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Abstract 

  

Many cancer survivors are inactive, putting them at risk of developing additional diseases 

such as cardiovascular disease (CVD). Even though general physical activity guidelines exist, 

cancer survivors commonly do not meet them and engage in too much sedentary behaviour. 

The optimal level of physical activity and/or exercise for reducing CVD risk in cancer 

survivors remains unclear. High-intensity interval training (HIIT) is being used by some 

individuals (including those with a chronic condition such as Diabetes and CVD) as a method 

of achieving additional physiological benefits compared to traditional exercise modes. It 

remains unclear if HIIT is effective, achievable or safe for cancer survivors and if the same 

benefits would be seen. The studies combined in this thesis aimed to investigate the efficacy 

of HIIT within cancer survivors for reducing risk factors for CVD.   

  

High-intensity exercise interventions elicited significant improvements (p < 0.05) in 

VO2 max, strength, body mass, body fat and hip and waist circumference compared with 

CMIT and/or control groups. The studies reviewed showed low risk in participating in 

supervised high-intensity exercise interventions. A self-reported questionnaire was used to 

determine the changes in physical activity (PA) patterns and body weight (BW) throughout 

the first 12 months after a cancer diagnosis. In the 12 months post-diagnosis, cancer survivors 

increased their sleep time and reduced their levels of both vigorous and light PA, this may or 

may not be related to the increases in BW, which was observed for 60% of the 

participants. These negative changes in PA puts this population at risk of additional diseases 

such as CVD.  

  

Cancer survivors (16) within 24 months post diagnosis, were randomly assigned into 

the LVHIIT or CLMIT group for 36 sessions (12 weeks) of supervised exercise. 
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The LVHIIT group performed 7 x 30 second intervals (≥ 85% maximal heart rate) and 

the CLMIT group performed continuous aerobic training for 20 minutes (≤ 55% maximal 

heart rate) on a stationary bike or treadmill.  Significant improvements (time) were observed 

for 13 of the 23 dependent variables (ES 0.05-0.61, p=<0.05). An interaction effect was 

observed for six-minute walk test (18.53% [32.43-4.63] ES 0.50, p = <0.01) with the LVHIIT 

group demonstrating greater improvements. The study that followed incorporated a lager 

sample size (75) of sedentary cancer survivors (n = 75, aged 51 ± 12 y) within 24 months of 

diagnosis using the same exercise protocol. Significant improvements from baseline were 

observed for seven of the 22 variables (ES 0.35 – 0.97, p ≤ 0.05). There was an interaction 

effect (p < 0.01) after 12 weeks in the LVHIIT group for six-minute walk test (p < 0.01; d = 

0.97; 95% CI = 0.36, 1.56; large), sit to stand test (p <0.01; d = - 0.83; 95% CI = -1.40, -

0.22; large) and waist circumference reduction (p = 0.01; d = - 0.48; CI = -1.10, 0.10; 

medium). An interaction effect (p < 0.01) was also observed for quality of life in both the 

LVHIIT (d = 1.11; 95% CI = 0.50, 1.72; large) and CLMIT (d = 0.57; 95% CI = -0.00, 1.20; 

moderate) compared with the control group (d = -0.15; 95% CI = -0.95, 0.65; trivial). Low-

volume high-intensity training showed promise as an effective exercise prescription within 

the cancer population, showing greater improvements in cardio-respiratory fitness, lower 

body strength and waist circumference compared with traditional CLMIT and control groups. 

Both LVHIIT and CLMIT improved quality of life.  

  

The impact of exercise intensity on autonomic nervous system (ANS) and immune function 

in breast cancer survivors is not known.   The final intervention included 17 participants 

using the same protocol except for the rest between intervals which was increased to two 

minutes. A significant improvement (p ≤ 0.05) in VO2peak from pre to post intervention in 

both exercise groups were observed. Non-significant changes were observed in ANS function 
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and mucosal immunity in individuals with outlying baseline levels. Both HIIT and CMIT 

improved cardiorespiratory fitness. 

  

CVD remains one of the highest diagnosed comorbidities in the cancer population. Cancer 

survivors continue to be inactive, increasing the negative impact on their health profile, 

increasing CVD risk factors. Traditional and generic exercise guidelines are commonly used 

by clinicians to assist in prescribing recommendations for increased amounts 

of PA in the cancer population. In this thesis the “novel” exercise 

modality (supervised LVHIIT) showed increased improvements in some of the health 

outcomes measured, when compared with traditional CMIT however CMIT still showed 

significant improvements, something that we were not expecting after the short amount of 

exercise used. In summary, LVHIIT could be considered for use as an alternative to 

traditional CMIT within the cancer population for improved fitness, quality of life and 

compliance in those who are time poor. As shown in the final study cancer survivors who 

had reduced measures of HPA axis and immune functions at baseline benefited most from 

exercise. The studies within the thesis contributed to understanding HIIT within the cancer 

population. HIIT could assist in the optimisation of individualised exercise prescription to 

reduce risk factors for CVD in cancer.   
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CHAPTER 1: INTRODUCTION AND BACKGROUND 

 

For this thesis, cancer survivor has been defined by the National Coalition for Cancer 

Survivorship (NCCS): 

“A cancer survivor is a person who is considered to be a survivor from the time of diagnosis 

until the end of life”  

Cancer and cardiovascular disease (CVD) are the leading causes of disease burden in the world 

(Kochanek et al., 2015). Cancer survivors experience poorer health than those never diagnosed 

with cancer and have unique medical and psychosocial needs (Hewitt et al., 2003, Shapiro and 

Recht, 2001). This in turn requires vigilant consideration in the care of cancer survivors and 

their management during treatment and beyond, to achieve positive and healthy outcomes 

(Miller et al., 2016). Cardiovascular disease is the most common comorbidity for cancer 

survivors (Kang and Courneya, 2016, Mehta et al., 2018), and it is hypothesised that the risk 

of CVD in those diagnosed with cancer is greater than those not diagnosed with cancer (Boekel 

et al., 2016). Over the past 25 years, exercise oncology research has increased exponentially, 

enabling a greater understanding of risk factors. However, the influence of exercise during and 

post cancer treatment in some common cancers, such as colorectal and breast cancer has been 

well studied, while other cancers have seen less focus with variation in the quality of research.  

As many as 60% of cancer survivors remain inactive (Jones and Courneya, 2002, Lahart et al., 

2015). There continues to be many unanswered questions relating to the impact of exercise 

intensity to improve levels of PA and health within oncology. Specifically, the optimisation of 

individualised exercise prescription to reduce risk factors for diseases such as CVD. Building 

this knowledge would help to inform evidence-based guidelines regarding exercise prescription 

for cancer survivors to enhance quality of life and reduce CVD. 
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Worldwide Physical Activity Levels 

Physical activity has been identified by the World Health Organisation (WHO) as: 

“Any bodily movement produced by skeletal muscles that requires energy expenditure.” 

Insufficient levels of  PA is on the rise and according to the WHO it continues to contribute to 

cause of death due to the development of non-communicable diseases (NCD) such as; cancer, 

CVD, stroke and diabetes (WHO, 2006). As previously highlighted, the available data suggests 

that as many as 60% of adults do not engage in the recommended amounts of PA; that is, they 

engage in less than 30 minutes of moderate-intensity activity per day (Hallal et al., 2012, ABS, 

2017, AIHW, 2016). According to the 2011/12 Australian Health Survey, it is predicted that 

inactivity will continue to grow, with only one-third of children currently engaged in the 

recommended 60 minutes of moderate-intensity activity per day (ABS, 2017, Warburton et al., 

2006). A self-assessed health survey carried out in 2011, reported that adults who described 

themselves in “excellent” health, were twice as likely to have completed sufficient PA, 

compared to those who described themselves as in “poor” health (AIHW, 2016).  

 

Physical Activity Guidelines  

Physical activity guidelines were first published in Australia in 2000 (Armstrong et al., 2000), 

and recommended that people engage in at least 150 minutes of moderate-intensity or 75 

minutes of vigorous-intensity aerobic activity each week (Schmitz et al., 2010b, American 

College of Sports, 2013, Committee, 2008). They also recommend participation in two to three 

resistance exercise sessions per week involving the use of major muscle groups (Pollock et al., 

1998, Haskell et al., 2007). The position statement developed specifically for cancer survivors 

recommended the same (Hayes et al., 2009). The general guidelines do not provide specific 
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detail about the type and amount of PA that is safe and required to reduce cancer and disease 

risk. The WHO reported that globally 31% of adults aged over 15y were insufficiently active 

(less than 150 minutes in the last week) in 2008, contributing to approximatly 3.2 million 

preventable dealths each year. The WHO also reported that 50% of Americans were 

insufficiently active. In 2014-15 in Australia the Australian Bureau of Statistics (ABS) reported 

that 44%; nearly one in three (29.7%) 18-64 year olds were insufficiently active and 14.5% 

were inactive (no activity in the last week) (ABS, 2018). Physical inactivity when combined 

with being overweight or obese contributes to 9% of the total disease burden in Australia, equal 

with tobacco smoking as the leading risk factor for disease (AIHW, 2016).  

 

Cancer and Physical Activity Guidelines  

In May 2018, the Clinical Oncology Society of Australia (COSA), published recommendations 

which endorsed exercise as part of standard practice for cancer patients and survivors (Cormie 

et al., 2018). Clinicians understanding of how increases in PA benefits cancer survivors has 

grown in the last five years. Having the conversation about PA levels with patients could 

contribute to a reduction in disease risk from improved fitness and improved quality of life 

within the population. Evidence suggests that increased PA levels contribute to a reduction in 

the risk of colon and breast cancer and an increase in survival, independent of BMI (Table 1) 

(Ballard-Barbash et al., 2012). Deaths caused by cancer continue to be high, with lung cancer 

mainly due to smoking, being the fourth leading cause of death in Australia (ABS, 2017). There 

were eight cancers in the top 20 causes of deaths in Australia in 2016 (ABS, 2017) (Table 2). 

Physical inactivity is the second largest contributor to the cancer burden in Australia, behind 

smoking (ABS, 2017). The optimal dose of PA needed to achieve positive health-related 

outcomes remains uncertain in cancer survivors, however, higher levels of activity have been 
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associated with a significantly lower risk of premature death (Ibrahim and Al-Homaidh, 2011, 

Ballard-Barbash et al., 2012, Sweegers et al., 2017).  

Peak industry bodies (American College of Sports Medicine, Exercise and Sports Science 

Australia, Australian Physiotherapy Association and Cancer Council Australia) have produced 

guidelines and position statements addressing PA recommendations for the cancer population. 

The overarching theme of these statements and recommended guidelines provide general 

advice, but also highlight the need for greater specificity (Campbell et al., 2012). Specifically, 

the beneficial effects of exercise on different types of cancers, the optimal mode, type and 

intensity of exercise, and the changes in physiological biomarkers and the mechanisms due to 

exercise (Campbell et al., 2012, Donnelly et al., 2009b). Much of the research to date has 

involved women with early-stage breast cancer (McNeely et al., 2006, Neil-Sztramko et al., 

2017) and men with prostate cancer (Moe et al., 2017, Keogh and MacLeod, 2012). In the 

world there are more than 12 million people who have been diagnosed with and are living 

beyond cancer treatment (Miller et al., 2016). As outlined above it is evident that guidelines do 

exist for cancer survivors, however they are by and large generalised recommendations, that 

vary little from the guidelines for apparently healthy people.  
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Table 1 Research linking physical inactivity levels to cancer risk 

Cancer site Plausibility References Evidence 
Colon Several hypotheses (Warburton et 

al., 2006, Wolin 
et al., 2009, Kyu 
et al., 2016) 

Convincing 

Breast Several hypotheses (Wu et al., 2013, 
Lahart et al., 
2015, 
McTiernan et 
al., 2003) 

Postmenopausal – 
convincing/probable: 
premenopausal – limited 

Endometrium A few hypotheses (Goodman et al., 
1997, Voskuil et 
al., 2007, 
Schmid et al., 
2015a) 

Probable 

Prostate Some hypotheses (Cerhan et al., 
1997, 
Whittemore et 
al., 1995, 
Markozannes et 
al., 2016) 

Possible 

Pancreas At least two 
hypotheses 

(Michaud et al., 
2001, Patel et 
al., 2005, 
Schmid et al., 
2015b) 

Possible, limited 
evidence 

Lung None known (Tardon et al., 
2005, Murray 
and Lopez, 
1997, Brenner et 
al., 2016) 

Possible, limited 
evidence 

Research publications linking physical inactivity with cancer risk. This is broken down by levels of available evidence from 
highest to lowest; 1) convincing 2) probable and 3) possible and 3) limited evidence 
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Table 2 Leading causes of death in Australia 2007, 2011, 2016 

 2007  2011  2016 

 

Median 

Age 

(2016) 

Cause of death  no. Rank no. Rank no. Rank years 

Ischaemic heart diseases  22,956 1 21,526 1 19,077 1 85.1 

Dementia, including Alzheimer 

disease  
7,318 4 9,864 3 13,126 2 88.8 

Cerebrovascular diseases  11,505 2 11,245 2 10,451 3 86.3 

Malignant neoplasm of trachea, 

bronchus and lung * 
7,635 3 8,117 4 8,410 4 74.0 

Chronic lower respiratory diseases  5,787 5 6,565 5 8,048 5 81.7 

Malignant neoplasm of colon, 

sigmoid, rectum and anus * 
4,954 6 5,206 6 5,462 6 77.0 

Diabetes  3,818 7 4,211 7 4,770 7 81.8 

Malignant neoplasms of lymphoid, 

haematopoietic and related tissue * 
3,608 8 3,979 8 4,372 8 77.2 

Heart failure and complications and 

ill-defined heart disease  
3,438 9 3,486 9 3,379 9 88.5 

Diseases of the urinary system  3,237 10 3,384 10 3,352 10 87.2 

Influenza and pneumonia  2,634 13 2,487 13 3,334 11 88.8 

Malignant neoplasm of prostate* 2,939 11 3,294 11 3,248 12 82.0 

Malignant neoplasms of breast* 2,709 12 2,938 12 3,004 13 70.5 
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Malignant neoplasm of pancreas* 2,252 14 2,416 14 2,911 14 75.0 

Intentional self-harm [suicide]  2,227 15 2,392 15 2,862 15 43.3 

Accidental falls  1,337 21 1,872 17 2,666 16 87.2 

Cardiac arrhythmias  1,406 20 1,617 19 2,326 17 88.3 

Hypertensive diseases  1,640 17 1,805 18 2,228 18 88.1 

Melanoma and other malignant 

neoplasms of skin*  
1,728 16 2,087 16 1,960 19 77.2 

Malignant neoplasm of liver and 

intrahepatic bile ducts*  
1,109 26 1,423 23 1,864 20 71.3 

Top 20 leading causes of death in Australia by year identifies cancer in with eight of the top 20 positions. 

*Cancer deaths 

This table is adapted from data published on the Australia Bureau of Statistics webpage 

(ABS, 2017). 

 

Although the benefits of increasing PA in cancer survivors have been reported (Cormie et al., 

2018, Hayes et al., 2009), less than one-third of people diagnosed with cancer participate in 

exercise throughout the treatment period and beyond (Braam et al., 2013, Buffart et al., 2014a). 

To date, very few studies have reported on the changes in PA levels within the first 12 months 

post cancer diagnosis. A recent review suggested people who accumulated more PA than the 

recommended amount (150 minutes per week of moderate-intensity exercise) significantly 

reduced their risk of cancer recurrence, ischemic heart disease and ischemic stroke (Kyu et al., 

2016). In saying that, the evidence remains unclear on the impact of varying amounts and 

intensities of PA (specifically structured exercise) on health outcomes and CVD risk factors in 

cancer survivors.  
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There are many reported reasons for the low levels of PA in the cancer population, such as; 

access, money, time, motivation and fatigue (Blaney et al., 2013). The delivery of common 

curative treatments (radiotherapy and chemotherapy) cause inflammation and morbidities and 

people as a consequence become less active (Irwin et al., 2003). Inactivity negatively impacts 

treatment related side effects such as; decreased cardiovascular function, fitness, strength and 

quality of life (Hooning et al., 2007a, van den Belt-Dusebout et al., 2007, Kang and Courneya, 

2016, Koene et al., 2016). New and efficient ways of improving health outcomes and risk 

factors for CVD should be investigated for use within the cancer population, more evidence is 

needed in the safety and efficacy of different modes, intensities and types of exercise options. 

 

Cardiovascular Disease and Cancer 

Although survival rates from cancer have increased, it has come at a cost with curative 

treatments such as chemotherapy and hormone treatments, increasing the risk of long term 

negative effects such as cardiovascular changes, heart failure, bone density reductions and 

neuropathies (Adler et al., 2016, Zamorano et al., 2016, Hochhaus et al., 2017). Cardiovascular 

disease is the most common co-morbidity within the cancer population (Al-Kindi and Oliveira, 

2016, Moey and Moslehi, 2018). It has been reported that cancer survivors have an increased 

risk of developing CVD when compared with general population (Moey and Moslehi, 2018, 

Baraghoshi et al., 2018), this may be due to both treatment effects and negative lifestyle 

choices. There are biological links between cancer and CVD such as; inflammation and 

atherosclerosis (Koene et al., 2016), and as such those diagnosed should be monitored 

carefully.  Reduced PA can increase systemic inflammation, which increases risk of obesity 

and diabetes, because of changes in the normally balanced production of inflammatory 

cytokines. Obesity can influence the action not only of the inflammatory cytokines, but also 

insulin, which could develop into insulin resistance (Kasapis and Thompson, 2005). As a 
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consequence of this disruption in inflammatory cytokines and together with low levels of PA, 

cancer survivors are at an increased risk of developing co-morbidities, such as CVD (Baade et 

al., 2006, Kang and Courneya, 2016). Exercise could be used to improve systemic 

inflammation because it has been shown to yield anti-inflammatory effects on the body 

(Petersen and Pedersen, 2005).  

 

High-Intensity Interval-Training 

High-intensity interval-training (HIIT) is characterised by brief repeated high-intensity work 

efforts, interspersed with periods of rest or lower intensity exercise for recovery. The interval 

time period varies across the research from high-volume (4mins) to low-volume (from 10sec) 

(Toohey et al., 2018), low-volume may be more achievable for those with lower fitness levels. 

It is a novel and time efficient form of exercise, a potential option for those who are inactive, 

or those who may be time poor or lack motivation. Prior to 2013 there was very little evidence 

on the impact of HIIT in the cancer population (Cormie et al., 2013, Hwang et al., 2012, De 

Backer et al., 2008a). There is now a growing body of evidence suggesting HIIT has greater 

health benefits than the more commonly prescribed, low-moderate intensity endurance exercise 

(Licker et al., 2016, Dias et al., 2016). High-intensity interval training has been shown to be an 

effective alternative to endurance training for inducing cardiovascular improvements and 

metabolic adaptations within skeletal muscle (Gibala et al., 2006, Kodama et al., 2009), by 

increasing mitochondrial content in a very similar way to endurance training, but with 

markedly lower total work and time commitment (Gibala et al., 2006). A number of studies 

have shown that HIIT causes greater adaptations including; improved endurance capacity and 

performance, increased fat utilisation and reduced glycogenolysis during submaximal exercise, 

increased fat and glucose transport and enhanced skeletal muscle buffering capacity (Gibala et 
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al., 2012c). HIIT it is gaining momentum as an effective form of exercise in some chronic 

disease populations such as; cardiac rehabilitation (Guiraud et al., 2012), cardiometabolic 

disease (Weston et al., 2014a), stroke (Madhavan et al., 2016) and could be considered for use 

within the cancer population.  

High-intensity interval-training has been shown to improve several factors when used within 

clinical populations, such as: improved fitness, quality of life, mood and cognition (Drigny et 

al., 2014, Villelabeitia-Jaureguizar et al., 2017). Interestingly, recent research has also shown 

that HIIT can increase endorphin release in the brain areas associated with controlling emotion 

and pain (Saanijoki et al., 2018). This could have an impact on cancer population as pain, sleep 

disturbances, mood changes and anxiety are often reported during treatment and beyond 

(Schreier, 2017, Bevilacqua et al., 2018). Recent research suggests that some participants also 

find HIIT more enjoyable than other forms of exercise (Thum et al., 2017). 
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1.1 Thesis Aims and Research Questions 
 
The primary aim of this thesis was to determine the effects of exercise intensity on reducing 

CVD risk and improving health outcomes in cancer survivors. The following four specific areas 

will be addressed: 

1. Is high-intensity exercise effective and safe for the cancer population to participate in 

and what do we know about it?  

2. Do the PA levels of cancer survivors change after a diagnosis of cancer?  

3. Is low-volume high-intensity interval training (LVHIIT) a superior form of exercise 

than the commonly prescribed continuous low-to-moderate-intensity training 

(CLMIT) in reducing CVD risk and improving health related outcomes in cancer 

survivors?  

4. What impact does exercise (HIIT and CMIT) have on the autonomic nervous system 

and immune function in cancer survivors?  
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1.2 Research Objectives 
 
 

Study one: Literature review:  High-Intensity Exercise Interventions in Cancer Survivors: 

A Systematic Review Exploring the Impact on Health Outcomes  

Aims: 

1. Evaluate the efficacy of high-intensity exercise in the cancer population  

2. Evaluate the safety of high-intensity exercise interventions in improving selected 

health outcomes in cancer survivors 

 

Study two: Do Activity Patterns and Body Weight Change After a Cancer Diagnosis? A 

Retrospective Cohort Study 

Aims: 

1. Determine the physical activity levels of cancer survivors within the 12 months after 

diagnosis  

2. Determine body mass changes within the 12 months after diagnosis 

 

Study three: A pilot study examining the effects of low-volume high-intensity interval 

training and continuous low to moderate intensity training on quality of life, functional 

capacity and cardiovascular risk factors in cancer survivors 

Aims: 

1. Determine the efficacy and safety of LVHIIT exercise in cancer survivors 

2. Determine the impact of LVHIIT on health outcomes and CVD risk factors in cancer 

survivors 
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Study four: Does Low Volume High-Intensity Interval Training Elicit Superior Benefits 

Compared to Continuous Low to Moderate-Intensity Training in Cancer Survivors? 

Aims: 

1. With greater power and a control group, determine the efficacy and safety of LVHIIT 

exercise in cancer survivors and confirm pilot findings 

2. With greater power and a control group, determine the impact of LVHIIT on health 

outcomes and CVD risk factors in cancer survivors and confirm pilot findings 

 

Study five:  Autonomic Nervous System and Immune Function in Breast Cancer 

Survivors: An Exploration of the Impact of Exercise Intensity  

Study four was informed by the gaps established in the literature and the three prior studies. 

Aim: 

1. Determine the effectiveness of HIIT and CMIT in changing health outcomes 

associated with immune salivary biomarkers and HRV, compared to a control group 

 

1.3 Thesis Outline 
 
The remainder of this thesis is presented as: (a) five original studies; including a published 

literature review; and (b) a final discussion and conclusion of the key findings. Each study will 

be presented in the format of the peer reviewed journals guidelines and consists of its own 

introduction, methodology, results and discussion sections. As a consequence of this thesis 

presentation, some repetition is evident between the introduction, literature review and 

introductions of the individual chapters. To assist in readability and coherence throughout the 

thesis, the reference lists from each of the chapters have been combined and placed at the 
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conclusion of the thesis. Each chapter begins with the manuscript information, which 

contextualises the study within the overall thesis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

15 
 

DECLARATION OF CO-AUTHORED PUBLICATION CHAPTER 2 
 

For use in theses which include publications. This declaration must be completed for each co-
authored publication and to be placed at the start of the thesis chapter in which the publication 
appears. 

 

Declaration for Thesis Chapter 2 
 
Declaration by candidate 
 
In the case of Chapter 2, the nature and extent of my contribution to the work was the following: 

Nature of 
contribution 

Extent of 
contribution (%) 

Developing the research question and research design, data collection and 

analysis, write-up and editing the manuscript. 

80% 

 
The following co-authors contributed to the work.  

Name Nature of contribution Contributor is 
also a student at 
UC Y/N 

Stuart Semple Developing the research question and research design, data 

collection and analysis, editing the manuscript. 

N 

Kate Pumpa Research design, editing the manuscript N 

Julie Cooke Research design, editing the manuscript N 

Andrew McKune Editing the manuscript N 

 
 
Candidate’s 
Signature 

 14.8.18 

 
Declaration by co-authors 
 
The undersigned hereby certify that: 

(1) the above declaration correctly reflects the nature and extent of the candidate’s contribution to this 
work, and the nature of the contribution of each of the co-authors. 

