text review and 

assessment of these 73 articles, 19 articles were deemed suitable for study synthesis 

based on the eligibility criteria. An overview of the study selection process is shown in 

figure 3.3.  
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STEP 1 

To assess the association between circulating IGF and CRC risk. 

 

 

STEP 2 

Literature search in four databases 

Records identified through 

Cochrane  

(n= 62) 

 

Records identified 

through Web of Science 

(n= 1915)  

Records identified 

through all OVID 

databases 

(n= 1429) 

 

Total inclusion (n= 3406) 

 

Records after duplicates removed (n= 2632) 

 

STEP 3 

Records screened (Title & Abstract) (n = 2632) 

 

 

Excluded:  

• Not in English language (n=2) 

• Study type not included in criteria (n=12) 

• Full-text unavailable (n=3) 

• No risk estimate presented (n=11) 

• Duplicate study populations (n=6) 

• IGF results not reported independently (n=2) 

• Genetic studies (n=18) 

 

STEP 5 

Number of articles for full text review included in the systematic review  

(n=19) 
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STEP 4 

Number of full-text articles assessed for eligibility (n=73) 

 

 

Figure 3.3 Study selection process for studies relating to IGF and CRC risk 
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3.6 PA & IGF: Study characteristics  

The main characteristics of the studies observing the association between PA and IGF 

are presented in table 3.1.  

For part 1 of the review there were 22 cross-sectional studies (190,191,200–

209,192,210,211,193–199), 7 case-control studies (212–218), 8 intervention studies 

(219–226), 6 RCTs (227–232), 4 prospective cohort studies (233–236), 4 cohort 

studies (237–240), 3 longitudinal studies (190,241,242), 2 randomized clinical trials 

(243,244) and 1 observational study (245) included which examined the association 

between PA and biomarkers related to the IGF pathway. 

3.6.1 Meta-analyses results: PA & IGF 

3.6.1.1 PA & IGF-1: Questionnaire studies 

Six studies were included in a meta-analysis assessing the association between PA 

and IGF-1 levels by questionnaire (191,194,199,203,205,206). When comparing the 

highest vs lowest levels of self-report PA, a significant change in IGF-1 levels were 

observed (Standardized mean difference [SMD] -0.08, 95% CI -0.16, 0.00) with low to 

moderate heterogeneity reported (I2 = 40%) (Figure 3.4). 
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Figure 3.4 Meta-analyses of mean PA and IGF-1 levels, measured by questionnaire 
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3.6.1.2 PA & IGF-1: Long-term PA interventions 

Twelve studies (215,219,244,246,220,228,229,231–234,243) were included in a meta-analysis assessing the effects of long-term PA 

interventions on IGF-1 levels. There was no significant change in IGF-1 levels before and after long-term PA interventions (SMD -

0.06, 95% CI -0.48, 0.35). High levels of heterogeneity were reported (I2 = 90%) (Figure 3.5).  

 

Figure 3.5 Meta-analyses of PA and IGF-1 levels: Long-term PA interventions 



108 
 

3.6.1.3 PA & IGF-1: Short-term interventions 

Eleven studies (216,217,245,218,221–223,225,226,239,240) assessed the effects of short-term PA interventions on IGF-1. There 

was no significant change in IGF-1 levels before and after short term-PA (SMD 0.11, 95% CI -0.49, 0.70). High levels of heterogeneity 

were reported (I2 = 88%) (Figure 3.6).  

 

Figure 3.6 Meta-analyses of PA and IGF-1 levels: Short-term interventions 
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3.6.1.4 PA & IGFBP-3: Questionnaire studies 

Five studies assessed the association between PA and IGFBP-3 levels by questionnaire (191,199,203,205,206). When comparing 

the highest vs lowest levels of self-report PA, a non-significant change in IGF-1 levels was observed (SMD -0.05, 95% CI -0.12, 0.02). 

Low heterogeneity was reported (I2 = 9%) (Figure 3.7).  

 

Figure 3.7 Meta-analyses of PA and IGFBP-3 levels: Measured by questionnaire  
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3.6.1.5 PA & IGFBP-3: Long-term PA interventions 

Six studies (215,219,220,228,231,232) assessed the effects of long-term PA on IGFBP-3 levels. There was no significant change in 

IGFBP-3 levels before and after long-term PA (SMD 0.03, 95% CI -0.19, 0.25) with moderate levels of heterogeneity reported (I2 = 

52%) (Figure 3.8).  

 

Figure 3.8 Meta-analyses of PA and IGFBP-3 levels: Long-term PA interventions 
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3.6.2 Narrative synthesis results: PA & IGF 

3.6.2.1 PA & IGF: Questionnaire studies 

There were a further 18 studies not suitable for meta-analyses due to insufficient data 

available (190,192,212,227,237,238,241,242,247,248,193,195,197,198,200–

202,204) which assessed the association between PA and biomarkers related to the 

IGF pathway by questionnaire, summarised in table 3.3. 

Two of these questionnaire studies measured PA in minutes/week (237,241) with 

contrasting results. Adami et al. reported significantly higher IGF-I values in women 

participating in 30-60 mins of PA per week and 60-120 mins of PA per week, 

respectively, when compared with sedentary women, whereas Allen et al. found no 

significant associations between minutes of PA per week and any IGF biomarker, 

including IGF-1. 

Three studies measured PA in MET-hrs/week (193,204,249) with one (201) observing 

MET-mins/week. Barnes et al. (249) reported higher IGF-I levels amongst women who 

reported levels of LTPA >21.7 MET-hours/week, whereas Tworoger et al. (204) 

reported an inverse association, with 6% lower levels of IGF-1 among women walking 

18+ versus < 3 MET-h/week. Holmes et al. (193) reported no significant associations 

between MET-hrs/week of PA and IGF-1 or IGFBP-3, respectively. When observing 

total PA levels and vigorous PA levels in MET-mins/week, Slattery et al. (201) reported 

positive correlations between IGF-1 and vigorous PA in both Hispanic and non-

Hispanic women. Moreover, total PA levels was positively correlated with IGF-1 in non-

Hispanic women. The different MET-hr cut-off points and comparisons used in each 

respective study should be taken into consideration when interpreting these results.  
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Habitual PA was measured by three studies, with one study categorizing the most vs 

least physically active using an 8-point scale (195) and the two other studies 

quantifying PA through mean habitual daily energy expenditure (MHDEE) (190,247). 

When compared with less active individuals, Lemmey et al. (195) reported that 

physically active controls had significantly higher levels of both IGF-1 and IGFBP-3. 

Bonnefoy et al. reported that IGF-1 was positively correlated with increased MHDEE 

in women in two respective studies (190,247), as well as sporting activity in one of 

these studies (247).  

PA was quantified through caloric expenditure of PA by two studies (192,200). One 

study (192) observed the energy expended in daily PA and reported positive 

correlations with IGF-1 in men but not in women. Another study (200) found that 

kcal/kg expended in past week PA was positively correlated with IGF-1 in older (give 

idea of age) but not younger men (give idea of age).  

Past year PA in relation to biomarkers related to the IGF pathway was observed by 

two studies (198,227) with one study investigating PA in the last 8 years (242). 

Friedenreich et al. (227) observed the effects of 12 months of aerobic PA on 

biomarkers related to the IGF pathway and found no significant difference between 

physically active individuals and controls for changes in IGF-1 or IGFBP-3. In contrast, 

Poehlmann et al. (198) reported a positive correlation between levels of LTPA in the 

past year and IGF-1. When observing total PA in the last 8 years, Gapstur et al. (242) 

found no significant associations with IGF-1 in white or black men. However, increased 

PA was inversely associated IGFBP-3 in both white and black men.  

Other measures of PA observed in relation to biomarkers related to the IGF pathway 

included steps per day (202), time spent sitting per day (197), participation in sporting 
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activities (196) and hours/week of vigorous PA (238). Spartano et al. (202) reported 

that steps per day (per 4000 steps/day) were positively correlated with IGF-1, however 

% of sedentariness (per 5% increment) was not. Similarly, Paxton et al. (197) reported 

that sedentariness measured by time spent sitting, was not significantly associated 

with any biomarker related to the IGF pathway. For participation in sporting PA, 

Lukanova et al. (196) reported that when compared with non-joggers, regular joggers 

had significantly higher IGF-1 levels and IGFBP-1 levels. Moreover, when compared 

with non-cyclers, cyclers had higher levels of IGFBP-3. Swimming was not associated 

with any biomarker related to the IGF pathway. When observing hours/week of 

vigorous PA, DeLellis et al. (238) found no associations with IGF-1 or IGFBP-3.  

3.6.2.2 PA & IGF: Long-term PA interventions 

An additional five studies (207,213,214,235,236) assessed the association between 

long-term PA interventions and biomarkers related to the IGF pathway. Barnard et al. 

(214) reported on the associations between PA and IGF in individuals who had been 

attending a structured adult fitness intervention over the past 10 years. This consisted 

of 45-minute sessions, 5 days per week, including flexibility, swimming and 

calisthenics activities. When compared with a control group, individuals participating 

in the intervention had significantly higher levels of both IGF-1 (P <0.05) and IGFBP-

1 (P <0.05). 

Two studies (213,235) investigated the effects of 6-month PA interventions on 

biomarkers related to the IGF pathway. One (213) study reported significantly higher 

levels of IGF-1 in individuals participating  in six months of aquatic activity (P <0.001) 

when compared with baseline values. Furthermore, this increase in IGF-1 was 

considered significant when compared with the control group (P <0.001). The other 
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study (235) found that individuals participating in a 6-month pedometer-based walking 

intervention had significantly higher levels of IGF-1 when compared with a control 

group (P <0.01). Voss et al. (236) also assessed the effects of a walking group on IGF-

1 levels and in contrast to Yamada et al. (235) reported that those participating in 40 

minute sessions of walking for 12 months had a significant reduction in IGF-1 levels, 

from pre- to post-intervention (P <0.05). Ardawi et al. (207) assessed the effect of an 

8-week intervention on levels of IGF-1, consisting of 120-minute sessions, four days 

per week. Findings from this study showed IGF-1 levels were significantly higher in 

women with PA levels of 60-120 mins/week (P <0.001) and >120 mins/week (P 

<0.001), compared to those with <30 mins/week.  

3.6.2.3 PA & IGF: Short-term interventions 

Two studies observed the relationship between walking speed and levels of IGF-1 

(208,209). Blain et al. (208) looked at the relationship between 6-minute walking speed 

and levels of IGF-1 and found that, when compared with individuals with a walking 

speed of <1.4m/s, mean IGF-1 levels were significantly higher in those with a walking 

speed of >1.4m/s (P = 0.003). Similarly, Cordova et al. (209) reported that individuals 

in the third IGF-1 tertile showed the best walking speed performance (>1.0 m/s) when 

compared with those in the second (P = .001) and first tertiles (P = .02). Two studies 

(210,224) compared IGF-1 levels before and after cycle ergometer tests. Glaser et al. 

(210) observed the correlation between Peak Vo2 max and biomarkers related to the 

IGF pathway and found positive correlations with IGF-1 in women (Q4 vs Q1; P = 0.03) 

and IGFBP-3 (Q4 vs Q1; P = 0.03) in men. However, no correlations between IGF-1 

and Peak Vo2 max in men (P = 0.10), or IGFBP-3 and Peak Vo2 max in women (P = 

0.15) were observed. Vega et al. (224) reported that in women at week 32-36 of 

gestation, IGF-1 levels were significantly higher after a graded cycle ergometer test, 
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immediately post-exercise (P <0.05) and 5 mins post-exercise (P <0.05). Moreover, in 

women at 10-12 weeks post-childbirth, IGF-1 levels were significantly higher 

immediately post-exercise (P <0.05), 5 mins post-exercise (P <0.05) and 10 mins post-

exercise (P <0.05).  
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Table 3.3 Associations between PA and biomarkers related to the IGF pathway; according to method of PA assessment 
 
 
Questionnaire  

Author PA intervention/measure Outcome variable Results 

Adami et al. (2010) Minutes/week of PA IGF-I IGF-I values were significantly higher in women partaking in 30-60 mins of PA 
per week (P <0.01) and 60-120 mins per week (P <0.01), respectively, when 
compared with sedentary women  

Allen et al. (2003) Minutes/week of PA IGF-I, IGFBP-1, IGFBP-2 & IGFBP-3 Levels of PA were not significantly associated with any IGF biomarker analysed 

Barnes et al. (2009) MET-hours/week IGF-I & IGFBP-3 Postmenopausal IGF-I levels were higher among women who reported levels of 
LTPA >21.7 MET-hours/week (p-trend = 0.012) 

Bonnefoy et al. (1998)  Mean habitual daily energy expenditure (MHDEE), 
daily energy expenditure (DEE) and sport activity 

IGF-I IGF-1 was positively correlated with increased MHDEE in women (r=0.46 P = 
0.004) 

Bonnefoy et al. (1999) MHDEE & DEE IGF-I Changes in IGF-I levels over a 6-month period were positively correlated with 
increased MHDEE (r=0.41 P <0.01) & sports activity (r=0.40 P <0.02) 

DeLellis et al. (2004) Hrs/week vigorous PA IGF-I & IGFBP-3 Hrs/week of vigorous PA were not associated with any IGF biomarker analysed 

Friedenreich et al. (2011) Twelve months of aerobic exercise IGF-I & IGFBP-3 There was no significant difference between exercisers and controls across 12 
months for changes in IGF-1 (Treatment effect ratio of exercise/control: 1.00, 
95% CI 0.98 -1.02) or IGFBP-3 (0.99, 95% CI 0.97-1.00) 

Gapstur et al. (2004) Total PA over 8 years IGF-I & IGFBP-3 Total PA was not significantly associated with IGF-1 in white (P = 0.22) or black 
men (P = 0.12). However, increased PA was inversely associated IGFBP-3 in both 
white (P = 0.045) and black men (P = 0.01) 

Haydar et al. (2000) Leisure-time PA (LTPA) expressed as kcal/day IGF-1 Daily activity was positively correlated with IGF-1 in men (r= 0.18, P = 0.036) 
but not in women (r= 0.19, P = 0.104) 

Holmes et al. (2002) MET-hrs/week (Nurses’ health study) IGF-1 & IGFBP-3 MET-hrs/week of PA were not significantly associated with IGF-1 (P = 0.07) or 
IGFBP-3 (P = 0.79) 

Lemmey et al. (2001) Habitual PA levels IGF-1 & IGFBP-3 Physically active controls had significantly higher IGF-1 (P <0.001) and IGFBP-3 
(P <0.001) levels when compared with less active individuals (with rheumatic 
diseases) 

Lukanova et al. (2001)  Jogging, cycling, swimming & sports IGF-1, IGFBP-1, IGFBP-2, IGFBP-3 When compared with non-joggers, regular joggers had significantly higher IGF-
1 levels (P = 0.02) and IGFBP-1 levels (P = 0.002). When compared with non-
cyclers, cyclers had higher levels of IGFBP-3 (P = 0.03). Swimming wasn’t 
associated with any biomarker related to the IGF pathway, 
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Paxton et al. (2014) Time spent sitting p/day (hours/day) IGF-1 & IGFBP-3 Time spent sitting was not significantly associated with any IGF biomarker (P 
>0.05) 

Poehlmann et al. (1990) LTPA in the past year IGF-1 VO2 Max (r = 0.64) and LTPA (r = 0.45) were positively correlated with IGF-1 (P 
<0.05) 

Rudman et al. (1994) Kcal/kg expended in the past week in moderate, hard 
or very hard activity 

IGF-1 PA expressed as kcal/kg expended in the past week was positively correlated 
with IGF-1 in older (r = -.27, p = .001) but not younger (r = -.05, p = .70) men    

Slattery et al. (2005) Total PA level (PAL) (MET-mins) & Vigorous PAL (MET-
mins) 

IGF-1 & IGFBP-3 Vigorous PA was positively correlated with IGF-1 in both Hispanic (r2 = 0.28, p = 
<0.05) and non-Hispanic (r2 = 0.05, p = <0.05) women. Total PAL was positively 
correlated with IGF-1 in non-Hispanic women (r2 = 0.23, p = <0.05) 

Spartano et al. (2017) Steps (Accelerometer)/day & MVPA IGF-1 There were no significant correlations between IGF-1 levels and MVPA (P = 
0.58) and % of sedentariness (per 5% increment; P=0.063). Steps per day (per 
4000 steps/day) were however positively correlated with IGF-1 levels (P = 
0.007) 

Tworoger et al. (2007) MET-hrs/week of total PA (moderate-to-vigorous 
intensity), walking, or vigorous PA, and hrs/week of 
standing or sitting 

IGF-1 & IGFBP-3 Walking was inversely associated with IGF-1 levels (Ptrend = 0.01), with 6% 
lower levels among women walking 18+ versus < 3 MET-h/week. Overall, there 
were no significant associations between vigorous PA (Ptrend ≥0.09), hrs/week 
of sitting 
(Ptrend ≥ 0.10), standing (Ptrend ≥ 0.14), total PA inactivity (Ptrend ≥0.11) and 
hormone concentrations  

 

Long-term PA interventions 

Ardawi et al. (2012)  Specified training programme – 120-minute sessions, 4 
days a week, for 8 weeks 

IGF-I When compared with women partaking in <30 mins of PA per week, IGF-1 
levels were significantly higher in women with PA levels of 60-120 mins/week 
(P <0.001) and >120 mins/week (P <0.001) 

Ay & Yurtkuran. (2003) 6 months of aquatic aerobic exercise IGF-I IGF-1 levels were significantly higher after 6 months of aquatic exercise (P 
<0.001) when compared with baseline values. Moreover, this increase in IGF-1 
was considered significant when compared with the control group (P <0.001)  

Barnard et al. (2003) 45-minute sessions, 5 days per week, including 
flexibility, swimming and calisthenics exercises  

IGF-I, IGFBP-1 When compared with the control group, the exercise group had significantly 
higher levels of both IGF-1 (P <0.05) and IGFBP-1 (P <0.05) 

Voss et al. (2013) Group 1) Walking group taking part in 40 mins of 
walking for 12 months. Group 2) A flexibility, toning 
and balancing (FTB) protocol for 12 months 

IGF-1 Group 1 (walking group) had a significant reduction in IGF-1 levels, when 
comparing pre- to post intervention (P <0.05).  There were no significant 
changes in IGF-1 in Group 2 (FTB group) (P >0.05). 

Yamada et al. (2015) 6-month pedometer-based walking programme IGF-I When compared with the control group, the 6-month walking group had 
significantly higher levels of IGF-1 (P <0.01) 
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Short-term interventions 

Blain et al. (2012) 6-minute walking speed test  IGF-1 When compared with individuals with a walking speed of <1.4m/s, mean IGF-
1 levels were significantly higher in those with a walking speed of >1.4m/s (P = 
0.003) 

Cordova et al. (2016) Walking speed test IGF-I Individuals in the third IGF-1 tertile showed the best walking speed 
performance (>1.0 m/s) when compared with those in the second (P = .001) 
and first tertiles (P = .02) 

Glaser et al. (2010) Cycle ergometer IGF-I & IGFBP-3 Peak Vo2 max was positively correlated with IGF-1 in women (Q4 vs Q1; P = 
0.03) and IGFBP-3 (Q4 vs Q1; P = 0.03) in men. There were no correlations 
between IGF-1 and Peak Vo2 max in men (P = 0.10), or IGFBP-3 and Peak Vo2 
max in women (P = 0.15) 

 
Karl et al. (2009) 

 
Graded treadmill test 

 
IGF-1, IGF-2, IGFBP-1, IGFBP-2 & 
IGFBP-3 

 
There were no significant associations between total IGF-1, IGFBP-1 or IGFBP-
3 and Vo2 Peak, however IGFBP-2 was positively correlated with Vo2 peak (P 
< 0.01) 

 
Vega et al. (2011) 

 
Graded submaximal exercise test during pregnancy 
(T1) and postpartum (T2). Cycle ergometer test, 
increasing incrementally every 2 minutes by 25w steps 
until a HR of 150 bpm is reached 

 
IGF-1 

 
In women at week 32-36 of gestation, IGF-1 levels were significantly higher 
after a graded submaximal exercise test, immediately post-exercise (P <0.05) 
and 5 mins post-exercise (P <0.05). In women at 10-12 weeks post-childbirth, 
IGF-1 levels were significantly higher immediately post-exercise (P <0.05), 5 
mins post-exercise (P <0.05) and 10 mins post-exercise (P <0.05) 
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3.7 IGF & CRC: Study characteristics 

The main characteristics of the studies observing the association between IGF and 

CRC are presented in table 3.4.  

For part 2 of the review there were 17 nested case-control studies (181,182,255–

261,183–185,250–254), 1 case-control study (109) and 1 case-cohort study (262) 

included in relation to biomarkers related to the IGF pathway and CRC risk. In total, 

there were 5,881 cases and 11,573 controls. There were 16, 4, 6, 14, and 3 

publications that involved results of IGF-I, IGF-II, IGFBP-1, IGFBP-2 and IGFBP-3 in 

relation to CRC risk, respectively.  

The included studies were geographically diverse.  Ten studies were undertaken in 

the USA (109,181,182,185,250,252,253,257,260,261), two in Sweden (184,255), two 

in Europe (251,256) and one each from Australia (262), the UK (259), Japan (254), 

Singapore (183) and Finland (258).  
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Table 3.4 Characteristics of studies investigating biomarkers related to the IGF pathway and CRC risk 

Author Location Study design No. of 
cases/controls 

Study population Component of IGF measured Method of measurement Confounders adjusted for 

       
1  2  3  4  5  6  7  8  9  

English et al. 
(2004) 

Australia Case-Cohort 153/1013 Females IGF-I Insufficient info y 
 

y 
  

y y y y 

Giovannucci et 
al. (2000) 

USA Nested case-
control 

79/158 Females IGF-I, IGFBP-3 ELISA 
 

y y y 
   

y 
 

Gunter et al. 
(2008) 

USA Case-Control 438/816 Females IGF-I, IGFBP-3 ELISA 
 

y 
       

Hunt et al. 
(2002) 

USA Nested Case-
Control 

102/200 Females IGF-2 Double-antibody immunoradiometric 
assay. 

 
y 

     
y 

 

Jenab et al. 
(2007) 

Europe Nested case-
control 

1078/1078 Males & Females IGFBP-I & IGFBP-2 Radioimmunoassay (IGFBP-2), 
Immunoradiometric assay (IGFBP-I) 

  
y 

      

Kaaks et al. 
(2000) 

USA Nested case-
control 

102/200 Females IGF-I, IGFBP-I, IGFBP-2 & 
IGFBP-3 

Immunoradiometric assay  
 

y 
  

y 
    

Ma et al. (1999) USA Nested case-
control study 

193/318 Males IGF-I, GFBP-3 ELISA  y 
 

y y y 
  

y 
 

Nomura et al. 
(2003) 

USA Nested case-
control study  

282/282 Males IGF-I, IGFBP-3 ELISA y 
 

y y y 
  

y 
 

Ollberding et al. 
(2012) 

USA Nested case-
control study 

249/1571 Males & Females IGF-I, IGF-2, IGFBP-1 & 
IGFBP-3 

ELISA 
 

y y y 
    

y 

Otani et al. 
(2007) 

Japan Nested case-
control study 

375/750 Males & Females IGFBP-1, IGF-I & IGFBP-3, Radioimmunoassay (total unavailable 
IGF-1)  
Immunoradiometric assay (IGFBP-1 & 
IGFBP-3) 

 
y y y 

     

Palmqvist et al. 
(2002) 

Sweden Nested case-
control study 

168/336 Males & Females IGF-I, IGFBP-3 Antibody immunoradiometric assays 
(IRMA) 

 
y y 

    
y 
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*Confounders: 1 Age 2 Sex 3 BMI 4 Alcohol 5 Smoking 6 Physical activity 7 Education 8 Mutual adjustment for IGF-I or IGFBP-3  9 Race/Ethnicity

Palmqvist et al. 
(2003) 

Sweden Nested case-
control 

168/336 Males & Females IGFBP-1, IGFBP-2 IRMA (IGFBP-1) 
Single-antibody radioimmunoassay  
(IGFBP-2) 

 
y y 

      

Probst-Hensch 
et al. (2001) 

Singapore Nested case-
control 

135/661 Males IGF-I, IGF-2 &IGFBP-3 Radioimmunoassay (IGF-1), 
immunoradiometric assay (IGF-2 & 
IGFBP-3) 

  
y y 

   
y 

 

Rinaldi et al. 
(2010) 

Europe Nested case-
control 

1121/1121 Males & Females IGF-I, IGFBP-3 ELISA 
 

y 
     

y 
 

Wei et al. 
(2005) 

USA Nested case-
control 

182/350 Female IGF-I, IGFBP-1 ELISA 
  

y y 
   

y 
 

Max et al. 
(2008) 

Finland Nested case-
control 

134/399 Males & Females IGF-I, IGFBP-3 ELISA 
  

y 
      

Morris et al. 
(2006) 

UK Nested case-
control 

147/440 Males IGF-I, IGF-2 & IGFBP-3 ELISA 
  

y 
      

Wu et al. (2011) USA Nested case-
control 

499/992 Males & Females IGF-1, IGFBP-3 ELISA 
 

y y 
    

y 
 

Ning et al. 
(2010) 

USA Nested case-
control 

444/888 Males & Females IGF-1, IGFBP-3 Insufficient info 
  

y y 
 

y 
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3.7.1 Meta-analyses results: IGF & CRC 

3.7.1.1 IGF-I   

The association between IGF-I and CRC risk was assessed by 16 articles 

(109,115,257–262,181–184,252–254,256). Six of these studies also reported on the 

association between IGF-I and colon cancer risk (182,184,252,254,256,260), four on 

IGF-I and rectal cancer risk (184,252,254,256) and one observing IGF-1 and CRC risk 

according to anatomical subsite (258). Four studies (257,258,260,261) reported on the 

association between IGF-1:IGFBP-3 ratio and CRC risk.  

Colorectal cancer 

In meta-analysis comparing the highest vs lowest exposure of IGF-1, an almost 1.3-

fold increased CRC risk was observed (RR 1.27, 95% CI 1.12-1.45), as shown in 

supplementary figure 8. Low heterogeneity was present (I2 = 0.5%) and there was no 

evidence of publication bias (P = .48). Sensitivity analysis excluding individual studies 

did not markedly alter associations.  
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Figure 3.9 Forest plot of highest vs lowest category of IGF-1 and CRC risk. 

Study (year)  IGF-1 comparison  Relative risk 

(95% CI) 

Relative 

weight (%) 

     

English et al. (2004) 

Gunter et al. (2008) 

Kaaks et al. (2000) 

Ma et al. (1999) 

Nomura et al. (2003) 

Ollberding et al. (2012) 

Otani et al. (2007) 

Palmqvist et al. (2002) 

Probst-Hensch et al. (2001) 

Rinaldi et al. (2010) 

Wei et al. (2005) 

Max et al. (2008) 

Morris et al. (2006) 

Wu et al. (2007) 

Ning et al. (2010) 

Giovannucci et al. (2000) 

**Overall 

High vs low levels 

Total IGF-1: HRq4–q1 

Quintile 5 vs Quintile 1 

Quintile 5 vs Quantile 1 

Quartile 4 vs Quartile 2 

Tertiles 3 vs Tertiles 1 

Quartile 4 vs Quartile 1 

Quartile 4 vs Quartile 1 

Quintile 5 vs Quintile 1 

Quintile 5 vs Quintile 1 

Quartile 4 vs Quartile 1 

Quartile 4 vs Quartile 1 

Quartile 4 vs Quartile 1 

High vs low 

Extreme quartiles 

Tertiles 3 vs Tertiles 1 

 

 1.45 (1.05-2.00) 

1.35 (0.92-1.98) 

1.23 (0.47-3.22) 

2.51 (1.15-5.46) 

1.50 (0.80-2.80) 

1.18 (0.75-1.84) 

0.83 (0.38-1.80) 

1.27 (0.65-2.47) 

1.18 (0.55-2.53) 

1.01 (0.73-1.40) 

2.17 (0.96-4.88) 

0.92 (0.49-1.70) 

1.10 (0.56-2.18) 

1.78 (1.37-10.5) 

1.64 (1.14-2.34) 

1.21 (0.94-5.08) 

1.28 (1.11-1.48) 

15.82 

11.23 

1.80 

2.74 

4.23 

8.21 

2.75 

3.73 

2.85 

15.50 

2.51 

4.29 

3.59 

1.60 

12.74 

2.34 

100 

     

 

    

**Test for heterogeneity: I2 = 0.0%, P<0.682 
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Colon cancer  

When comparing the highest vs lowest exposure of IGF-1 in relation to colon cancer, 

a borderline significant increased risk was observed (RR 1.35, 95% CI 0.99-1.84) with 

low heterogeneity (I2 = 31%) (Figure 3.10). There was no evidence of publication bias 

(P = .98). After sensitivity analyses, the respective exclusion of two individual studies 

(Otani et al. and Rinaldi et al.) resulted in a significant increased risk in colon cancer.  

Figure 3.10 Forest plot of highest vs lowest category of IGF-1 and colon cancer risk. 

Study (year)  IGF-1 comparison  Relative risk 

(95% CI) 

Relative 

weight 

(%) 

     

Kaaks et al. (2000) Quintile 5 vs Quintile 1  1.36 (0.45-4.11) 6.88 

Nomura et al. (2003) Quartile 4 vs Quartile 2  1.80 (0.80-4.30) 10.93 

Otani et al. (2007) Quartile 4 vs Quartile 1  0.64 (0.24-1.90) 7.73 

Palmqvist et al. (2002) Quartile 4 vs Quartile 1  2.66 (1.09-6.50) 9.91 

Rinaldi et al. (2010) Quintile 5 vs Quintile 1  1.00 (0.66-1.50) 28.44 

Wu et al. (2007)          High vs low     1.52 (1.11-2.07) 36.11 

Overall**   1.35 (0.99-1.84) 100 

   

**Test for heterogeneity: I2 = 31.3%, P<0.201 
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Rectal cancer 

When comparing the highest vs lowest exposure of IGF-1 in relation to rectal cancer, 

a non-significant decreased risk was observed (RR 0.80, 95% CI 0.51-1.27) with low 

heterogeneity (I2 = 1.7%) (Figure 3.11). There was no evidence of publication bias (P = 

.35). This non-significant decreased risk remained across all sensitivity analyses. 

 

Figure 3.11 Forest plot of highest vs lowest category of IGF-1 and rectal cancer risk. 

Study (year)     IGF-1 comparison  Relative risk 

(95% CI) 

Relative 

weight (%) 

     

Nomura et al. (2003) Quartile 4 vs Quartile 2   0.60 (0.20-1.60) 18.82 

Otani et al. (2007) Quartile 4 vs Quartile 1  0.96 (1.60-6.0) 6.27 

Palmqvist et al. 
(2002) 

Quartile 4 vs Quartile 1  0.33 (0.09-1.13) 12.79 

Rinaldi et al. (2010) Quintile 5 vs Quintile 1  1.04 (0.59-1.81) 62.12 

Overall**   0.80 (0.51-1.27) 100 

 

**Test for heterogeneity: I2 = 1.7%, P<0.384 
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Table 3.5 Sensitivity analyses of IGF-1 and cancer risk  

 

Study omitted  

Pooled relative risk (95% 

CI) 

Heterogeneity estimate, 

I2, % (P value) 

IGF-1 & colorectal cancer, excluding individual studies    

English et al. (2004) 

Gunter et al. (2008) 

Kaaks et al. (2000) 

Ma et al. (1999) 

Nomura et al. (2003) 

Ollberding et al. (2012) 

Otani et al. (2007) 

Palmqvist et al. (2002) 

Probst-Hensch et al. (2001) 

Rinaldi et al. (2010) 

Wei et al. (2005) 

Max et al. (2008) 

Morris et al. (2006) 

Wu et al. (2007) 

Ning et al. (2010) 

Giovannucci et al. (2000) 

 

IGF-1 & colon cancer, excluding individual studies 

1.24 (1.08-1.44) 

1.26 (1.10-1.46) 

1.27 (1.11-1.46) 

1.25 (1.10-1.43) 

1.26 (1.10-1.45) 

1.28 (1.11-1.48) 

1.29 (1.13-1.47) 

1.27 (1.11-1.46) 

1.28 (1.11-1.47) 

1.33 (1.16 -1.53) 

1.26 (1.10-1.43) 

1.29 (1.13-1.48) 

1.28 (1.12-1.47) 

1.27 (1.11-1.45) 

1.23 (1.07-1.41) 

1.28 (1.11-1.46) 

 

 

2 (.427) 

6 (.383) 

7 (.377) 

0 (.595) 

5 (.395) 

6 (.385) 

0 (.460) 

7 (.377) 

7 (.380) 

0 (.544) 

0 (.496) 

0 (.453) 

6 (.389) 

4 (.405) 

0 (.532) 

7 (.378) 

 

Kaaks et al. (2000) 

Nomura et al. (2003) 

Otani et al. (2007) 

Palmqvist et al. (2002) 

Rinaldi et al. (2010) 

Wu et al. (2007) 

1.35 (0.95-1.93) 

1.30 (0.91-1.86) 

1.42 (1.06-1.89) 

1.27 (0.96-1.68) 

1.52 (1.12-2.07) 

1.29 (0.83-2.00) 

         

45 (.122) 

41 (.147) 

23 (.269) 

19 (.296) 

9 (.356) 

35 (.187) 
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IGF-1 & rectal cancer, excluding individual studies 

Nomura et al. (2003) 

Otani et al. (2007) 

Palmqvist et al. (2002) 

 

 

0.79 (0.40-1.57) 

0.72 (0.38-1.35) 

0.92 (0.57-1.48) 

 

 

25 (.265) 

34 (.221) 

0 (.659) 

Rinaldi et al. (2010) 0.53 (0.25-1.10) 0 (.605) 

 

3.7.1.2 IGF-2  

The association between IGF-2 and CRC risk was assessed by 4 articles 

(183,250,253,259). One of these studies reported on the association between IGF-2 

and colon cancer risk (250). Two studies originated from the USA (250,253), one from 

the UK (259) and one from Singapore (183).   

Colorectal cancer 

In meta-analysis comparing the highest vs lowest exposure of IGF-2, a significant 1.7-

fold increased risk in CRC was observed (RR 1.69, 95% CI 1.26-2.26) as shown in 

supplementary figure 11. No heterogeneity was present (I2 = 0%) and there was no 

evidence of publication bias (P = .28). This significant increased risk remained across 

all sensitivity analyses. 
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Figure 3.12 Forest plot of highest vs lowest category of IGF-2 and CRC risk. 

Study (year)     IGF-2 comparison  Relative risk 

(95% CI) 

Relative 

weight 

(%) 

     

Hunt et al. (2002) Quintile 5 vs Quintile 1  2.02 (0.83-4.93) 10.76 

Ollberding et al. 
(2012) 

High vs low  1.58 (1.09-2.28) 62.69 

Probst-Hensch et 
al. (2001) 

Quintile 5 vs Quintile 1  2.04 (0.96-4.33) 15.50 

Morris et al. 
(2006) 

Quartile 4 vs Quartile 1  1.59 (0.67-3.75) 11.51 

Overall**   1.69 (1.26-2.26) 100 

 

**Test for heterogeneity: I2 = 0%, P<0.910 

 

 

Table 3.6 Sensitivity analyses of IGF-2 and cancer risk  

 

Study omitted  

Pooled relative risk 

(95% CI) 

Heterogeneity estimate, 

I2, % (P value) 

IGF-2 & colorectal cancer, excluding individual studies  

Hunt et al. (2002) 

Ollberding et al. (2012) 

Probst-Hensch et al. (2001) 

Morris et al. (2006) 

 

1.65 (1.21-2.25) 

1.88 (1.16-3.04) 

1.63 (1.19-2.24)   

1.70 (1.25-2.32)                       

 

0 (0.833) 

0 (.898) 

0 (.881) 

0 (.771) 

 

3.7.1.3 IGFBP-1 

The association between IGFBP-1 and CRC risk was assessed by 6 articles 

(182,251,253–255,257). Four of these studies also reported on the association 

between IGFBP-1 and colon cancer (182,251,254,255) with three studies reporting on 

the association between IGFBP-1 and rectal cancer (251,254,255).  Three studies 
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originated from the USA (182,253,257) with one from Europe (251), Sweden (255) 

and Japan, respectively (254).  

Colorectal cancer 

In meta-analysis comparing the highest vs lowest exposure of IGFBP-1, a non-

significant decreased risk of CRC was observed (RR 0.97, 95% CI 0.66-1.4) with 

moderate heterogeneity (I2 = 59%) (Figure 3.13). There was no evidence of publication 

bias (P = .66). The exclusion of 3 separate studies (Jenab et al. 2007, Palmqvist et al. 