(2) they meet the criteria for authorship in that they have participated in the conception, execution, or 
interpretation, of at least that part of the publication in their field of expertise; 

(3) they take public responsibility for their part of the publication, except for the responsible author 
who accepts overall responsibility for the publication; 

(4) there are no other authors of the publication according to these criteria; 
 
 
 



 

16 
 

(5) potential conflicts of interest have been disclosed to (a) granting bodies, (b) the editor or publisher 
of journals or other publications, and (c) the head of the responsible academic unit; and 

(6) the original data are stored at the following location(s) and will be held for at least five years from 
the date indicated below: 

 

Location(s) University of Canberra 

 
[Please note that the location(s) must be institutional in nature, and should be indicated here as a 
department, centre or institute, with specific campus identification where relevant.]  
 
Signature 1  14.8.18 

Signature 2  14.8.18 

Signature 3 

 

14.8.18 

Signature 4  14.8.18 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

17 
 

CHAPTER 2: LITERATURE REVIEW: High-Intensity Exercise 
Interventions in Cancer Survivors: A Systematic Review 
Exploring the Impact on Health Outcomes  
 

The manuscript contained within this chapter has been accepted for publication and has been 

formatted to comply with the publishing journals guidelines: Kellie Toohey, Kate Pumpa, 

Andrew McKune, Julie Cooke, Stuart Semple. High-Intensity Exercise Interventions in Cancer 

Survivors: A Systematic Review Exploring the Impact on Health Outcomes Journal of Cancer 

Research and Clinical Oncology.  5th December 2017. 

 

2.1 Manuscript Information 
 

An update of the literature for this thesis can be found in the introduction chapter, for the novel 

variables included in the final chapter. This published review began in 2013, with minimal 

publications available, it continued for the years that followed. In 2017 there were nine 

published studies in high-intensity exercise, which made up the systematic review for 

publication. The systematic review process was important and formed the basis of knowledge 

which would be used to develop the protocols used in the intervention studies. This is the first 

systematic review published on high-intensity exercise in cancer survivors. 

 

2.1.1 Research Objectives 
 

3. Evaluate the efficacy of high-intensity exercise in the cancer population  

4. Evaluate the safety of high-intensity exercise interventions in improving selected 

health outcomes in cancer survivors 
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2.2 Published Manuscript 
 

2.2.1 ABSTRACT 
 
Purpose: There is an increasing body of evidence underpinning high-intensity exercise as an 

effective and time efficient intervention for improving health in cancer survivors. The aim of 

this study was to, 1) evaluate the efficacy, and 2) the safety of high-intensity exercise 

interventions in improving selected health outcomes in cancer survivors. 

 

Methods: Design: Systematic review. Data sources: Google Scholar and EBSCO, CINAHL 

Plus, Computers and Applied Sciences Complete, Health Source - Consumer Edition, Health 

Source: Nursing/Academic Edition, MEDLINE, Web of Science and SPORTDiscuss from 

inception up until August 2017. Eligibility criteria: Randomised controlled trials of high-

intensity exercise interventions in cancer survivors (all cancer types) with health-related 

outcome measures. The guidelines adopted for this review were the Preferred Reporting Items 

for Systematic Reviews and Meta-Analysis (PRISMA). 

 

Results: The search returned 447 articles, of which nine articles (n = 531 participants mean, 

age 58 ± 9.5y) met the eligibility criteria. Exercise interventions of between four to 18 weeks 

consisting of high-intensity interval bouts of up to four-minutes were compared with a 

continuous moderate intensity (CMIT) intervention or a control group. High-intensity exercise 

interventions elicited significant improvements in VO2 max, strength, body mass, body fat and 

hip and waist circumference compared with CMIT and/or control groups. The studies reviewed 

showed low risk in participating in supervised high-intensity exercise interventions. Mixed 

mode high-intensity interventions which included both aerobic and resistance exercise were 

most effective improving the aerobic fitness levels of cancer survivors by 12.45 to 21.35%, 

from baseline to post-intervention.  
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Conclusion: High-intensity exercise interventions improved physical and physiological 

health-related outcome measures such as cardiovascular fitness and strength in cancer 

survivors. Given that high-intensity exercise sessions require a shorter time commitment, it 

may be a useful modality to improve health outcomes in those who are time poor. The risk of 

adverse events associated with high-intensity exercise was low. 

 

2.2.2 INTRODUCTION 
 

Over the past five years there has been an increase in research examining the health and 

performance benefits of high-intensity exercise in healthy and chronic disease populations 

(Nikoletou et al., 2016; Ulbrich et al., 2016; Weston et al., 2014; Zaer Ghodsi et al., 2016). 

High-intensity exercise has been reported to induce positive physiological responses and 

increase fitness levels, in a time-efficient manner in cancer survivors (Adamsen et al., 2009; 

De Backer et al., 2008a; Quist et al., 2006; Toohey et al., 2016). However, there may be an 

increased health risk associated with participation in high-intensity exercise (Adamsen et al., 

2009;  Weston et al., 2014).  As high-Intensity exercise is not commonly prescribed in clinical 

practice for cancer survivors (Battaglini et al., 2014), this review aims to evaluate the efficacy 

and safety of high-intensity exercise in improving selected health outcomes in cancer survivors.  

 

Over the last 20 years, the incidence of cancer has increased. Improvements in early detection 

and treatment options have resulted in survival gains, and a reduction in cancer-specific 

mortality (Ibrahim & Al-Homaidh, 2011). In the United States, the number of people living 

beyond cancer reached 14.5 million in 2014, and it is expected to increase to almost 19 million 

by 2024 (Siegel et al., 2016). In Australia, individuals diagnosed with cancer between 2009-

2013 had a 68% chance of surviving past five years (Stewart & Wild, 2017).  As a consequence 
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of the survival gains, an increase in comorbidities presents (e.g., cardiovascular disease and 

diabetes). These comobidities may be related to treatment interventions (e.g., chemotherapy 

and radiotherapy) or negative changes in lifestyle activities (e.g., reduced physical activity 

levels post cancer diagnosis)(Kyu et al., 2016; Lim et al., 2013; Yang et al., 2015).  

 

Physical activity levels reportedly decline after a cancer diagnosis (Blanchard et al., 2008; 

Toohey et al., 2016), and 70% of cancer survivors do not engage in the recommended amount 

of exercise required to achieve health benefits (ACSM, 2010). In addition, low levels of fitness 

and physical activity continue many year post-diagnosis (Snyder et al., 2009). A reduction in 

exercise and physical activity levels puts survivors at an increased risk of other chronic 

diseases, such as cardiovascular disease (CVD) (Lakoski et al., 2013).  

 

In 2010, the American College of Sports Medicine (ACSM) published a position stand on the 

efficacy and safety of exercise training during and after cancer treatment (ACSM, 2010). The 

ACSM position stand reported that physical activity and exercise enhances physical 

functioning and quality of life and reduces cancer-related fatigue in some cancer diagnoses 

(ACSM, 2010). However, the organization indicated a need to assess the safety and efficacy of 

different types of exercise interventions on health in the cancer populations (ACSM, 2010).   

 

High-intensity exercise training may be an efficient exercise modality, for cancer survivors 

inducing positive physiological responses including, increased fitness levels and improved 

health outcomes. As little as three high-intensity exercise sessions per week, with less than ten 

minutes of intense exercise, has been shown to improve aerobic capacity, markers of disease, 

muscle oxidative capacity in both healthy people and those with cardiometabolic issues 

(Metcalfe et al., 2011).  In saying that, there may be an increased health risk associated with 
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participation in high-intensity exercise (Adamsen et al., 2009; Weston et al., 2014). 

Consequently, there is a need to review the current data available and provide some 

recommendations on the efficacy and safety of high-intensity exercise within the cancer 

population. Evidence-based recommendations will assist clinicians to optimise patient 

outcomes. The current review will address the impact of high-intensity exercise on cancer 

survivors and provide specific insight into the following: (1) the efficacy of a high-intensity 

exercise interventions on health-related outcomes in cancer survivors; and (2) the safety of 

high-intensity exercise in cancer survivors. To the best of the author's knowledge, this is the 

first systematic review to report on the impacts of high-intensity exercise in the cancer 

population. 

 
2.2.3 METHODS 
 

This review was conducted in accordance the established guidelines from the Preferred 

Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA). 

 

Search Strategy 

Searches were carried out using Google Scholar and EBSCO, CINAHL Plus with Full Text, 

Health Source, MEDLINE, Web of Science and SPORTDiscus. Search strategies were limited 

to the English language, and articles that included human studies published from inception until 

August 2017. The search terms used were: high-intensity exercise OR vigorous exercise OR 

interval training OR sprint interval training AND cancer OR cancer survivor. Cancer survivor 

was defined as a person living past a diagnosis of cancer, during or after cancer treatment (Khan 

et al.,  2012). All returned titles of the articles were then reviewed by the first author (KT) to 

exclude non-relevant articles and duplicates. KT and KP independently reviewed the abstracts. 

The full-texts of the remaining studies were independently reviewed by KT, SS, and JC against 
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the inclusion and exclusion criteria (see 2.2). Inconsistencies were discussed further in detail 

as a group and clarified using the inclusion criteria; consensus was agreed upon in all cases. 

The reference lists of the articles were also searched in order to retrieve all relevant articles.  

 

Inclusion and Exclusion Criteria 

The inclusion criteria were selected in order to capture the broad health related outcome data 

that is currently available on high-intensity exercise in cancer. The studies included met the 

following criteria: (1) used a structured high-intensity exercise program of any type, duration, 

frequency and time; (2) reported compliance, supervision levels and separate results of the 

high-intensity group; (3) reported changes in at least one of the following variables; 

cardiovascular fitness, muscular strength, physical activity levels, functional ability, quality of 

life or biomarkers (such as; blood glucose, insulin, C-reactive protein); (4) inclusion of a 

control group which could include alternative active treatment, waiting list or no contact; (5) 

published in a peer-reviewed journal.  

 

Data Extraction 

Papers identified from the initial electronic search were imported into EndNote (version X7, 

Thomson Reuters), all duplicates were removed (Figure 1). Data on the study population, 

cancer type, intervention, adverse effects, compliance and significant changes in dependent 

variables were extracted by two authors (KT and SS). The mean change from baseline, the 

standard deviation (SD) of the mean change, and the number of participants at each assessment 

for all groups were extracted if available. Where variables were reported at multiple time-points 

throughout an intervention, only the pre and post time-points were included.  
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Risk of Bias 

Three authors (KT, KP, and SS) used the Physiotherapy Evidence Database (PEDro) (Moseley, 

Herbert, Sherrington, & Maher, 2002) scale to assess the methodology of the studies (Table 3).  
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Table 3 Quality appraisal 

 
 

PEDro items                                    

Study 1 2 3 4 5 6 7 8 9 10 11 Total  Risk of bias 

Brunet et al., 2017 X 0 0 0 0 0 0 X X X X 5  2/6 (high risk) 
(Devin et al., 2016) X X X X 0 0 0 X 0 X X 7  4/6 (mod risk) 
(Dolan et al., 2016) X X 0 0 0 0 0 X 0 X X 5  2/6 (high risk) 
(Licker et al., 2016) X X X X X X X X X X X 11  6/6 (low risk) 
(Kampshoff et al., 2015) X X X X X X X X X X X 11  6/6 (low risk) 
(Edvardsen et al., 2014) X X X X X 0 0 X X X X 9  5/6 (low risk) 
(Cormie et al., 2013) X X X X 0 0 0 X X X X 8  5/6 (low risk) 
(Hwang et al., 2012) X X X X 0 0 0 X X X X 8  5/6 (low risk) 
(De Backer et al., 2008b) X 0 0 X 0 0 0 X 0 X X 5  2/6 (high risk) 

 

Pedro Items: 1. Eligibility criteria were specified, 2. Participants were randomly allocated to interventions, 3. Allocation was concealed, 4. The intervention 

groups were similar at baseline regarding the most important prognostic indicators, 5. There was blinding of all subjects, 6. There was blinding of all therapists 

who administered the therapy, 7. There was blinding of all assessors who measured one key outcome, 8. Measures of at least one key outcome were obtained 

from more than 85% of the subjects initially allocated to groups, 9. All subjects for whom outcome measures were available received the treatment or control 

condition as allocated or, where this was not the case, data for at least one key outcome was analysed by “intention to treat”, 10. The results of between-

intervention group statistical comparisons are reported for at least one key outcome, 11.The study provides both point measures and measures of variability for 

at least one key outcome. Risk of bias:  i) adequacy of randomisation (criterion two); ii) allocation concealment (criterion three); iii) between-group baseline 

comparability (criterion four); iv) blinding of outcome assessors (criterion seven); v) adequate follow-up (more than 85%) (criterion eight), and; vi) intention 

to treat analysis (criterion nine). A score of five or six was considered to have a low risk of bias, three to four a moderate risk, and two or less a high risk.  
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Data synthesis and outcome measures  

Statistically significant changes were extracted and tabled (Table 4). Intervention compliance 

(Table 4), percentage changes and effect sizes (Cohen’s d) were calculated for statistically 

significant variables, from baseline to post-intervention, where data was available (Table 4). 

Cohen’s d values were interpreted as: large ≥ 0.8, medium ≥ 0.5, small ≥ 0.2 and trivial < 0.2 

(Cohen, 1988).  
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Table 4 Changes in dependent variables from pre-to-post interventions 

Paper 

Cancer 

type & 

age 

Sample 

size 
Intervention 

Time since 

diagnosis 
Adherence 

Variable 

p ≤ 0.05, ↑ 

increased, ↓ 

decreased 

Changes in high-intensity 

exercise group 

% change, effect size (95% C.I) 

Comparison group  

 

Brunet

, 2017 

Colorect

al 

64 (range 

45 – 82) 

24 

9 female, 

15 male 

 

6 weeks/A 

3 x week 

3 mins moderate-

intensity, 2 mins 

vigorous-intensity 

30 minutes - 3 

sessions, 40 minutes – 

all other sessions, 

5mins warm-up and 

cool-down 

< 3 months 96% ↓ fatigue  

↑ physical 

health 

perceptions 

 

(Interquartile ranges reported) Control 

Devin, 

2016 

Colorect

al 

61.4 (± 

11.1y) 

30  

12 female, 

18 male 

 

4 weeks/A 

3 x week 

85-95% HR peak - 

cycle 

4 x 4min, 3 minutes 

active rest in between 

– 38 mins 

31 months  97% ↑ VO2 peak 

↓ weight 

↑ lean mass 

↓ fat mass 

↓ body fat 

20.18, 0.83 (0.15 - 1.5) 

0.74, -0.5 (-1.11 - 0.11) 

1.36, 0.32 (-0.36 - 0.99) 

3.19, -0.66 (-1.36 - 0.03) 

2.92, -0.54 (-1.22 – 0.15) 

Moderate-intensity 

exercise 

 

Dolan, 

2016 

Breast 

56.2 (± 

9y) 

12  

female 

 

6 weeks/A 

3 x week 

80% Vo2 peak - cycle 

6 years 92% ↑ VO2 max 

↑ strength 

↓ weight 

11.48, 1.90 (0.89 – 2.91) 

13.28, 1.37 (0.43 – 2.30) 

0.67, -4.57 (-6.16 - -2.98) a 

Control 
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2 min efforts for 4.02 

km  

↓ hip 

↓ waist 

↓ HR rest 

1.18, -1.41 (-2.35 - -0.47) 

2.16, -1.40 (-2.34 - -0.46) 

-9.6, -1.27 (-2.19 - -0.35) 

Licker, 

2016 

Lung 

64 (± 

13y) 

74 

33 female, 

41 male 

 

18 weeks/A 

2-3 x week 

80-100% peakWR - 

cycle 

15 x 15sec intervals 

for 2 x 10 minutes, 4 

mins rest in between - 

24 mins 

< 3 months 87% ↑ VO2 PEAK 

↑ peakWR 

↑ 6MWT 

 

15  

6  

15 

(no SD reported) 

Control  

Kamps

hoff, 

2015 

Mixed 

54 (± 

11.2) 

277 

145 

female,  

132 male 

 

12 weeks/M 

2 x week 

>80% HRR – cycle 

and weights 

Encouraged to stay 

active for 30 minutes 

3 times/wk outside of 

program. 

Interval training 30s > 

80% HRR, 60s rest, 

after 4 weeks 30s > 

80% HRR and 30s 

rest - 16mins 

Not 

reported 

74% ↑ VO2 peak 

↑ PPO 

↑ ventilatory 

threshold 

↓ overall 

fatigue 

↑ QoL 

↑ physical 

functioning 

↓ anxiety 

 20.01, 0.62 (0.32 – 0.91) 

 19.85, 0.54 (0.25 – 0.84) 

 20.51, 0.73 (0.43 – 1.03) 

 -21.88, -0.79 (-1.08 - -0.49) 

 12.64, 0.64 (0.34 – 0.93)      

 7.40, 0.38 (0.08 – 0.67) 

 -20.00, -0.27 (-0.56 – 0.02) 

Control 
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Edvar

dsen, 

2014 

Lung  

64.4y (± 

9.3) 

30 

17 female,  

13 male 

 

20 weeks/M 

3 x week 

90.8% HR max - 

treadmill (Interval 

training included) + 

weights - 1h 

< 3 months 88% ↑ VO2 peak 

↑ leg press  

↑ hand Grip 

↑ BMI 

↑ lean mass 

↑ chair stand 

↑ stair run 

 21.35, 0.87 (0.35 – 1.41) 

 20.77, 0.58 (0.07 – 1.10) 

 7.02, 0.21 (-0.30 – 0.72) 

 2.81, 0.14 (-0.36 – 0.65) 

 3.19, 0.12 (-0.39 – 0.62) 

 25.44, 1.17 (0.62 – 1.71) 

 21.31, 0.72 (0.21 – 1.25) 

Control 

Cormi

e, 2013 

Breast 

56.1 (± 

8.1) 

22 Female 

 

12 weeks/R 

2 x week 

75-85% of 1RM - 1h 

5.9 years 97% ↑ chest press 

↑ seated row 

↑ in chest 

press 

endurance 

 5.6kg 

 6.4kg      

 82.5 volume-load 

(change only reported) 

Low load  

Hwang

, 2012 

Lung 

61y (± 

6.3) 

13 

8 female,  

5 male 

8 weeks/A 

3 x week – cycle or 

treadmill 

80% Vo2PEAK or RPE 

of 15-17 (2-5 min 

intervals – alternating 

with above and active 

recovery) 

2.6 years 75% ↑ VO2 peak 

↓ overall 

fatigue 

↓ dyspnea 

 11.26, 0.45 (-0.06 – 0.96) a 

 35.17, -0.39 (-1.17 – 0.38) 

 60.42, -0.68 (-1.47 – 0.11) a 

Control  

De 

Backer

, 2008 

Mixed 

49y (± 8) 

49  

40 female,  

9 male 

 

18 weeks/M 

2 x week (first 12 

weeks), 1 x week (last 

6 weeks) - Weights 

and cycle 

65-80% of 1RM 

>96 weeks 94% ↑ VO2 peak 

↑ 1RM 

vertical row 

↑ leg press 

↑ bench 

press 

12.45, 0.49 (0.09 – 0.90) 

21, 1.16 (0.73 – 1.59) 

83, 1.46 (1.02 – 1.91) 

16, 1.21 (0.79 – 1.65) 

22, 1.16 (1.16 – 2.07) 

21, 1.34 (0.91 – 1.79) 

Control 
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Interval training – 8 

minutes -  30s at 65% 

and 60s at 30% 

↑ lunge 

↑ abdominal 

crunch 

↓ general 

fatigue 

↑ physical 

functioning 

29.77, -0.91 (-1.32 - -0.49) 

16.3, 0.62 (0.21 – 1.02) 

↓ = decreased, ↑ = increased/improved, A = aerobic training, R = resistance training, M = multimodal (both aerobic and resistance training), NM = variable not measured, PA 
= physical activity, QoL = quality of life, 6MWT = six minute walk test, MSEC = maximal short exercise capacity, a = group x time effect, b = time effect, PPO = peak power 
output, VO2 max = maximum volume of oxygen (ml/kg/min), VO2 peak = plateau of oxygen consumption during exercise (ml/kg/min). 
 

Results have been converted to % change from baseline to completion of intervention for significant variables and also noted if there was a group x time effect or time effect 
evident.  
 
HR, heart rate; Qol, quality of life; 6MWT, six minute walk test; SBP, systolic blood pressure; DBP, diastolic blood pressure; STS, sit to stand; MAP, mean arterial pressure; 
CSP, central systolic pressure; AP, augmentation pressure; CDP, central diastolic pressure; PA, physical activity; RM, repetitions max. 
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2.2.4 RESULTS 
 
The initial search returned 447 articles, with 24 duplicates, and 423 titles were screened for 

title relevance, of which 374 titles were excluded (Figure 1). Forty-nine abstracts were screened 

against the inclusion and exclusion criteria, 18 articles were then retrieved for full-text review 

(see Figure 1). Nine studies met the criteria for inclusion in the systematic review. High-

intensity exercise data showing results for health measures were extracted from the studies. 

The 531 (298 female) participants in this review were diagnosed with a range of cancers such 

as; breast, colorectal and lung cancer (Table 4). Mean compliance to the high-intensity exercise 

interventions was 89%. There were three minor adverse effects, and one serious event reported 

across the nine studies.  
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Figure 1. Process of Article Identification for Inclusion in the Systematic Review 

 

Risk of Bias 

The assessment of risk of bias is detailed in Table 3. As is the case of many exercise 

intervention studies, double-blinding was not possible. All other domains (eligibility criteria, 

random allocation, allocation concealed, intervention groups were similar at baseline, measures 

of at least one key outcome was obtained from more than 85% of the subjects allocated to 

groups, there was a control group, studies provided both point measures and measures of 

 
 
 
 
 
 
 
 
 

Primary search: English language citations identified (n = 447) 
Google scholar (n =1 20) 
EBSCO (n = 63) 
CINAHL Plus (n = 12) 
Health Source (n = 5) 
MEDLINE (n = 70) 
Web of Science (n = 56) 
SPORTDiscus (n = 121) 

Duplicate citations 
excluded: (n = 24) 

Titles screened against the inclusion 
criteria: (n = 423) 

Citations excluded due to non-
relevance of titles: (n = 374) 

Abstracts screened against the inclusion 
criteria: (n = 49) 

Citations excluded due to the abstract 
not meeting the inclusion criteria:     
(n = 31)  

Full-text articles obtained for assessment 
against the inclusion criteria: (n = 18) 

Articles that did not meet the 
inclusion criteria: (n = 9) 
- Criteria 1 (n = 3) 
- Criteria 2 (n = 2) 
- Criteria 3 (n = 0) 
- Criteria 4 (n = 1) 
- Criteria 5 (n = 3) 

 

Secondary search: Articles identified 
through reference lists and screened 
against inclusion criteria: (n = 0) 

Articles that met the inclusion criteria 
for analysis: (n = 9) 
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variability for at least one key outcome), were low to moderate or high risk of bias. Of the nine 

studies reported in this review, three studies exhibited a high risk of bias based on the 

assessment (Table 3).   

 

Description and Safety of Studies 

The studies reported a range of between 12-277 participants, with an average age of 58 ± 9y. 

Compliance varied across the studies from 74-97%. High-intensity exercise intervention period 

ranged from four to 20 weeks including two to three sessions per week (Table 4). The session 

times, ranged from 16 to 60 minutes including rest and recovery time and were supervised by 

either physiotherapists (De Backer et al., 2008a; Edvardsen et al., 2014; Edvardsen et al., 2015; 

Hwang et al., 2012; Kampshoff et al., 2015; Licker et al., 2016), or exercise physiologists 

(Cormie et al., 2013; Devin et al., 2016). In one study, supervision was not reported (Dolan et 

al., 2016). Three minor adverse effects were reported, these included one case of sciatica and 

two existing knee pain, although the individuals continued to participante in the study (Devin 

et al., 2016). One serious event, a hip fracture during balance training, was reported in by 

Edvardsen et al., (2014). No adverse events were reported in the moderate or control groups in 

these two studies (see Table 4).   

 

Familiarisation and progressions into the high-intensity exercise programs were undertaken in 

eight of the nine studies (Cormie et al., 2013; De Backer et al., 2008a; Devin et al., 2016; Dolan 

et al., 2016; Edvardsen et al., 2014; Hwang et al., 2012; Kampshoff et al., 2015; Brunet et al., 

2017). In the studies by Dolan and Edvardsen, the first four weeks included continuous 

moderate intensity training (CMIT) or lower intensity training (Dolan et al., 2016; Edvardsen 

et al., 2015). Progression of 5-10% of the prescribed load was used in the study by Cormie et 

al (2013) when the particpiants could carry out more than the prescribed repititions (Cormie et 
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al., 2013). An increased intensity and duration was reset every one to two weeks based on 

individual responses in the study by Hwang et al (2012). De Backer et al (2008a) carried out a 

ramp test at week nine and reset the intensity based on these results (De Backer et al., 2008a). 