2003, and Wei et al. 2005) in respective sensitivity analyses elevated CRC risk. 

However, this increased risk as a result of these respective sensitivity analyses was 

non-significant  

 

Figure 3.13 Forest plot of highest vs lowest category of IGFBP-1 and CRC risk. 

Study (year)  IGFBP-1 comparison  Relative risk 

(95% CI) 

Relative 

weight 

(%) 

 

Jenab et al. (2007) 

 

Quintile 5 vs Quintile 1 

  

0.89 (0.65-1.22) 

 

25.59 

Kaaks et al. (2000) Quintile 5 vs Quintile 1  3.96 (1.49-10.5) 9.86 

Palmqvist et al. (2003) Quartile 4 vs Quartile 1  0.68 (0.36-1.29) 16.25 

Ollberding et al. 
(2012) 

High vs Low  1.00 (0.68-1.46) 23.54 

Wei et al. (2005) 

Otani et al. (2007) 

**Overall 

Quartile 4 vs Quartile 1 

Quartile 4 vs Quartile 1 

 

 0.48 (0.21-1.09) 

1.1 (0.49-2.5) 

0.97 (0.66-1.4) 

12.30 

12.46 

100 

    
 

 

**Test for heterogeneity: I2 = 59.1%, P<0.032 
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Colon Cancer 

When comparing the highest vs lowest exposure of IGFBP-1 in relation to colon 

cancer, a non-significant reduced risk was observed (RR 0.82, 95% CI 0.59-1.22) with 

no heterogeneity reported (I2 = 0%) (Figure 3.14). There was no evidence of 

publication bias (P = .80). Results were consistent across all sensitivity analyses. 

 

Figure 3.14 Forest plot of highest vs lowest category of IGFBP-1 and colon cancer risk. 

Study (year)     IGFBP-1 

comparison 

 Relative risk 

(95% CI) 

Relative 

weight (%) 

     

Jenab et al. 
(2007) 

Quintile 5 vs 

Quintile 1 

 0.82 (0.55-1.24) 61.67 

Kaaks et al. 
(2000) 

Quintile 5 vs 

Quintile 1 

 0.69 (0.31-1.56) 15.61 

Otani et al. 
(2007) 

Quartile 4 vs 

Quartile 1 

 1.30 (0.47-4.0) 8.89 

Palmqvist et 
al. (2003) 

Quartile 4 vs 

Quartile 1 

 0.71 (0.30-1.67) 13.83 

Overall**   0.82 (0.59-1.22) 100 

 

**Test for heterogeneity: I2 = 0%, P<0.803 

 

 

Rectal cancer  

When comparing the highest vs lowest exposure of IGFBP-1 in relation to rectal 

cancer, a non-significant reduced risk was observed (RR 0.60, 95% CI 0.28-1.33) with 

moderate heterogeneity reported (I2 = 51%) (Supplementary figure 14). There was no 

evidence of publication bias (P = .75). Results were consistent across all sensitivity 

analyses. 
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Figure 3.15 Forest plot of highest vs lowest category of IGFBP-1 and rectal cancer risk. 

Study (year)     IGFBP-1 comparison  Relative risk 

(95% CI) 

Relative 

weight 

(%) 

     

Jenab et al. 
(2007) 

Quintile 5 vs Quintile 1  1.01 (0.60-1.68) 10.76 

Otani et al. 
(2007) 

Quartile 4 vs Quartile 1  0.30 (0.21-2.90) 62.69 

Palmqvist et 
al. (2003) 

Overall** 

 

Quartile 4 vs Quartile 1  0.43 (0.14-1.37) 

0.60 (0.28-1.33) 

15.50 

100 

 

**Test for heterogeneity: I2 = 50.6%, P<0.132 
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Table 3.7 Sensitivity analyses of IGFBP-1 and cancer risk 

 

Study omitted  

Pooled relative risk 

(95% CI) 

Heterogeneity estimate, 

I2, % (P value) 

IGFBP-1 & colorectal cancer, excluding individual studies  

Jenab et al. (2007) 

Kaaks et al. (2000) 

Palmqvist et al. (2003) 

Ollberding et al.(2012) 

Wei et al. (2005) 

Otani et al. (2007) 

 

IGFBP-1 & colon cancer, excluding individual studies 

Jenab et al. (2007) 

Kaaks et al. (2000) 

Otani et al. (2007) 

Palmqvist et al. (2003) 

 

IGFBP-1 & rectal cancer, excluding individual studies 

Jenab et al. (2007) 

Otani et al. (2007) 

Palmqvist et al. (2003) 

 

1.01 (0.59-1.73) 

0.87 (0.71-1.08) 

1.04 (0.68-1.60) 

0.98 (0.58-1.63) 

1.06 (0.72-1.54)   

 0.95 (0.62-1.46)   

 

 

 0.81 (0.48-1.35)  

 0.84 (0.59-1.19)    

 0.78 (0.56-1.09) 

 0.83 (0.59-1.18)                             

 

 

 0.37 (0.16-0.87) 

 0.77 (0.36-1.68)   

 0.64 (0.20-2.03)                    

      

 

67 (.017) 

0 (.489) 

64 (.025) 

67 (.017) 

58 (.048) 

67 (.017) 

 

 

0 (.609) 

0 (.670) 

0 (.908) 

0 (.645) 

 

 

0 (.685) 

0 (.181) 

0 (.092) 
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3.7.1.4 IGFBP-2 

The association between IGFBP-2 and CRC risk was assessed by 3 articles 

(182,251,255). All three studies also reported on the association between IGFBP-2 

and colon cancer risk with two (251,255) reporting on the association between IGFBP-

2 and rectal cancer risk.  One study originated from the USA (182) , one from Europe 

(251) and one from Sweden (255).  

Colorectal cancer  

In meta-analysis comparing the highest vs lowest exposure of IGFBP-2, a non-

significant decreased risk of CRC risk was observed (RR 0.77, 95% CI 0.41-1.42) with 

moderate heterogeneity (I2 = 68%) (Figure 3.16). There was no evidence of publication 

bias (P = .07). This significant decreased risk remained across all sensitivity analyses, 

although the exclusion of the study by Kaaks et al. produced an almost significant 

increased risk of CRC.  

Figure 3.16 Forest plot of highest vs lowest category of IGFBP-2 and CRC risk. 

Study 

(year)  

      IGFBP-2 

comparison 

 Relative risk 

(95% CI) 

Relative 

weight (%) 

     

Jenab et al. 
(2007) 

Quintile 5 vs Quintile 1  1.18 (0.86-1.63) 44.11 

Kaaks et al. 
(2000) 

Quintile 5 vs Quintile 1  0.38 (0.15-0.94) 23.96 

Palmqvist 
et al. (2003) 

**Overall 

Quartile 4 vs Quartile 1  0.71 (0.37-1.39) 

0.77 (0.41-1.42) 

31.93 

100 

 

    

 

     

**Test for heterogeneity: I2 = 68.3%, P<0.399 
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Colon cancer 

In meta-analysis comparing the highest vs lowest exposure of IGFBP-2, a non-

significant decreased risk of colon cancer was observed (RR 0.80, 95% CI 0.34-1.90) 

with high heterogeneity (I2 = 75%) (Figure 3.17). There was no evidence of publication 

bias (P = .19). Sensitivity analysis excluding the study by Kaaks et al. resulted in an 

increased risk of colon cancer, albeit non-significant.  

Figure 3.17 Forest plot of highest vs lowest category of IGFBP-2 and colon cancer risk. 

Study (year)     IGFBP-2 comparison  Relative risk 

(95% CI) 

Relative 

weight 

(%) 

Jenab et al. 

(2007)                 

Kaaks et al. 

(2000) 

Quintile 5 vs Quintile 1 

 

Quintile 5 vs Quintile 1 

 1.48 (0.97-2.24) 

 

0.31 (1.10-0.87) 

40.77 

 

27.41 

Palmqvist et 

al. (2003) 

**Overall 

Quartile 4 vs Quartile 1  0.83 (0.36-1.90) 

 

0.80 (0.34-1.90) 

31.81 

 

100 

 

**Test for heterogeneity: I2 = 75.4%, P<0.017 

 

 

Rectal cancer  

When comparing the highest vs lowest exposure of IGFBP-2 in relation to rectal 

cancer, a non-significant reduced risk was observed (RR 0.83, 95% CI 0.52-1.33) with 

no heterogeneity reported (I2 = 0%) (Figure 3.18). Sensitivity analyses were not 

warranted for rectal cancer. However, caution should be exercised when interpreting 

these results as the number of studies within the meta-analysis may have been too 

small to reliably and accurately assess publication bias and heterogeneity.  
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Figure 3.18 Forest plot of highest vs lowest category of IGFBP-2 and rectal cancer risk. 

Study (year)     IGFBP-2 comparison  Relative risk 

(95% CI) 

Relative 

weight 

(%) 

     

Jenab et al. (2007) Quintile 5 vs Quintile 1  0.83 (0.50-1.39) 85.88 

Palmqvist et al. (2003) 

Overall** 

 

Quartile 4 vs Quartile 1  0.83 (0.11-1.37) 

0.83 (0.52-1.33) 

14.12 

100 

 

**Test for heterogeneity: I2 = 0%, P<1.00 

 

 

Table 3.8 Sensitivity analyses of IGFBP-2 and cancer risk 

 

Study omitted  

Pooled relative risk (95% 

CI) 

Heterogeneity estimate, 

I2, % (P value) 

IGFBP-2 & colorectal cancer, excluding individual studies  

Jenab et al. 2007 

Kaaks et al 2000 

Palmqvist et al 2003 

 

IGFBP-2 & colon cancer, excluding individual studies 

Jenab et al. (2007) 

Kaaks et al. (2000) 

Palmqvist et al. (2003) 

 

0.57 (0.31-1.02) 

0.99 (0.62-1.59) 

0.73 (0.24-2.19) 

 

 

0.57 (0.31-1.02) 

1.25 (0.74-2.09) 

0.73 (0.16-3.35) 

 

15 (.279) 

46 (.176) 

81 (.022) 

 

 

15 (.279) 

33 (.223) 

87 (.006) 
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3.7.1.5 IGFBP-3  

The association between IGFBP-3 and CRC risk was assessed by 13 articles 

(109,181,259–261,183–185,252–254,256,258). Six of thirteen studies also reported 

on the association between IGFBP-3 and colon cancer risk 

(182,184,252,254,256,260), four on the association between IGFBP-3 and rectal 

cancer risk (184,252,254,256) and one observing IGFBP-3 and CRC risk according to 

anatomical subsite (258). Seven studies originated from the USA 

(109,181,185,252,253,260,261), with one from Japan (254), Sweden (184), Singapore 

(183), Europe (256), Finland (258) and the UK (259), respectively.  

Colorectal cancer  

In meta-analysis comparing the highest vs lowest exposure of IGFBP-3, a non-

significant decreased risk of CRC risk was observed (RR 0.92, 95% CI 0.74-1.15) with 

moderate heterogeneity (I2 = 55%) (Figure 3.19). There was no evidence of publication 

bias (P = .74). Sensitivity analysis excluding individual studies did not markedly alter 

associations.  
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Figure 3.19 Forest plot of highest vs lowest category of IGFBP-3 and CRC risk 

Study (year)  

 

 

IGFBP-3 

comparison 

 Relative risk 

(95% CI) 

 

Relative 

weight 

(%) 

 

Giovannucci et al. (2000) 

Gunter et al. (2008) 

Kaaks et al. (2000) 

Ma et al. (1999) 

Nomura et al. (2003) 

Ollberding et al. (2012) 

Otani et al. (2007) 

Palmqvist et al. (2002) 

Probst-Hensch et al. 
(2001) 

Rinaldi et al. (2010)                          

Max et al. (2008) 

Morris et al. (2006) 

Wu et al. (2011) 

** Overall 

 

Tertiles 3 vs Tertiles 1 

Quartile 4 vs Quartile 1 

Quantile 5 vs Quintile1 

Quartile 5 vs Quintile 1 

Quartile 4 vs Quartile 2 

High vs Low 

Quartile 4 vs Quartile 1 

Quartile 4 vs Quartile 1 

Quintile 5 vs Quintile 1 

Quintile 5 vs Quintile 1 

Quartile 4 vs Quartile 1 

Quartile 4 vs Quartile 1 

High vs Low 

 

  

0.28 (0.10-0.83) 

0.98 (0.70-1.37) 

2.46 (1.09-5.57) 

0.47 (0.23-0.95) 

0.80 (0.40-1.60) 

0.53 (0.34-0.83) 

1.10 (0.53-2.30) 

1.23 (0.68-2.22) 

1.78 (0.86-3.70) 

1.14 (0.80-1.61) 

0.98 (0.51-1.88) 

0.72 (0.37-1.37) 

0.96 (0.74-1.26) 

0.92 (0.74-1.15) 

 

3.48 

11.77 

5.11 

6.13 

6.30 

9.78 

5.87 

7.55 

5.91 

11.51 

6.77 

6.74 

13.07 

100 

 

    

**Test for heterogeneity: I2 = 54.5%, P<0.009 

 

 

Colon cancer 

When comparing the highest vs lowest exposure of IGFBP-3 in relation to colon 

cancer, a non-significant increased risk was observed (RR 1.11, 95% CI 0.94-1.3) with 

no heterogeneity reported (I2 = 0%) (Figure 3.20). There was no indication of 

publication bias (P = .16) Results remained similar after sensitivity analyses.   
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Figure 3.20 Forest plot of highest vs lowest category of IGFBP-3 and colon cancer risk. 

Study (year)  IGFBP-3 comparison  Relative risk 

(95% CI) 

Relative 

weight (%) 

  
 

  

Kaaks et al. (2000) 

Nomura et al. (2003) 

Otani et al. (2007) 

Palmqvist et al. (2002) 

Rinaldi et al. (2010) 

Wu et al. (2011) 

Quintile 5 vs Quintile 1 

Quartile 4 vs Quartile 2 

Quartile 4 vs Quartile 1 

Quartile 4 vs Quartile 1 

Quintile 5 vs Quintile 1 

High vs Low 

 

1.28 (0.46-3.55) 

0.90 (0.50-1.50) 

1.40 (0.54-3.50) 

1.93 (0.92-4.06) 

1.18 (1.18-1.83) 

0.91 (0.68-1.25 

2.47 

8.54 

2.95 

4.68 

53.54 

27.82 

Overall** 

 

  1.11 (0.94-1.3) 

 

100 

 

 

**Test for heterogeneity: I2 = 0%, P<0.424 
 

 

Rectal cancer 

When comparing the highest vs lowest exposure of IGFBP-3 in relation to rectal 

cancer, a non-significant decreased risk was observed (RR 0.99, 95% CI 0.76-1.29) 

as shown in figure 3.21. No heterogeneity was reported (I2 = 0%) and there was no 

indication of publication bias (P = .66). Sensitivity analysis excluding the study by 

Palmqvist et al. resulted in an increased risk of rectal cancer, although this was non-

significant.  
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Figure 3.21 Forest plot of highest vs lowest category of IGFBP-3 and rectal cancer risk. 

Study (year)     IGFBP-3 comparison  Relative risk 

(95% CI) 

Relative 

weight 

(%) 

  
 

  

Nomura et al. (2003) 

Otani et al. (2007) 

Palmqvist et al. (2002) 

Rinaldi et al. (2010) 

Overall** 

 

Quartile 4 vs Quartile 2 

Quartile 4 vs Quartile 1 

Quartile 4 vs Quartile 1 

Quintile 5 vs Quintile 1 

 

0.90 (0.40-2.0) 

0.77 (0.19-4.20) 

0.49 (0.16-1.49) 

1.06 (1.06-1.92) 

0.99 (0.76-1.29) 
 

10.95 

2.96 

5.70 

80.39 

100 
 

 

**Test for heterogeneity: I2 = 0%, P<0.597 
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Table 3.9 Sensitivity analyses of IGFBP-3 and cancer risk 

 

Study omitted  

Pooled relative risk (95% 

CI) 

Heterogeneity estimate, 

I2, % (P value) 

IGFBP-3 & colorectal cancer, excluding individual studies  

Giovannucci et al. (2000) 

Gunter et al. (2008) 

Kaaks et al. (2000) 

Ma et al. (1999) 

Nomura et al. (2003) 

Ollberding et al. (2012) 

Otani et al. (2007) 

Palmqvist et al. (2002) 

Probst-Hensch et al. (2001) 

Rinaldi et al. (2010) 

Max et al. (2008) 

Morris et al. (2006) 

Wu et al. (2011) 

 

IGFBP-3 & colon cancer, excluding individual studies 

Kaaks et al. (2000) 

Nomura et al. (2003) 

Otani et al. (2007) 

Palmqvist et al. (2002) 

Rinaldi et al. (2010) 

Wu et al. (2011) 

 

IGFBP-3 & rectal cancer, excluding individual studies 

Nomura et al. (2003) 

Otani et al. (2007)        

Palmqvist et al. (2002) 

Rinaldi et al. (2010) 

 

0.96 (0.78-1.18) 

0.91 (0.71-1.18) 

0.88 (0.71-1.08) 

0.96 (0.77-1.20) 

0.93 (0.73-1.18) 

0.98 (0.79-1.22) 

0.91 (0.72-1.15) 

0.90 (0.71-1.14) 

0.89 (0.71-1.11) 

0.90 (0.70-1.15) 

0.92 (0.72-1.17) 

0.94 (0.74-1.19) 

0.92 (0.70-1.19) 

 

 

1.10 (0.90-1.34) 

1.13 (0.94-1.36) 

1.09 (0.90-1.33) 

1.08 (0.91-1.27) 

1.04 (0.81-1.33) 

1.19 (0.99-1.44) 

 

 

0.99 (0.75-1.32) 

0.99 (0.76-1.30) 

1.03 (0.78-1.36) 

0.74 (0.40-1.34) 

 

48 (.030) 

58 (.006) 

47 (.035) 

51 (.020) 

58 (.006) 

44 (.052) 

58 (.006) 

57 (.008) 

16 (.053) 

56 (.009) 

58 (.006) 

57 (.007) 

58 (.006) 

 

 

18 (.302) 

8 (.361) 

15 (.321) 

0 (.615) 

5 (.379) 

0 (.598) 

 

 

0 (.401) 

0 (.410) 

0 (.870) 

0 (.686) 



141 
 

3.8 Discussion 

This large systematic review and meta-analyses is the first, to our knowledge, to 

assess whether the IGF pathway mediates the association between PA and CRC risk 

utilizing a newly developed WCRF-mechanistic study methodology. Meta-analyses for 

part 1 of our review demonstrated statistically significant decreased levels of IGF-1 in 

relation to self-report PA as quantified via questionnaire. There were no significant 

associations between short-term and long-term PA interventions with any biomarkers 

related to the IGF pathway.  