Kampshoff et al (2015) commenced resistance training at 70% of 1-RM and then increased it 

to 85% by week 12. The intervals portion of this study increased from 30s at 65% and 60s at 

30%, to 30s intervals at 65% and 30s at 30% at week five (Kampshoff et al., 2015). In the study 

by Brunet et al (2017), the first three sessions were 30 min and then increased to 40 min for the 

rest of the sessions (Brunet et al., 2017). The study by Licker at al (2016) did not report 

familiarisation or progressions (Licker et al., 2016).  

 

Effects of exercise on health outcomes 

Table 4 presents the results relating to the effects of high-intensity exercise interventions on 

physical and physiological health-related outcomes. Of the eight studies, three reported VO2 

max changes with an average improvement of 17.7%, with intervention length being; four, six 

and 20 weeks in the three studies. These improvements were significantly greater than those 

demonstrated by the control groups (Devin et al., 2016; Dolan et al., 2016; Edvardsen et al., 

2014). Four articles reported an improvement of 15% in VO2 peak, with the interventions 

lasting; 12 and eight weeks and two studies lasting18 weeks (De Backer et al., 2008a; Hwang 

et al., 2012; Kampshoff et al., 2015; Licker et al., 2016). One study did not measure changes 

in VO2 max (Cormie et al., 2013).  

Two studies reported a significant reduction in weight (Devin et al., 2016; Dolan et al., 2016) 

and two studies reported an increase in lean mass as measured by body mass index (BMI) and 

Dual-Energy X-ray Absorptiometry (DXA), compared with a moderate intensity group and a 

control group (Devin et al., 2016; Edvardsen et al., 2014) (Table 4). 
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Four studies reported improvements in strength in comparison with control groups (Table 4). 

These improvements included chest press, seated row (Cormie et al., 2013), hand grip strength, 

and leg press (Edvardsen et al., 2014), vertical row, bench press, leg press and lunge (De Backer 

et al., 2008a) and leg strength (Dolan et al., 2016) (Table 4). 

 

2.2.5 DISCUSSION 
 

This review aimed to evaluate the efficacy and safety of high-intensity exercise interventions 

in cancer survivors. The key findings were that cancer survivors had a high compliance to high-

intensity exercise programs (≥ four weeks, 2-3 sessions per week, 16-60 minutes per session) 

with significant improvements in maximal aerobic capacity, strength, body mass, body fat, hip, 

and waist circumference after completion of the programs. Therefore, high-intensity exercise 

programs outlined above may be a time-efficient dose of exercise to improve health and fitness 

before, during or after cancer treatment.  

 

Cardiovascular fitness 

Eight of the nine studies in this review showed that high-intensity exercise programs of at least 

four weeks in duration significantly improved fitness levels. Importantly, improvements were 

found in studies that used multi-modal (combined aerobics and resistance exercises) program 

three times a week particularly in relation to VO2 max (+ 21.35%). In cancer populations, 

increased cardiorespiratory fitness is a strong predictor of decreased cancer related mortality 

(Schmid & Leitzmann, 2014) and therefore the benefits of participating in a multi-modal 

program for cancer survivors seems clear. The mechanisms fundamental to the enhanced 

adaptations using both aerobic and resistance training modes are still not well understood (Ho 

et al., 2012). A recent pilot study investigating resistance training combined with moderate 
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endurance or low-volume high-intensity interval exercise in coronary artery disease patients 

reported that improvements in fitness levels occurred in the first three months of training 

(Currie et al., 2015). This finding is clinically relevant, and it is proposed that based on the 

findings of the present review, that a similar exercise dose should be a key part of the treatment 

plan for deconditioned cancer survivors.  Improved fitness levels during and after treatment 

will have a significant impact on their health and quality of life.   

 

A recent systematic review and meta-analysis investigated the changes in vessel stiffness 

(vascular function) in apparently healthy individuals using high-intensity exercise or 

continuous moderate intensity exercise. It was concluded that high-intensity exercise was more 

effective in improving vessel stiffness, most likely due to its increased impact on 

cardiovascular fitness and in reducing cardiovascular disease risk factors (Ramos et al., 2015). 

Mechanistically the changes reported in the above review are very exciting findings and could 

be translatable to chronic disease populations, such as cancer.  While the current review 

provides good evidence of the impact of high-intensity exercise in improving cardiovascular 

fitness in the cancer population, its impact on other cardiovascular disease risk factors, such as 

vessel stiffness, requires further research.  

 

High-intensity exercise and strength 

Strength improvements were reported in four of the nine studies. Strength is an essential 

component of being able to carry out activities of daily living and maintain quality of life, 

during and following cancer treatment (Kilgour et al., 2013). Cancer patients are likely to 

experience a decline in their overall muscular strength, as a result of undergoing cancer 

treatment (Stene et al., 2013). Some individuals can experience serious issues effecting strength 

such as cachexia and peripheral neuropathies (Scalabrin et a;., 2016; Hershman et al., 2014). 
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Participating in exercise has been shown to slow this decline, maintain and even increase 

strength in cancer patients. Consequently, these individuals display improved physical 

function, increased physical activity levels, improvements in lean mass and quality of life that 

are sustained even after completion of an exercise intervention (Cormie et al., 2014). Crucially, 

cancer survivors, who develop strength through participation in resistance exercise, have a 

decreased risk of all-cause mortality (Hardee et al.,2014 ).  

 

High-intensity exercise and quality of life 

Cancer survivors commonly experience declines in their quality of life due to the effects of 

treatment (Cooley et al., 2017). They can experience psychosocial issues, such as feeling 

vulnerable due to the diagnosis of the life-threatening disease (LeMasters et al., 2013).  This 

can change the way that they live or function in their normal everyday activities; and as a 

consequence, they are at an increased risk of reductions in quality of life, when compared with 

other populations (Baker et al., 2003). In this review those who participated in combined 

aerobic and resistance training programs, 2-3 days per week achieved greater improvements in 

quality of life. Good evidence exists to confirm this finding after an “exercise” intervention, 

but the dose of exercise required for the optimal response is still unclear. Studies have reported 

that vigorous exercise may be more beneficial than less intense exercise, in the cancer 

population (Courneya & Friedenreich, 1999; Janssen et al., 2017; Rossi et al., 2017). The 

differences in the changes in quality of life between high-intensity exercise and other modes of 

exercise are still uncertain, with few studies comparing the differences well.  

 

High-intensity exercise and body composition 

Positive changes in body composition in response to high-intensity exercise were reported in 

five of the reviewed studies. Changes included; decreased fat mass (Devin et al., 2016), 
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increased lean mass (Devin et al., 2016; Edvardsen et al., 2014), decreased body fat (Devin et 

al., 2016) decreased weight (Dolan et al., 2016) and decreased hip and waist circumference 

(Dolan et al., 2016). Unhealthy changes in body composition, such as an increased fat mass 

and reduced lean mass are closely linked to increased disease risk (Collaboration, 2017; De 

Schutter et al.,  2014). Increases in fat mass have also been attributed to increased risk of cancer 

diagnosis (Arnold et al., 2015).  Excess fat mass is associated with poorer overall survival of 

some cancers and being overweight has been linked to a higher risk of mortality in breast, 

ovarian, lung and colorectal cancer (Bae et al., 2014; Chan et al., 2014; Taghizadeh et al., 

2015). Studies that included obese adults (without cancer) have shown that the multimodal 

exercise programs have a positive impact on body composition (Sanal et al., 2013). The 

combination of both high-intensity aerobic and resistance training provided the greatest 

stimulus to improve body composition in cancer survivors in this review. 

 

High-intensity exercise and reported compliance 

The current study showed variations in compliance to the interventions, from 74% to 97%, 

with 89% being the average reported compliance across the nine studies. In comparison to other 

studies, this rate is slightly higher; this could be due to the training modality or the short time 

commitment required for this exercise modality, making it more likely for participants to 

commit to the protocol (Kampshoff et al., 2016). There is a great amount of variation in 

compliance rates reported in the literature on cancer survivors (Courneya et al., 2014). Less is 

known about the effects of low-volume high-intensity exercise training, but growing evidence 

suggest that this type of training stimulates remodeling comparable to moderate-intensity 

training despite the much lower time commitment and reduced total exercise volume (Gibala 

et al., 2012). These findings are important from a public health perspective, given that lack of 

time remains one of the most commonly cited barriers to regular exercise participation (Kimm 
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et al., 2006; Schutzer & Graves 2004). Moreover, recent evidence suggests that high-intensity 

exercise is perceived to be more enjoyable than moderate-intensity continuous exercise 

(Bartlett et al., 2011). From this review, we could hypothesize that high-intensity exercise could 

have a positive impact on cancer survivors’ compliance levels to exercise, and this could in 

part be due to its time efficiency. Variables that could also impact compliance to the 

interventions are 1) the level of personal contact made during the intervention; 2) participant 

enjoyment of the intervention itself; 3) patient demographics; 4) patient health. It would be of 

value to this area of research if compliance to the intervention and the continuation of healthy 

exercise habits post intervention is followed up and reported. 

 

2.2.6 CONCLUSION 
 

Cancer survivors who participate in supervised time-efficient high-intensity exercise improve 

cardiovascular fitness, strength, and body mass and quality of life, which appear to improve 

compliance. There is limited research published in this area, and these conclusions derive in 

the context of some limitations.  The numbers of studies are limited and include multiple cancer 

diagnoses and different assessment protocols, and patients are in different stages of the cancer 

diagnosis. They report taking many different medications and are part of diverse treatment 

protocols. From a mechanistic point of view, high-intensity exercise interventions should be 

investigated further to determine why positive changes occur.  The optimal volume, type and 

dose of exercise that is needed to induce positive patient outcomes are not clear from this 

review. Supervised high-intensity exercise is time efficient, and there is low risk in partaking, 

however there should be appropriate screening by a clinician before participating in this 

modality until further conclusive research is published. 
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CHAPTER 3: STUDY 1 Do Activity Patterns and Body Weight 
Change After a Cancer Diagnosis? A Retrospective Cohort Study 
 

The manuscript contained within this chapter has been accepted for publication and has been 

formatted to comply with the publishing journals guidelines: Kellie Toohey, Kate Pumpa, Julie 

Cooke, Stuart Semple. Do Activity Patterns and Body Weight Change After a Cancer 

Diagnosis? A Retrospective Cohort Study. International Journal of Health Sciences and 

Research. September 14th 2016.   

3.1 Manuscript Information 
 

Two validated questionnaires were used to create an on-line survey (see appendix) for cancer 

survivors to report their body weight changes and PA intensities as there was limited recent 

published research at the time this paper was published. The aim of this study aim was to 

provide an update of these changes to determine if cancer survivors became sedentary and/or 

changed body mass within the 12 months from being diagnosed.  This information was also 

used to inform studies two and three. 

3.1.1 Research Objectives 
3. Determine the physical activity levels of cancer survivors within the 12 months after 

diagnosis  

4. Determine body mass changes within the 12 months after diagnosis 
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3.2 Published Manuscript 
 

3.2.1 ABSTRACT 
 
 

Introduction: Increased physical activity (PA) levels and a healthy body weight (BW) are 

associated with improved health outcomes, decreased fatigue and an improved quality of life 

in cancer survivors. The aim of this study was to determine what impact (if any) a cancer 

diagnosis would have on survivors’ activity levels and body weight. Methods: Changes in PA 

patterns and BW throughout the first 12 months after diagnosis were assessed using a self-

reported questionnaire. One hundred and sixty participants commenced the 15 question self-

reported retrospective questionnaire and 90 complete data sets were analysed. Results: There 

were significant decreases in self-reported PA patterns in the 12 months post diagnosis, when 

compared with pre-diagnosis patterns. Sixty percent of participants reported an increase in their 

BW in the 12-month post diagnosis period. Participants reported increasing sleep duration from 

7.61 ± 1.02 h to 9.02 ± 2.16 h (p < 0.01) and increased their time spent doing sedentary activities 

from 8.23 ± 3.30 h to 9.31 ± 3.25 h (p = 0.03) per day. Participants decreased their vigorous 

PA levels from 1.28 ± 1.86 h to 0.60 ± 1.17 h (p < 0.01), and their light PA levels from 5.00 ± 

2.79 h to 3.6 ± 2.26 h (p < 0.01) per day. Conclusion: This study sought to investigate whether 

PA patterns and BW change following a cancer diagnosis. Results suggest that in the 12 months 

post-diagnosis, cancer survivors increased their sleep time and reduced their levels of both 

vigorous and light PA. This may or may not be related to the increases in BW, which was 

observed for 60% of the participants. 
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3.2.2 INTRODUCTION 
 
 

Cancer survivorship has increased steadily for the last decade due to improvements in treatment 

and early detection. In Australia, survival rates have improved from 47% in the period 1982-

1987 to 66% between 2006 - 2010; it is predicted that this rate will continue to improve 

(Coleman et al., 2011, Crocetti et al., 2013). With increased survival, those previously 

diagnosed with cancer are now at greater risk of dying from other chronic diseases rather than 

from the cancer itself (Hudson et al., 2013).  

The definition of physical activity (PA), according to the World Health Organisation (WHO) 

is any body movement produced by the skeletal muscle that uses energy which includes sports, 

exercise and activities such as playing, walking, doing housework, gardening and dancing 

(Organization, 2014). Globally, one in four adults is not sufficiently physically 

active(Organization, 2014). Physical activity guidelines from the American College of Sports 

Medicine (ACSM) and the American Heart Association (AHA) state that people should 

participate in 30 minutes of moderate activity on at least five days per week, or 20 minutes of 

vigorous activity three days a week, a combination of moderate and vigorous activity can be 

performed to meet this recommendation (Haskell et al., 2007, Hallal et al., 2012). The WHO 

also recommends that adults aged between 18-64 years should participate in at least 150 

minutes of moderate-intensity activity a week or do at least 75 minutes of vigorous-intensity 

activity or an equivalent combination of both (Organization, 2014).  

The burden of diseases including cancer that can be contributed to limited physical activity, 

will continue to have a major impact on the health and wellbeing of people and as a 

consequence an impact on life expectancy (Lee et al., 2012). Physical inactivity is a modifiable 

risk factor for chronic diseases and there is strong evidence to suggest that increasing PA can 

reduce the burden in apparently healthy individuals (Lee et al., 2012). A growing body of 
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evidence suggest that cancer survivors who participate in regular PA decrease the risk of 

developing chronic disease (Courneya and Friedenreich, 2011, Fong et al., 2012). This is in 

part due to improvements in their body composition, physical function and physical fitness. By 

increasing the PA in cancer survivors they will also improve their mental health and quality of 

life (Fong et al., 2012).  

The growing body of evidence supporting PA and the reduction of cancer related side effects 

and chronic disease led to the development of cancer specific PA and exercise guidelines for 

survivors in a number of countries such as Australia, USA and the UK (Hayes et al., 2009, 

Kushi et al., 2006, Doyle et al., 2006). All guidelines highlight that a reduction in sedentary 

behaviour in the cancer population is beneficial for health outcomes, such as; increased fitness, 

reduced body mass index (BMI), improved quality of life (Fong et al., 2012). Improved PA 

levels have also been shown to decrease the risk of developing chronic co-morbidities 

(Courneya and Friedenreich, 2010), reduce the likelihood of cancer reoccurrence (Wu et al., 

2013, Loprinzi et al., Ibrahim and Al-Homaidh, 2011) and lower the risk of mortality 

(Campbell et al., 2013) in cancer survivors.  

Despite the growth of evidence supporting the positive effects of PA and exercise during and 

after cancer treatment, PA is not commonly prescribed for cancer survivors as part of their 

treatment plan. The lack of PA prescription at an identifiable teachable moment at diagnosis 

may lead to the misconception that PA is not important or necessary. For many reasons, the 

importance of remaining physically active is not conveyed to or taken seriously by cancer 

survivors, demonstrated by the fact that the majority of people diagnosed with cancer are 

decreasing their PA levels after diagnosis (Jemal et al., 2010, Cheifetz et al., 2014, LeMasters 

et al., 2014). The current study demonstrates that a cancer diagnosis negatively impacts on PA 

patterns and body weight (BW) of cancer survivors. Therefore, the aims of this study were to 
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1) identify if peoples PA levels change and 2) explore if their BW changed across the 12-month 

period after their diagnosis and if this may be related to a decline in PA levels. 

 

3.2.3 METHODS  
 
 
In this cross-sectional retrospective study cancer survivors were asked to complete an on-line 

questionnaire to determine their PA patterns from pre-to-post cancer diagnosis. Pilot testing 

was carried out by a group of 20 cancer survivors and feedback from the group was used to 

make minor adaptations to the questionnaire. Participants were recruited via social media, 

email and word of mouth.  Interested participants contacted the primary investigator, who then 

provided the participant information and questionnaire link, which included the informed 

consent. The questionnaire was adapted from the short retrospective questionnaire for PA in 

women (Schmidt et al., 2006). The procedures followed in this study were in accordance with 

the ethical standards of the institutional research committee and with the 1964 Helsinki 

declaration and its later amendments. The study received approval from the institutions Human 

Research Ethics Committee (UCHREC13-153). 

One hundred and sixty participants commenced the questionnaire, and 105 participants 

completed the questionnaire. Five participants reported more than 24 hours of activity within 

a 24-hour period and as such their data was excluded from the analysis. Ten participants were 

within three months of diagnosis and their data was omitted to assist in determining activity 

patterns post the acute treatment phase. Analysis was conducted on a total of 90 complete 

questionnaires. 

The questionnaire aimed to determine PA levels and weight changes from pre-to-post 

diagnosis. Along with basic demographical details (age, sex, cancer type, time since diagnosis) 
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the questionnaire comprised of a comprehensive, 24-hour breakdown of the average physical 

activity levels and intensities which a person is likely to participate in over the course of a day. 

The questions relating to PA were broken down into categories, totalling 24 hours, and included 

sleep, sedentary (SA), light (LA), moderate (MA) and vigorous (VA) activity patterns. For 

each category, a number of examples of typical daily activities were specified as examples, to 

assist the participant in determining the most accurate categories. (See supplementary material) 

Statistical analysis  

Results are expressed as means with standard deviations. PA data was analysed using repeated 

measures analysis of variance and where appropriate a Bonferroni post-hoc test. Pre-post 

diagnosis sleep data was analysed using a Wilcoxon- Signed ranked test. Significance was set 

at p < 0.05 for all analyses. The data was analysed using SPSS IBM Corp. Released 2015. IBM 

SPSS Statistics for Windows, Version 23.0. Armonk, NY: IBM Corp. 

 

3.2.4 RESULTS 
 

Participants 

This study included survivors of breast cancer (n = 68) unknown primary (3), two participants 

with anal, cervical, lymphoma, skin, thyroid and one participant with appendix, bowel, 

oesophageal, gastrointestinal, lung, myeloma, ovarian, neuroendocrine and uterine. 

Twenty six percent of the participants were under the age of 40 years, with the majority of 

participants aged between 41 and 50 years (36%) (Table 5). Ten percent of participants were 

male. 
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Thirty-two percent of participants were diagnosed three to 12 months before completing this 

questionnaire. Sixty eight percent of participants were at least 12 months post diagnosis (Table 

5). 

Table 5 Participants age and time since diagnosis 

Age n % Time since diagnosis n % 

21-30 6 7 3-6m 12 13 

31-40 17 19 6-12m 17 19 

41-50 33 36 12m-2y 27 30 

51-60 18 20 2-5y 22 25 

61-70 16 18 >5y 12 13 

 

Forty percent of participants self-reported to have lost weight (n = 23) (26%) or remained the 

same (n = 13) (14%) and 20% (n = 18) of people reported gaining less than 5kgs in the 12 

months after diagnosis. Twenty eight percent of people (n = 25) gained 5-10kgs and 12% (n = 

11) gained more than 10 kg within 12 months post diagnosis (Figure 2). 
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Figure 2. Self-reported changes in body weight post cancer diagnosis  
 

Physical Activity Levels 

Pre-diagnosis, cancer survivors reported sleeping 7.61 h ± 1.02 h per day, participating in SA 

8.23 h ± 3.30 h per day, participating in VA 1.28 h ± 1.85 h and undertaking MA 1.89 h ± 1.50 

h per day. Time spent participating in LA levels was reportedly 5.00 h ± 2.79 h per day. 

Post diagnosis participants reported an increase in sleep [9.02 ± 2.16 h (p < 0.01)], and an 

increase in their SA [9.31 ± 3.25 h (p = 0.03) per day]. Participants reported a decrease in their 

VA [0.60 ± 1.17 h (p < 0.01)], and their LA [3.6 ± 2.26 h (p < 0.01) per day] (see Figure 3). 

MA levels went from 1.89 ± 1.50 h to 1.42 ± 1.20 h per day (p=0.078). 

loss
(26%)

no gain
(14%)

<5kg gain
(20%)

5-10kg gain
(28%)

>10kg gain
(12%)
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.  

Figure 3. Changes in activity patterns from pre to post diagnosis (SA = sedentary activity, 
VA=vigorous activity, MA = moderate activity, LA = light activity. *p<0.05) 

 

3.2.5 DISCUSSION 
 
Globally, physical inactivity continues to be a major contributor to the increased prevalence of 

chronic disease including cancer (Lee et al., 2012). Cardiovascular disease (CVD) now 

competes with cancer as the leading cause of death for cancer survivors (Patnaik et al., 2011). 

It has been reported in studies conducted that less than half of cancer survivors were physically 

active (Gjerset et al., 2011).  Due to these findings exercise programs are becoming 

increasingly prevalent in the community. Organisations such as, the American Cancer Society, 

Breast Cancer Network Australia and the Cancer Council’s advocate and coordinate exercise 

programs to increase participation in structured exercise to enhance PA in cancer survivors. 

Many programs also provide education to survivors regarding the benefits of exercise during 

and after treatment (Kushi et al., 2012). The primary purpose of this study was to identify if 

cancer survivors, upon reflection, altered their PA levels after a diagnosis. Results from this 

study suggest that cancer survivors significantly reduce their PA levels from pre-to-post 
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diagnosis, which places them at an increased risk of chronic diseases. Additionally, 60% of 

participants reported increasing their weight within 12 months after their diagnosis, which may 

or may not be due to the reported reduction in energy expenditure through reduced PA levels.  

Participants reportedly decrease their LA and VA and increased their sleep and SA, compared 

to the 12 months before the diagnosis, ultimately putting them at a higher risk of health issues 

such as CVD.  

An increase in body weight is important to monitor and consider after a cancer diagnosis due 

to the multitude of comorbidities associated with excess body weight, and the increased risk of 

being over weight and cancer reoccurrence (Wu et al., 2013). Increases in BW can negatively 

affect recovery from cancer treatment, by impacting on the progression of the cancer (Davies 

et al., 2011). Increased adiposity increases the risk of mortality in cancer survivors (Patterson 

et al., 2010), therefore, cancer survivors benefit positively from eating a healthy diet and 

increasing their levels of PA. A healthy body weight improves quality of life and reduces post 

treatment fatigue (Holmes et al., 2005), and remaining physically active after diagnosis 

decreases in the risk of mortality by 30% (Patterson et al., 2010).  

There is strong evidence of an inverse relationship between low levels of PA and higher levels 

of mortality in patients with cancer (Holmes et al., 2005), yet only 45% or more of cancer 

survivors are reportedly physically active, according to the minimum PA guidelines. Although 

not included in the present study it is important to address some of the reasons that cancer 

survivors remain inactive or reduce their PA levels. Cancer survivors frequently report 

reducing PA due to health problems (directly or indirectly caused by treatment); fatigue, 

weakness, lack of time and motivation and access to facilities (Blaney et al., 2013, Rogers et 

al., 2007, Courneya et al., 2005). An increase in age and body weight, low education, 

comorbidities and smoking are contributing factors to cancer survivors becoming physical 

inactive after treatment. Higher education levels have been associated with a change from 
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inactive to active following a cancer diagnosis; therefore, education is important to get cancer 

survivors moving following a diagnosis (Gjerset et al., 2011). Education could potentially be a 

facilitator of PA for people going through cancer treatment, which may assist in improving PA 

levels post treatment. Identifying teachable moments could improve the PA levels and BW to 

ensure positive outcomes for people diagnosed with cancer.   

The results of the current study suggest that despite the importance of PA, people are still 

becoming less active following a diagnosis. A common reported reason for this reduction in 

PA is that people are unsure or confused about the type and amount of PA that they should 

partake in, in order to achieve positive health outcomes (Sander et al., 2012, Anderson et al., 

2013). It has been suggested that the current guidelines for cancer survivors are too generic and 

non-specific and that the multiple guidelines published on PA are causing confusion (Sander 

et al., 2012). This may influence practitioners’ discussions with patients about the importance 

of PA and exercise (Buffart et al., 2014b). Little evidence exists about the discussions between 

patients and practitioners and whether they occur at diagnosis. Early diagnosis may not be the 

most appropriate time to have this conversation because there is so much information being 

absorbed by the patient, even though it has been identified as a teachable moment (Karvinen et 

al., 2015). The general public, including cancer survivors are unlikely to receive the message 

about the importance of PA and exercise from the health professionals that they perceive as 

experts such as Oncologists (Anderson et al., 2013). If Oncologists do not see these discussions 

as a high priority, it leaves cancer survivors to source their own information on lifestyle 

changes, which may or may not come from a reliable source. Therefore, it is likely that patients 

might seek assistance from inappropriately qualified personnel, such as Personal Trainers, 

potentially leading to an increase in confusion about the right type of PA, injury and 

furthermore a decrease in participation. An increase in PA and exercise has many benefits and 

the reasons behind an individual’s choice to exercise or not is complex. Research has reported 
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that in a cohort of breast cancer survivors, fear was a strong contributing factor to low levels 

of PA (Sander et al., 2012). People who were already active were not afraid to participate in 

PA and exercise, inactive participants however, reported that lymphoedema and knowledge 

about the safety and effectiveness of exercise negatively influenced their choices on whether 

to be physically active (Sander et al., 2012). Much evidence exists on fatigue and a reduction 

of PA in cancer survivors, but less is available on the effects of sleep in relation to PA. 

Poor sleep quality is commonly reported by patients with cancer (Ancoli‐Israel et al., 2001). 

On average participants in the current study reportedly spent 18 out of 24h per day sleeping or 

participating in SA such as sitting, eating, watching TV and reading. From the limited research 

available, sleep disturbances is a concern for cancer patients and survivors and it is often 

directly related to fatigue, restlessness, low mood, diagnosis concerns and recent cancer 

surgeries (Kaye et al., 1983). Difficulty sleeping can significantly impact a patient mental 

health with the development of depression and a decrease in quality of life in cancer survivors 

a common side effect (Ancoli‐Israel et al., 2001). Exercise and increases in PA can improve 

mood, increase quality of life and potentially improve sleep (Orsey et al., 2013) and therefore 

should be further addressed in this cohort. 

In apparently healthy people, short amounts of sleep (<6.5 hours) and insomnia have been 

associated with chronic comorbidities such as depression and CVD, which increases the risk 

of mortality. Sleeping over 8 hours per night in duration has also been shown as a mortality 

hazard, due to the negative effect sedentary activity has on a person’s health (Lakerveld et al., 

2016, Kripke et al., 2002).  Sedentary behaviour has also been linked to shorter duration 

sleepers (Lakerveld et al., 2016); consistency disturbed sleep patterns in the apparently healthy 

people is shown to decrease activity levels (Hirshkowitz et al., 2015, Jean-Louis et al., 2000). 

People are in bed for on average seven hours, but sleep around six hours per night, researchers 

expect this will decrease further into the future (Jean-Louis et al., 2000), people will therefore 
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become less active and more at risk of chronic comorbidities. The current study shows that 

people with a cancer diagnosis are increasing their sleep and sedentary activities after 

diagnosis, therefore increasing their risk of developing comorbidities and associated health 

problems in the future. 

Favourable health outcomes have been identified in those who understand and participate in 

higher levels of PA (Courneya and Friedenreich, 2010, Fong et al., 2012). The manner in which 

education and PA prescription to cancer survivors is delivered needs to change, based on the 

mounting literature that cancer survivors are decreasing their PA or remaining physically 

inactive after a cancer diagnosis, which increases their risk of developing other chronic 

diseases, including cancer reoccurrence.  

 

3.2.6 CONCLUSION 
 
Despite the compelling body of evidence of the benefits of increasing PA levels, this study 

suggests that a cancer diagnosis negatively impacts on individuals’ PA profile and BW. Future 

prospective studies should be explored to look at the changes in PA levels pre and post cancer 

diagnosis, determining the correct prescription for maximum health benefits.  The way in which 

we provide, educate and refer patients into programs to improve their PA profiles and body 

weight should also be addressed. Specifically, future studies should investigate when the 

appropriate point in time is to be educating patients about the importance of exercise, exploring 

exactly when PA drops off after diagnosis.  When weight gain occurs post diagnosis should be 

investigated, this time point can also be targeted as a time to educate patients on the importance 

of PA. 
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3.2.7 Limitations 
 
It is possible that participants are likely to overestimate their actual levels of PA and intensity 

thereof in self-reported measures, when compared with objective measures (Troiano et al., 

2008), based off this the actual levels of PA may have been even lower than the reported 

amounts. Recall bias could also be a cause of error. A gap between objective and subjective 

reporting of PA levels is evident in previous studies (Hallal et al., 2012) and should be 

addressed in research moving forward.  
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CHAPTER 4: STUDY 2 A Pilot Study Examining the Effects of 
Low-volume High-intensity Interval Training and Continuous 
Low to Moderate Intensity Training on Quality of Life, 
Functional Capacity and Cardiovascular Risk factors in Cancer 
Survivors 
 

The manuscript contained within this chapter has been accepted for publication and has been 

formatted to comply with the publishing journals guidelines: Toohey K, Pumpa K, Arnolda L, 

Cooke J, Yip D, Craft P, Semple S. A pilot study examining the effects of low-volume high-

intensity interval training and continuous low to moderate intensity training on quality of life, 

functional capacity and cardiovascular risk factors in cancer survivors. Peer J. October 20th, 

2016. 

 

4.1 Manuscript Information 
 

An initial pilot study was carried out to determine the effects of low volume high intensity 

training on cancer survivors within 24 months of diagnosis. This was carried out because there 

was limited objective data relating to this topic when the research begun. It was important to 

investigate cardiovascular changes in the smaller cohort of survivors to elucidate if there were 

any significant clinical changes that maybe strengthened with larger cohorts.  Participants were 

not pushed beyond their limits when participating in this research and were free to decline 

participation at any time. The participants were fully supervised throughout each of the sessions 

and participants were asked to report any issues which developed outside of the project. 
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4.1.1 Research Objectives 
 

3. Determine the suitability and acceptability of cancer survivors in participating in low-

volume high-intensity exercise  

4. Determine if changes were evident in health outcomes and if a randomise control trial 

was justified 

5. Ascertain the issues and challenges faced by cancer survivors during the exercise 

sessions 

4.2 Published Manuscript 
 

4.2.1 ABSTRACT 
 
Purpose: The aim of this study was to evaluate the effects of low-volume high-intensity interval 

training and continuous low to moderate intensity training on quality of life, functional capacity 

and cardiovascular disease risk factors in cancer survivors. Methods: Cancer survivors within 

24 months post diagnosis, were randomly assigned into the low-volume high-intensity interval 

training group (n = 8) or the continuous low to moderate intensity training group (n = 8) group 

for 36 sessions (12 weeks) of supervised exercise. The low-volume high-intensity interval 

training (LVHIIT) group performed 7 x 30 second intervals (≥ 85% maximal heart rate) and 

the continuous low to moderate intensity training (CLMIT) group performed continuous 

aerobic training for 20 minutes (≤ 55% maximal heart rate) on a stationary bike or treadmill.  

Results: Significant improvements (time) were observed for 13 of the 23 dependent variables 

(ES 0.05-0.61, p=<0.05). An interaction effect was observed for six-minute walk test (18.53% 

[32.43-4.63] ES 0.50, p = <0.01) with the LVHIIT group demonstrating greater improvements. 

Conclusion: These preliminary findings suggest that both interventions can induce 

improvements in quality of life, functional capacity and selected cardiovascular disease risk 

factors. The LVHIIT program was well tolerated by the participants and our results suggest 
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that LVHIIT is the preferred modality to improve fitness (6MWT); it remains to be seen which 

intervention elicits the most clinically relevant outcomes for patients. A larger sample size with 

a control group is required to confirm the significance of these findings. 

 

4.2.2 INTRODUCTION 
 

There is strong evidence indicating that cancer survivors may be at an increased risk for 

developing cardiovascular disease (CVD) (Hooning et al., 2007b, Darby et al., 2013). This may 

be as a result of cancer related therapy and changes in lifestyle patterns after diagnosis 

(Hooning et al., 2007b). Whilst it is well established that exercise reduces CVD risk in an 

apparently healthy population (O'Donovan et al., 2010, Dunkley et al., 2012, Perk et al., 2012), 

it is unclear if the same is true for cancer survivors. 

The benefits of low to moderate intensity exercise for cancer survivors have been well reported 

and is deemed to promote improvements in aerobic fitness, functional capacity and 

psychological factors (Mutrie et al., 2007, McNeely et al., 2006). Continuous moderate 

intensity training (CMIT) is commonly prescribed in the usual care for cancer survivors but 

there is a growing body of evidence that high-intensity interval training (HIIT) may be one of 

the most effective ways of improving cardiometabolic health (Kessler et al., 2012, Weston et 

al., 2014b). High-intensity interval training (HIIT) is not commonly prescribed in clinical 

practice for cancer survivors, however, its application as a modality for the treatment and 

management of chronic disease is gathering momentum and research studies in chronic disease 

populations such as; cardiac (Aamot et al., 2014b) stroke (Mattlage et al., 2013), diabetes 

(Gillen et al., 2012), cancer (Gibala et al., 2012b), and hypertension (Brito et al., 2014) have 

recently been published. The growing body of evidence suggests that HIIT may impart benefits 
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that are greater than those elicited through low or moderate intensity training in healthy 

populations, but less has been published on cancer survivors (Adamsen et al., 2009).  

A systematic review and meta-analysis conducted by Gist et al. in 2013 reported that using 

HIIT was as effective as CMIT in improving cardiorespiratory fitness in healthy people, but 

with a reduction in volume of activity (Gist et al., 2014). Low-volume high-intensity interval 

training has been shown to elicit positive changes in the sedentary population by improving 

VO2 peak and insulin sensitivity (Metcalfe et al., 2012), and it is plausible that it could be an 

alternative and time efficient training mode for sedentary cancer survivors. 

HIIT is characterised by brief repeated high-intensity work efforts, interspersed with periods 

of rest or lower intensity exercise during recovery (Metcalfe et al., 2012). HIIT has been shown 

to be an effective alternative to endurance training for inducing cardiovascular improvements 

and metabolic adaptations within skeletal muscle, improving aerobic exercise performance and 

VO2max (Metcalfe et al., 2012, Sloth et al., 2013, Kodama et al., 2009). This method of training 

has also been shown to increase mitochondrial content in a similar way to endurance training, 

but with improved efficiency, markedly lower total exercise volume and time commitment 

(Wisloff et al., 2009). Gibala (2012) reports that just ten minutes per week of HIIT produced 

the same changes in muscle metabolic control and cardiovascular function when compared to 

four and a half hours per week of CMIT(Gibala et al., 2012b). Similar cardiovascular 

adaptations may occur with HIIT when compared with CMIT, but with less work and time 

commitment overall (Wisloff et al., 2009, Tjonna et al., 2009). These potential benefits have 

not been thoroughly explored in cancer survivors and it is clear that we have yet to define what 

the optimal dose, frequency and intensity of exercise should be to maximise health benefits for 

cancer survivors. Therefore, the purpose of this pilot project was to examine the effects of 

LVHIIT (low volume high intensity interval training) versus continuous low to moderate 
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intensity training (CLMIT) on CVD risk, and other health related outcomes, in cancer 

survivors. 

 

4.2.3 METHODS 
 

Participants 

Twenty-four cancer survivors were recruited for this study via pamphlet distribution, online 

social media and by word of mouth. The period of recruitment was from February- September 

2014. Referrals were also obtained from general practitioners, oncologists, nurses and 

community organisations that support cancer survivors. Inclusion criteria were; participants 

within the first 24 months of diagnosis, and the post treatment phase of the physical activity 

across the cancer experience (PEACE) organizational model, once the acute effects of medical 

treatments had dissipated (Courneya and Friedenreich, 2001); participation in less than 30 

minutes of moderate intensity aerobic physical activity five days per week or participation in 

less than 20 minutes of vigorous intensity aerobic activity three days per week, as 

recommended by the American College of Sports Medicine (ACSM) (Gordon, 2009). 

Participants were excluded if they had brain or bone metastatic cancers, bone pain, resting 

blood pressure > 180/110 mmHg, if they were pregnant or undergoing psychotherapy or if they 

had any musculoskeletal injuries or disabilities restricting their ability to participate in physical 

activity.  All participants completed a medical health screen questionnaire, provided informed 

consent and received physician clearance prior to participating in the program. All procedures 

performed in studies involving human participants were in accordance with the ethical 

standards of the institutional and/or national research committee and with the 1964 Helsinki 

declaration and its later amendments. The study was approved by the University of Canberra 

Human Research Ethics Committee (UCHREC13-153). 
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Twenty-four females were assessed and 16 completed the study (see Figure 4). Seven 

individuals did not meet the inclusion criteria and one declined to participate. Six participants 

were outside the 24-month post diagnosis period and one participant was undergoing treatment. 

Individuals were randomly assigned into either a LVHIIT (n=8) or CLMIT (n=8) group (Figure 

4).  

Participants mean age was 51.6 y (± 13.01y). Cancer diagnosis included an independent 

diagnosis of colon (n = 1), cervical (n = 1), melanoma (n = 1), ovarian (n = 2), breast (n = 9) 

and a diagnosis breast and uterine (n = 1) and breast and liver (n = 1).  Treatment types included; 

surgery (n = 3), surgery plus chemotherapy (n = 2), surgery plus radiation (n = 1), surgery plus 

chemotherapy plus adjuvant endocrine treatment (n = 2) and surgery plus chemotherapy plus 

radiation plus adjuvant endocrine treatment (n = 8).  
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Figure 4. Consort chart of recruitment into the study 

 

Quality of life  

Functional capacity and quality of life (QOL) were measured using the Functional Assessment 

of Cancer Therapy-General (FACT–G) questionnaire (version 4) (Esper et al., 1997). The 

FACT-G is a 27-item compilation of general questions, divided into four QOL domains: 

physical well-being, social/family well-being, emotional well-being and functional well-being. 

This validated survey is commonly used for cancer patients (Overcash et al., 2001).  
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Anthropometrics  

Total body composition was determined by a Dual X-Ray Absorptiometry (DXA) scan (Lunar 

Prodigy Pro scanner; GE Lunar Corp., Madison, WI USA) (Bergman et al., 2011). The machine 

undergoes daily quality control checks and is calibrated prior to use each day, using a phantom 

spine and the recommended machine protocols as per the manufacturers’ guidelines. Lean mass 

(lean) and weight (mass) and body fat percentage (fat %) were measured using DXA. Hip and 

waist circumferences were measured using a standard tape measure by the same individual at 

both testing times.  

 

Cardiovascular  

Measures of pulse wave velocity (PWV) and pulse wave analysis (PWA) were obtained non-

invasively using the SphygmoCor XCEL system (SphygmoCoR; At-Cor Medical Pty Ltd., 

Sydney, Australia). PWA included measures of resting heart rate (RHR), augmentation index 

(stiffness) (AIx), central systolic blood pressure (CSP), central diastolic blood pressure (CDP), 

central pulse pressure (PP), mean arterial pressure (MAP), and systolic blood pressure (SBP) 

and diastolic blood pressure (DBP). Carotid-femoral PWV was measured and is the recognised 

gold standard non-invasive measure of aortic stiffness; a strong independent predictor of 

cardiovascular risk (McDonnell et al., 2013, Sharman et al., 2006). AIx was acquired by 

measuring arterial stiffness and pulse wave reflection. The pulse pressure (PP) waveform of 

the left carotid artery was measured with an applanation tonometer.  All measurements were 

obtained with participant’s supine for 10 minutes. Twenty continuous waveforms were 
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captured and at least two measurements were taken per participant with one-minute rest in 

between measurements. 

 

Biomarkers 

Overnight fasting blood samples were obtained from the participants and analysed for 

concentrations of C-reactive protein (CRP), insulin, glucose, and full blood count. The analysis 

was conducted by a registered off-site pathology laboratory (Capital Pathology, Canberra, 

Australia). 

 

Functional capacity  

Lower body strength was assessed using a repeated sit-to-stand (STS). The participants were 

seated in a chair and asked to stand and sit as fast as possible five consecutive times, without 

the use of their arms for support (Simmonds, 2002). The six-minute walk test (6MWT) was 

used to determine participants’ fitness levels. Participants were asked to walk as fast as they 

could for six minutes and the distance travelled over the six minutes was calculated and 

recorded (Cote et al., 2008). The 6MWT is used with many clinical populations and is a useful 

measure of functional capacity; it is widely utilized in research settings for cancer survivors 

(Enright, 2003, Schmidt et al., 2013). 

 

Exercise assessment and session protocols 

All training sessions were supervised by an Accredited Exercise Physiologist (AEP) and 

consisted of 36 sessions performed over 12 weeks (3 per week). Participants were asked to not 
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participate in exercise on the day of testing and not to consume food or caffeine within two 

hours prior to pre and post testing. Assessments were carried out within the seven days prior to 

commencement of the program and within the seven days following completion.   

The exercise was carried out on either a cycle ergometer or a treadmill. The LVHIIT group 

performed interval training (≥ 85% maximal heart rate), which consisted of a five-minute warm 

up, seven by 30s intervals, with one-minute rest in between each interval, followed by a five-

minute cool down (adapted from Gibala, 2012). A gradual progression in exercise was carried 

out by the LVHIIT group. Individuals started the first session with three intervals and one 

interval was added per session over the following four sessions, by the 5th exercise session 

participants carried out all seven intervals. A rest period of one minute was used between each 

interval. The CLMIT group performed continuous aerobic training (≤ 55% maximal heart rate) 

for 20 minutes also with a five-minute warm up and cool down. The relative intensity was 

determined by the calculation of 220-age, 55% of the maximal heart rate for the CLMIT group 

and 85% of the maximal heart rate was calculated for the LVHIIT group. The two exercise 

protocols were matched for energy expenditure using the calculation reported by Rognmo et 

al., (2004).  Each participant recorded their heart rate (HR) every minute for the CLMIT 

sessions. The peak HR in each interval and the resting HR between each interval was recorded 

during the LVHIIT sessions. Blood pressure was monitored immediately pre-and after a 

minimum of five minutes rest post exercise.  

 

Statistical Analysis 

All measured variables are presented as means (standard deviation) for baseline and post-

testing. Percentage change and 95% confidence intervals from baseline to post-test were also 

calculated for all variables. The data was analysed using IBM Corp. Released 2015. IBM SPSS 
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Statistics for Windows, Version 23.0. Armonk, NY: IBM Corp. An ANCOVA was completed 

with pre-post differences being the dependent variable and the baseline score as the covariate. 

Magnitudes of the standardised effects were interpreted using thresholds of 0.2, 0.5 and 0.8 

(Cohen, 1988). These values correspond to small, medium and large Effect Size (ES), 

respectively (Cohen, 1988). Significance was set at p < 0.05.  

 

4.2.4 RESULTS 
 
Over the 36 sessions exercising heart rate for LVHIIT group was recoded at an average of 

144.76 (± 10.34) beats per minute in the intervals and 118.34 (± 8.70) beats per minute in 

recovery. The average exercising heart rate for the CLMIT group was 95.05 (± 6.24) beats per 

minute. Overall session compliance was 93.75% (83.33 – 100%). Four participants attended 

all 36 sessions, and two participants missed six sessions over the intervention period. Results 

presented in Table 6. 
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Table 6 Changes in dependent variables at pre-and-post exercise intervention for CLMIT and LVHIIT groups (Mean, SD and 95% CI) 

Continuous low-moderate intensity training group Low-volume high-intensity training group 
Variable Pre (n = 8) SD  Post (n = 8) SD 

% change 

(95%CI) 
Cohen’s d Pre (n = 8) SD  Post (n = 8) SD 

% change 

(95%CI) 
Cohen’s d 

Mass (kg) 65.15± 8.69  65.14 ± 8.96 
-0.06% 

(1.11- -1.23) 

0.001  

(-0.98-0.98) 
75.83 ± 11.58  74.01 ± 11.55  

-2.43% 

(-0.44 -4.42) 

0.16  

(-0.83-1.14) 

Hip (cm) 104.69 ± 10.40  101.63 ± 9.43  
-2.75% 

(1.53- -7.03) 

0.31  

(-0.68-1.29) 
110.45 ±10.94  104.38 ± 8.45  

-5.22% 

(-0.65- -9.79) 

0.63  

(-0.40-1.62) 

Waist (cm) 90.31 ± 12.66  87.69 ± 10.15  
-2.62% 

(0.04- -5.28) 

0.2  

(0.90-3.57) 
93.5 ± 13.03  86.95 ± 9.78  

-6.64% 

(-2.91- -10.37) 

0.57  

(-0.44-1.56) 

HR (BPM) 75.63 ± 11.82  71.75 ± 8.51  
-3.54% 

(9.34- -16.42) 

0.38  

(-0.62-1.36) 
74.75 ± 16.02  73.13 ± 14.81  

-1.07% 

(24.63- -22.49) 

0.11  

(-0.88-1.08) 

SBP (mmHg) 127.5 ± 8.77  126.50 ± 7.75  
-0.39% 

(7.23- -8.01)  

0.12  

(-0.86-1.10) 
*129.86 ± 10.85  *122.14 ± 10.81  

-5.78% 

(-1.57- -9.99) 

0.61  

(-0.41-1.60) 

DBP 

(mmHg) 
78.5 ± 10.21  83.25 ± 4.43  

7.90% 

(22.56- -6.76) 

-0.60  

(-1.60-0.411) 
84.5 ± 10.50  78.75 ± 71.78  

-6.12% 

(2.94- -15.18) 

0.61 

 (-0.41-1.60) 

STS (5) (s) 9.32 ± 3.07  8.67 ± 2.81  
-6.39% 

(1.79- -14.57) 

0.22  

(-0.76-1.20) 
10.23 ± 2.97  7.74 ± 2.31  

-23.46% 

(-12.78- -34.14) 

0.94  

(-0.12-1.96) 

6MWT (m) 520.88 ± 74.25  530.56 ± 107.81  
1.16% 

(7.20- -4.88) 

-0.10  

(-1.08-0.88) 
502.81 ± 148.53  577.25 ± 102.55  

18.53% 

(32.43-4.63) 

0.58  

(-1.58-0.43) 

Fat % 42.11 ± 6.62  41.34 ± 7.80  
-2.20% 

(4.34- -8.74) 

0.11  

(-0.88-1.08) 
43.28 ± 8.10  43.23 ± 6.79  

-0.88% 

(10.35- -8.59) 

0.01  

(-0.97-0.98) 

Fat (kg) 26.31 ± 7.32  26.38 ± 7.61  
0.29% 

(5.12- -4.54) 

-0.01  

(-0.99-0.97) 
32.17 ± 9.55  30.57± 9.63  

-5.50% 

(-0.54- -10.46) 

0.17  

(-0.82-1.14) 

Lean (kg) 36.55 ± 4.80  36.49 ± 4.10  
-0.09% 

(2.56- -2.38) 

0.01  

(-0.97-0.99) 
40.90 ± 5.27  40.88 ± 4.90  

0.09% 

(2.98- -2.80) 

0.01  

(-0.98-0.98) 

FBGL 

(mmol/L) 
4.99 ± .50 4.93 ± .74  

-1.41% 

(6.64- -9.49) 

0.10                        

(-0.88-1.08) 
4.85 ± 0.22  4.73 ± 0.49  

-2.40% 

(7.00- -11.80) 

0.33  

(-0.66-1.31) 

CRP (mg/L) ▪1.5 ± 084  ▪2.00 ± 1.67  
19.44% 

(51.53- -12.65) 

-0.38  

(-1.51-0.77) 
*2.14 ± 1.21  *1.71 ± 0.95  

-5.95% 

(43.74- -55.64) 

0.39  

(-0.67-1.44) 
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Insulin 

(mU/L) 
*8.76 ± 3.07  *8.29 ± 3.07  

-0.98% 

(34.47- -32.51) 

0.13  

(-0.93-1.17) 
▪8.30 ± 0.87  ▪6.32 ± 1.11 

-24.09% 

(-14.34- -33.84) 

0.39  

(-0.67-1.44) 

WBC 

(x10^9/L) 
5.09 ± 1.95  5.26 ± 1.59  

8.13% 

(29.70- -9.13) 

-0.10  

(-1.08-0.88) 
7.30 ± 3.07  7.59 ± 3.00  

5.23% 

(13.51- -3.05) 

-0.09  

(-1.07-0.88) 

PWV (m/s) 6.51 ± 1.84  6.24 ± 1.11  
-8.03% 

(54.44- -38.38) 

0.2  

(-0.80-1.10) 
▪6.1625 ± 1.95  ▪6.4625 ± 1.34  

8.93% 

(44.43- -26.57) 

-0.04  

(-1.17-1.10) 

MAP 

(mmHg) 
101.50 ± 10.35  99.13 ± 6.45  

-1.51% 

(8.50- -11.52) 

0.2  

(-0.71-1.26) 
102.25 ± 15.69  92.50 ± 8.19  

-8.59% 

(-1.32- -15.86) 

0.78  

(-0.25-1.78) 

CSP (mmHg) 123.38 ± 13.43  117.5 ± 8.83  
-3.80% 

(7.28- -14.88) 
0.52 (-0.49-1.51) 128.37 ± 25.13  111.13 ± 4.41  

-12.29% 

(-5.53- -19.05) 

0.87  

(-0.17-1.89) 

PP (mmHg) 35.63 ± 8.11  32.88 ± 5.69  
-5.31% 

(11.20- -21.82) 

0.39  

(-0.60-1.38) 
42.38 ± 17.07  32.00 ± 7.29  

-20.34% 

(-8.71- -31.97) 

0.79  

(-0.24-1.80) 

AP (mmHg) 8.50 ±5.26  6.00 ± 5.26  
-4.06% 

(60.61- -68.73) 

0.47  

(-0.53-1.46) 
10.38 ± 8.94  6.25 ± 5.65  

-97.63% 

(45.98- -240.10) 

0.55  

(-0.46-1.54) 

AIx (%) 22.13 ± 12.56  17.00 ± 15.65  
-124.12% 

(424.31- -176.07) 

0.36  

(0.63-1.34) 
23.25 ± 14.71  17.38 ± 14.74  

-124.36% 

(111.26- -359.98) 

0.40  

(-0.60-1.38) 

CDP 

(mmHg) 
86.88 ± 3.05 84.63 ± 4.31  

-1.72% 

(7.95- -11.39) 

0.33  

(-0.66-1.31) 
87.38 ± 11.72  79.13 ± 8.17  

-8.76% 

(-1.31- -16.21) 

0.82  

(-0.22-1.83) 

FACTG 81.25 ± 9.45  85.88 ± 7.38  
6.14% 

(11.33-0.95) 

-0.5  

(-1.54-0.46) 
77.63 ± 13.59  89.50 ± 6.82  

17.44% 

(30.46-4.42) 

-1.10  

(-2.15- -0.03) 

 

▪: n = 6 participants  

*: n = 7 participants 
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Figure 5. Quality of life results (FACT-G) Questionnaire in the continuous low to moderate-
intensity group. QoL domains - physical well-being (PWB); social well-being (SWB); 
emotional well-being (EWB); functional well-being (FWB). 