Meta-analyses for part 2 of our review revealed a statistically significant increased risk 

of CRC associated with higher levels of IGF-1 and IGF-2. However, no associations 

were detected for IGFBP-1, IGFBP-2, and IGFBP-3 and CRC risk or IGF-1, IGFBP-1, 

IGFBP-2, and IGFBP-3 and colon cancer risk, in respective analyses. There were no 

associations between any of the biomarkers related to the IGF pathway and rectal 

cancer. 

Because higher levels of IGF, specifically IGF-1, are known to increase the risk of CRC 

(179,180,186) the effect of PA on circulating IGF biomarker levels was of interest. In 

the present study, we found that self-report PA was associated with statistically 

significant decreases in IGF-1.  Given the novelty of this systematic review, there is a 

distinct paucity of evidence assessing the associations between PA and IGF levels 

directly through pooled analyses. However, comparisons may be made with PA and 

levels of insulin, as higher serum insulin levels have an indirect effect on elevating 

levels of IGF-1 as well as reducing levels of binding proteins (263,264). A recent review 

(265) of the effects of PA on insulin sensitivity in humans reported that PA may improve 

insulin sensitivity in a dose-response manner and thus, may be associated with greater 



142 
 

levels of IGF-1. Moreover, previous findings have reported that plasma IGF-I 

concentrations are positively correlated with insulin sensitivity (266). This contrasts 

with our current result which found significantly decreased levels of IGF-1 when 

comparing the highest vs lowest categories of self-report PA. However, in contrast to 

ours, the results from Bird et al. review (265) were based on study results derived 

through various PA measurement methods, not just self-report PA. The significant 

association found for self-report PA and IGF-1 in our present study may be explained 

by several factors. Firstly, in contrast to our meta-analysis results reporting on the 

associations between PA and IGF measured via questionnaire, the studies which were 

included in our narrative synthesis mostly reported statistically significant increased 

levels of IGF-1. Given sufficient data to include in our pooled analysis, these results 

may have altered the direction of effect. Secondly, these results may have been 

affected by an inability to account for confounding factors in our analysis such as 

dietary intake which can affect insulin levels and insulin sensitivity and subsequently, 

levels of IGF. Lastly, as information on PA was derived via subjective methods 

(questionnaire), this may be subject to reporting or recall bias.  

Our current systematic review also found no significant associations between long-

term and short-term interventions with changes in any biomarkers related to the IGF 

pathway. These findings are of interest, as PA within these categories was quantified 

primarily by objective measures. Although a reduction in insulin levels may be present 

during and immediately after PA (267), these effects may diminish upon the cessation 

of PA. Moreover, studies (268,269) which have reported an increase in IGF-1 levels 

specifically, after acute exercise, have noted that these changes generally return to 

baseline levels within 10-15 minutes post-exercise. This may better help explain why 

our current results show that neither short-term nor long-term activity appear to 
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present lasting effects on levels of biomarkers related to the IGF pathway, as these 

changes are typically transient in nature.  

Given the lack of association between PA and biomarkers related to the IGF pathway 

in this systematic review, this may suggest that there are other potentially relevant 

biomarkers which may play a greater mediating role in the PA-CRC relationship.  

C-reactive protein, IL-6 and TNF- α are some of the most prominent biomarkers of 

inflammation and have been implicated as possible markers of CRC development due 

to their pro-inflammatory effects (121,270). Circulating levels of C-reactive protein 

have previously been shown to be positively associated with CRC risk (271,272). A 

previous systematic review reported on the effects of PA on serum C-reactive protein 

and inflammatory markers (273). This included 19 studies on the acute inflammatory 

response to PA, 18 cross-sectional studies comparing activity levels, and five 

prospective studies of exercise training. This review demonstrated an inverse 

relationship between regular PA and serum C-reactive protein, from cross-sectional 

studies. However, a meta-analysis was not conducted and thus, a pooled estimate for 

the association between PA and C-reactive protein was not calculated. A more recent 

systematic review and meta-analysis of RCTs and non-RCTs reported a significant 

decrease in C-reactive protein following exercise training with a mean effect size (ES) 

of 0.26 (95% CI 0.18-0.34, p<0.001). Moreover, exercise training produced a greater 

reduction in C-reactive protein when decreases in BMI were also present (ES=0.38, 

95% CI 0.26-0.50). These findings may indicate that it is perhaps through the indirect 

effects of PA on energy balance by which reductions in levels of C-reactive protein 

exist. This may be further evidenced by another systematic review (274) which 

observed the effect of weight loss on C-reactive protein. This included 33 studies 

carrying out lifestyle or surgical interventions and compared pre- and post-intervention 



144 
 

levels (mg/L) of C-reactive protein. In all interventions, for each 1 kg of weight loss, 

there was a mean change in C-reactive protein level −0.13 mg/L (r = 0.85).   

The cytokine IL-6 has previously presented a marked, yet transient response to acute 

PA (125). Greater responses have been noted with greater intensities and durations 

of PA, with levels shown to increase by up to 100-fold within individuals participating 

in these types of PA (275). This may be evidenced by a RCT conducted in older men 

and women, (276) which reported significantly lower (P = 0.02) concentrations of IL-6 

with a 12-month moderate-intensity PA intervention when compared to a control 

group. However, another RCT (277) investigating the effect of a 12-month moderate-

intensity aerobic exercise intervention on biomarkers, including IL-6 among 

overweight or obese postmenopausal women, reported conflicting results. This RCT 

found no significant changes in IL-6 in the exercise group from baseline to 12-months. 

In relation to the development of CRC specifically, IL-6 may play a beneficial role 

through its ability to both produce pro-inflammatory molecules such as IL-10 and 

suppress the pro-inflammatory effects of TNF‐α (125). Early studies (275) have shown 

that TNF‐α can increase up to two-fold in human skeletal muscle after prolonged levels 

PA, specifically running. This has been further highlighted by the study of Bernecker 

et al. (278) which observed a significant increases of TNF‐α from pre-marathon to 

post-marathon (12.40 ± 3.15 ng/L, P < 0.001). Conversely, a more recent study by 

Nielsen et a. (279) did not report similar findings, with no significant changes in TNF‐

α in marathon runners. There were however both 26-fold and a 40-fold increases in 

IL-6 levels post-marathon and post-half-marathon, respectively. Given the pro-

inflammatory properties of IL-6, as well as its ability to supress pro-inflammatory 

cytokines, it may be these exceedingly high levels of IL-6 which blunt the production 

of TNF‐α post-exercise.  
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There are several limitations to this study. Firstly, given the presence of high 

heterogeneity we were unable to produce pooled estimates from adjusted study 

results observing the association between PA and biomarkers related to the IGF 

pathway. This restricted our ability to account for potentially important factors such as 

dietary intake which may affect insulin levels and thus, influence the strength of 

association. One other major limitation regards the diverse range of methods of PA 

measurement across studies, with various types, intensities, frequencies, times and 

length of programmes/interventions reported, which presents difficulties in making 

definitive conclusions about the associations PA and levels of IGF biomarkers. Given 

that we focused only on aerobic PA in relation to levels of IGF biomarkers, this also 

eliminated the potential to assess the effects of other PA types such as resistance 

training. 

Given our findings in relation to self-report PA and decreased levels of IGF-1, future 

PA interventions could be designed to facilitate the observation of pre- and post- PA 

concentrations of IGF biomarkers over both short and long periods, to attempt to 

determine if any changes present are transient or prolonged. .  

In addition to PA, future research, preferably in the form of randomised controlled 

trials, should investigate the effect of dietary interventions in relation to IGF levels and 

cancer risk. In a cross-sectional study, Young et al. (280) observed the associations 

between self-reported 12-month dietary intake and serum IGF and IGFBP levels 

utilising data from 1,798 men in the UK, screened negative for prostate cancer. This 

study reported an increase in IGF by 5.28 ng/mL (95 % CI, 2.64 - 7.92 ng/mL) and 

6.02 ng/mL (3.34 - 8.71 ng/mL) for every 1 SD increase in dairy product and dairy 

protein intake respectively. Moreover, a 1 SD increase in animal protein was 

associated with a decrease in IGFBP-2 of 6.20% (-8.91, -3.41 %). Future studies 
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observing the associations between modifiable lifestyle factors and mediators, 

particularly IGF biomarkers, should take such findings into consideration. 

The results from our systematic review utilising this novel approach may have 

implications not just for cancer prevention, but also for direct patient care. Our findings 

highlighted a positive effect of self-report  PA on IGF-1 levels in relation to the 

prevention of  CRC cancer, providing important and novel evidence of a molecular 

effect of exercise which may also be applicable for direct patient care. The importance 

of such findings for direct patient care can be further emphasised with one previous 

prospective study reporting a positive correlation between IGF-1 expression and both 

tumour size  and depth of invasion in CRC patients (281).  

One major strength of our current study was the application of a novel tool developed 

by the WCRF for conducting systematic reviews of mechanistic studies (187). This 

novel approach allowed us to carry out a robust systematic review of to investigate the 

IGF system as a biological mediator of the PA-CRC association. Another strength of 

this review was the objective measures applied for long term and short-term studies 

examining the associations between PA and IGF. Objective measures of PA can 

present more reliable and accurate quantifications of PA levels, with less reliable self-

report measures presenting both higher and lower levels in comparison (29). 

In conclusion, our results suggest that higher levels of self-report PA may be 

associated with significantly decreased levels of IGF-1. PA measured through long-

term and short-term interventions was not associated with any biomarker related to 

the IGF pathway. Moreover, both IGF-1 and IGF-2 may be associated with an 

increased risk of CRC.  
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4.1 Aims of thesis 

The primary aims of this thesis were to gain a deeper understanding of the association 

between PA and Gastrointestinal Cancer risk and to identify the potential underlying 

biological mechanisms underpinning this association. This was achieved by using a 

range of methodologies including primary studies and systematic reviews. 

• First, a primary study was conducted to investigate whether self-reported PA 

and screen-based sedentary behaviour were associated with oesophago-

gastric cancer risk was within a large UK Biobank defined cohort. 

• Second, a systematic review was conducted to assess whether the IGF 

pathway mediates the association between PA and CRC risk. This review 

utilized a recently developed WCRF-mechanistic study methodology to address 

these aims. 

 

4.2 Summary of studies and findings 

4.2.1 Physical activity, sedentary behaviour and risk of oesophago-gastric 

cancer: A prospective cohort study within UK Biobank 

The rationale for this study was developed after a literature review of the evidence 

relating to PA and oesophago-gastric cancer which indicated that PA may play a 

protective role in both oesophageal and gastric cancer. Moreover, previous systematic 

reviews reported reduced risks of oesophageal (4,5) and gastric cancer (3,4), as well 

as OAC (3) when comparing the most physically active with the least active individuals.  

However, a large percentage of this evidence on the associations between PA and 

oesophago-cancer risk was derived from case-control studies and thus, additional 

research from prospective studies was required to add to the robustness and credibility 
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of findings. Moreover, there was also a paucity of research viewing risk by individual 

cancer subsite, and thus additional evidence in relation to this was also required.  

The UK Biobank provided data on a large cohort of 502,640 individuals aged 40–69 

years to examine the associations of interest. The main findings from this prospective 

cohort study were; a significantly reduced risk of gastric non-cardia cancer (HR 0.58, 

95% CI 0.37–0.95) when comparing high PA levels to low levels and, a 38% reduced 

risk of OAC (HR 0.62, 95% CI 0.43–0.89) with moderate PA levels.  

Moreover, moderate and high PA was associated with an increased risk of 

oesophageal SCC (HRmoderate 3.78, 95% CI 1.15–12.47; HRhigh 3.63, 95% CI 1.10–

12.02) when compared with low PA levels. However, careful consideration should be 

given to the small number of cases observed in the reference category group (n = 3) 

and thus, this result should be interpreted with caution.   

We also reported a reduced risk of overall gastric cancer (HR 0.66, 95% CI 0.46–

0.95), for individuals in the middle tertile of vigorous PA, when compared to individuals 

participating in the lowest levels of vigorous PA. There were no significant associations 

between levels of screen-based sedentary behaviour and oesophago-gastric cancer 

types with results remaining similar after additional adjustments.  

We previously hypothesised that the when compared with low levels of PA, high levels 

of PA would yield the greatest reductions in risk for oesophago-gastric cancer. This 

prospective cohort study found this to be true for gastric non-cardia adenocarcinoma, 

however it also indicated that moderate levels of PA may bring about similar reductions 

in risk of oesophago-gastric cancer, particularly for OAC. 

 



150 
 

4.2.2 Physical activity, the IGF pathway, and colorectal cancer risk: a systematic 

review using WCRF-mechanistic study methodology 

The rationale behind this choice of study was, that despite the WCRF considering 

there to be strong evidence to suggest a convincing decreased of CRC in association 

with PA of all types and levels (1), there still remains a lack of evidence relating to the 

possible biological mechanisms which underpin and mediate this association.  

Although previous systematic reviews and meta-analyses of randomized and clinical 

trials have reported on the relationship between PA and biomarkers of cancer risk 

independently (282,283), none have analysed these factors collectively, taking into 

account the various different types and measurement methods of PA in relation to 

these biomarkers. Biomarkers related to the IGF pathway were of specific interest in 

this systematic review as they have previously been shown to be associated with 

cancer risk (179,180,186).  

After a systematic review, we identified 9,502 potentially relevant articles to include. 

For part 1 of the review, after screening and full-text review we identified a final number 

of 57 articles which were deemed suitable for evidence synthesis based on our 

eligibility criteria. For Part 2 of the review, after screening and full-text review, we 

identified a final number of 19 which articles were deemed suitable for evidence 

synthesis based on the eligibility criteria.  

Meta-analyses for part 1 of our review revealed statistically significant decreased 

levels of IGF-1 in relation to self-report PA (via questionnaire), (SMD -0.08, 95% CI -

0.16, 0.00) only. There were no significant associations between long-term and short-

term PA interventions with any biomarkers related to the IGF pathway.  Meta-analyses 

for part 2 of our review revealed a statistically significant increased risk of CRC 
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associated with higher levels of IGF-1(RR 1.69, 95% CI 1.26-2.26) and IGF-2 (RR 

1.69, 95% CI 1.26-2.26). In addition, we found no associations for IGFBP-1, IGFBP-

2, and IGFBP-3 and CRC risk or IGF-1, IGFBP-1, IGFBP-2, and IGFBP-3 and colon 

cancer risk, in respective analyses and no associations between any of the biomarkers 

related to the IGF pathway and rectal cancer. 

Although our current results are in agreement with previous systematic review results 

(186) which have also reported associations between higher IGF-1 and IGF-2 levels, 

and CRC risk, the most novel finding from this systematic review relates to association 

between PA and biomarkers related to the IGF pathway. Through this systematic 

review and meta-analyses, we attempted to determine if the IGF pathway was a 

plausible mediating factor in the PA-CRC relationship, and based on our current 

results, we suggest that there may be other biological factors which may underpin this 

association.  

4.3 Strengths and limitations 

One major strength of this thesis is the inclusion of a robust and novel systematic 

review which is the first to utilize a newly developed WCRF mechanistic study 

methodology to answer our research question. Similar findings from a separate 

systematic review (186) which also conducted a meta-analysis assessing the 

associations between biomarkers related to the IGF pathway and CRC also add 

strength to our findings. Moreover, our systematic review presents novel insights in 

relation to mediators in the PA-CRC relationship and highlights the need for future 

research which may investigate other potential biomarkers underpinning this 

relationship.   
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Another major strength of this thesis was the inclusion of a prospective cohort study, 

assessing the associations between PA, sedentary behaviour and oesophago-gastric 

cancer risk. This study included numerous methodological and practical strengths, 

such as the large sample size and prospective design, the identification of cancers 

through robust, internationally accepted cancer registry classification systems, the 

availability of information on BMI, smoking, co-morbidities and several other potentially 

important confounders, and information on the anatomical subsite of the tumour. 

There are several limitations to this thesis which are common across both 

aforementioned studies. Ideally the measurement of PA would be conducted with 

validated measures such as accelerometers and pedometers as opposed to self-

report measures.  Self-reported measurements of PA and sedentary behaviour may 

be subject to reporting and social desirability bias and hence, may be under or over-

reported (170). A major limitation of our prospective study is the poor response rate 

within the UK Biobank (5.5%) (171), which may potentially indicate response biases 

and differences in sociodemographic variables which may limit generalisability of 

findings. A major limitation of our systematic review was the preclusion of many study 

results in the meta-analyses for PA and IGF. This was largely due to the diverse nature 

of PA measurement which varied across individual studies.  

4.4 Future research and recommendations 

Future large-scale prospective studies which measure PA and cancer risk as well as 

potential cancer biomarkers are required to identify potential underlying biological 

mechanisms in the PA-Cancer relationship.  In regards to oesophago-gastric cancer 

specifically,  exercise interventions similar to the feasibility trial of Winzer et al. (164)  

would provide important information on the effects of risk factors associated with OAC. 
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Such a trial would provide useful information on the implications of exercise in those 

with the precursor legion Barrett’s oesophagus as well as adding to the existing 

understanding of potential biological biomarkers underlying the PA-cancer 

relationship. In addition to this, further evidence on PA in relation to oesophago-gastric 

cancer risk is also required from more objective and reliable measures of PA such as 

accelerometers and pedometers. Based on our current findings, future interventions 

should aim to encourage individuals to participate in at least moderate PA in order to 

further assess the association with oesophago-gastric cancer risk. 