 

 

 

Figure 6. Quality of life results (FACT-G) Questionnaire in the low-volume high-intensity 
group. QoL domains - physical well-being (PWB); social well-being (SWB); emotional well-
being (EWB); functional well-being (FWB). (*p < 0.05) 
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4.2.5 DISCUSSION 
 
The preliminary results from this pilot study suggest that a LVHIIT program consisting of 

short, manageable sessions is associated with improvements in selected health outcomes and a 

reduction in CVD risk factors in cancer survivors. Greater benefits were observed in the 

LVHIIT group despite the short time commitment per week. Improvements were also seen in 

the CLMIT group. The current study extends the research in the area of HIIT and introduces 

an additional clinical population by presenting preliminary evidence that cancer survivors may 

benefit from and participate safely in a low-volume form of high-intensity interval training 

(Aamot et al., 2014b, Mattlage et al., 2013, Gillen et al., 2012, Gibala et al., 2012b, Brito et al., 

2014, Adamsen et al., 2009, Gist et al., 2014, Metcalfe et al., 2012). One of the most highly 

reported barriers to exercise adherence in cancer survivors is lack of time (Courneya et al., 

2005, Ottenbacher et al., 2011). To improve adherence and increase participation in exercise, 

it could be argued that we require a more comprehensive understanding of what the minimum 

volume of exercise is in order for participants to experience the physiological and 

psychological benefits. To the best of the authors’ knowledge, there have been no studies 

reporting the effects of LVHIIT versus CLMIT on cancer survivors to date. 

Improvements in QoL were seen, and in addition the LVHIIT group demonstrated 

improvements in two of the subscale domains (emotional wellbeing and functional wellbeing 

(Figure 6). The improvements seen in emotional wellbeing in this group may be due to the 

increased physiological effect of the training protocol. Participants in this group anecdotally 

reported an increased level of enjoyment. The increased improvements seen in functional 

wellbeing in the LVHIIT group when compared with the CLMIT (Figure 5) group may also be 

due to the increased physiological demand on working muscles in this training protocol. To 

date there is limited published data on the effects of CLMIT versus LVHIIT on QoL in cancer 

survivors, making it challenging to compare the differences seen in this study with other 
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published work. A large Cochrane systematic review of exercise interventions on Qol in cancer 

survivors with 4826 participants was carried out by Mishra in 2012 (Mishra et al., 2012). This 

review reported positive effects in QoL on those who participated in exercise, with more 

pronounced changes reported seen in those who participated in moderate or vigorous intensity 

exercise, when compared with participation in low intensity exercise. This review (Mishra et 

al., 2012) grouped the both CLMIT and HIIT together making it difficult to compare the 

differences between the two protocols. Recently, positive changes in QoL have been reported 

in studies carried out by Fong, Craft and Ballard-Barbash (2012)(Fong et al., 2012, Craft et al., 

2012, Ballard-Barbash et al., 2012). All three studies concluded that exercise has positive 

effects on psychological outcomes in cancer survivors but did not report on the optimal exercise 

intensity to achieve these effects. Heinrich (2015) found that by participating in a high-intensity 

functional training program, QoL improved significantly (Heinrich et al., 2015). In this study 

participants carried out CrossFit type high-intensity resistance training over a five-week period. 

The program included 15 sessions of high-intensity functional exercise and reported an 

increase of 6.3% in the emotional functioning of the participants using the European 

Organisational for Research and Treatment of Cancer (EORTC) core 30-item questionnaire 

(QLQ-C30) (Aaronson et al., 1993). 

It was surprising to note that despite the low-volume of exercise, the groups showed significant 

reductions in anthropometric measures; hip circumference and waist circumference. The 

weight reductions showed a small effect size in both groups. Hip and waist circumference 

reductions demonstrated a small and medium effect size respectively (see Table 6). Exercise 

induced weight loss, generally requires individuals to exercise at a moderate intensity for more 

than 150 minutes per week (Donnelly et al., 2009a). Recent research on HIIT has shown 

reductions in anthropometric measures occurring at a much faster rate with less time overall 

(Heinrich et al., 2015). The reductions seen in the LVHIIT group may have been due to the 
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positive effect on excess post-oxygen consumption which induces a larger post exercise energy 

expenditure (Larsen et al., 2014). An alternative and perhaps more plausible explanation is that 

diet was not controlled for, and as such the favourable changes in anthropometrical variables 

may have been as a result of participants altering their diets. The anthropometric changes seen 

in this study have been demonstrated in other clinical populations but have not been reported 

in cancer survivors. A HIIT study in young obese females (Racil et al., 2013) reported a 

reduction in body mass, body fat percentage and BMI Z-score. The women participated in 

either a HIIT program or a CMIT program and participated in 12 weeks of exercise three times 

per week, the HIIT group achieved superior results in a number of variables which included; 

cholesterol, adiponectin, waist circumference and insulin resistance, when compared with the 

CMIT group (Racil et al., 2013). There seems to be lack of conclusive evidence on which 

intensity of exercise is more favourable for weight loss, both HIIT and CMIT have been shown 

to be useful in the obese population, but for cancer survivors there is limited evidence (De Feo, 

2013). Tjonna (2008) conducted a study in patients with metabolic syndrome who participated 

in either HIIT or CMIT three times per week over a 16-week period and found that both HIIT 

and CMIT were effective in reducing body weight and body fat. Overall HIIT demonstrated a 

superior effect on reducing risk factors for metabolic syndrome in the study by Tjonna (2008) 

(Tjonna et al., 2008).  Recently Heinrich (2015) showed significant decreases in fat mass and 

body fat percentage and an increase in lean mass after a 15 session, five week high-intensity 

functional exercise program in cancer survivors (Heinrich et al., 2015). Unlike the study by 

Heinrich, lean mass in the current study showed no changes in both groups. A five to 10% 

decrease in body fat can significantly reduce cardiovascular disease risk in overweight or obese 

individuals with type 2 diabetes (Wing et al., 2011), results from the present study demonstrates 

that the HIIT group reduced their fat mass by 4.97%.  
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HIIT has recently been promoted as an effective and time-efficient form of exercise for 

improving cardiovascular health (Gibala et al., 2012b, Earnest, 2009, Jung et al., 2015). PWV 

has been shown to be one of the strongest measures of cardiovascular and all-cause mortality 

(Ramos et al., 2015, Vlachopoulos et al., 2010). A study published in 2015 showed a decrease 

in PWV after participation in a cardiac rehabilitation program. The participants who carried 

out over 80% of the exercise sessions showed the positive results in PWV in this program. The 

exercise sessions were run three times per week over an eight week period and consisted of 

aerobic exercise at 70-85% of maximal heart rate (Oliveira et al., 2015). In the current study it 

appears as if CLMIT had a positive impact on PWV. Arterial stiffness increased in the LVHIIT 

group. The mechanism that underpins this finding is not fully understood, however, it may have 

been due to changes in the elastic properties in the arterial wall, both structurally and 

functionally. Although structural changes which modulate smooth muscle tone are likely to 

take longer than 12 weeks, an increase in sympathetic nervous system activity and an increase 

in concentrations of the vasoconstrictor hormones, could have elicited the change. Research 

has also found that HIIT is beneficial in reducing SBP and reducing arterial stiffness 

(Guimaraes et al., 2010, Racil et al., 2013). In the current study changes were seen in MAP, 

CSP, and CDP with a medium ES and a small ES was observed for AP and Aix (see Table 6). 

Vogel (2013) and Heydari (2013) have both demonstrated similar findings in healthy 

individuals (Vogel et al., 2013, Heydari et al., 2013).  There is evidence to support the current 

findings in other clinical populations, including stroke and hypertension (Mattlage et al., 2013, 

Guimaraes et al., 2010), but there is little evidence of the impact of LVHIIT on arterial stiffness 

and cardiovascular health in cancer survivors.  

Reductions in insulin have been linked to a reduced risk of cancer reoccurrence and CVD, 

therefore improving health outcomes for participants.  Elevated levels of insulin have been 

directly related to cancer risk and cancer recurrence (Giovannucci, 1995, Gallagher and 
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LeRoith, 2011, Gregory et al., 2001). Participation in a 12 week home exercise program, 

developed for colorectal cancer survivors showed a reduction in insulin levels (Lee et al., 

2013). The main outcome measure for this study was to increase participant’s physical activity 

levels by implementing a supported or unsupported exercise program consisting of brisk 

walking, hiking, stationary bike, swimming or aerobic exercise. Intensity was not controlled 

for. The program that provided support consisted of sessions with a trainer, education sessions 

and a DVD of exercise sessions.  The unsupported program group was provided with written 

information, an exercise log book and pedometers, all of which were also given to the supported 

group. Both groups increased physical activity levels over the 12 weeks, and showed significant 

decreases in insulin levels (Lee et al., 2013). Currently it is recommended that the general 

population participate in moderate intensity exercise on most days of the week to improve 

insulin sensitivity (Mayer-Davis et al., 1998), but the optimal volume and intensity of exercise 

needed to improve insulin sensitivity in cancer survivors still needs to be determined. Although 

changes were not seen in the current study it is worth investigating further whether or not 

CLMIT and LVHIIT exercise programs have an impact on insulin levels in cancer survivors. 

An improvement in the 6MWT test was evident in this study with a medium ES (see Table 6). 

Greater improvements were evident in the LVHIIT group in the 6MWT. The improvements in 

fitness observed in the current study have been seen in prior HIIT studies in both healthy 

individuals and participants with cardiometabolic disease (Gillen and Gibala, 2013). Changes 

were also seen in the STS test with a small effect size. Adamsen (2009) reported that low and 

high-intensity exercise during chemotherapy improved functional capacity in cancer survivors. 

Participants in the high-intensity group were prescribed a six-week program which included a 

30-minute warm up, 45 minutes resistance training and 15 minutes of cardiovascular training 

(90-minute sessions, six times per week) (Adamsen et al., 2009). More recently Heinrich 

(2015) reported an improvement in the chair stand test and six minute walk test, after a five 
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week high-intensity functional training program (60 minute sessions, three times per week) in 

cancer survivors (Heinrich et al., 2015). Weston (2013) reviewed 10 studies with 273 

participants and looked at the effects of HIIT in people with cardiometabolic disease (Weston 

et al., 2014a). This review reported on HIIT protocols of longer duration, two out of the 10 

studies reviewed used a similar protocol to the current study, which included 30s for the interval 

and 60s for the recovery. Participation in the high-intensity protocol significantly increased 

cardiorespiratory fitness by almost double that of the moderate-intensity group (Weston et al., 

2014a).  

 

4.2.6 CONCLUSION 
 

In summary, preliminary findings from this study suggest that both CLMIT and LVHIIT impart 

favourable benefits for cancer survivors with some greater improvements observed in the 

LVHIIT group, a medium ES was seen in a number of the reported variables. The changes may 

be due to the novel training stimulus carried out by the LVHIIT group, and there is a possibility 

that the CLMIT groups’ stimulus may be consistent with their usual activity levels. More 

importantly, there are generalised assumptions that HIIT is not achievable for those in some 

clinical populations and that vigorous activity may be harmful to those who have had a cancer 

diagnosis, but there are currently no findings to support these perceptions in the cancer 

population.  Levinger et al published a review in 2015 suggesting that the rate of adverse 

responses in a HIIT protocol is higher than in a moderate-intensity protocol, in those 

participants with cardiovascular and metabolic diseases (Levinger et al., 2015). It also 

highlights that there is little evidence reported in this area, with only 156 individuals reviewed, 

it was suggested that more research should be conducted to provide further evidence on the 

efficacy of HIIT (Levinger et al., 2015).  No adverse effects were reported by participants 
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during this study. Caution was taken by providing supervision and close monitoring of the 

participants during and after the exercise sessions. An obvious limitation of the pilot study is 

the low number of participants, lack of a control group and no control over dietary intake. Our 

results provide an initial indication that LVHIIT may be a safe and time efficient mode of 

exercise to improve health outcomes and reduce CVD risk in cancer survivors. It appears that 

LVHIIT has a superior training effect in improving fitness levels, although it is unclear from 

these results if it is a superior training modality, when compared with CLMIT. A larger sample 

size with a control group is necessary to strengthen and validate the current findings.  
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World Journal of Clinical Oncology. February 10th, 2018. 

 

5.1 Manuscript Information 
 

A randomised control trial (RCT) was carried out to determine the effects of low-volume high-

intensity (LVHIIT) on cancer survivors within 24 months of diagnosis compared to continuous 

low to moderate-intensity (CLMIT). The pilot study showed trends toward LVHIIT in 

increased fitness, strength and quality of life, therefore an RCT was carried out to further 

explore these results with a larger cohort.  When this thesis started there was no quality data 

on HIIT within the cancer population.  

 

5.1.1 Research Objectives 
 

1. Determine the effectiveness of LVHIIT compared to CLMIT and a control group with 

greater power and randomisation 

2. Determine if LVHIIT and CLMIT improved CVD risk and health outcomes in cancer 

survivors 
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5.2 Published Manuscript 
 

5.2.1 ABSTRACT 
 
Introduction: Exercise is increasingly being used as part of the standard care for cancer 

survivors; however, the optimal evidence-based exercise guidelines for cancer survivors are 

not clear. This study aimed to determine the impact of low volume high-intensity interval 

training (LVHIIT) and continuous low to moderate-intensity exercise training (CLMIT) on 

cardiovascular disease (CVD) risk and health outcomes in cancer survivors. 

Methods: Sedentary cancer survivors (n = 75, aged 51 ± 12 y) within 24 months of diagnosis, 

were randomised into three groups for 12 weeks of LVHIIT (n = 25), CLMIT (n = 25) or 

control group (n = 25). The exercise intervention involved 36 sessions (three sessions per 

week). The LVHIIT group performed 7 x 30s intervals (≥ 85% predicted maximal heart rate) 

with a 60 second rest between intervals, and the CLMIT group performed continuous aerobic 

training for 20 min (≤ 55% predicted maximal heart rate) on a stationary bike. Outcome 

variables were measured at baseline and at 12 weeks and analysed using a 3 x 2 (group x time) 

repeated measures ANCOVA to evaluate main and interaction effects. 

Results: Significant improvements (time) were observed for seven of the 22 variables (ES 0.35 

– 0.97, p ≤ 0.05). There was an interaction effect (p < 0.01) after 12 weeks in the LVHIIT group 

for six-minute walk test (p < 0.01; d = 0.97; 95% CI = 0.36, 1.56; large), sit to stand test (p 

<0.01; d = - 0.83; 95% CI = -1.40, -0.22; large) and waist circumference reduction (p = 0.01; 

d = - 0.48; CI = -1.10, 0.10; medium). An interaction effect (p < 0.01) was also observed for 

quality of life in both the LVHIIT (d = 1.11; 95% CI = 0.50, 1.72; large) and CLMIT (d = 0.57; 

95% CI = -0.00, 1.20; moderate) compared with the control group (d = -0.15; 95% CI = -0.95, 

0.65; trivial). 



 

83 
 

Conclusion: Low-volume high-intensity training shows promise as an effective exercise 

prescription within the cancer population, showing greater improvements in cardio-respiratory 

fitness, lower body strength and waist circumference compared with traditional CLMIT and 

control groups. Both LVHIIT and CLMIT improved quality of life. A proposed benefit of 

LVHIIT is the short duration (3 mins) of exercise required, which may entice more cancer 

survivors to participate in exercise, improving health outcomes and lowing the risk of CVD.  

 

5.2.2 INTRODUCTION 
 

Worldwide there is an increase in cancer survival rates (Allemani et al., 2015). This potentially 

raises the risk of cancer recurrence and other non-communicable diseases (NCDs) such as type 

II diabetes and cardiovascular disease (CVD) (Gallagher and LeRoith, 2015). These increased 

health risks may be due to the effects of cancer treatments and reductions in healthy lifestyle 

habits, such as physical activity (PA) (Toohey et al., 2016a, Holmes et al., 2005). Physical 

activity decreases NCD risk in apparently healthy people (Mazzeo et al., 1998), though it is not 

conclusive if the same trends are evident in individuals with cancer. Exercise during and after 

cancer treatment has been shown to be safe, improve fitness levels, and quality of life (QoL) 

(Mishra, 2014, Jones et al., 2011). Because of this, there is significant interest in the clinical 

use of exercise as an adjunctive therapy for improving cancer-related health outcomes.  

Evidence is rapidly increasing regarding the benefits of exercise concurrent to treatment in the 

remediation of adverse clinical outcomes for cancer survivors (Lakoski et al., 2015b).  It is 

uncommon for cancer survivors to be advised by clinicians to participate in an exercise 

program, despite the existence of exercise guidelines (Schmitz et al., 2010a, Velthuis et al., 

2010).  This may be due to the generic nature of the guidelines, limited practitioner expertise 

or the costs associated with some programs (Hayes et al., 2009, Donnelly et al., 2009b). The 
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present exercise guidelines lack detail on the type, mode, duration and intensity of exercise 

necessary to achieve the best outcomes for cancer survivors. Additional research is required to 

fill the gaps in our current knowledge to further improve exercise recommendations, the 

evidence-based knowledge and exercise education for cancer survivors and their treating 

practitioners.  

Low volume high-intensity interval training (LVHIIT) is the use of small doses of high-

intensity exercise to elicit physiological responses such as improved VO2 max and positive 

metabolic changes in skeletal muscle. The physiological changes could potentially be much 

higher or different to those currently being obtained with participation in other doses of activity, 

such as continuous, moderate-intensity exercise (Gibala et al., 2012a). LVHIIT has been shown 

to improve VO2 peak and insulin sensitivity in apparently healthy individuals in as little as four 

weeks (Weston et al., 2014a, Boutcher, 2010). There is limited research examining the effects 

of LVHIIT in improving health outcomes for cancer survivors. Its application as a modality for 

use with other chronic disease populations is evolving (Aamot et al., 2014a, Ulbrich et al., 

2016, Weston et al., 2014a), potentially due to its ability to elicit positive physiological 

improvements in a short period. The current study aimed to investigate and compare the effects 

of LVHIIT and the more commonly prescribed continuous low to moderate-intensity training 

(CLMIT) on improving health outcomes and reducing cardiovascular disease (CVD) risk in 

cancer survivors. 

 

5.2.3 METHODS 
 
Participants 

Eighty-five cancer survivors (83 female and 2 male, 51.48 ± 12.45 years) were recruited for 

the 12-week study. Recruitment was conducted between September 2014 and June 2016 via 
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email, pamphlet distribution, word of mouth and online social media. Referrals were obtained 

from the medical community and community organisations. The inclusion criteria included 1) 

particpants within the first 24 months of diagnosis, 2) in the post-treatment phase of the 

‘physical activity across the cancer experience’ (PEACE) organisational model, once the acute 

effects of medical treatments had dissipated (Courneya and Friedenreich, 2001) and 3) 

sedentary, as described by the American College of Sports Medicine (American College of 

Sports, 2013). Participants were excluded if they had: 1) brain or metastatic bone cancers, 2) 

bone pain, 3) resting blood pressure > 180/110 mmHg, 4) were pregnant, 5) undergoing 

psychotherapy treatment, 6) had musculoskeletal injuries or disabilities restricting their ability 

to participate in exercise.  All participants completed a medical screening questionnaire and 

provided written informed consent. Participants were required to gain clearance before the start 

of the program by their general practitioner or oncologist. The study was approved by the 

University Human Research Ethics Committee (13-153). 

 

Randomisation 

 

Of the 85 participants, seven participants did not meet the inclusion criteria, and three decided 

not to participate due to the timing of exercise sessions. The 75 remaining participants were 

randomly assigned via an online randomisation tool into either LVHIIT (n = 25) or CLMIT (n 

= 25) or control (n = 25) group (Figure 7). A person independent of the research team used the 

research randomizer computer software (Urbaniak and Plous, 2013) to allocate participant 

codes into the three groups (LVHIIT, CLMIT, and control).  

 

Of the 75 participants, 57 completed the study (76%). In the LVHIIT group (n = 24), one 

participant changed employment and could not complete the intervention. In the CLMIT group 
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(n = 21), one participant did not return after baseline assessment, one moved interstate, one 

was not motivated to continue, and one failed to provide a reason. In the control group (n = 12) 

one participant sustained an injury (unrelated to the project), two did not return after baseline 

assessment, one moved interstate, one traveled overseas, four failed to respond to the final 

evaluation and four did not provide a reason (Figure 7). 
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Figure 7. CONSORT chart of recruitment into this study 

 

Quality of life  

The Functional Assessment of Cancer Therapy-General (FACT–G) questionnaire (version 4) 

was used to measure quality of life (QoL) and functional capacity (Esper et al., 1997). The 

FACT-G is a validated survey containing 27 items.  The questions are in four categories 1) 
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physical well-being, 2) social/family well-being, 3) emotional well-being and 4) functional 

well-being. The questionnaire is regularly used to measure QoL in cancer survivors (Overcash 

et al., 2001) and was completed at baseline and then after the 12-week intervention. 

 

Anthropometrics  

The Dual X-Ray Absorptiometry (DXA) scan (GE Healthcare, Sydney, NSW, Australia) was 

used to measure total body composition, including; lean mass, body weight and body fat 

percentage (Bergman et al., 2011). The DXA scanner was calibrated each day, using a phantom 

spine. The manufacturers’ guidelines were followed to carry out daily quality control checks. 

All scans were carried out by trained densitometrists. Participants were asked to fast overnight 

and wear no jewellery, while being scanned. Hip and waist circumferences were measured 

using a standard anthropometric tape measure (Dobbelsteyn et al., 2001, Organization, 2011).  

The same individual measured the circumferences at baseline and post-intervention using 

WHO STEPwise approach measurement protocols (Organization, 2011, Organization, 2005). 

 

Cardiovascular functioning 

Pulse wave velocity (PWV) and pulse wave analysis (PWA) were measured using the 

SphygmoCor XCEL system (SphygmoCoR; At-Cor Medical Pty Ltd., Sydney, Australia).  

Carotid-femoral PWV is the recognised gold standard measure of aortic stiffness, a strong 

independent predictor of cardiovascular risk (McDonnell et al., 2013, Sharman et al., 2006). 

PWA, which included measures of resting heart rate (RHR), augmentation index (AIx), central 

systolic blood pressure (CSP), central diastolic blood pressure (CDP), central pulse pressure 

(CPP), augmentation pressure (AP), mean arterial pressure (MAP), systolic blood pressure 

(SBP) and diastolic blood pressure (DBP) were assessed at baseline and upon completion of 

the intervention. The pulse pressure (PP) waveform of the left carotid artery was measured with 
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an applanation tonometer.  Participants rested supine for 10 minutes before the measurements 

were obtained. Twenty continuous waveforms were essential for results to be considered valid 

and these were used to acquire the PP waveform of the aorta, and PWV was used as a marker 

of aortic stiffness (Toohey et al., 2016b). 