Future PA interventions and RCTs with large sample sizes are also required to better 

explain the associations between PA and biomarkers related to the IGF pathway. Such 

interventions should apply objective measurements of PA to gain reliable measures 

and should focus on various intensities, types and durations of PA in relation to 

proposed biomarkers of cancer risk. Concentrations of biomarkers related to the IGF 

pathway should be measured at varying time points (i.e. pre, mid-point and post 

intervention) in order to gain a better understanding of both the short and long-term 

effects of PA on biomarkers of cancer risk. Given findings from previous research, 

such trials should also consider insulin sensitivity as a key outcome, which can be 

measured by the homeostatic model assessment (HOMA). When observing PA in 

relation to CRC, utilising such methods would provide important insight into how much 

of the variation in CRC risk is mediated by alterations in insulin sensitivity. The UK 

Biobank also presents a key resource for addressing this research question, providing 

information on cancer outcomes, IGF measurements and other important co-variate 

information, such as dietary intake. In addition to wearable devices such as 

accelerometers, fit bits have been shown to be a reliable and valid objective measure 

of PA, with one previous study indicating no systematic differences in PA 
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measurement between the two devices  (284). Based on our systematic review results, 

future research should also focus on alternative biomarkers which may potentially 

underpin the PA-cancer relationship.  

Due to the current paucity of evidence in relation to sedentary behaviour and all 

cancers, future research should also aim to address this as well as identify any 

plausible biological mechanisms which may explain the relationship between 

sedentary behaviour and cancer risk.  

Given the accumulating evidence for PA’s beneficial effects in relation to cancer, we 

must consider not only the implications of research such as this for cancer prevention, 

but also throughout the cancer care continuum. Due to the growing evidence to 

suggest that the association between PA and cancer mortality varies by specific 

markers, observing biological markers as outcomes is important not just for PA and 

cancer prevention research, but also for assessing outcomes in cancer rehabilitation. 

Similar to findings from our systematic review, one other systematic review (285) 

investigating the effects of PA interventions in relation to potential biomarkers for 

cancer mortality found that evidence for biomarkers related to the IGF pathway was 

inconclusive only. Given that previous evidence has shown that PA may be an 

important intervention for reducing  both death and future cancer events amongst 

cancer survivors (286). Deriving evidence in relation to this as is of crucial importance 

as such evidence will help in both informing future rehabilitation programmes for those 

living with cancer, as well as identifying clear biological mechanisms to make cancer 

treatment more specific and precise.  

Disseminating this evidence is also crucial for frontline staff (i.e. exercise physiologists, 

physiotherapists and other exercise professionals) who work directly with high risk 
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individuals or those living with these cancers already. In order for these professionals 

to deliver precise and appropriate physical activity ‘prescriptions’ and advice, they will 

require clearly defined information and guidelines which are informed by a robust 

evidence. 

4.5 New knowledge and potential impact on policy 

Findings from this research add to existing knowledge in the area of PA and cancer 

risk as well as providing information to inform future research. Such evidence may be 

useful in informing recommendations around the optimal types, durations and 

frequencies of PA to reduce cancer risk.  

Moreover, our findings in relation to the underlying biological mechanisms in the PA-

Cancer relationship are of relevance not just for providing a robust scientific basis 

regarding causal pathways, but also for the development of future policies and public 

health recommendations regarding PA as a means for the primary prevention of 

cancer.  

4.6 Overall conclusion 

In conclusion, the work within this MPhil thesis adds to current knowledge regarding a 

protective role for PA in reducing the risk of some subtypes of upper GI cancer, 

building upon knowledge of convincing evidence that PA reduces the risk of colon, 

breast and endometrial cancer. However, there remains a lack of evidence to indicate 

a dose-response relationship between PA and upper GI cancer risk.  

This work also provides a greater insight into potential mediators in the PA-CRC 

relationship, with relatively weak evidence that PA induces changes in IGF pathway 

biomarkers and evidence of direct associations between IGF pathway biomarkers and 

CRC risk. This suggests that other biological mechanisms may also be of more 
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importance for mediating the association between PA and CRC.  However, stronger 

study designs are warranted for investigating the long-term effects of PA on IGF 

biomarker levels to correspond with the findings that higher circulating levels of IGF-1 

and IGF-2 are associated with CRC risk.  

Overall, this MPhil thesis provides novel evidence for PA in upper GI cancer aetiology, 

and a deeper understanding of the underlying mechanisms through which PA may 

reduce CRC risk.
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Appendix 1: Keywords and Medical Subject Heading (MeSH) search terms for each 

respective search 

Search term Searches  

Physical Activity Exercise OR Running OR Walking OR Physical fitness OR Sports 

OR physical activ* OR exercise OR exerc* OR cycling OR active 

travel* OR active transport* OR active commut* OR recreation* 

OR leisure* OR Sedentary behavio?r OR Sedentary time OR 

Sedentary lifestyle OR Physical inactivity 

Insulin-like growth factor 

 

Insulin-like growth factor OR IGF OR Somatomedins OR 

Somatomedin$ OR Insulin-like growth factor binding proteins OR 

Insulin-like growth factor 1 OR Insulin like growth factor II OR 

Mechano growth factor 

 

Cancer  

 

neoplasm* OR cancer* OR carcinoma OR carcinom* OR 

malignan* OR tumo?r* OR tumor  

Colon OR Rectum OR Rectal OR Bowel OR Colorectal  

 

 

 

 

 

 

 

 

 



158 
 

References 

1.  World Cancer Research Fund/American Institute for Cancer Research. 

Continuous Update Project Expert Report 2018. Diet, nutrition, physical activity 

and colorectal cancer. (2018, accessed 4 Jan 2019).  

2.  World Cancer Research Fund International. Continuous Update Project: Diet, 

Nutrition, Physical Activity and Oesophageal Cancer (2016, accessed 1 May 

2018).  

3.  Singh S, Edakkanambeth Varayil J, Devanna S, Murad MH, Iyer PG. Physical 

activity is associated with reduced risk of gastric cancer: a systematic review 

and meta-analysis. Cancer Prev Res (Phila). 2014;7(1):12–22.  

4.  Chen Y, Yu C, Li Y. Physical activity and risks of esophageal and gastric 

cancers: a meta-analysis. PLoS One. 2014;36(2):e88082.  

5.  Singh S, Devanna S, Edakkanambeth Varayil J, Murad MH, Iyer PG. Physical 

activity is associated with reduced risk of esophageal cancer, particularly 

esophageal adenocarcinoma: a systematic review and meta-analysis. BMC 

Gastroenterol. 2014;14(1):101.  

6.  World Cancer Research Fund International/ American Institute for Cancer 

Research. Continuous Update Project Report: Diet, Nutrition, Physical Activity 

and Colorectal Cancer. 2017. Available at: wcrf.org/colorectal-cancer-2017 

(Accessed 28 April 2018).  

7.  Kyu Hmwe H, Bachman Victoria F, Alexander Lily T, Mumford John Everett, 

Afshin Ashkan EK et al. Physical activity and risk of breast cancer, colon 

cancer, diabetes, ischemic heart disease, and ischemic stroke events: 



159 
 

systematic review and dose-response meta-analysis for the Global Burden of 

Disease Study 2013. BMJ. 2016;354(3857).  

8.  Moore SC, Lee IM, Weiderpass E, Campbell PT, Sampson JN, Kitahara CM, 

et al. Association of leisure-time physical activity with risk of 26 types of cancer 

in 1.44 million adults. JAMA Intern Med. 2016;176(6):816–25.  

9.  Caspersen CJ, Powell KE, Christenson GM. Physical Activity , Exercise , and 

Physical Fitness : Definitions and Distinctions for Health- Related Research. 

Public Heal Rec. 1985;100(2):126–31.  

10.  Wahid A, Manek N, Nichols M, Kelly P, Foster C, Webster P, et al. Quantifying 

the Association Between Physical Activity and Cardiovascular Disease and 

Diabetes: A Systematic Review and Meta-Analysis. J Am Heart Assoc. 

2016;5(9).  

11.  Thoden JS. Testing aerobic power. In: MacDougall JD, Wenger HA, Green HJ, 

editors. Physiological testing of the high-performance athlete. Champaign (IL): 

Human Kinetics (1991, accessed 20 March 2018).  

12.  Medicine AC of S. ACSM’s guidelines for exercise testing and prescription. 

Lippincott Williams & Wilkins (2013, accessed 10 March 2018).  

13.  Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte MJ, Lee IM, et 

al. Quantity and quality of exercise for developing and maintaining 

cardiorespiratory, musculoskeletal, and neuromotor fitness in apparently 

healthy adults: Guidance for prescribing exercise. Med Sci Sports Exerc. 

2011;43(7):1334–59.  

14.  American College of Sports Medicine. Physical activity and public health: 



160 
 

Updated recommendation for adults from the American College of Sports 

Medicine and the American Heart Association. Vol. 116, Circulation. 2007. p. 

1081–93.  

15.  Dasso N. How is exercise different from physical activity? A concept analysis. 

Nurs Forum. 2018;  

16.  Sedentary Behaviour Research Networ J, Behrens TK, Benden ME, Biddle S, 

Bond D, Brassard P, et al. Letter to the Editor: Standardized use of the terms 

“sedentary” and “sedentary behaviours”. Appl Physiol Nutr Metab. 

2012;37(3):540–2.  

17.  Owen N, Healy GN, Matthews CE, Dunstan DW. Too much sitting: the 

population health science of sedentary behavior. Exerc Sport Sci Rev. 

2010;38(3):105–13.  

18.  Healy GN, Clark BK, Winkler EAH, Gardiner PA, Brown WJ, Matthews CE. 

Measurement of Adults’ Sedentary Time in Population-Based Studies. Am J 

Prev Med. 2011;41(2):216–27.  

19.  Department of Health. Start Active, Stay Active A report on physical activity for 

health from the four home countries’ Chief Medical Officers (2011, accessed 

17 March 2018).  

20.  World Cancer Research Fund International. Physical 

activityhttps://www.wcrf.org/int/research-we-fund/our-cancer-prevention-

recommendations/physical-activity (2016, accessed 16 March 2018).  

21.  World Health Organization. Global Strategy on Diet, Physical Activity and 

Health. Physical activity and adults. 



161 
 

http://www.who.int/dietphysicalactivity/factsheet_adults/en (Accessed 23 April 

2018).  

22.  Physical Activity. http://www.who.int/topics/physical_activity/en/ (accessed 18 

March 2018).  

23.  British Heart Foundation. Physical Activity Report 2017. 

https://www.bhf.org.uk/publications/statistics/physical-inactivity-report-2017 

(accessed 20 March 2018).  

24.  World Cancer Research Fund/American Institute for Cancer Research. 

Continuous Update Project Expert Report 2018. Diet, nutrition, physical activity 

and colorectal cancer. (2018, accessed 7 Sept 2019).  

25.  Jetté M, Sidney K, Blümchen G. Metabolic equivalents (METS) in exercise 

testing, exercise prescription, and evaluation of functional capacity. Clin 

Cardiol. 1990;13(8):555–65.  

26.  Ainsworth BE, Haskell WL, Whitt MC, Irwin ML, Swartz AM, Strath SJ, et al. 

Compendium of Physical Activities: an update of activity codes and MET 

intensities. Med Sci Sports Exerc. 32(9):498–504.  

27.  Ainsworth BE, Haskell WL, Herrmann SD, Meckes N, Bassett DR, Tudor-

Locke C, et al. 2011 Compendium of Physical Activities. Med Sci Sport Exerc. 

2011;43(8):1575–81.  

28.  World Health Organization. Global Physical Activity Questionnaire (GPAQ) 

Analysis Guide (2012, accessed 1 April 2018).  

29.  Prince S, Adamo K, Hamel M, Hardt J, Gorber S, Tremblay M. A comparison 

of direct versus self-report measures for assessing physical activity in adults: a 



162 
 

systematic review. Int J Behav Nutr Phys Act. 2008;5(1):56.  

30.  Sallis JF, Saelens BE. Assessment of Physical Activity by Self-Report: Status, 

Limitations, and Future Directions. Res Q Exerc Sport. 2000;71(supp 2):1–14.  

31.  Grimm P. Social Desirability Bias. In: Wiley International Encyclopedia of 

Marketing. 2010.  

32.  Durante R, Ainsworth BE. The recall of physical activity: Using a cognitive 

model of the question-answering process. Med Sci Sports Exerc. 

1996;28(10):1282–91.  

33.  Shephard RJ, Vuillemin A. Limits to the measurement of habitual physical 

activity by questionnaires. Br J Sports Med. 2003;37(3):197–206.  

34.  Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE, et 

al. International physical activity questionnaire: 12-country reliability and 

validity. Med Sci Sports Exerc. 2003;35(8):1381–95.  

35.  Bassett DR, Strath SJ. Use of pedometers to assess physical activity. In: Welk 

GJ, editor. Physical Activity Assessments for Health-Related Research. In: 

Human Kinetics. 2002. p. 163–77.  

36.  Troiano RP, Berrigan D, Dodd KW, Mâsse LC, Tilert T, Mcdowell M. Physical 

activity in the United States measured by accelerometer. Med Sci Sports 

Exerc. 2008;40(1):181–8.  

37.  Saris WHM, Binkhorst RA. The use of pedometer and actometer in studying 

daily physical activity in man. Part I: Reliability of pedometer and actometer. 

Eur J Appl Physiol Occup Physiol. 1977;37(3):219–28.  

38.  Chen KY, Bassett DR. The technology of accelerometry-based activity 



163 
 

monitors: current and future. Med Sci Sports Exerc. 2005;37(11 Supp):490–

500.  

39.  World Cancer Research Fund/American Institute for Cancer Research. 

Continuous Update Project Expert Report 2018. Physical activity and the risk 

of cancer. Available at dietandcancerreport.org (Accessed 1 April, 2018).  

40.  Cooper GM. The cell : a molecular approach. ASM Press; 2000. 689 p.  

41.  Hanahan D, Weinberg RA. The hallmarks of cancer. Cell. 2000;100(1):57–70.  

42.  Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation. Cell. 

2011;  

43.  Evan GI, Vousden KH. Proliferation, cell cycle and apoptosis in cancer. 

Nature. 2001;411(6835):342–8.  

44.  Foley KP, Eisenman RN. Two MAD tails: What the recent knockouts of Mad1 

and Mxi1 tell us about the MYC/MAX/MAD network. Vol. 1423, Biochimica et 

Biophysica Acta - Reviews on Cancer. 1999.  

45.  Harris CC. p53 tumor suppressor gene: from the basic research laboratory to 

the clinic--an abridged historical perspective. Carcinogenesis. 

1996;17(6):1187–98.  

46.  Brown LM, Devesa SS, Chow WH. Incidence of adenocarcinoma of the 

esophagus among white Americans by sex, stage, and age. Journal of the 

National Cancer Institute: JNCI 2008 August 20;100(16):1184-7.  

47.  Villanacci V, Bassotti G, Rossi E. Influence of genetics on tumoral pathologies: 

The example of the adenocarcinoma arising in Barrett’s esophagus. Spanish J 

Gastroenterol. 2012;104(11):592–606.  



164 
 

48.  Forman D, Burley VJ. Gastric cancer: global pattern of the disease and an 

overview of environmental risk factors. Best Pract Res Clin Gastroenterol. 

2006;20(4):633–49.  

49.  Massarrat S, Stolte M. Development of gastric cancer and its prevention. Arch 

Iran Med. 2014;17(7):514–20.  

50.  Riquelme I, Saavedra K, Espinoza JA, Weber H, García P, Nervi B, et al. 

Molecular classification of gastric cancer: Towards a pathway-driven targeted 

therapy. Oncotarget. 2015;6(28):24750–79.  

51.  Carvalho B, Sillars-Hardebol AH, Postma C, Mongera S, Droste JTS, 

Obulkasim A, et al. Colorectal adenoma to carcinoma progression is 

accompanied by changes in gene expression associated with ageing, 

chromosomal instability, and fatty acid metabolism. Cell Oncol. 2012;35(1).  

52.  Janne P, Mayer R. Chemoprevention of Colorectal Cancer. N Engl J Med. 

2000;342(26):1960–8.  

53.  Ferlay J, Soerjomataram I, Dikshit R. Cancer incidence and mortality 

worldwide: sources, methods and major patterns in GLOBOCAN 2012. Int J 

Cancer. 2015;136(5):E359-86.  

54.  Network CGAR. Integrated genomic characterization of oesophageal 

carcinoma. Nature. 2017;  

55.  Oesophageal cancer | World Cancer Research Fund International (Accessed 

16th March 2018).  

56.  Shaheen N, Ransohoff DF. Gastroesophageal Reflux, Barrett Esophagus, and 

Esophageal Cancer. JAMA. 2002;287(15):1972.  



165 
 

57.  Etemadi A, Golozar A, Kamangar F, Freedman ND, Shakeri R, Matthews C, et 

al. Large body size and sedentary lifestyle during childhood and early 

adulthood and esophageal squamous cell carcinoma in a high-risk population. 

Ann Oncol. 2012;23(6):1593–600.  

58.  Leitzmann MF, Koebnick C, Freedman ND, Park Y, Ballard-Barbash R, 

Hollenbeck A, et al. Physical Activity and Esophageal and Gastric Carcinoma 

in a Large Prospective Study. Am J Prev Med. 2009;36(2):112–9.  

59.  Etemadi A, Golozar A, Kamangar F. Large body size and sedentary lifestyle 

during childhood and early adulthood and esophageal squamous cell 

carcinoma in a high-risk population. Ann Oncol. 2011;494.  

60.  Leitzmann M, Koebnick C, Freedman N. Physical activity and esophageal and 

gastric carcinoma in a large prospective study. Am J Prev Med. 

2009;36(2):112–9.  

61.  Schmid D, Leitzmann MF. Television Viewing and Time Spent Sedentary in 

Relation to Cancer Risk: A Meta-Analysis. JNCI J Natl Cancer Inst. 

2014;106(7).  

62.  World Cancer Research Fund International. Continuous Update Project: Diet, 

Nutrition, Physical Activity and Stomach cancer (2016, accessed 20 April 

2018).  

63.  Cancer Research UK. Stomach cancer incidence statistics (2017, accessed 20 

April 2018).  

64.  Brown LM, Devesa SS. Epidemiologic trends in esophageal and gastric cancer 

in the United States. Surg Oncol Clin N Am. 2002;11(2):235–56.  



166 
 

65.  Crew KD, Neugut AI. Epidemiology of gastric cancer. World J Gastroenterol. 

2006;12(3):354–62.  

66.  Ferlay J, Soerjomataram I, Dikshit R. Cancer incidence and mortality 

worldwide: sources, methods and major patterns in GLOBOCAN 2012. J 

cancer. 2015;  

67.  Parkin DM, Pisani P, Ferlay J. Estimates of the worlwide incidence of eighteen 

major cancers in 1985. Int J Cancer. 1993;54(1 993):594–606.  

68.  Marshall BJ, Warren JR. Unidentified curved bacilli in the stomach of patients 

with gastritis and peptic ulceration. Lancet (London, England). 

1984;1(8390):1311–5.  

69.  Huerta J, Navarro C, Chirlaque M, Tormo M. Prospective study of physical 

activity and risk of primary adenocarcinomas of the oesophagus and stomach 

in the EPIC (European Prospective Investigation into Cancer and Nutrition) 

cohort. Cancer Causes &. 2010;21(5):657–69.  

70.  Huxley RR, Ansary-Moghaddam A, Clifton P, Czernichow S, Parr CL, 

Woodward M. The impact of dietary and lifestyle risk factors on risk of 

colorectal cancer: A quantitative overview of the epidemiological evidence. Int 

J Cancer. 2009;125(1):171–80.  

71.  Friedenreich CM, Orenstein MR. Physical Activity and Cancer Prevention: 

Etiologic Evidence and Biological Mechanisms. J Nutr. 2002;132(11):S3456–

64.  

72.  Kyu HH, Bachman VF, Alexander LT, Mumford JE, Afshin A, Estep K, et al. 

Physical activity and risk of breast cancer, colon cancer, diabetes, ischemic 



167 
 

heart disease, and ischemic stroke events: systematic review and dose-

response meta-analysis for the Global Burden of Disease Study 2013. BMJ . 

2016;354:i3857.  

73.  Hidalgo M, Cascinu S, Kleeff J, Labianca R, Löhr JM, Neoptolemos J, et al. 

Addressing the challenges of pancreatic cancer: Future directions for 

improving outcomes. Pancreatology. 2015;15(1):8–18.  

74.  Zhang Q, Zeng L, Chen Y, Lian G, Qian C, Chen S, et al. Pancreatic Cancer 

Epidemiology, Detection, and Management. Vol. 2016, Gastroenterology 

Research and Practice. 2016.  

75.  Bosetti C, Bertuccio P, Negri E, La Vecchia C, Zeegers MP, Boffetta P. 

Pancreatic cancer: Overview of descriptive epidemiology. Mol Carcinog. 

2012;51(1):3–13.  

76.  Oberstein PE, Olive KP. Pancreatic cancer: Why is it so hard to treat? Therap 

Adv Gastroenterol. 2013;6(4):321–37.  

77.  Lowenfels AB, Maisonneuve P. Epidemiology and risk factors for pancreatic 

cancer. Best Pract Res Clin Gastroenterol. 2006;20(2):197–209.  

78.  World Cancer Research Fund International. Continuous Update Project: Diet, 

Nutrition, Physical Activity and Pancreatic Cancer (2012, accessed 1 May 

2018).  

79.  Arslan AA, Helzlsouer KJ, Kooperberg C, Shu X-O, Steplowski E, Bueno-De-

Mesquita HB, et al. Anthropometric measures, body mass index, and 

pancreatic cancer: A pooled analysis from the pancreatic cancer cohort 

consortium (PanScan). Arch Intern Med. 2010;170(9).  



168 
 

80.  Genkinger J, Spiegelman D, Anderson K, Bernstein L, van den Brandt P, Calle 

E, et al. A pooled analysis of 14 cohort studies of anthropometric factors and 

pancreatic cancer risk. Int J cancer. 2012;129(7):1708–17.  

81.  Larsson SC, Orsini N, Wolk A. Body mass index and pancreatic cancer risk: A 

meta-analysis of prospective studies. International Journal of Cancer. 

2007;120(9):1993–1998.  

82.  Behrens G, Jochem C, Schmid D, Keimling M, Ricci C, Leitzmann MF. 

Physical activity and risk of pancreatic cancer: a systematic review and meta-

analysis. Eur J Epidemiol. 2015;30(4):279–98.  

83.  O’Rorke MA, Cantwell MM, Cardwell CR, Mulholland HG, Murray LJ. Can 

physical activity modulate pancreatic cancer risk? a systematic review and 

meta-analysis. Int J Cancer. 2010;126(12):2957–68.  

84.  World Cancer Research Fund/American Institute for Cancer Research. Food, 

Nutrition, Physical Activity, and the Prevention of Cancer: a Global Perspective 

(2007, accessed 1 May 2018).  

85.  World Cancer Research Fund International. Continuous Update Project: Diet, 

Nutrition, Physical Activity and Liver Cancer (2015, accessed 1 June 2018).  

86.  Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-tieulent J, Jemal A. Global 

Cancer Statistics, 2012. CA a cancer J Clin. 2015;65(2):87–108.  

87.  International Agency for Research on Cancer. Consumption of alcoholic 

beverages. In: The Evaluation of Carconogenic Risks to Humans. IARC 

Monogr no 100E monographs.iarc.fr/ENG/Monographs/vol100E/. 2012.  

88.  Yu MW, Chang HC, Chang SC, Liaw YF, Lin SM, Liu CJ, et al. Role of 



169 
 

Reproductive Factors in Hepatocellular Carcinoma: Impact on Hepatitis B- and 

C-Related Risk. Hepatology. 2003;38(6):1393–400.  

89.  Turati F, Talamini R, Pelucchi C, Polesel J, Franceschi S, Crispo A, et al. 

Metabolic syndrome and hepatocellular carcinoma risk. Br J Cancer. 

2013;108(1):222–8.  

90.  Tanaka K, Tsuji I, Wakai K, Nagata C, Mizoue T, Inoue M, et al. Cigarette 

smoking and liver cancer risk: An evaluation based on a systematic review of 

epidemiologic evidence among Japanese. Jpn J Clin Oncol. 2006;36(7):445–

56.  

91.  Lee YCA, Cohet C, Yang YC, Stayner L, Hashibe M, Straif K. Meta-analysis of 

epidemiologic studies on cigarette smoking and liver cancer. Int J Epidemiol. 

2009;38(6):1497–511.  

92.  Arem H, Loftfield E, Saint-Maurice PF, Freedman ND, Matthews CE. Physical 

activity across the lifespan and liver cancer incidence in the NIH-AARP Diet 

and Health Study cohort. Cancer Med. 2018;7(4):1450–7.  

93.  Behrens G, Matthews CE, Moore SC, Freedman ND, McGlynn KA, Everhart 

JE, et al. The association between frequency of vigorous physical activity and 

hepatobiliary cancers in the NIH-AARP Diet and Health Study. Eur J 

Epidemiol. 2013;28(1):55–66.  

94.  World Cancer Research Fund. Gallbladder cancer preventability statistics. 

https://www.wcrf-uk.org/uk/preventing-cancer/cancer-preventability-

statistics/gallbladder-cancer. (Accessed 24th April 2018).  

95.  Shaffer E, Hundal R. Gallbladder cancer: epidemiology and outcome. Clin 



170 
 

Epidemiol. 2014;6:99–109.  

96.  Lazcano-Ponce EC, Miquel JF, Muñoz N, Herrero R, Ferrecio C, Wistuba II, et 

al. Epidemiology and molecular pathology of gallbladder cancer. CA Cancer J 

Clin. 2001;51(6):349–64.  

97.  World Cancer Research Fund International. Continuous Update Project: Diet, 

Nutrition, Physical Activity and Gallbladder Cancer (2015, accessed 5 June 

2018).  

98.  Shephard RJ. Physical Activity and the Biliary Tract in Health and Disease. 

Sports Med. 2015;45(9):1295–309.  

99.  Peel JB, Sui X, Matthews CE, Adams SA, Hebert JR, Hardin JW, et al. 

Cardiorespiratory fitness and digestive cancer mortality: Findings from the 

aerobics center longitudinal study. Cancer Epidemiol Biomarkers Prev. 

2009;18(4):1111–7.  

100.  Yun YH, Lim MK, Won Y-J, Park SM, Chang YJ, Oh SW, et al. Dietary 

preference, physical activity, and cancer risk in men: national health insurance 

corporation study. BMC Cancer. 2008;8(1):366.  

101.  Wolin KY, Carson K, Colditz GA. Obesity and Cancer. Oncologist. 

2010;15(6):556–65.  

102.  World Health Organization. Obesity and Overweight. 

http://www.who.int/mediacentre/factsheets/fs311/en/ (Accessed 10 June, 

2018).  

103.  Calle EE, Rodriguez C, Walker-Thurmond K, Thun MJ. Overweight, Obesity, 

and Mortality from Cancer in a Prospectively Studied Cohort of U.S. 



171 
 

Adults\r10.1056/NEJMoa021423. N Engl J Med. 2003;348(17):1625–38.  

104.  Lauby-Secretan B, Scoccianti C, Loomis D, Grosse Y, Bianchini F, Straif K. 

Body Fatness and Cancer — Viewpoint of the IARC Working Group. N Engl J 

Med. 2016;375(8):794–8.  

105.  International Agency for Research on Cancer. IARC handbooks of cancer 

prevention: weight control and physical activity. Vol. 6. Lyon, France: IARC 

Press (2002, accessed 1 June 2018).  

106.  Gauthier MS, Ruderman NB. Adipose tissue inflammation and insulin 

resistance: all obese humans are not created equal. Biochem J. 

2010;430(2):e1-4.  

107.  Donohoe CL, Doyle SL, McGarrigle S, Cathcart MC, Daly E, O’Grady A, et al. 

Role of the insulin-like growth factor 1 axis and visceral adiposity in 

oesophageal adenocarcinoma. Br J Surg. 2012;99(3):387–96.  

108.  Beddy P, Howard J, McMahon C, Knox M, De Blacam C, Ravi N, et al. 

Association of visceral adiposity with oesophageal and junctional 

adenocarcinomas. Br J Surg. 2010;97(7):1028–34.  

109.  Gunter MJ, Hoover DR, Yu H, Wassertheil-Smoller S, Rohan TE, Manson JE, 

et al. Insulin, insulin-like growth factor-I, endogenous estradiol, and risk of 

colorectal cancer in postmenopausal women. Cancer Res. 2008;68(1):329–37.  

110.  Giovannucci E. Insulin, Insulin-Like Growth Factors and Colon Cancer: A 

Review of the Evidence. J Nutr. 2001;131(11):S3109–20.  

111.  Jones J, Clemmons D. Insulin-Like Growth Factors and Their Binding Proteins: 

Biological Actions*. Endocr Rev. 1995;16(1):3–34.  



172 
 

112.  Ullrich A, Gray A, Tam AW, Yang-Feng T, Tsubokawa M, Collins C, et al. 

Insulin-like growth factor I receptor primary structure: comparison with insulin 

receptor suggests structural determinants that define functional specificity. 

EMBO J. 1986;5(10):2503–12.  

113.  Zhao R, DeCoteau JF, Geyer CR, Gao M, Cui H, Casson AG. Loss of 

imprinting of the insulin-like growth factor II (IGF2) gene in esophageal normal 

and adenocarcinoma tissues. Carcinogenesis. 2009;30(12):2117–22.  

114.  Wu HK, Squire JA, Catzavelos CG, Weksberg R. Relaxation of imprinting of 

human insulin-like growth factor II gene, IGF2, in sporadic breast carcinomas. 

Biochem Biophys Res Commun. 1997;235(1):123–9.  

115.  Ma J, Pollak MN, Giovannucci E, Chan JM, Tao Y, Hennekens CH, et al. 

Prospective study of colorectal cancer risk in men and plasma levels of insulin-

like growth factor (IGF)-I and IGF-binding protein-3. J Natl Cancer Inst. 

1999;91(7):620–5.  

116.  Khandwala HM, McCutcheon IE, Flyvbjerg A, Friend KE. The Effects of 

Insulin-Like Growth Factors on Tumorigenesis and Neoplastic Growth. Endocr 

Rev. 2000;21(3):215–44.  

117.  Firth SM, Baxter RC. Cellular Actions of the Insulin-Like Growth Factor Binding 

Proteins. Endocr Rev. 2002;23(6):824–54.  

118.  Hawkins VN, Foster-Schubert K, Chubak J, Sorensen B, Ulrich CM, Stancyzk 

FZ, et al. Effect of exercise on serum sex hormones in men: A 12-month 

randomized clinical trial. Med Sci Sports Exerc. 2008;40(2):223–33.  

119.  Balkwill F, Mantovani A. Inflammation and cancer: back to Virchow? Lancet. 



173 
 

2001;357(9255):539–45.  

120.  Mantovani A, Allavena P, Sica A, Balkwill F. Cancer-related inflammation. 

Nature. 2008;454(7203):436–44.  

121.  Aggarwal BB, Shishodia S, Sandur SK, Pandey MK, Sethi G. Inflammation and 

cancer: How hot is the link? Biochem Pharmacol. 2006;72(11):1605–21.  

122.  Balkwill F. Tumor necrosis factor or tumor promoting factor? Cytokine Growth 

Factor Rev. 2002;13(2):135–41.  

123.  Tanaka T, Narazaki M, Kishimoto T. Il-6 in inflammation, Immunity, And 

disease. Cold Spring Harb Perspect Biol. 2014;6(10).  

124.  Brown M, McClean CM, Davison GW, Brown JCW, Murphy MH. The acute 

effects of walking exercise intensity on systemic cytokines and oxidative 

stress. Eur J Appl Physiol. 2018;118(10):2111–20.  

125.  Petersen A, Pedersen B. The anti-inflammatory effect of exercise. J Appl 

Physiol. 2005;98(4):1154–62.  

126.  Peake JM, Suzuki K, Coombes JS. The influence of antioxidant 

supplementation on markers of inflammation and the relationship to oxidative 

stress after exercise. J Nutr Biochem. 2007;18(6):357–71.  

127.  Lambert R, Hainaut P. Epidemiology of oesophagogastric cancer. Best Pract 

Res Clin Gastroenterol. 2007;21(6):921–45.  

128.  Hayakawa Y, Sethi N, Sepulveda AR, Bass AJ, Wang TC. Oesophageal 

adenocarcinoma and gastric cancer: should we mind the gap? Nat Rev 

Cancer. 2016;16(5):305–18.  



174 
 

129.  Pennathur A, Gibson M, Jobe B, Luketich J. Oesophageal carcinoma. Lancet. 

2013;381(9864):400–12.  

130.  Correa P. Gastric cancer: overview. Gastroenterol Clin North Am. 

2013;42(2):211–7.  

131.  Hartgrink H, Jansen E, Grieken N van. Gastric cancer. Lancet. 2009;  

132.  Dolan K, Morris AI, Gosney JR, Field JK, Sutton R. Three different subsite 

classification systems for carcinomas in the proximity of the GEJ, but is it all 

one disease? J Gastroenterol Hepatol. 2004;19(1):24–30.  

133.  Sifrim D, Castell D, Dent J, Kahrilas PJ. Gastro-oesophageal reflux monitoring: 

review and consensus report on detection and definitions of acid, non-acid, 

and gas reflux. Gut. 2004;53(7):1024–31.  

134.  Spechler S. Epidemiology and natural history of gastro-oesophageal reflux 

disease. Digestion 1992;51(Suppl. 1):24-29.  

135.  Wang KK, Sampliner RE, Practice Parameters Committee of the American 

College of Gastroenterology. Updated Guidelines 2008 for the Diagnosis, 

Surveillance and Therapy of Barrett’s Esophagus. Am J Gastroenterol. 

2008;103(3):788–97.  

136.  Cook MB, Coburn SB, Lam JR, Taylor PR, Schneider JL, Corley DA. Cancer 

incidence and mortality risks in a large US Barrett’s oesophagus cohort. Gut. 

2017;67(3):418–529.  

137.  Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA Cancer J Clin. 2016 

Jan;66(1):7–30.  

138.  Summary of global evidence on cancer prevention | World Cancer Research 



175 
 

Fund International (Accessed 1 May 2018).  

139.  Stomach cancer | World Cancer Research Fund International (Accessed 1 

May 2018).  

140.  Brownson RC, Chang JC, Davis JR, Smith CA. Physical activity on the job and 

cancer in Missouri. Am J Public Health 1991 May 01;81(5):639-642.  

141.  Vigen C, Bernstein L, Wu AH. Occupational physical activity and risk of 

adenocarcinomas of the esophagus and stomach. Int J Cancer. 

2006;118(4):1004–9.  

142.  Dar NA, Shah IA, Bhat GA, Makhdoomi MA, Iqbal B, Rafiq R, et al. 

Socioeconomic status and esophageal squamous cell carcinoma risk in 

Kashmir, India. Cancer Sci. 2013;104(9):1231–6.  

143.  Parent M, Rousseau M, El-Zein M, Latreille B, Désy M, Siemiatycki J. 

Occupational and recreational physical activity during adult life and the risk of 

cancer among men. Cancer epidemiology 2011;35(2):151-159.  

144.  Cook M, Matthews C, Gunja M, Abid Z. Physical activity and sedentary 

behavior in relation to esophageal and gastric cancers in the NIH-AARP 

cohort. PLoS One. 2013;8(12):e84805.  

145.  Campbell K, McTiernan A. Exercise and biomarkers for cancer prevention 

studies. J Nutr. 2007;137(1):161S-9S.  

146.  Lynch BM. Sedentary Behavior and Cancer: A Systematic Review of the 

Literature and Proposed Biological Mechanisms. Cancer Epidemiol 

Biomarkers Prev. 19(11):2691–709.  

147.  Sudlow C, Gallacher J, Allen N, Beral V, Burton P, Danesh J, et al. UK 



176 
 

Biobank: An Open Access Resource for Identifying the Causes of a Wide 

Range of Complex Diseases of Middle and Old Age. PLOS Med [Internet]. 

2015 Mar 31 [cited 2019 Aug 25];12(3):e1001779. Available from: 

https://dx.plos.org/10.1371/journal.pmed.1001779 

148.  Allen N, Sudlow C, Downey P, Peakman T, Danesh J, Elliott P, et al. UK 

Biobank: Current status and what it means for epidemiology. Heal Policy 

Technol. 2012;1(3):123–6.  

149.  IPAQ Research Committee. Guidelines for data processing and analysis of the 

International Physical Activity Questionnaire (IPAQ)–short and long forms 

(2008, accessed 5 Jan 2017).  

150.  Townsend P, Phillimore P, Beattie A. Health and deprivation. Inequality and 

the North. Routledge (1988, accessed 8 Jan 2017).  

151.  Craig C, Marshall A, Sjostrom M, Bauman A, Booth M, Ainsworth B, et al. 

International Physical Activity Questionnaire: 12-Country Reliability and 

Validity. Med Sci Sport Exerc. 2003;35(8):1381–95.  