 

Biomarkers 

Participants fasted overnight in preparation for blood sample analysis. Samples were analysed 

by an independent laboratory for high-sensitive C-reactive protein (CRP), insulin, glucose, and 

full blood count. The analysis was conducted offsite at Capital Pathology, Canberra, Australia. 

 

Functional capacity  

Lower body strength was measured using a repeated chair rise test (STS). The participants sat 

in a chair and were asked to stand and then sit as fast as possible five times, without the use of 

their arms (Simmonds, 2002, Bohannon, 2011). The six-minute walk test (6MWT) was used 

to delineate participants’ cardiorespiratory fitness levels. Participants were asked to walk as 

quickly as possible for six minutes and the distance traveled was recorded (Cote et al., 2008). 

The 6MWT is used extensively to assess cardiorespiratory fitness in cancer survivors (Enright, 

2003, Schmidt et al., 2013). 

 

Intervention 

An Accredited Exercise Physiologist (AEP) supervised all exercise sessions performed over 

the 12-week intervention period (three sessions per week). Participants were asked to refrain 

from consuming food and caffeine and participating in any exercise for two hours before 

baseline and post-intervention assessments. Assessments were carried out within seven days 

before commencement and within seven days following completion of the program (Toohey et 
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al., 2016b). The exercise sessions were carried out on a stationary bike. The LVHIIT group 

performed interval training (≥ 85% maximal heart rate), which consisted of a five-minute warm 

up, seven by 30s intervals, with one-minute rest in between each interval, followed by a five-

minute cool down (adapted from Gibala, 2012). A gradual increase in exercise was carried out 

by the LVHIIT group. Individuals started the first session with three intervals, with one interval 

added per week over the following four weeks and by, the 5th week participants performed all 

seven intervals (Toohey et al., 2016b). The CLMIT group performed continuous aerobic 

training (≤ 55% predicted maximal heart rate) for 20 minutes also with a five minute warm up 

and cool down (Toohey et al., 2016b). Age-predicted maximal heart rate was used to calculate 

relative intensity and the two exercise protocols were matched for appropriate energy 

expenditure using the calculation reported by Rognmo et al., (2004) (Gillen and Gibala, 2013, 

Rognmo et al., 2004).  For each participant, their heart rate (HR) and rate of perceived exertion 

(RPE) were logged every minute for the CLMIT sessions. The peak HR and RPE in each 

interval and the resting HR and RPE between each interval were recorded during the LVHIIT 

sessions. Blood pressure (BP) was monitored immediately before and after each exercise 

session.  

Statistical analysis 

Means and standard deviations were calculated for dependent variables. An ANOVA was 

performed to determine if pre-intervention differences existed between the three groups. A 

Bonferroni post-hoc multiple comparison test was conducted to determine where group 

differences existed. A 3 x 2 (group x time) repeated measures ANCOVA (Toohey et al., 2016b) 

was used to evaluate main and intervention effects and was adjusted by baseline values. Effect 

sizes (ES) were calculated, and Cohen’s d values were interpreted as follows: large ≥ 0.8, 

medium ≥ 0.5, small ≥ 0.2 and trivial < 0.2 (Cohen, 1998). The alpha level was set at p < 0.05, 

and SAS 9.3 (Cary, NC) was used for all analyses. 
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5.2.4 RESULTS 
 
Participant characteristics 

Participant cancer diagnosis included 47 (82%) breast cancer, two (3%) ovarian cancer and one 

diagnosis of appendix, anal, cervical, liver, oesophageal, melanoma, leiomyosarcoma and 

unknown primary (15%). 

The age of the participants was 51.48 ± 12.45 years, with a BMI of 26.43 ± 4.08 kg/m2 (Table 

7). Baseline values for all variables were similar across the three groups except for white blood 

cell count, which was higher in the LVHIIT group compared with both the CLMIT group and 

control groups (p < 0.02).  

For the LVHIIT group, the average  HR during the 36 sessions was 147 ± 11 beats per minute 

(bpm), while RPE was 6 ± 3 using the Borg 1-10 scale (Borg, 1990, Borg and Linderholm, 

1967). The average HR and RPE at the end of each 60s recovery was 117 ± 8 bpm and RPE of 

3 ± 2. The average HR for the CLMIT group was 98 ± 6 bpm and RPE was 3 ± 2 during the 

sessions. Overall mean session compliance was 92% (72 – 100%). Ten participants attended 

all 36 sessions, and one participant missed ten sessions over the intervention period (data were 

included). There were no adverse events reported in the study. 
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Table 7 Baseline characteristics of participants 

  Characteristics LVHIIT 

n = 24 

CMIT 

n = 21 

Control 

n = 12 

Sociodemographic    

Age, mean (SD) years 48 (11.9) 52 (12.4) 57 (11.5) 

Sex, n (%) male F, 25 (0) F, 21 (0) F, 12 (0) 

Comorbidity, n (%) yes 2 (0.8) 1 (0.4) 0 (0) 

Diagnosis, n (%)    

Breast  21 (88) 16 (75) 10 (83) 

Ovarian  1 (5) 1 (8.5) 

Appendix  1 (5)  

Anal   1 (8.5) 

Cervical 1 (4)   

Liver 1 (4)   

Esophageal  1 (4)   

Melanoma  1 (5)  

Leiomyosarcoma  1 (5)  

Unknown primary  1 (5)  

Stage of disease, n (%)    

Stage 1-11 19 (79) 16 (76) 10 (83) 

Stage 11 – 1V 5 (21) 5 (24) 2 (17) 

Type of treatment, n (%)    

Surgery 21 (88) 20 (95) 12 (100) 

Radiation therapy 18 (75) 13 (62) 10 (83) 

Hormone therapy 19 (79) 15 (71) 9 (75) 

Types of chemotherapy n (%)    

TAC 7 (29) 4 (19) 1 (8) 
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FEC 5 (21) 3 (14) 3 (25) 

TAC/FEC combinations 2 (8) 3 (14) 2 (17) 

Capecitabine and oxaliplatin  1 (5)  

Carboplatin and paclitaxel 1 (4)  1 (8) 

Cisplatin 1 (4)   

CHOP 1 (4)   

ABVD 1 (4) 1 (5) 1 (8) 

Other 2 (8) 3 (14)  

No chemotherapy 4 (17) 6 (29) 4 (33) 

 

LVHIIT, low volume high-intensity training; CLMIT, continuous low to moderate-intensity training; TAC, 

taxotere, adriamycin, cyclophosphamide; FEC, fluorouracil, epirubicin, cyclophosphamide; CHOP, 

cyclophosphamide, doxorubicin, vincristine, prednisone; ABVD, doxorubicin, bleomycin, vinblastine, 

dacarbazine.  

 

Fitness, functional and body composition measures 

There was a significant interaction effect (p < 0.01) for 6MWT. Distance walked was 

significantly longer for the LVHIIT group (d = 0.97; 95% CI = 0.36, 1.56; large) when 

compared with the CLMIT (d = 0.17; CI = -0.23, 0.99; trivial) and control (d = -0.13; 95%CI 

= -0.93, 0.67; trivial) groups (Figure 9a). There was a significant interaction effect (p <0.01) 

for the STS test with a faster performance in the LVHIIT group (d = -0.83; 95% CI = -1.40, -

0.22; large) compared with the CLMIT (d = -0.59; 95% CI = -1.20, 0.42; unclear) and control 

(d = 0.36; CI = -0.44, 1.17; unclear) groups (Figure 9b). There was a significant interaction (p 

= 0.01) effect for waist circumference; post results were significantly lower for LVHIIT (d = -

0.48; 95% CI = -1.10, 0.10; medium) compared with CLMIT (d = -0.05; 95% CI = -0.66, 0.55; 

trivial) and control group (d = 0.11; 95% CI = -0.69, 0.91; trivial).  
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Quality of life 

Overall 

There was an interaction effect for overall QoL (p < 0.01). The QoL score was significantly 

improved in the LVHIIT group (d = 1.11; 95% CI = 0.50, 1.72; large) compared with the 

CLMIT group (d = 0.57; 95% CI = -0.00, 1.20; moderate) and the control group (d = -0.15; 

95% CI = -0.95, 0.65; trivial) (Figure 8).  

Well-being 

An interaction effect was observed for physical well-being (p = 0.02). Improvements were seen 

in the LVHIIT (d = 0.89; 95% CI = 0.30, 1.48; large) and CLMIT (d = 0.61; 95% CI = -0.00, 

1.23; medium) compared with the control group (d = -0.30; 95% CI = -1.09, 0.51; unclear) 

(Figure 8A). There was an interaction effect observed for functional well-being (p = 0.02). The 

LVHIIT group significantly improved (d = 0.96; 95% CI = 0.37, 1.56; large) compared to the 

CLMIT group (d = 0.64; 95% CI = 0.02, 1.26; medium) and the control group (d = -0.02; 95% 

CI = -0.82, 0.78; trivial) (Figure 8B). An interaction effect was also found for emotional well-

being (p <0.01). Improvements were observed for the LVHIIT group (d = 1.04, 95% CI = 0.43, 

1.64; large) compared with the CLMIT group (d = 0.15; 95% CI = -0.45, 0.76; trivial) and the 

control group (d = -0.11; 95% CI = -0.92, 0.69; trivial) (Figure 8C). No interaction effect was 

observed for social well-being (p = 0.057) (Figure 8D). Changes were observed in the LVHIIT 

(d = 0.35; 95% CI = -0.22, 0.92; medium) compared to the CLMIT group (d = 0.20; 95% CI = 

-0.40, 0.80; unclear) and the control group (d = -0.05; 95% CI = -0.85, 0.75; trivial). 
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Cardiovascular function and biomarkers 

There were no interaction effects for vessel stiffness parameters or biomarkers. However, time 

effects were found for markers of cardiovascular functioning. CSP (p = 0.07) in the LVHIIT 

group (d = -0.51; 95% CI = -1.07 - 0.10, moderate) which reduced by 4.94%. PP in the LVHIIT 

group decreased by 7.96% (d = 0.50; 95% CI = -1.05 – 0.10, moderate). AP (p = 0.02) in the 

LVHIIT group (d = -0.35; 95% CI = -0.91 – 0.23, small) reduced by 27%. A 22% decrease was 

observed in the CLMIT group (d = -0.34; 95% CI = -0.94 – 0.28, small) (Table 8).  
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Table 8 Changes in risk factors from pre to post intervention (Mean ± SD) 

 
LVHIIT Group 

 
CLMIT Group 

 
Control Group 

 

 
N = 24 

 
N = 21 

 
N = 12 

 

Variable Pre Post ES (95% CI) Pre Post ES (95% CI) Pre Post ES (95% CI) 

Weight (kg) 72.9 ± 11.7 72.8 ± 11.4 -0.01 (-0.57, 0.56) 69.4 ± 14.3 70.4 ± 14.9 0.06 (-0.54, 0.67) 65.5 ± 13.1 65.9 ± 13.9 0.03 (-0.77, 0.83) 

Body fat (%) 42.2 ± 7.9 41.4 ± 7.8 -0.1 (-0.67, 0.46) 43.0 ± 6.7 44.4 ± 9.5 0.17 (-0.44, 0.78) 37.7 ± 9.2 37.0 ± 10.5 -0.07 (-0.87, 0.73) 

Fat mass (kg) 30.6 ± 9.1 29.2 ± 8.7 -0.16 (-0.72, 0.41) 30.5 ± 12.4 31.0 ± 12.1 0.05 (-5.6, 0.65) 24.3 ± 9.0 24.4 ± 9.5 0.01 (-0.79, 0.81) 

Lean mass (kg) 40.7 ± 6.4 41.0 ± 7.2 0.05 (-0.52, 0.61) 38.8 ± 6.2 39.3 ± 6.8 0.07 (-0.53, 0.68) 38.8 ± 6.7 39.2 ± 6.9 0.06 (-0.74, 0.86) 

Waist (cm)*^ 91.1 ± 11.7 85.7 ± 10.5* -0.48 (-1.10, 0.10) 93.1 ± 13.1 92.4 ± 13.3 -0.05 (-0.66, 0.55) 89.1 ± 9.5 90.3 ± 11.6 0.11 (-0.69, 0.91) 

Hip (cm) * 108.3 ± 10.3 104.8 ± 10.5* -0.37 (-0.91, 0.23) 107.9 ± 11.3 107.0 ± 14.8 -0.07 (-0.67, 0.54) 104.1 ± 9.4 104.3 ± 8.9 -0.02 (-0.82, 0.78) 

Resting HR 

(bpm) 
76.3 ± 12.0 73.3 ± 12.4 -0.24 (-0.81, 0.32) 73.9 ± 11.9 72.3 ± 9.8 -0.14 (-0.75, 0.46) 74.5 ± 11.9 73.7 ± 12.6 -0.07 (-0.87, 0.74) 

SBP (mmHg) 127.3 ± 18.3 121.8 ± 9.7 -0.39 (-0.95, 0.20) 130.9 ± 15.5 130.4 ± 14.7 -0.58 (-0.64, 0.57) 123.9 ± 15.4 128.1 ± 12.7 0.3 (-0.51, 1.10) 

DBP (mmHg) 79.7 ± 8.3 77.8 ± 6.9 -0.25 (-0.82, 0.32) 81.5 ± 11.7 81.4 ± 6.5 -0.01 (-0.62, 0.59) 78.2 ± 5.3 79.9 ± 6.1 0.30 (-0.51, 1.10) 

MAP 97.2 ± 10.8 93.9 ± 7.9 -0.36 (-0.92, 0.22) 100.7 ± 12.5 98.4 ± 8.9 -0.21 (-0.82, 0.39) 96.6 ± 6.2 95.9 ± 8.6 -0.09 (-0.89, 0.71) 
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CSP (mmHg) * 118.6 ± 17.7 111.3 ± 10.7* -0.51 (-1.07, 0.10) 121.8 ± 15.9 119.9 ± 8.9 -0.14 (-0.75, 0.46) 116.7 ± 12.1 115.3 ± 13.5 -0.11 (-0.91, 0.69) 

PP (mmHG) 35.7 ± 12.8 30.8 ± 6.8 -0.5 (-1.05, 0.10) 35.7 ± 10.6 36.0 ± 7.5 0.04 (-0.57, 0.64) 35.0 ± 11.4 34.1 ± 11.4 -0.08 (-0.88, 0.72) 

AP (mmHg)* 8.1 ± 8.1 5.9 ± 4.4* -0.35 (-0.91, 0.23) 9.3 ± 8.6 7.0 ± 4.8 -0.34 (-0.94, 0.28) 10.3 ± 6.6 8.0 ± 9.2 -0.29 (-1.09, 0.52) 

AIx (%) 19.9 ± 14.7 18 ± 11.6 -0.14 (-0.71, 0.42) 22.5 ± 18.4 11.59 ± 18.8 -0.24 (-1.20, 0.03) 26.6 ± 12.5 10.0 ± 18.3 -1.06 (-1.91, -0.20) 

CDP (mmHg)  83.25 ± 9.13 80.3 ± 7.9 -0.34 (-0.92, 0.22) 85.9 ± 10.6 82.8 ± 7.1 -0.34 (-0.95, 0.27) 82.7 ± 6.9 81.1 ± 7.1 -0.22 (-1.03, 0.57) 

PWV (m/sec) 6.6 ± 1.5 6.5 ± 1.2 -0.12 (-0.64, 0.49) 6.8 ± 1.5 6.9 ± 1.0 0.11 (-0.53, 0.68) 6.8 ± 1.5 6.2 ± 1.4 -0.41 (-1.22, 0.40) 

STS (sec) *^ 10.1 ± 2.8 8.1 ± 2.1* -0.83 (-1.40, -0.22) 10.6 ± 2.8 9.2 ± 2.0 -0.59 (-1.20, 0.42) 9.6 ± 2.3 10.49 ± 2.7 0.36 (-0.44, 1.17) 

6MWT (m) *^ 510.7 ± 114.9 607.7 ± 85.5* 0.97 (0.36, 1.56) 483.1 ± 72.3 518.6 ± 94.5 0.17 (-0.23, 0.99) 494.2 ± 128.7 477.7 ± 127.1 -0.13 (-0.93, 0.67) 

Glucose 

(mmol/L) 
4.9 ± 0.0 4.8 ± 0.5 -0.28 (-0.85, 0.29) 5.1 ± 0.6 4.9 ± 0.7 -0.31 (-0.92, 0.30) 5.1 ± 0.4 4.9 ± 0.4 -0.5 (-1.31, 0.31) 

CRP (mg/L) 2.9 ± 3.5 2.7 ± 3.2 -0.07 (-0.63, 0.50) 4.5 ± 5.1 4.7 ± 4.9 0.04 (-0.56 – 0.64) 2.0 ± 1.1 2.0 ± 1.6 0 (-0.80, 0.80) 

Insulin (mU/L) 11.4 ± 6.8 9.0 ± 4.9 -0.41 (-1.36, -0.19) 13.1 ± 10.4 11.3 ± 9.3 -0.18 (-0.79 – 0.42) 9.9 ± 5.6 10.7 ± 6.3 0.13 (-0.67, 0.94) 

WBC (x10 

9/L)* 
6.9 ± 2.5 5.7 ± 2.5* -0.46 (-1.05, 0.10) 5.6 ± 2.0 5.2 ± 1.8 -0.21 (-0.82 – 0.40) 5.4 ± 0.7 4.9 ± 0.9 -0.62 (-1.44, 0.20) 

* Time effect 

^ Interaction effect 
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ES = effect size, HR = heart rate, SBP = systolic blood pressure, DBP = diastolic blood pressure, MAP = mean arterial pressure, CSP = central systolic pressure, PP = central pulse pressure, AP 

= arterial pressure, AIx = augmentation index (stiffness), CDP = central diastolic pressure, PWV = pulse wave velocity, STS = sit-to-stand test, 6MWT = 6-minute walk test, CRP = c-reactive 

protein, WBC = white blood cell. 
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(C)  

 

(D) 

 

Figure 8. Changes in quality of life subscales for all three groups 
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(A)  

(B)  

Figure 9. Changes in cardiorespiratory fitness (6MWT) and sit to stand test for the groups 
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5.2.4 DISCUSSION 
 
The aim of this study was to determine the impact of LVHIIT and CLMIT on CVD risk and 

health outcomes in cancer survivors. There were significant improvements in functional 

capacity, specifically cardiorespiratory fitness, lower-limb strength, and waist circumference 

in participants who completed the LVHIIT compared with the CLMIT and control groups. QoL 

improved in both the LVHIIT group and the CLMIT group when compared with the control 

group, however a greater effect was observed in the LVHIIT group.  

Maintaining or improving functional capacity and lower limb strength in cancer survivors is 

essential as it enhances survivors’ ability to move and carry out physical activities during and 

after treatment (Galvão and Newton, 2005). It also provides the functional strength to start and 

adhere to an exercise program which increases levels of activity (Mock et al., 2001, Irwin et 

al., 2003). Building lean mass through exercise builds a healthy metabolic profile, which is 

imperative as it assists in improving risk factors in those who have spent an increased volume 

of time sedentary during and following, intensive cancer treatment (Vardar-Yagli et al., 2015). 

Participants in the LVHIIT group gained a larger effect in the sit to stand test compared with 

the other groups indicating improvements in lower limb strength. Possible mechanisms 

involved in this change could have been; 1) the increased power-output and the energy 

system/muscle fibre types recruited during the LVHIIT, similar to those recruited in the STS 

test; 2) an increased activation of the type IIa and type IIx fibres and; 3) an enhanced level of 

activation of the adenosine triphosphate phosphocreatine (ATP/PC) system and glycolysis 

systems.  An increased level of neuromuscular coordination is required at a higher-intensity of 

exercise, which also could have contributed to the improved strength and performance in the 

STS test seen in the LVHIIT group. Improvements were observed in the STS test in the LVHIIT 

group (20%), and in the CLMIT group (9.5%), highlighting greater increases in lower leg 

strength and functional capacity for those who completed the LVHIIT program.  This finding 
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was identified in our pilot study, however, due to small numbers, it was non- significant 

(Toohey et al., 2016b).  

Significant improvements in cardiorespiratory fitness levels were identified through the 

increased distance covered in the 6MWT, with a larger effect observed in the LVHIIT group. 

These findings were also detected in the authors pilot study (Toohey et al., 2016b) and reported 

in other randomised controlled trials in cancer survivors (Kampshoff et al., 2015, Jones et al., 

2011, Toohey et al., 2016b). The greater improvements seen in the LVHIIT group suggests that 

more comprehensive cardiovascular adaptations may occur with the use of high-intensity 

exercise. Potential mechanisms involved in increases in cardiorespiratory fitness could be due 

to the increased level of mitochondrial enzymes recruited in high-intensity exercise (Gibala et 

al., 2006), which contributes to enhanced aerobic capacity of the skeletal muscles commonly 

seen after participating in high-intensity training. The positive impacts can contribute to 

changes in VO2 difference, thereby increasing maximal aerobic capacity. Improvements in 

cardiorespiratory fitness using high-intensity interval training has been extensively reported in 

healthy people, but less in the cancer survivor population (Weston et al., 2014b). LVHIIT could 

decrease the risk of developing additional chronic diseases such as CVD and diabetes (Leon et 

al., 1987) and increase cancer survival rates (Laukkanen et al., 2001, Schmid and Leitzmann, 

2014b) faster than the commonly prescribed moderate-intensity exercise. It has been shown 

that cancer survivors have decreased levels of cardiorespiratory fitness levels in comparison 

with healthy people (Schneider et al., 2014).  

A cancer diagnosis has a significant impact on behaviours which in turn can negatively affect 

QoL (Zabora et al., 2001).   QoL reductions can have a profound effect on the recovery of 

cancer survivors, reducing the probability of being able to move freely and maintain physical 

activity levels (Courneya and Friedenreich, 1999). A novel and clinically relevant finding of 

the present study was that QoL improvements were seen in both the LVHIIT and the CLMIT 
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group, with a greater increase observed in the LVHIIT group.  To date, very few studies have 

investigated how different exercise protocols or intensities impact QoL (Kampshoff et al., 

2015). While current exercise recommendations for cancer survivors prescribe low to moderate 

intensity exercise, evidence is accumulating that there may be greater improvements in QoL 

when participating in more vigorous exercise (Hayes et al., 2009).  In most cases QoL changes 

are monitored from cancer diagnosis, to inform clinical decisions to improve patient outcomes. 

Linking exercise in with this conversation may assist clinicians in improving healthy 

behaviours to improve QoL (Montazeri, 2008).  

White blood cell count was significantly reduced from baseline to post-exercise intervention 

in the exercise groups, with the most pronounced reduction seen in the LVHIIT group, with a 

small effect found.  Lung cancer participants who participated in a program using resistance 

band exercise over 12 weeks in conjunction with chemotherapy treatment showed similar 

results (Karvinen et al., 2014). Normal WBC levels in cancer survivors are important because 

high levels of WBC’s are associated with chronic inflammation, autonomic nervous system 

imbalances and may contribute to reductions in insulin sensitivity (Vozarova et al., 2002). 

Similarly, low WBC counts compromises an already compromised patient.  Potentially both 

these factors would contribute to fatigue, obesity and increased risk for CVD (Saligan et al., 

2015, LaVoy et al., 2016). To date, little work has been carried out to determine the mechanism 

involved in the changes in WBC’s in cancer survivors after different exercise programs (LaVoy 

et al., 2016). Insulin levels decreased in the LVHIIT group with a small effect and deacreased 

in the CLMIT group by 13.74% with an unclear effect. These results were not significant, yet 

they are potentially clinically relevant findings (Wieser et al., 2013). Even a small decrease in 

insulin is essential in this population because of its reported role in the growth of cells, 

including the potential growth of tumour cells (Giovannucci, 1995, Renehan et al., 2004, 

Wieser et al., 2013). 



 

105 
 

In the current study, a moderate effect was found in the LVHIIT group for CSP and PP with 

unclear effects in the CLMIT and control groups. The importance of these changes relates to 

the negative impact of chemotherapy drugs on the cardiovascular system. Chemotherapy drugs 

have been found to have a long lasting anti-angiogenic effect on the cardiovascular system 

(Moreo et al., 2015). Specifically, chemotherapy has been shown to negatively impact vessel 

stiffness and CDP during the treatment period, with increases in BP remaining long after the 

treatment period (Moreo et al., 2015). Anthracyclines, cyclophosphamide and tyrosine kinase 

inhibitors have all been shown to increase oxidative stress (Gorrini et al., 2013, Reuter et al., 

2010). Increases in oxidative stress can cause an overproduction of cytokines which damage 

the vessel wall causing endothelial dysfunction (Mozos et al., 2017, Vallerio et al., 2016, 

Truskey and Fernandez, 2015). Endothelial dysfunction can also be caused by radiotherapy; 

with the adverse effects potentially having a lifelong impact on cancer survivors (Vallerio et 

al., 2016, Lenihan and Cardinale, 2012). Little is known about the impact of exercise on 

endothelial dysfunction in cancer survivors. The current study suggests that exercise-induced 

cardiovascular improvements may be one mechanism whereby exercise diminishes the adverse 

effects that chemotherapy has on the cardiovascular system.  