152.  Craig CL, Marshall AL, Sjorstrom M, Sjöström M, Bauman AE, Booth ML, et al. 

International physical activity questionnaire: 12-country reliability and validity. 

Med Sci Sport Exerc. 2003;  

153.  Alberti K, Zimmet P, Shaw J. The metabolic syndrome-a new worldwide 

definition. Lancet. 2005;366(9491):1059.  

154.  Townsend P. Deprivation. J Soc Policy. 1987;16(2):125–46.  

155.  Cancer data: a report on the number of prevalent and incident cases (2014, 

accessed 8 July 2018).  



177 
 

156.  Lagergren J, Bergström R, Lindgren A, Nyrén O. Symptomatic 

Gastroesophageal Reflux as a Risk Factor for Esophageal Adenocarcinoma. N 

Engl J Med. 1999 Mar;340(11):825–31.  

157.  Parmelee-Peters K, Moeller J. Gastroesophageal reflux in athletes. Curr Sport 

Med Rep. 2004;3(3):107–11.  

158.  Casey E, Mistry D, MacKnight J. Training room management of medical 

conditions: sports gastroenterology. Clin Sports Med. 2005;24(3):525–40.  

159.  Nilsson M, Johnsen R, Ye W, Hveem K, Lagergren J. Lifestyle related risk 

factors in the aetiology of gastro-oesophageal reflux. Gut. 2004;53(12):1730–

5.  

160.  Pandolfino JE, Bianchi LK, Lee TJ, Hirano I, Kahrilas PJ. Esophagogastric 

Junction Morphology Predicts Susceptibility to Exercise-Induced Reflux. Am J 

Gastroenterol. 2004;99(8):1430–6.  

161.  Renehan A, Tyson M, Egger M, Heller R, Zwahlen M. Body-mass index and 

incidence of cancer: a systematic review and meta-analysis of prospective 

observational studies. Lancet. 2008;371(9612):569–78.  

162.  Tran G, Sun X, Abnet C, Fan J. Prospective study of risk factors for 

esophageal and gastric cancers in the Linxian general population trial cohort in 

China. J cancer. 2005;113(3):456–63.  

163.  Campbell KL, McTiernan A. Exercise and biomarkers for cancer prevention 

studies. J Nutr. 2007 Jan;137(1 Suppl):161S-169S.  

164.  Winzer BM, Paratz JD, Whitehead JP, Whiteman DC, Reeves MM. The 

Feasibility of an Exercise Intervention in Males at Risk of Oesophageal 



178 
 

Adenocarcinoma: A Randomized Controlled Trial. PLoS One. 

2015;10(2):e0117922.  

165.  Department of Health. Start Active, Stay Active A report on physical activity for 

health from the four home countries’ Chief Medical Officers. 2011.  

166.  Shams-White MM, Brockton NT, Mitrou P, Romaguera D, Brown S, Bender A, 

et al. Operationalizing the 2018 World Cancer Research Fund/American 

Institute for Cancer Research (WCRF/AICR) Cancer Prevention 

Recommendations: A Standardized Scoring System. Nutrients [Internet]. 2019 

Jul 12 [cited 2019 Sep 7];11(7):1572. Available from: 

https://www.mdpi.com/2072-6643/11/7/1572 

167.  Schmid D, Leitzmann M. Television viewing and time spent sedentary in 

relation to cancer risk: a meta-analysis. 2014;  

168.  Stanciu C, Bennett J. Effects of posture on gastro-oesophageal reflux. 

Digestion. 1977;15(2):104–9.  

169.  Proper K, Singh A, Mechelen W Van. Sedentary behaviors and health 

outcomes among adults: a systematic review of prospective studies. Am J 

Prev Med. 2011;40(2):174–82.  

170.  Harris TJ, Owen CG, Victor CR, Adams R, Ekelund U, Cook DG. A 

comparison of questionnaire, accelerometer, and pedometer: Measures in 

older people. Med Sci Sports Exerc. 2009 Jul;41(7):1392–402.  

171.  Swanson JM, Weis B, Cowie C, Al. E. The UK Biobank and selection bias. 

Lancet (London, England). 2012;380(9837):110.  

172.  Arnold M, Sierra MS, Laversanne M, Soerjomataram I, Jemal A, Bray F. 



179 
 

Global patterns and trends in colorectal cancer incidence and mortality. Gut. 

2017;66(4):683–91.  

173.  Jasperson KW, Tuohy TM, Neklason DW, Burt RW. Hereditary and Familial 

Colon Cancer. Gastroenterology. 2010;138(6):2044–58.  

174.  Center MM, Jemal A, Smith RA, Ward E. Worldwide variations in colorectal 

cancer. Diseases of the Colon and Rectum. 2010.  

175.  McTiernan A. Mechanisms linking physical activity with cancer. Nat Rev 

Cancer. 2008;8(3):205–11.  

176.  Golan T, Javle M. Targeting the insulin growth factor pathway in 

gastrointestinal cancers. Oncology. 2011;25(6):518.  

177.  Vigneri PG, Tirrò E, Pennisi MS, Massimino M, Stella S, Romano C, et al. The 

Insulin/IGF System in Colorectal Cancer Development and Resistance to 

Therapy. Front Oncol. 2015;5.  

178.  Lewitt MS, Saunders H, Phuyal JL, Baxter RC. Complex formation by human 

insulin-like growth factor-binding protein-3 and human acid-labile subunit in 

growth hormone-deficient rats. Endocrinology. 1994;134(6):2404–9.  

179.  Chen W, Wang S, Tian T, Bai J, Hu Z, Xu Y, et al. Phenotypes and genotypes 

of insulin-like growth factor 1, IGF-binding protein-3 and cancer risk: Evidence 

from 96 studies. Eur J Hum Genet. 2009;17(12):1668–75.  

180.  Renehan AG, Zwahlen M, Minder C, O’Dwyer ST, Shalet SM, Egger M. 

Insulin-like growth factor (IGF)-I, IGF binding protein-3, and cancer risk: 

systematic review and meta-regression analysis. Lancet. 

2004;363(9418):1346–53.  



180 
 

181.  Giovannucci E, Pollak MN, Platz EA, Willett WC, Stampfer MJ, Majeed N, et 

al. A prospective study of plasma insulin-like growth factor-1 and binding 

protein-3 and risk of colorectal neoplasia in women. Cancer Epidemiol 

Biomarkers Prev. 2000;9(4):345–9.  

182.  Kaaks R, Toniolo P. Serum C-Peptide, Insulin-Like Growth Factor (IGF)-I, IGF-

Binding Proteins, and Colorectal Cancer... JNCI J Natl Cancer Inst. 

2000;92(19):1592.  

183.  Probst-Hensch NM, Yuan JM, Stanczyk FZ, Gao YT, Ross RK, Yu MC. IGF-1, 

igf-2 and IGFBP-3 in prediagnostic serum: Association with colorectal cancer 

in a cohort of Chinese men in Shanghai. Br J Cancer. 2001;85(11):1695–9.  

184.  Palmqvist R, Hallmans G, Rinaldi S, Biessy C, Stenling R, Riboli E, et al. 

Plasma insulin-like growth factor 1, insulin-like growth factor binding protein 3, 

and risk of colorectal cancer: A prospective study in northern Sweden. Gut. 

2002;50(5):642–6.  

185.  Ma J, Pollak M, Giovannucci E. Prospective study of colorectal cancer risk in 

men and plasma levels of insulin-like growth factor (IGF)-I and IGF-binding 

protein-3. J. 1999;  

186.  Chi F, Wu R, Zeng Y, Xing R, Liu Y. Circulation insulin-like growth factor 

peptides and colorectal cancer risk: an updated systematic review and meta-

analysis. Mol Biol Rep. 2013;40(5):3583–90.  

187.  Lewis SJ, Gardner M, Higgins J, Holly JMP, Gaunt TR, Perks CM, et al. 

Developing the WCRF International/University of Bristol Methodology for 

Identifying and Carrying Out Systematic Reviews of Mechanisms of Exposure–

Cancer Associations. Cancer Epidemiol Biomarkers Prev. 2017;26(11):1667–



181 
 

75.  

188.  Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency 

in meta-analyses. BMJ . 2003;327(7414):557–60.  

189.  Sterne JA, Egger M. Funnel plots for detecting bias in meta-analysis: 

guidelines on choice of axis. J Clin Epidemiol. 2001;54(10):1046–55.  

190.  Bonnefoy M, Kostka T, Patricot MC, Berthouze SE, Mathian B, Lacour JR. 

Physical activity and dehydroepiandrosterone sulphate, insulin-like growth 

factor I and testosterone in healthy active elderly people. Age Ageing. 

1998;27(6):745–51.  

191.  Chang S, Wu X, Yu H, Spitz MR. Plasma Concentrations of Insulin-like Growth 

Factors among Healthy Adult Men and Postmenopausal Women: Associations 

with Body Composition, Lifestyle, and Reproductive Factors. Cancer Epidemiol 

Biomarkers Prev. 2002;11:758–66.  

192.  Haydar ZR, Blackman MR, Tobin JD, Wright JG, Fleg JL. The relationship 

between aerobic exercise capacity and circulating IGF-1 levels in healthy men 

and women. J Am Geriatr Soc. 2000;48(2):139–45.  

193.  Holmes MD, Pollak MN, Hankinson SE. Lifestyle correlates of plasma insulin-

like growth factor I and insulin-like growth factor binding protein 3 

concentrations. Cancer Epidemiol Biomarkers Prev. 2002;11(9):862–7.  

194.  Hwang A, Zhan Y-R, Lee W-J, Peng L-N, Chen L-Y, Lin M-H, et al. Higher 

Daily Physical Activities Continue to Preserve Muscle Strength After Mid-Life, 

But Not Muscle Mass After Age of 75. Medicine (Baltimore). 

2016;95(22):e3809.  



182 
 

195.  Lemmey A, Maddison P, Breslin A, Cassar P, Hasso N, McCann R, et al. 

Association between insulin-like growth factor status and physical activity 

levels in rheumatoid arthritis. J Rheumatol. 2001;28(1):29–34.  

196.  Lukanova A, Toniolo P, Akhmedkhanov A, Hunt K, Rinaldi S, Zeleniuch-

Jacquotte A, et al. A cross-sectional study of IGF-I determinants in women. 

Eur J cancer Prev  Off J Eur Cancer Prev Organ. 2001;  

197.  Paxton RJ, Jung SY, Vitolins MZ, Fenton J, Paskett E, Pollak M, et al. 

Associations between time spent sitting and cancer-related biomarkers in 

postmenopausal women: an exploration of effect modifiers. Cancer Causes 

Control. 2014;25(11):1427–37.  

198.  Poehlman E, Copeland K. Influence of Physical Activity on Insulin-Like Growth 

Factor-I in Healthy Younger and Older Men*. J Clin Endocrinol Metab. 

1990;71(6):1468–73.  

199.  Rinaldi S, Kaaks R, Friedenreich CM, Key TJ, Travis R, Biessy C, et al. 

Physical activity, sex steroid, and growth factor concentrations in pre- and 

post-menopausal women: A cross-sectional study within the EPIC cohort. 

Cancer Causes Control. 2014;25(1):111–24.  

200.  Rudman D, Drinka PJ, Wilson CR, Mattson DE, Scherman F, Cuisinier MC, et 

al. Relations of endogenous anabolic hormones and physical activity to bone 

mineral density and lean body mass in elderly men. Clin Endocrinol (Oxf). 

1994;40(5):653–61.  

201.  Slattery ML, Baumgartner KB, Byers T, Guiliano A, Sweeney C, Herrick J, et 

al. Genetic, anthropometric, and lifestyle factors associated with IGF-1 and 

IGFBP-3 levels in Hispanic and non-Hispanic white women. Cancer Causes 



183 
 

Control. 2005;16(10):1147–57.  

202.  Spartano NL, Stevenson MD, Xanthakis V, Larson MG, Andersson C, Murabito 

JM, et al. Associations of objective physical activity with insulin sensitivity and 

circulating adipokine profile: the Framingham Heart Study. Clin Obes. 

2017;7(2):59–69.  

203.  Teramukai S, Rohan T, Eguchi H, Oda T, Shinchi K, Kono S. Anthropometric 

and behavioral correlates of insulin-like growth factor I and insulin-like growth 

factor binding protein 3 in middle-aged Japanese men. Am J Epidemiol. 

2002;156(4):344–8.  

204.  Tworoger SS, Missmer SA, Eliassen AH, Barbieri RL, Dowsett M, Hankinson 

SE. Physical activity and inactivity in relation to sex hormone, prolactin, and 

insulin-like growth factor concentrations in premenopausal women: Exercise 

and premenopausal hormones. Cancer Causes Control. 2007;18(7):743–52.  

205.  Voskuil DW, Bueno De Mesquita HB, Kaaks R, Noord PAH Van, Rinaldi S, 

Riboli E, et al. Determinants of circulating insulin-like growth factor (IGF)-I and 

IGF binding proteins 1-3 in premenopausal women: Physical activity and 

anthropometry (Netherlands). Cancer Causes Control. 2001;12(10):951–8.  

206.  Wakai K, Suzuki K, Ito Y, Watanabe Y, Inaba Y, Tajima K, et al. Time spent 

walking or exercising and blood levels of insulin-like growth factor-I (IGF-I) and 

IGF-binding protein-3 (IGFBP-3): A large-scale cross-sectional study in the 

Japan Collaborative Cohort study. Asian Pac J Cancer Prev. 2009;10 

Suppl:23–7.  

207.  Ardawi MSM, Rouzi AA, Qari MH. Physical activity in relation to serum 

sclerostin, insulin-like growth factor-1, and bone turnover markers in healthy 



184 
 

premenopausal women: A cross-sectional and a longitudinal study. J Clin 

Endocrinol Metab. 2012;97(10):3691–9.  

208.  Blain H, Jaussent A, Béziat S, Dupuy A-M, Bernard PL, Mariano-Goulart D, et 

al. Low serum IL-6 is associated with high 6-minute walking performance in 

asymptomatic women aged 20 to 70years. Exp Gerontol. 2012;47(2):143–8.  

209.  Córdova C, Boullosa DA, Custódio MRM, Quaglia LA, Santos SN, Freitas WM, 

et al. Atheroprotective Properties of Serum IGF-1 in the Carotid and Coronary 

Territories and Beneficial Role on the Physical Fitness of the Oldest Old. 

Journals Gerontol - Ser A Biol Sci Med Sci. 2016;71(10):1281–8.  

210.  Gläser S, Friedrich N, Ewert R, Schäper C, Krebs A, Dörr M, et al. Association 

of circulating IGF-I and IGFBP-3 concentrations and exercise capacity in 

healthy volunteers: Results of the Study of Health in Pomerania. Growth Horm 

IGF Res. 2010;20(6):404–10.  

211.  Philip Karl J, Alemany JA, Koenig C, Kraemer WJ, Frystyk J, Flyvbjerg A, et al. 

Diet, body composition, and physical fitness influences on IGF-I bioactivity in 

women. Growth Horm IGF Res. 2009;19(6):491–6.  

212.  Barnes BBE, Chang-Claude J, Flesch-Janys D, Kinscherf R, Schmidt M, 

Slanger T, et al. Cancer risk factors associated with insulin-like growth factor 

(IGF)-I and IGF-binding protein-3 levels in healthy women: effect modification 

by menopausal status. Cancer Causes Control. 2009;(10):1985–96.  

213.  Ay A, Yurtkuran M. Evaluation of Hormonal Response and Ultrasonic Changes 

in the Heel Bone by Aquatic Exercise in Sedentary Postmenopausal Women. 

Am J Phys Med Rehabil. 2003;82(12):942–9.  



185 
 

214.  Barnard RJ, Ngo TH, Leung PS, Aronson WJ, Golding LA. A low-fat diet 

and/or strenuous exercise alters the IGF axis in vivo and reduces prostate 

tumor cell growth in vitro. Prostate. 2003;56(3):201–6.  

215.  Wieczorek-Baranowska A, Nowak A, Michalak E, Karolkiewicz J, Pospieszna 

B, Rutkowski R, et al. Effect of aerobic exercise on insulin, insulin-like growth 

factor-1 and insulin-like growth factor binding protein-3 in overweight and 

obese postmenopausal women. J Sports Med Phys Fitness. 2011;  

216.  Amir R, Ben-Sira D, Sagiv M. IGF-I and FGF-2 responses to Wingate 

anaerobic test in older men. J Sport Sci Med. 2007;6(2):227–32.  

217.  Griffin ÉW, Mullally S, Foley C, Warmington SA, O’Mara SM, Kelly ÁM. 

Aerobic exercise improves hippocampal function and increases BDNF in the 

serum of young adult males. Physiol Behav. 2011;104(5):934–41.  

218.  Gürsel Y, Ergin S, Ulus Y, Erdoǧan MF, YalçIn P, Evcik D. Hormonal 

responses to exercise stress test in patients with fibromyalgia syndrome. Clin 

Rheumatol. 2001;20(6):401–5.  

219.  Grandys M, Majerczak J, Duda K, Zapart-Bukowska J, Sztefko K, Zoladz JA. 

The effect of endurance training on muscle strength in young, healthy men in 

relation to hormonal status. J Physiol Pharmacol. 2008;59(SUPPL. 7):89–103.  

220.  Karatay S, Yildirim K, Melikoglu MA, Akcay F, Şenel K. Effects of dynamic 

exercise on circulating IGF-1 and IGFBP-3 levels in patients with rheumatoid 

arthritis or ankylosing spondylitis. Clin Rheumatol. 2007;26(10):1635–9.  

221.  Nishida Y, Matsubara T, Tobina T, Shindo M, Tokuyama K, Tanaka K, et al. 

Effect of low-intensity aerobic exercise on insulin-like growth factor-I and 



186 
 

insulin-like growth factor-binding proteins in healthy men. Int J Endocrinol. 

2010;2010.  

222.  Suikkari A, Sane T, Seppala M, Yki-Jarvinen H, Karonen S, Koivisto V. 

Prolonged Exercise Increases Serum Insulin-Like Growth Factor-Binding 

Protein Concentrations*. J Clin Endocrinol Metab [Internet]. 1989;68(1):141–4. 

Available from: https://academic.oup.com/jcem/article-

lookup/doi/10.1210/jcem-68-1-141 

223.  Szewieczek J, Dulawa J, Strzałkowska D, Batko-Szwaczka A, Hornik B. 

Normal insulin response to short-term intense exercise is abolished in Type 2 

diabetic patients treated with gliclazide. J Diabetes Complications. 

2009;23(6):380–6.  

224.  Rojas Vega S, Kleinert J, Sulprizio M, Hollmann W, Bloch W, Strüder HK. 

Responses of serum neurotrophic factors to exercise in pregnant and 

postpartum women. Psychoneuroendocrinology. 2011;36(2):220–7.  

225.  Wideman L, Weltman JY, Shah N, Story S, Veldhuis JD, Weltman  a. Effects 

of gender on exercise-induced growth hormone release. J Appl Physiol. 

1999;87(3):1154–62.  

226.  Zaldivar F, Wang-Rodriguez J, Nemet D, Schwindt C, Galassetti P, Mills PJ, et 

al. Constitutive pro- and anti-inflammatory cytokine and growth factor response 

to exercise in leukocytes. J Appl Physiol. 2006;100(4):1124–33.  

227.  Friedenreich CM, Neilson HK, Woolcott CG, McTiernan A, Wang Q, Ballard-

Barbash R, et al. Changes in insulin resistance indicators, IGFs, and 

adipokines in a year-long trial of aerobic exercise in postmenopausal women. 

Endocr Relat Cancer. 2011;18(3):357–69.  



187 
 

228.  Arikawa AY, Kurzer MS, Thomas W, Schmitz KH. No effect of exercise on 

insulin-like growth factor-I, insulin, and glucose in young women participating 

in a 16-week randomized controlled trial. Cancer Epidemiol Biomarkers Prev. 

2010;19(11):2987–90.  

229.  Brekke HK, Bertz F, Rasmussen KM, Bosaeus I, Ellegård L, Winkvist A. Diet 

and exercise interventions among overweight and obese lactating women: 

Randomized trial of effects on cardiovascular risk factors. PLoS One. 

2014;9(2).  

230.  Lovell DI, Cuneo R, Wallace J, McLellan C. The hormonal response of older 

men to sub-maximum aerobic exercise: The effect of training and detraining. 

Steroids. 2012;77(5):413–8.  

231.  Mason C, Xiao L, Duggan C, Imayama I, Foster-Schubert KE, Kong A, et al. 

Effects of dietary weight loss and exercise on insulin-like growth factor-i and 

insulin-like growth factor-binding protein-3 in postmenopausal women: A 

randomized controlled trial. Cancer Epidemiol Biomarkers Prev. 

2013;22(8):1457–63.  

232.  Ohta M, Hirao N, Mori Y, Takigami C, Eguchi M, Tanaka H, et al. Effects of 

bench step exercise on arterial stiffness in post-menopausal women: 

Contribution of IGF-1 bioactivity and nitric oxide production. Growth Horm IGF 

Res. 2012;22(1):36–41.  

233.  Nindl BC, Alemany JA, Tuckow AP, Rarick KR, Staab JS, Kraemer WJ, et al. 

Circulating bioactive and immunoreactive IGF-I remain stable in women, 

despite physical fitness improvements after 8 weeks of resistance, aerobic, 

and combined exercise training. J Appl Physiol. 2010;109(1):112–20.  



188 
 

234.  Vitiello M V, Wilkinson CW, Merriam GR, Moe KE, Prinz PN, Ralph DD, et al. 

Successful 6-month endurance training does not alter insulin-like growth 

factor-I in healthy older men and women. J Gerontol A Biol Sci Med Sci. 

1997;52(3):149–54.  

235.  Yamada M, Nishiguchi S, Fukutani N, Aoyama T, Arai H. Mail-Based 

Intervention for Sarcopenia Prevention Increased Anabolic Hormone and 

Skeletal Muscle Mass in Community-Dwelling Japanese Older Adults: The INE 

(Intervention by Nutrition and Exercise) Study. J Am Med Dir Assoc. 

2015;16(8):654–60.  

236.  Voss MW, Erickson KI, Prakash RS, Chaddock L, Kim JS, Alves H, et al. 

Neurobiological markers of exercise-related brain plasticity in older adults. 

Brain Behav Immun. 2013;28:90–9.  

237.  Allen NE, Appleby PN, Kaaks R, Rinaldi S, Davey GK, Key TJ. Lifestyle 

determinants of serum insulin-like growth-factor-I (IGF-I), C-peptide and 

hormone binding protein levels in British women. Cancer Causes Control. 

2003;14(1):65–74.  

238.  DeLellis K, Rinaldi S, Kaaks RJ, Kolonel LN, Henderson B, Le Marchand L. 

Dietary and lifestyle correlates of plasma insulin-like growth factor-I (IGF-I) and 

IGF binding protein-3 (IGFBP-3): the multiethnic cohort. Cancer Epidemiol 

Biomarkers Prev. 2004;13(9):1444–51.  

239.  Cui SF, Li W, Niu J, Zhang CY, Chen X, Ma JZ. Acute responses of circulating 

microRNAs to low-volume sprint interval cycling. Front Physiol. 2015;6:311.  

240.  Eliakim A, Nemet D, Most G, Rakover N, Pantanowitz M, Meckel Y. Effect of 

Gender on the GH-IGF-I Response to Anaerobic Exercise in Young Adults. J 



189 
 

Strength Cond Res. 2014;28(12):3411–5.  

241.  Adami S, Zivelonghi A, Braga V, Fracassi E, Gatti D, Rossini M, et al. Insulin-

like growth factor-1 is associated with bone formation markers, PTH and bone 

mineral density in healthy premenopausal women. Bone. 2010;46(1):244–7.  

242.  Gapstur SM, Kopp P, Chiu BC, Gann PH, Colangelo LA, Liu K. Longitudinal 

associations of age, anthropometric and lifestyle factors with serum total 

insulin-like growth factor-I and IGF binding protein-3 levels in Black and White 

men: the CARDIA Male Hormon.  

243.  Krogh J, Rostrup E, Thomsen C, Elfving B, Videbech P, Nordentoft M. The 

effect of exercise on hippocampal volume and neurotrophines in patients with 

major depression–A randomized clinical trial. J Affect Disord. 2014;165:24–30.  

244.  McTiernan A, Sorensen B, Yasui Y, Tworoger SS, Ulrich CM, Irwin ML, et al. 

No effect of exercise on insulin-like growth factor 1 and insulin-like growth 

factor binding protein 3 in postmenopausal women: A 12-month randomized 

clinical trial. Cancer Epidemiol Biomarkers Prev. 2005;14(4):1020–1.  

245.  Herbert P, Hayes LD, Sculthorpe N, Grace FM. High-intensity interval training 

(HIIT) increases insulin-like growth factor-I (IGF-I) in sedentary aging men but 

not masters’ athletes: an observational study. Aging Male. 2017;20(1):54–9.  

246.  Lovell DI, Cuneo R, Wallace J, McLellan C. The hormonal response of older 

men to sub-maximum aerobic exercise: The effect of training and detraining. 

Steroids [Internet]. 2012;77(5):413–8. Available from: 

http://dx.doi.org/10.1016/j.steroids.2011.12.022 

247.  Bonnefoy M, Kostka T, Patricot MC, Berthouze SE, Mathian B, Lacour JR. 



190 
 

Influence of acute and chronic exercise on insulin-like growth factor-I in healthy 

active elderly men and women. Aging Clin Exp Res. 1999;11(6):373–9.  

248.  Lukanova A. A cross-sectional study of IGF-I determinants in women : 

European Journal of Cancer Prevention. Eur J Cancer Prev [Internet]. 

2001;10(5):443–52. Available from: 

https://journals.lww.com/eurjcancerprev/Abstract/2001/10000/A_cross_section

al_study_of_IGF_I_determinants_in.8.aspx 

249.  Barnes BBE, Chang-Claude J, Flesch-Janys D, Kinscherf R, Schmidt M, 

Slanger T, et al. Cancer risk factors associated with insulin-like growth factor 

(IGF)-I and IGF-binding protein-3 levels in healthy women: Effect modification 

by menopausal status. Cancer Causes Control. 2009;  

250.  Hunt KJ, Toniolo P, Akhmedkhanov A, Lukanova A, Dechaud H, Rinaldi S, et 

al. Insulin-like growth factor II and colorectal cancer risk in women. Cancer 

Epidemiol Biomarkers Prev. 2002;11:901–5.  

251.  Jenab M, Riboli E, Cleveland RJ, Norat T, Rinaldi S, Nieters A, et al. Serum C-

peptide, IGFBP-1 and IGFBP-2 and risk of colon and rectal cancers in the 

European prospective investigation into cancer and nutrition. Int J Cancer. 

2007;121(2):368–76.  

252.  Nomura AMY, Stemmermann GN, Lee J, Pollak MN. Serum insulin-like growth 

factor I and subsequent risk of colorectal cancer among Japanese-American 

men. Am J Epidemiol. 2003;158(5):424–31.  

253.  Ollberding NJ, Cheng I, Wilkens LR, Henderson BE, Pollak MN, Kolonel LN, et 

al. Genetic variants, prediagnostic circulating levels of insulin-like growth 

factors, insulin, and glucose and the risk of colorectal cancer: the Multiethnic 



191 
 

Cohort study. Cancer Epidemiol Biomarkers Prev. 2012;21(5):810–20.  

254.  Otani T, Iwasaki M, Sasazuki S, Inoue M, Tsugane S, Japan Public Health 

Center-based Prospective Study G. Plasma C-peptide, insulin-like growth 

factor-I, insulin-like growth factor binding proteins and risk of colorectal cancer 

in a nested case-control study: the Japan public health center-based 

prospective study. Int J Cancer. 2007;120(9):2007–12.  

255.  Palmqvist R, Stattin P, Rinaldi S, Biessy, Carine, Roger Stenling ER, Hallman, 

Go¨ran A, Rudolf K. Plasma insulin, IGF-binding proteins-1 and -2 and risk of 

colorectal cancer :A prospective study in Northern Sweden. Int J Cancer. 

2003;107:89–93.  

256.  Rinaldi S, Cleveland R, Norat T, Biessy C, Rohrmann S, Linseisen J, et al. 

Serum levels of IGF-I, IGFBP-3 and colorectal cancer risk: Results from the 

EPIC cohort, plus a meta-analysis of prospective studies. Int J Cancer. 

2010;126(7):1702–15.  

257.  Wei EK, Ma J, Pollak MN, Rifai N, Fuchs CS, Hankinson SE, et al. A 

prospective study of C-peptide, insulin-like growth factor-I, insulin-like growth 

factor binding protein-1, and the risk of colorectal cancer in women. Cancer 

Epidemiol Biomarkers Prev. 2005;14(4):850–5.  

258.  Max JB, Limburg PJ, Ogunseitan A, Stolzenberg-Solomon RZ, Vierkant RA, 

Pollak MJ, et al. IGF-I, IGFBP-3, and IGF-I/IGFBP-3 ratio: No association with 

incident colorectal cancer in the alpha-tocopherol, beta-carotene cancer 

prevention study. Cancer Epidemiol Biomarkers Prev. 2008;17(7):1832–4.  

259.  Morris JK, George LM, Wu T, Wald NJ. Insulin-like growth factors and cancer: 

No role in screening. Evidence from the BUPA study and meta-analysis of 



192 
 

prospective epidemiological studies. Br J Cancer. 2006;95(1):112–7.  

260.  Wu K, Feskanich D, Fuchs CS, Chan AT, Willett WC, Hollis BW, et al. 

Interactions between plasma levels of 25-hydroxyvitamin d, insulin-like growth 

factor (igf)-1 and c-peptide with risk of colorectal cancer. PLoS One. 

2011;6(12).  

261.  Y Ning KW, J Ma, F B Hu, B Rosner, M Pollak ELG. Plasma concentrations of 

c-peptide, insulin-like growth factor (IGF)-I, and IGF binding proteins (IGFBP) 

and the risk of colorectal cancer (CRC) in men and women. In: American 

Journal of Epidemiology. 2010. p. 2010;171(Suppl):S1–S157.  

262.  English, DR, MacInnis, RJ, Morris, HA, Hopper, JL and Giles G. Insulin-like 

growth factor 1, steroid sex hormones and risk of colorectal cancer in 

postmenopausal women: A case-cohort study. 1990-2003. In: American 

Journal of Epidemiology. 2004. p. 1;159(11 Suppl):S1-108.  

263.  Frystyk J, Vestbo E, Skjaerbaek C, Mogensen CE, Orskov H. Free insulin-like 

growth factors in human obesity. Metabolism. 1995;44(10 Supp 4):37–44.  

264.  Renehan AG, Frystyk J, Flyvbjerg A. Obesity and cancer risk: the role of the 

insulin–IGF axis. Trends Endocrinol Metab. 2006;17(8):328–36.  

265.  Bird SR, Hawley JA. Update on the effects of physical activity on insulin 

sensitivity in humans. BMJ Open Sport Exerc Med. 2017;2(1):e000143.  

266.  Sesti G, Sciacqua A, Cardellini M, Marini MA, Maio R, Vatrano M, et al. 

Plasma concentration of IGF-I is independently associated with insulin 

sensitivity in subjects with different degrees of glucose tolerance. Diabetes 

Care. 2005;28(1):120–5.  



193 
 

267.  Borghouts LB, Keizer HA. Exercise and Insulin Sensitivity: A Review. Int J 

Sports Med. 2000;21(1):1–12.  

268.  Bang P, Brandt J, Degerblad M, Enberg G, Kaijser L, Thorén M, et al. 

Exercise-induced changes in insulin-like growth factors and their low molecular 

weight binding protein in healthy subjects and patients with growth hormone 

deficiency. Eur J Clin Invest. 1990;20(3):285–92.  

269.  Kraemer RR, Durand RJ, Acevedo EO, Johnson LG, Kraemer GR, Hebert EP, 

et al. Rigorous running increases growth hormone and insulin-like growth 

factor-I without altering ghrelin. Exp Biol Med (Maywood). 2004;229(3):240–6.  

270.  Guo Y-Z, Pan L, Du C-J, Ren D-Q, Xie X-M. Association between C-reactive 

protein and risk of cancer: a meta-analysis of prospective cohort studies. Asian 

Pac J Cancer Prev. 2013;14(1):243–8.  

271.  Tsilidis KK, Branchini C, Guallar E, Helzlsouer KJ, Erlinger TP, Platz EA. C‐

reactive protein and colorectal cancer risk: A systematic review of prospective 

studies. Int J Cancer. 2008;123(5):1133–40.  

272.  Zhou B, Shu B, Yang J, Liu J, Xi T, Xing Y. C-reactive protein, interleukin-6 

and the risk of colorectal cancer: a meta-analysis. Cancer Causes Control. 

2014;25(10):1397–405.  

273.  Kasapis C, Thompson PD. The Effects of Physical Activity on Serum C-

Reactive Protein and Inflammatory Markers. J Am Coll Cardiol. 

2005;45(10):1563–9.  

274.  Selvin E, Paynter NP, Erlinger TP. The Effect of Weight Loss on C-Reactive 

Protein. Arch Intern Med. 2007;167(1):31–9.  



194 
 

275.  Ostrowski K, Rohde T, Zacho M, Asp S, Pedersen BK. Evidence that 

interleukin-6 is produced in human skeletal muscle during prolonged running. J 

Physiol. 1998;508 ( Part 3)(Pt 3):949–53.  

276.  Nicklas BJ, Hsu F-C, Brinkley TJ, Church T, Goodpaster BH, Kritchevsky SB, 

et al. Exercise Training and Plasma C-Reactive Protein and Interleukin-6 in 

Elderly People. J Am Geriatr Soc. 2008;56(11):2045–52.  

277.  Campbell P, Campbell K, Wener M, Wood B, Potter J, McTiernan A, et al. A 

Yearlong Exercise Intervention Decreases CRP among Obese 

Postmenopausal Women. Med Sci Sports Exerc. 2009;41(8):1533–9.  

278.  Bernecker C, Scherr J, Schinner S, Braun S, Scherbaum WA, Halle M. 

Evidence for an exercise induced increase of TNF-α and IL-6 in marathon 

runners. Scand J Med Sci Sports. 2013;23(2):207–14.  

279.  Nielsen HG, Øktedalen O, Opstad P-K, Lyberg T. Plasma Cytokine Profiles in 

Long-Term Strenuous Exercise. J Sports Med. 2016;  

280.  Young NJ, Metcalfe C, Gunnell D, Rowlands M-A, Lane JA, Gilbert R, et al. A 

cross-sectional analysis of the association between diet and insulin-like growth 

factor (IGF)-I, IGF-II, IGF-binding protein (IGFBP)-2, and IGFBP-3 in men in 

the United Kingdom. Cancer Causes Control [Internet]. 2012 Jun 21 [cited 

2019 Sep 7];23(6):907–17. Available from: 

http://link.springer.com/10.1007/s10552-012-9961-6 

281.  Shiratsuchi I, Akagi Y, Kawahara A, Kinugasa T, Romeo K, Yoshida T, et al. 

Expression of IGF-1 and IGF-1R and their relation to clinicopathological factors 

in colorectal cancer. Anticancer Res. 2011 Jul;31(7):2541–5.  



195 
 

282.  Winzer BM, Whiteman DC, Reeves MM, Paratz JD. Physical activity and 

cancer prevention: a systematic review of clinical trials. Cancer Causes 

Control. 2011 Jun 3;22(6):811–26.  

283.  Ennour-Idrissi K, Maunsell E, Diorio C. Effect of physical activity on sex 

hormones in women: a systematic review and meta-analysis of randomized 

controlled trials. Breast Cancer Res. 2015;17(1):139.  

284.  Tully MA, McBride C, Heron L, Hunter RF. The validation of Fitbit ZipTM 

physical activity monitor as a measure of free-living physical activity. BMC Res 

Notes. 2014;  

285.  McDermott L-A, Murphy MH, McNeilly AM, Rankin JP, Gracey JH. Biological 

markers as an outcome measure of exercise in cancer rehabilitation: A 

systematic review. J Cancer Res Ther [Internet]. 2018 [cited 2019 Sep 

7];14(2):267–77. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/29516906 

286.  Lahart IM, Metsios GS, Nevill AM, Carmichael AR. Physical activity, risk of 

death and recurrence in breast cancer survivors: A systematic review and 

meta-analysis of epidemiological studies. Acta Oncol (Madr) [Internet]. 2015 

May 28 [cited 2019 Sep 19];54(5):635–54. Available from: 

http://www.tandfonline.com/doi/full/10.3109/0284186X.2014.998275 

 

 

 