Limitations of this investigation were that diet; and daily physical activity levels were not 

controlled for in the time periods between study sessions. Although 6MWT has been shown to 

be a valid and reliable measure of fitness in cancer survivors, a more robust cardiorespiratory 

fitness test such as VO2max testing could be used. There were no male participants in this 

study, and as such the data should be interpreted accordingly. Participants were prescribed 

different ongoing medications and treatment protocols, all of which could have impacted the 

results; this does however represent a real world group of cancer survivors.  

In conclusion, this study shows promise for the use of LVHIIT in the cancer population. The 

encouraging results opens up the possibility of introducing LVHIIT in therapy programs, as a 
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shorter and more efficacious exercise to increase the fitness levels in cancer survivors. The 

LVHIIT protocol improved fitness and functional capacity and decreased waist circumference 

compared with CLMIT. Both LVHIIT and CLMIT improved QoL. LVHIIT may be an 

effective alternative to traditional exercise prescription within this population. The benefit of 

LVHIIT is that for selected variables it produces more pronounced results compared with 

CMIT and it is short in duration which could entice more cancer survivors to participate in 

exercise as time is a barrier (Rogers et al., 2006). This study highlights that the most commonly 

prescribed CLMIT may not be enough to induce clinically relevant changes in cancer survivors. 

Additional research is required to fully understand the mechanisms involved in the changes 

identified in this study in relation to different doses of exercise. This research would be highly 

beneficial to assist clinicians in the optimisation of clinical exercise recommendations for 

cancer survivors.  
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6.1 Manuscript Information 
 

This unique study presents the changes from HIIT and CMIT in a cohort of older breast cancer 

survivors. The four previous studies highlighted many gaps in the research in relation to our 

understanding of mechanistic and biochemical changes due to exercise in the cancer 

population.  This study was informed by the gaps, as well as the literature published 

concurrently to the other studies within this thesis. Two areas identified with limited objective 

information (heart rate variability and immune function) were observed and reported on in this 

study. It has been suggested in the limited research so far that cancer survivors have decreased 

autonomic activity (especially those with advanced cancer), which could be caused by various 

treatments (chemotherapy, radiation and hormone) and lead to an increased risk of cardiac 

events (Dias et al., 2017) but the impact of exercise on mitigating these changes is not known. 

In 2008 a seminal paper was published suggesting that PA may be linked to cancer protection 

through exercise due to reductions in risk factors such as; insulin, insulin growth factors and 

inflammatory markers (McTiernan, 2008). Subsequent research has arisen in PA, 

hypothesising the underlying mechanistic effects, but to date the molecular and mechanistic 
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effects of exercise on cancer outcomes is not known. The impact and comparison of different 

intensities and modes of exercise which induce physiological change in cancer survivors is not 

clear. 

 
6.1.1 Research Objectives 
 

2. Determine the changes in ANS, HPA axis and mucosal immune biomarkers s before 

and after a HIIT and CMIT intervention 

3. Determine the effectiveness of HIIT and CMIT in changing health outcomes 

associated with ANS function, HPA axis and mucosal immune biomarkers, compared 

to a control group 

4. Discuss the mechanisms by which these changes may occur and their relationship 

with increased risk of disease 

 

6.2 Submitted Manuscript 
 

6.2.1 ABSTRACT 
 

Objectives: The aim of this study was to explore the impact of exercise intensity on the 

autonomic nervous system (ANS), hypothalamic-pituitary-adrenal (HPA) axis and mucosal 

immunity in breast cancer survivors.  Methods: Seventeen participants were randomly 

assigned; 1) high intensity interval training (HIIT; n = 6); 2) moderate-intensity continuous 

aerobic training (CMIT; n = 5); or 3) a wait-list control (CON; n = 6) for a 12-week (36 session) 

intervention. Results: There were no interaction or group effects on ANS, HPA axis or mucosal 

immunity. Improvements in individuals considered outliers (>95%CI) at baseline were 

observed in salivary (s) secretory-IgA, s-cortisol and s-α-amylase. A significant improvement 



 

111 
 

(p ≤ 0.05) was observed in VO2peak in the HIIT group; 19.3% (B = 3.98, 95%CI = [1.89; 46.02]) 

and a non-significant increase in the CMIT group; 5.6% (B = 1.96, 95%CI = [-0.11; 4.03]), 

compared to -2.6% (B = -0.64, 95%CI = [-2.10; 0.82]) decrease in the CON group. Conclusion: 

HIIT improves cardiorespiratory fitness in breast cancer survivors. Salivary biomarkers of 

ANS and HPA axis activity and mucosal immunity responded to exercise training in those 

patients exhibiting outlying baseline levels. 

 
6.2.2 INTRODUCTION 
 

Cardiovascular disease (CVD) remains the largest cause of death in breast cancer survivors 

(Jones et al., 2016). Psychological stress has been shown to impair vagal tone, which increases 

CVD risk by affecting the regulation of immune and inflammatory processes (Cohen et al., 

2007, Mehta et al., 2018, Lakoski et al., 2015a). However, the impact of exercise intensity on 

physiological markers of stress and immunity within the cancer population has not been well 

studied. In breast cancer survivors, exercise in general has been shown to reduce physiological 

and psychological stress and hence CVD risk by improving fitness levels, body composition 

and quality of life, but the specific dose needed is unclear (Toohey, 2018, Giese-Davis et al., 

2006). Breast cancer survivors who present with low baseline fitness, strength or quality of life 

could potentially achieve large adaptations from various modes of exercise, translating into a 

reduction of risk factors for CVD (Meneses-Echávez et al., 2015, Dobek et al., 2014, Toohey 

et al., 2018).  

 

Chronic stress has been defined as a maladaptive state that is associated with alterations in the 

hypothalamic pituitary adrenal (HPA) axis, and ANS, including the sympathoadrenal system 

(SA) and parasympathetic nervous system (PNS) (Tsigos and Chrousos, 2002). Recent 

research has shown that both the independent and interactive effects of the HPA axis and ANS 
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are key to understanding adaptive and maladaptive psychological and physiological responses 

to stress (Kivlighan and Granger, 2006, Campkin, 2000). While objective research is still 

limited, HPA axis and ANS dysfunction as well as suppression of immune function are 

associated with increased CVD risk and mortality in breast cancer survivors (Simard and 

Savard, 2015, Stewart and Wild, 2017). 

 

It is generally known that immune function decreases as people age. Older people (when 

compared to younger people) are less resistant to pathogenic microorganisms, resulting in the 

decreased function of the immune system (Nieman et al., 1993). This decrease in immune 

function could be linked to the increased incidence of infections, such as upper respiratory tract 

infections, CVD, diabetes, heart disease and Alzheimer’s disease in older people (Monteiro-

Junior et al., 2018). Research has shown that regular exercise can stimulate the immune system 

in older people, which increases resistance to infections (Nieman, 1998, Dinh et al., 2017, 

Akimoto et al., 2003).  

 

Cancer and chemotherapy impact ANS function, contributing to increased cardiovascular 

morbidity and mortality within the cancer population (Adams et al., 2015). The regulation of 

the ANS, as determined by the non-invasive measurement of heart rate variability (HRV) can 

be impacted by acute and chronic physiological stress. When exposed to chronic stress the 

ANS displays and abnormal response resulting in a delay in parasympathetic nervous system 

(PNS)/vagal nerve reactivation and sympathetic nervous system (SNS) domination. This 

negative imbalance stimulates the HPA (Lakoski et al., 2015a). Deviations in HPA activity 

have been associated with alterations in mucosal immunity and systemic inflammation, 

oxidative stress, reduced vasodilation and the acceleration of atherosclerosis (Lakoski et al., 

2015a). Sustained ANS dysfunction can increase stress and fatigue levels and reduce quality 
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of life (QoL) (Ewer and Lippman, 2005, Thornton et al., 2010). Recent research suggests that 

autonomic dysfunction is prevalent in cancer survivors (Arab et al., 2016). Cancer treatments 

(chemotherapy and radiation) impact the function of the ANS by damaging the nerve fibres 

and interfering with messages between the brain and the ANS (Hirvonen et al., 1989, 

Hrushesky et al., 1991, Ekholm et al., 2000). The effect of exercise on mitigating these changes 

in the cancer population requires further research.  

 

Currently, the impact of exercise intensity on improving vagal activity and immune function 

in cancer survivors is unclear. A better understanding could inform the development of 

individualised exercise strategies to improve health factors such as quality of life, HRV and 

immune function (Caro-Morán et al., 2016) in the cancer population. The current randomised 

controlled trial (RCT) was designed to explore the impact of high-intensity interval training 

(HIIT) and continuous moderate intensity training (CMIT) on ANS function (HRV and salivary 

(s) α-amylase (s-AA)), HPA axis (salivary cortisol (s-cortisol)), and mucosal immunity 

(salivary immunoglobulin A (s-IgA)) in breast cancer survivors. 

 

6.2.3 METHODS 
 

Participant characteristics 

Participants were included in this study if they were; (1) females between the ages of 50 and 

75 years, (2) sedentary as classified by the American College of Sports Medicine (ACSM, 

2013), (3) were within two years post cancer treatment and (4) did not take blood pressure 

medication (angiotensin-converting enzyme inhibitors or angiotensin receptor blockers or 

calcium channel blockers or beta blockers), (5) did not have brain or bone metastasis or (6) a 

diagnosis of secondary cancers and (7) were able to do the exercise sessions on a stationary 

cycle ergometer (Monark 828E Ergometer) (Lakomy, 1986) (Figure 10).  
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Participants were asked not to consume food or caffeine or participate in exercise within two 

hours prior to pre-and post-testing. Assessments were carried out within the 2-4 days prior to 

commencement of the program and within 2-4 days following completion. Participants age was 

recorded via self-report.  

 

Randomisation, stratification, concealment, and allocation 

Following the baseline testing, participants were randomly allocated to one of three groups: 

HIIT; CMIT; or CON.  A concealed, computer generated sequence of numbers in blocks of 

variable sizes (3, 6, 9) in a 1:1:1 ratio for the three intervention groups stratified by age (<60 

years and ≥ 60 years) was generated by a researcher not involved in the study. After baseline 

testing a sealed envelope with the group allocation was given to the participant. Study 

participants were told the overall aim of the study was to compare the effects of different 

physical exercise interventions on health-related outcomes. 

 

Cardiorespiratory fitness and body composition 

Assessment of maximal aerobic power 

An individualised graded incremental cycling test was conducted to determine VO2 Peak, 

intervention relative intensity and pre and post intervention fitness levels (High-Performance 

Ergometer, Schoberer Rad MeBtechnik, Germany). Participants respired through an oro-nasal 

mask (Hans-Rudolph 7450 Series V2TM Mask, CareFusion, France), breath by breath 

cardiopulmonary data (Vyntus CPX, Metabolic Cart, Jaeger, Germany) were measured to 

calculate VO2 Peak in the cardiopulmonary exercise test. Throughout the test an Accredited 

Exercise Physiologist monitored participants with 12-Lead electrocardiogram (ECG). Blood 

pressure was assessed via sphygmomanometry and was recorded every two minutes. 
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The protocol commenced with a five minute warm up at 20 watts (Murrell et al., 2013). 

Thereafter the workload was increased by ≤ 25 watts each minute (Murrell et al., 2013) until 

three of the following criteria (Ainslie et al., 2008) were reached: 1) no change in oxygen 

consumption with increasing workload, 2) respiratory exchange ratio > 1.1, 3) heart rate within 

10% of age predicted maximal heart rate or, 4) inability to maintain pedalling frequency. In 

addition, exercise was terminated on the presentation of volitional fatigue, abnormal changes 

in blood pressure, or ECG abnormalities.  

 

Body composition 

Height was measured using standard World Health Organisation (WHO) stepwise approach 

procedures (WHO, 2001). Dual-Energy X-Ray Absorptiometry (DEXA); GE Healthcare Lunar 

Prodigy (GE Healthcare, Sydney, NSW, Australia) was used to measure total body composition 

including; lean mass and body fat %  (Bergman et al., 2011). A trained DEXA operator 

performed the test. Participants wore loose clothing, no metal and fasted overnight for the 

morning test. 

 

Heart rate variability and immune measures 

Heart rate variability 

A Suunto watch and chest belt (Suunto model t6, Finland) was fitted to measure R-R intervals. 

Each belt was interfaced with the Suunto t6 watch for purposes of monitoring continuous R–R 

intervals (Sookan & McKune, 2012). Each participant sat quietly on a chair in an upright 

position for 10 min prior to the commencement of HRV recording. Although HRV is higher 

seated than supine, the seated posture was selected for its practicality and convenience 

(Acharya, Kannathal, Hua, & Yi, 2005). R–R interval recording lasted 5 min. Participants’ 

respiratory rate during the recordings was not controlled for as there is a lack of consensus on 
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the influence of controlled versus non-controlled breathing on HRV parameters, particularly at 

rates < 10 breaths/minute (Tarvainen et al., 2014). This was carried out in accordance with the 

Task Force of the European Society of Cardiology and the North American Society of Pacing 

and Electrophysiology standards for measurement of short-term HRV (Camm et al., 1996). 

There were data which could not be analysed due to artefact. 

 

Saliva collection and analysis 

Saliva samples (s-AA, s-IgA and s-cortisol) were obtained using IPRO Oral Fluid Collection 

(OFC) kits that were labelled and provided to each participant. The OFC kits collect 0.5mL of 

oral fluid and contain a colour changing volume adequacy indicator within the swab, giving 

collection times typically in the range of 20-50 seconds (Jehanli et al., 2011).  

 

Baseline saliva samples were collected at two-time points on the same day at home, two days 

before and after the intervention commenced and ended (immediately upon waking whilst still 

in bed and 30 min post waking) (McKune et al., 2014). The participants received training on 

the saliva collection procedure during their first visit to the lab. They were requested to adhere 

as closely as possible to the standardised collection guideline, which was carried out in their 

home (McKune et al., 2014, DuBose and McKune, 2014). Prior to providing a saliva sample 

the participants were asked to, 1) refrain from brushing their teeth prior to each of the 

collections, to eliminate possible contamination of samples due to bleeding gums, 2) avoid 

dairy products for 20 minutes before each sample collection, 3) avoid foods with high sugar or 

acidity, or high caffeine content immediately before sample, 4) rinse their mouths with water 

and swallow to remove food residue before sample collection and increase hydration, and 5) 

wait at least 10 minutes after rinsing before collecting saliva to avoid sample dilution. 

Participants recorded the time each saliva sample was collected.   
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All samples were frozen immediately after collection in home freezers (-20 °C) and kept frozen 

until reaching the laboratory, upon which they were stored at -20 °C until analysis. 

 

Exercise intervention  

Participants in the two exercise interventions attended the University of Canberra three times 

per week for twelve weeks (up to 36 sessions). Participants could choose from a timetable of 

sessions across the week to make up their three sessions, compliance was recorded. Each 

session was conducted on the Monark cycle ergometer and lasted 20-30 mins.  

 

Sessions were fully supervised by an experienced Accredited Exercise Physiologist or exercise 

scientist. Participant’s heart rate (HR) was continuously measured and recorded during all 

exercise sessions using a heart rate monitor (Polar FT40, Finland). Rating of perceived exertion 

(RPE) were monitored and recorded throughout each session (Borg 6-20) (Borg and 

Linderholm, 1967). Exercise sessions started and finished with a 5-minute warm up and cool 

down, completed on the cycle ergometers at ~50% of their maximal power achieved in the 

baseline incremental exercise test.  

 

The CMIT group cycled for 30 minutes in total, with 20 minutes at 55-65% of their maximal 

power. The workload was adjusted over 12 weeks within this range to ensure their RPE 

remained between 9 and 13 on the Borg scale (6-20). The HIIT group completed seven 30 

second intervals (as hard as they could) with 2 minutes of active recovery between each. 

Participants were instructed to increase their pedalling rate to between 95 and 115 RPM to 

ensure consistent performance. Participants initially completed four intervals in each session 

and this was gradually increased to achieve the target of seven intervals by week four. 

Participants in the CON group were asked to maintain their current lifestyles for 12 weeks 
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following baseline assessment. Participants were offered a 12 week fully supervised exercise 

intervention at the completion of the follow-up testing (Figure 10). 

 

Ethical approval 

University of Canberra Human Research Ethics committee approved this study (13-153). 

 

Statistical analysis 

The data were analysed with a general linear mixed model using the R package lme4 (R Core 

Team 2018). A random intercept for participants was included to account for intraindividual 

dependencies and interindividual heterogeneity. This also allowed for individual baseline 

adjustment. All models were estimated using Restricted Maximum Likelihood. Visual 

inspection of residual plots did not reveal any obvious deviations from homoscedasticity or 

normality. P-values were obtained using Type II Wald F tests with Kenward-Roger degrees of 

freedom as implemented in the R package car (Fox and Weisberg, 2011). Statistical 

significance was determined on p ≤ 0.05, in addition confidence intervals (CI) were assessed 

whether they included zero or not. Results are reported as mean estimates and 95% confidence 

intervals. The natural log was initially calculated and analysed for HRV parameters before the 

above statistical analysis was carried out. 
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Figure 10. Consort diagram 

 

6.2.4 RESULTS 
 

Participant characteristics 

All participants who were randomised (n = 17) were diagnosed with breast cancer within the 

prior 24 months (grade I-IV). The age of participants was 62 ± 8 years, with a BMI of 26.30 ± 

4.39 kg/m2 (Table 9). While there were no overall significant changes in HRV and salivary 

biomarkers, there were some changes evident between the groups based on CI. Baseline values 

were similar for all variables across the three groups except for s-IgA, which was lower in the 

HIIT group compared to the CON group (B=-308.23, 95%CI=[-555.06; -61.41]).  CMIT was 

significantly higher at baseline for LnVLF (F (2,12) = 5.23, p = 0.02, B = 1.95, 95%CI=[0.11; 
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3.79]) and LnHF (F(2,12)=1.21, p=0.07, B = 2.33, 95%CI=[0.04; 4.62]) compared to the CON 

group.  

 

Table 9 Participant characteristics 

 

 

 

 

 

 

 

 

 

Exercise intervention 

The HIIT groups average HR during the sessions was 150 ± 9 beats per minute (bpm) during 

the intervals, while the RPE was 12 ± 4. The average HR and RPE at the end of the two-minute 

recovery was 125 ± 12 bpm and 9 ± 6 bpm. The average HR during the sessions for the CMIT 

group was 136 ± 16 and RPE was 13 ± 10. Overall mean session compliance was 79% (78.7 ± 

13.2% (HIIT) vs 79.4 ± 12.0% (CMIT); p = 0.93). There were no adverse events in this study. 

 

Cardiorespiratory fitness and body composition 

A significant difference (F(2,12)=6.53, p=0.01) was seen in VO2 Peak from pre to post intervention for 

the HIIT group.  A 19.3% (B = 3.98, 95%CI=[1.88; 6.02]) increase for HIIT and a 5.6% (B = 1.96, 

95%CI=[-0.11; 4.03]) increase for the CMIT group, was observed compared to a -2.6% (B = -0.64, 

95%CI=[-2.10; -0.82]) decrease in the CON group. Weight decreased in the HIIT group by 0.02% 

(↓0.08kg, 95%CI=[-1.48; 1.31]), the CMIT group by 2.65% (↓1.74kg, 95%CI=[-3.2; -0.21]) and 

 Control (n = 6) CMIT (n = 5) HIIT (n = 6) 
Age (y) 61 ± 7.92 65 ± 7.68 60 ± 8.12 
Height (cm) 163.5 ± 5.20 165.6 ± 5.59 165.6 ± 5.78 
Weight (kg) 75.63 ± 7.71 68.80 ± 11.48 69.48 ± 16.07 
BMI (kg/m2) 28.5 ± 4.53 24.95 ± 2.48 25.23 ± 5.22 
Body Fat (%) 45.52 ± 9.32 37.76 ± 5.61 33.60 ± 10.03 
VO2 (ml/min-1/kg-1) 20.90 ± 3.10 20.74 ± 3.71 19.52 ± 3.89 
    
Treatment:    
Surgery 0 1 0 
Radiation 0 1 0 
Surgery + chemotherapy 1 0 0 
Surgery + radiation 2 3 3 
Surgery + chemotherapy + radiation 3 0 3 
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increased in the CON group by 0.57% (↑1.03kg, 95%CI=[-0.36; 2.43]). Body fat decreased in the HIIT 

by 2.67% (↓1.05%, 95%CI=[-2.49; 0.39]) and the CMIT group by 5.24% (↓2.04%, 95%CI=[-3.62; -

0.46]) and increased in the CON group by 3.04% (↑1.22%, 95%CI=[-0.22; 2.66]). Lean mass increased 

in the HIIT group by 1.81%, the CMIT group by 0.47% and decreased in the CON group by 0.80%.  

Salivary biomarkers 

For s-IgA (30 minutes post waking) there were no significant differences over time or between groups 

(p > 0.1, see Table 10).  

Overall, there was a slight increase (B = 163.65, 95%CI=[-56.70; 384.28], p=0.03) in s-cortisol 

expressed as percent change from waking to 30 min post waking (Table 10). A decrease in s-AA was 

observed for two participants (both outside normal range) in the exercise groups from baseline to post 

intervention, compared to an increase seen in the CON group (Table 10). However, no statistically 

significant group changes were observed for s-AA (p > 0.2). 

 

Heart rate variability and immune measures 

Heart rate variability  

Pre and post changes for HRV measures in all three groups are shown in Table 11. Individual changes 

for log (Ln) LF/HF and LnRMSSD are shown in figure 14a and 14b respectively. None of the HRV 

measures showed a significant change from pre to post for any of the groups (all p > 0.05). However, 

LnVLF was significantly higher for the CMIT group compared to the other groups, both pre and post 

intervention (B = 1.95, 95%CI=[0.11; 3.79]). 
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Table 10 Salivary biomarkers changes form pre to post exercise intervention (Mean ± 
SD) 

 

 

 

 

 

 

 

 

 

 

 

 

 
 CON (n = 5) CMIT (n = 3) (HIIT n = 5) 

Pre Alpha-amylase waking 721.69 ± 551.65 220.72 ± 191.72 834.05 ± 743.98 

Pre 
Alpha-amylase 30 mins 

post waking 
238.61 ± 154.71 406.59 ± 402.38 426.52 ± 517.83 

% change  -44.41 ± 39.03 302.64 ± 451.32 105.56 ± 340.34 

Post Alpha-amylase waking 706.41 ± 719.79 723.14 ± 831.17 1231.64 ± 1092.39 

Post 
Alpha-amylase 30 mins 

post waking 
419.01 ± 517.16 384.65 ± 196.52 550.50 ± 398.30 

% change  113.69 ± 275.70 2.96 ± 76.17 -27.84 ± 51.50 

Pre Cortisol waking 12.45 ± 5.77 10.99 ± 9.48 12.41 ± 6.69 

Pre 
Cortisol 30 mins post 

waking 
19.74 ± 12.64 13.21 ± 2.98 16.47 ± 13.39 

% change  45.04 ± 42.03 115.83 ± 182.88 54.28 ± 114.66 

Post Cortisol post waking 7.05 ± 4.11 14.10 ± 8.80 10.21 ± 11.97 

Post 
Cortisol 30 mins post 

waking 
18.23 ± 5.05 30.61 ± 9.18 19.42 ± 7.21 

% change  208.68 ± 130.07 201.37 ± 202.94 320.84 ± 366.38 

Pre 
IgA 30 mins post 

waking 
600.63 ± 276.14 433.15 ± 287.75 292.40 ± 130.73 

Post 
IgA 30 mins post 

waking 
613.59 ± 245.37 393.83 ± 167.50 339.48 ± 125.32 
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Table 11 Changes from pre to post intervention in HRV measures (Mean ± SD) 

 

 CON (n = 6) CMIT (n = 5) HIIT (n = 6) 
 Pre Post Pre Post Pre Post 
LnVLF* 
 

2.98 ± 0.69 2.37 ± 1.03 4.93 ± 1.11 5.06 ± 1.00 3.78 ± 0.90 3.86 ± 2.74 

LnLF 
 

4.88 ± 0.92 3.93 ± 1.08 6.75 ± 0.73 6.85 ± 0.67 4.72 ± 2.14 5.19 ± 2.85 

LnHF 
 

4.38 ± 0.82 3.83 ± 0.75 6.71 ± 1.26 7.07 ± 0.78 4.48 ± 2.07 5.50 ± 3.13 

LnLF/HF 
 

0.51 ± 0.74 0.10 ± 0.59 0.04 ± 1.23 -0.22 ± 0.89 0.24 ± 1.43 -0.31 ± 0.55 

Mean RR 
(m/s) 
 

845.70 ± 
76.01 

815.66 ± 
58.21 

902.69 ± 
37.36 

792.69 ± 
90.86 

834.07 ± 
147.40 

848.11 ± 
165.45 

Mean 
HR* 
(b/min) 
 

71.37 ± 6.28 73.83 ± 5.07 66.61 ± 2.84 76.47 ± 8.47 74.12 ± 14.88 73.24 ± 15.64 

LnRMSS
D 
 

3.01 ± 0.90 2.95 ± 0.96 3.94 ± 0.51 4.29 ± 0.60 3.09 ± 0.63 3.35 ± 1.62 
 

* time effect, Log (Ln), LnVLF = very low frequency, LnLF = low frequency, LnHF = high frequency, LnLF/HF = low frequency/high 
frequency, RR = measure between the R waves, LnRMSSD = root mean square of successive difference of R-R intervals 
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6.2.5 DISCUSSION  
 

The present study is the first RCT to investigate the effect of exercise intensity on ANS and 

HPA-axis activity and mucosal immunity in breast cancer survivors.  There were no significant 

changes observed in ANS and HPA-axis activity or mucosal immunity within or between the 

exercise and CON groups. However, at an individual level there were pronounced salivary 

biomarker responses seen in participants in both exercise groups who started the intervention 

with outlying baseline levels (>95% CI).  In addition, significant improvements were observed 

in cardiovascular fitness in the HIIT group compared to the CON group. The cancer survivor 

population is growing and the individualisation of exercise programming for positive health 

outcomes will continue to be an important part of ongoing care. Whilst these novel findings 

highlight that HIIT and CMIT could be effective in improving waking ANS and HPA-axis 

activity and mucosal immunity in the cancer survivor population, a larger sample size is 

required to confirm the positive trends observed.  

 

In apparently healthy participants, it has been shown that there is substantial inter-individual 

heterogeneity in response to exercise (Mann et al., 2014). This could be even more pronounced 

in cancer survivors, because of the damage to organs in the body caused by treatment 

(Curigliano et al., 2016, Smith et al., 2015) and further compounded by inactivity. The 

variability in response to exercise in cancer requires further research to understand the best way 

to use exercise individually to improve health outcomes. Potentially, participants such as breast 

cancer survivors or those who present with more severe symptoms, show a distinct positive 

response to HIIT and CMIT, as observed in this study. In this study participants in the exercise 

groups who had outlying salivary biomarker values at baseline, were back within group ranges 

after the 12-week intervention period except for one participant who had an outlying cortisol 

result. 
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The ANS is largely involuntary and controls all system functions (Shen and Zipes, 2014). 

Dysfunction of the ANS results in a decrease in autonomic control of the cardiovascular 

system, which is associated with both sympathetic system overdrive and reduced efficacy of 

the parasympathetic nervous system (Levy, 1971, Buchholz et al., 2015).  In cancer survivors 

all systems of the body can be negatively impacted (increased or decreased) because of physical 

inactivity prior to diagnosis and further impacted due to treatment (Jones et al., 2007).  It has 

been shown that autonomic dysfunction is prevalent in the cancer population (Ahmed and 

Carpenter, 1975, Boasberg et al., 1977, Adams et al., 2015), potentially contributing to 

treatment related side effects, such as cardiovascular decline, inflammation, increased fatigue 

and decreased quality of life (Adams et al., 2015, De Couck et al., 2018). A limitation in the 

current study was that participants who did not undergo chemotherapy were randomly allocated 

into the CMIT group. This may explain the differences observed in baseline variables (in the 

chemotherapy and non-chemotherapy groups). Comparable to the current study and studies 

prior on cancer survivors (Adams, 2002, Giese-Davis et al., 2015), chemotherapy could 

potentially be involved in the development of abnormalities in the ANS. Further research is 

required to fully understand the impact of exercise on ANS function before and during and 

after chemotherapy. 

 

Heart rate variability (HRV) was used to evaluate parasympathetic nervous system activity. 

HRV is influenced by both branches of the ANS. Data processing analysis allows for extraction 

of distinctive influences of the parasympathetic branch (Tarvainen et al., 2014). The very low 

frequency (VLF) band is associated with thermoregulatory peripheral blood flow adjustment, 

chemoreceptors and the renin-angiotensin system (Electrophysiology, 1996, Akselrod et al., 

1981). VLF has a more pronounced association with all-cause mortality compared to the low 
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frequency (LF) and high frequency (HF) bands (Hadase et al., 2004). VLF may be produced 

by the heart as an intrinsic rhythm, impacting on health and general wellness (Shaffer et al., 

2014). Parasympathetic activity increases VLF (Akselrod et al., 1981) and studies have shown 

that mental stress tasks can delay the recovery of VLF stimulating the renin-angiotensin system 

(Usui and Nishida, 2017), which could increase and activate the sympathetic nerve (Groeschel 

and Braam, 2010). It is suggested that VLF has a slow independent recovery (compared with 

the HF band) which could be a reason why it is associated with CVD (Usui and Nishida, 2017). 

Lower levels of VLF are associated with inflammation and fatal cardiac arrythmias (Lampert 

et al., 2008, Medenwald et al., 2017, Cooper et al., 2015).   

 

The HF band represents cardiac vagal activity (Tarvainen et al., 2014, Sztajzel, 2004) and the 

LF band is associated with baroreflex activity and the bilateral effect of sympathetic and vagal 

activity on the sinus node (Tarvainen et al., 2014). LnLF/HF ratio reflects the sympathovagal 

balance (Tarvainen et al., 2014), typically representing reduced vagal tone and therefore a 

heightened stress response.  LnLF/HF reduced (time effect) in participants (who exhibited 

outlying baseline variables) in both exercise groups from pre to post intervention (Table 10). 

The change observed in this study would tend to suggest that exercise impacted ANS function 

in some participants who exercised compared to those who did not exercise. Differences were 

also observed in baseline VLF in participants who did not undergo chemotherapy (CMIT 

group). High VLF which was observed in the CMIT group is representative of good health and 

low VLF observed in the HIIT and CON groups, is associated with inflammation and cardiac 

problems. Studies in cancer survivors suggest chemotherapy could potentially be involved in 

the development of abnormalities in the ANS, comparable to the current study (De Couck et 

al., 2018).  
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RMSSD is considered an index of vagal activity (Tarvainen et al., 2014).  It has been reported 

that cancer survivors, and in particular those who were older, expressed significantly lower 

LnRSMMD levels when compared to healthy individuals (De Couck and Gidron, 2013). In the 

current study, baseline LnRMSSD was slightly below the reported healthy levels (Shaffer and 

Ginsberg, 2017), and rose above healthy norms (De Couck and Gidron, 2013) in the exercise 

groups post intervention (Table 10).  

 

S-IgA is an antigen specific antibody that mediates primary immune system responses and has 

a protective role against bacterial, viral and protozoal infections of the mucosa (Capra et al., 

1999, Bishop and Gleeson, 2009). Disruptions to the immune system are highly correlated with 

cancer, obesity and CVD (Topalian et al., 2016). The diagnosis of cancer causes significant 

stress which is a major contributor to the reduction in immune function (Dhabhar, 2014).  There 

have been negative associations made between increased exercise intensity and risk of 

infections. It has been suggested that high intensity overtraining reduces s-IgA levels, which 

weakens the immune response (Ronsen et al., 2001). In the current study, mucosal immunity 

was maintained in the exercise groups.  

 

Salivary alpha amylase (s-AA) levels are a potential indirect marker for SNS activity (McKune 

et al., 2014). S-AA represents the function of the ANS and pre-inflammatory cytokines (innate 

immunity) (Nater et al., 2013). Studies have demonstrated that levels of s-AA increased under 

both physical (i.e. exercise, heat and cold stress) and psychological (i.e. written examinations) 

stressful conditions (Nater et al., 2006, Breines et al., 2015). Recently it was shown that s-AA 

response relates to sympathetic tone, or adrenergic activation more generally, and is not a direct 

marker of norepinephrine (NE) (Ditzen et al., 2014). S-AA non-significantly increased in the 

exercise groups (in individuals with low baseline levels). Representing an improvement in 
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mucosal immune function and because it has antimicrobial functions in saliva an improvement 

in stress response.  S-cortisol increased non-significantly from waking to 30 mins post, while 

s-AA dropped from waking to 30 mins post, these changes represent expected  HPA-axis and 

sympathetic nervous system responses to waking (Granger et al., 2007). The changes observed, 

although non-significant, demonstrated that HIIT and CMIT contributed to improvements in 

physiological stress response, positively impacting risk factors for CVD. 

 

Cortisol is associated with the HPA axis and is an essential hormone for regulating functions 

within the body (Hellhammer et al., 2009). Cortisol is the end product of HPA activation, and 

is deemed to be a reliable measure of physiological stress (Kirschbaum and Hellhammer, 1994, 

Hackney and Anderson, 2016). Released from the adrenal glands, cortisol initiates a cascade 

of physiological changes set off by stressful events, including interaction with anatomical 

structures related to the SNS. Studies report that cortisol has a diurnal pattern in healthy 

individuals, peaking 30-60 mins after waking and slowly declining to zero by the end of the 

day (Foley and Kirschbaum, 2010, Spiegel et al., 2006). In some breast cancer survivors an 

abnormal or blunted diurnal cortisol response can been seen initially and slowly declines over 

the five years following (Couture-Lalande et al., 2014).  In the current study a slight increase 

(non-significant) in s-cortisol (percent change) was seen in 30 mins post waking in the in the 

exercise groups, signifying improved HPA axis activity. This mechanism has significant 

clinical value (Spiegel et al., 2006) in the cancer population and should be investigated further. 

Objective physiological stress markers are not commonly measured or taken into consideration 

in clinical practice in breast cancer survivors.  

 

The current study was designed to assess the impact of exercise intensity (HIIT and CMIT) on 

ANS, HPA axis and mucosal immune function in breast cancer survivors. There are limitations 
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when making comparisons with this intervention. Due to the low numbers, caution must be 

taken regarding the generalisability of the findings to all cancer survivors. Despite the 

limitations, significant clinically important results were noted which have practical application. 

This study raised many questions and trends that require further examination. The efficacy and 

optimal dose of exercise to improve HRV and immune function in breast cancer survivors is 

not known. This study demonstrated that exercise improved HRV and mucosal immunity in 

individuals with outlying base line values (>95% CI). Those participants within the normal 

ranges at baseline (HPA, ANS and mucosal immunity) remained that way and were not 

negatively impacted by exercise at higher intensities. High-intensity interval training was safe 

and effective for breast cancer survivors and improved cardiovascular fitness, there were no 

adverse events in this study. Future research is required to confirm these findings and improve 

our understanding of the mechanisms involved.  
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CHAPTER 7: Discussion, Practical Applications, Future 
Directions, Limitations and Conclusions 
 
 

7.1 DISCUSSION 
 
Over the past four and a half years, five studies have been carried out for this thesis 

incorporating 300 participants in the intervention studies and 531 participants in the systematic 

review. The systematic review was the first high-intensity exercise review in the cancer 

population. This chapter discusses the main findings, practical applications, future directions 

and conclusions arising from the thesis and the significant contribution made to the knowledge 

base in the exercise-oncology field.  

Even though there has been progress in this field over the last decade, the optimal exercise 

prescription for improved health and CVD risk reduction in cancer is not well understood. This 

thesis presented an opportunity to review and carry out research looking at exercise intensity 

and its impact on health outcomes and risk factors for CVD in cancer survivors. In order to 

achieve this the thesis aimed to, 1) evaluate the efficacy and safety of high-intensity exercise 

interventions in improving health outcomes such as fitness, strength and quality of life in the 

cancer population, 2) objectively determine the physical activity levels and body mass changes 

within the 12 months after a diagnosis of cancer, 3) determine if the effects of LVHIIT were 

superior compared to the more commonly prescribed CLMIT in reducing CVD risk and 

improving health related outcomes and finally 4) ascertain the effectiveness of HIIT and CMIT 

on the ANS function, HPA axis and mucosal immunity and understand the mechanisms 

involved. Strengths and limitations will be considered, and future research and practical 

recommendations will be provided. 

 

Treatment related side effects and decreased levels of movement and activity puts cancer 
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survivors at a higher risk of developing health problems and comorbidities, such as CVD. 

Despite the importance of physical activity in cancer survivorship (Cormie et al., 2017), our 

study emphasised the high levels of inactivity in the cancer population (Toohey et al., 2016a). 

Participants decreased their light activity and vigorous activity and increased their sleep and 

sedentary activity after cancer diagnosis. Even minor increases in PA and exercise in the cancer 

population could have major benefits (Cormie et al., 2017, Cormie et al., 2018). Increased 

levels of PA have recently been linked to a lower risk of metabolic disturbances and 

comorbidities in cancer survivors (Kang et al., 2018). Kang et al., reported 61.5% of the cancer 

population they studied were inactive (similar to our findings) and 75.5% did not do any 

strength training. This study also highlighted the importance of incorporating moderate to 

vigorous exercise into training programs, but did not provide specific details on how to do this 

effectively within the cancer population (Kang et al., 2018).  

 

Weight gain after a cancer diagnosis continues to be correlated with negative outcomes for 

cancer survivors (Raghavendra et al., 2018, Winkels et al., 2016). Similar to our research, other 

groups have demonstrated that cancer survivors are likely to increase their body weight after 

diagnosis (Fazzino et al., 2017, Schlesinger et al., 2017, Toohey et al., 2016a). There are many 

factors which could influence this including; mechanisms which link obesity and weight gain 

and cancer (Aleksandrova et al., 2017). Weight gain after diagnosis is linked to patients that 

were overweight prior to diagnosis (Sadim et al., 2017). Significant weight gain during 

chemotherapy has been reported in a recent meta-analysis (Berg et al., 2017), increasing 

mortality and comorbidity risk in the cancer population. This research supports the concept that 

discussions with patients at diagnosis about weight gain and the importance of weight control 

and how exercise and nutrition can assist, should be a priority. 
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The systematic review carried out found that cancer survivors’ compliance to high-intensity 

exercise programs was high (≥ four weeks, 2-3 sessions per week, 16-60 minutes per session). 

The review was the first published on high-intensity exercise interventions in cancer 

population. Compliance to exercise is important and required for positive and long-term 

physiological adaptations. The novelty of high-intensity exercise could improve compliance 

and could be introduced to those who are time poor. This would improve the individualisation 

of exercise prescription and programming for cancer survivors. Low compliance to exercise 

and PA produces low levels of fitness, strength and quality of life in the cancer population 

which is linked to increased disease risk (Schmid and Leitzmann, 2014a, Li et al., 2015). If 

cancer survivors find that high-intensity exercise is more enjoyable (uncovered in the review) 

it is likely that they will attend. Enjoyment and time efficiency may contribute to increased 

compliance to high intensity exercise in the cancer population when compared to other 

intensities of exercise. Further investigation is required to confirm this finding.  

 

The majority of studies in the systematic review identified significant improvements in 

maximal aerobic capacity, strength, body mass, body fat, hip, and waist circumference after 

completion of the high-intensity exercise program (≥ four weeks, 2-3 sessions per week, 16-60 

minutes per session) when compared to the moderate groups and/or control groups. Mixed 

mode high-intensity interventions which included both aerobic and resistance exercise were 

most effective in improving the aerobic fitness levels of cancer survivors (Devin et al., 2016, 

Dolan et al., 2016, Licker et al., 2016, Kampshoff et al., 2015, Edvardsen et al., 2014, Hwang 

et al., 2012, De Backer et al., 2008b).  Of the nine studies presented, two reported a significant 

reduction in weight  and two reported an increase in lean mass in the high-intensity groups, 

compared to the moderate intensity and/or a control group. Four of the studies reported 

improvements in strength in comparison to the control groups.  
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The changes identified suggest high intensity exercise is efficacious in the cancer population. 

At present, there are very few studies which have looked at high-intensity exercise in 

comparison to other forms of exercise for use in the cancer population (Devin et al., 2016, 

Dolan et al., 2016, Licker et al., 2016, Kampshoff et al., 2015, Edvardsen et al., 2014, Hwang 

et al., 2012, De Backer et al., 2008b, Cormie et al., 2013, Brunet et al., 2017).  Analysis of the 

studies (as presented in the systematic review), found more pronounced changes with greater 

effects in fitness, strength and body composition after high-intensity exercise, when compared 

with moderate-intensity exercise or a control group.  Considerations for the use of high-

intensity interval training in a mixed group of cancer survivors, including lung cancer and those 

cancers which include participants who are very deconditioned should be investigated further. 

Cancer survivors may benefit dramatically from high-intensity interval training, in particular 

those with low levels of baseline fitness and strength (Ha et al., 2018).  

 

Research prior to the pilot study had not evaluated low volume high-intensity interval training 

(LVHIIT) and the difference between two different exercise intensities (LVHIIT and CLMIT) 

on improving health outcomes and decreasing CVD risk in the cancer population. LVHIIT is a 

use of high intensity exercise with shorter bursts with less perceived total work. In the pilot 

study LVHIIT had a superior training effect in improving fitness levels (6MWT) and functional 

capacity (STS). Changes were seen in both exercise groups for QoL, with trends towards the 

LVHIIT group. The pilot study generated preliminary findings supporting the use of LVHIIT 

within the cancer population as a safe and effective exercise option. A larger sample size with 

a control group was necessary to further investigate the use of LVHIIT within the cancer 

population and to identify any differences between the two intensities compared to a control 

group.  
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Poor prognosis in cancer survivors is associated with reduced fitness levels, increased fat mass 

and decreased lean body mass (West et al., 2016, Clark et al., 2013). The RCT provided further 

validation of LVHIIT as a time efficient and effective training modality in the cancer 

population to improve fitness and body composition.  There were significant improvements in 

functional capacity, cardiorespiratory fitness, lower-limb strength, and waist circumference in 

participants who completed the LVHIIT compared with the CLMIT and control groups. A 

recent study by Devin et al., demonstrated findings similar to those in our studies (Devin et al., 

2016). They showed that high-intensity exercise was superior to moderate intensity continuous 

exercise in improving VO2 and fat mass and interestingly the HIE  group showed less decline 

after a substantial reduction in exercise training, compared with MICE (Devin et al., 2018). 

 
A final study was carried out to investigate risk reduction and identify physiological stress 

related changes in a group of breast cancer survivors. This study included Vo2Peak testing, HRV 

and salivary biomarkers, it also included a slightly different HIIT protocol to give participants 

an additional 60s rest period in between the HIIT’s. Significant improvements in Vo2 Peak were 

identified in the exercise group compared to control group. Due to the small number of 

participants in this study it was important to look at inter-individual differences. We identified 

that breast cancer survivors who had larger declines at baseline (>95%CI), exhibited changes 

from the exercise intervention, bringing them back into normal ranges. Participants within 

normal ranges remained that way, unaffected by the higher intensity of exercise. Changes 

observed in s-AA translates to improved sympathetic tone, signifying improvements in the 

function of the ANS in participants with unhealthy baseline levels. Interesting trends towards 

improvement in these markers which relate to physiological stress and immune function were 

observed in the exercise groups, suggesting a reduction in stress related risk factors for disease. 
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7.1.1 Practical applications 
 
 

Summary 

On commencement of this research, patients and clinicians were concerned or uncertain about 

LVHIIT. Our studies demonstrated that for cancer survivors, the risk of adverse events when 

participating in LVHIIT was low as there were no adverse events reported. The systematic 

review identified three minor events unrelated to the exercise program and one serious event. 

The one serious event that was identified by our systematic review reportedly occurred when 

a participant fell during a balance exercise and sustained a fractured hip.  

The evidence produced throughout this thesis suggests that supervised HIIT is safe for cancer 

survivors to participate in as part of their supervised programming. HIIT produced some 

additional physiological benefits when compared with CMIT, and it is time efficient and may 

motivate cancer survivors to move more.  

 

Key practical applications LVHIIT: 

 Was well tolerated and safe for use with cancer survivors 

 Exhibited greater improvements in fitness levels when compared to CLMIT 

 Greater improvements were observed in quality of life 

 Is time efficient which may entice more cancer survivors to exercise 

 Cancer survivors with low baseline levels compared to the group (HPA function and 

mucosal immunity) improved with the use of HIIT and CMIT  
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 HIIT should not be used in isolation but considered as part of the individualisation of 

exercise program for cancer survivors 

 

7.1.2 Future directions  
 
 

Increased PA levels in cancer survivors (pre, during and post diagnosis) has a profound impact 

on the health and wellbeing of cancer survivors by reducing comorbidities such as CVD. 

Despite this, PA levels in those with or in remission from cancer is sub-optimal. The optimal 

amount of exercise required for risk reduction and health in cancer survivors isn’t clear and 

requires future research. Further research is required to understand if exercise should be 

introduced at diagnosis, especially for those who are in poor health, and for those who will be 

going through treatment. Seamless access to programs before and while going through 

treatment should form part of the care plan for survivors.  Examining the impact of cancer 

rehabilitation programs on improving exercise compliance and PA levels is needed. Is the 

support provided for cancer survivors during their treatment process successful in encouraging 

them to continue to move after treatment ceases?  

Future research should explore the impact of exercise mode and intensity on mechanisms and 

biomarkers.  Specifically examining physiological changes from treatment on variables such 

as; structural changes in the heart (including cardiotoxicity), mood, fatigue, pain and memory 

and if exercise impacts or mitigates these changes. There is a lack of evidence on exercise and 

changes in biomarkers; inflammation, stress and growth factors (cardiopulmonary, brain and 

muscle) during and post cancer treatment. Larger RCT’s investigating individual responses to 

different modalities of exercise, following different types of patients over a longer period (from 

diagnosis until at least five years – when remission and decrease in PA is likely). The role of 
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exercise (mode and intensity) in pre and post treatment induced menopause trials are lacking, 

there are a large number of people who form part of this cancer population (breast and prostate 

survivors), this would improve clinicians understanding and clinical outcomes for patients.  

Moving forward research in exercise oncology should consider both separating and combining 

the results of resistance and aerobic based protocols to assist in the comparisons. Interval 

intensities can vary from 10s to 4 mins in the high-intensity exercise research, protocol 

similarities between studies would be of benefit to assist in looking at the differences between 

these protocols to see which is more effective and manageable at what time point in the 

treatment cycle or phase. Matching cancer diagnosis and time since diagnosis and matching 

cancer treatment types would help to demonstrate the fidelity of the interventions. However, 

studies with different cancer diagnoses are also important, as this translates well into clinical 

practice outside of the research field. With the call to individualise exercise prescription in this 

population, studies should look at ways to measure this individualisation for publication, 

perhaps a case study-based research journal for exercise oncology would be best to collate data 

to further clinicians and researchers’ knowledge. 

 

7.1.3 Limitations 
 
 
Study one was a retrospective recall in which people may have overexaggerated their PA levels. 

The pilot study had low numbers and only minimal male participants. Study three also had 

minimal male participants and were a mixed group of cancer survivors, aerobic fitness was 

measured by 6MWT, although validated within the population more rigorous tests such as Vo2 

could be used.  Diet was not controlled which may have impacted anthropometric variables 

within the studies. Study four was only a small study with low numbers, but an important part 
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of the overall aims to demonstrate important physiological stress changes related to disease 

risk. Due to HIIT being carried out in a supervised setting, the translation into home-based 

exercise may not be feasible. Supervised studies were important to undertake due to safety 

concerns reported in some prior studies before this PhD commenced.  

 
 

7.1.4 Conclusions 
 
 
Exercise oncology research demonstrates the importance of exercise prescription to improve 

health outcomes and decrease risk factors for co-morbidities such as CVD in cancer survivors.  

Because there are many negative changes seen physiologically in cancer survivors due to 

tumour growth and treatments, a referral at diagnosis to a clinician experienced in the delivery 

of exercise in oncology should form part of routine care. The findings of this thesis demonstrate 

that HIIT may be an efficient and effective prescription of exercise to incorporate into the 

individualisation of exercise programming. It could be considered for many patients to improve 

health outcomes, recognising that it isn’t or shouldn’t be the sole modality of training for this 

population. Cancer survivors who have greater health declines at diagnosis will likely see 

greater improvements due to the implementation of exercise-based therapy. It has been 

established in this thesis and in research published concurrently that cancer survivors who 

participate in HIIT and in CMIT reduce risk factors for comorbidities such as CVD because of 

the impact it has on improving health outcomes. Clinically relevant exercise should be 

prescribed as a preventative therapy for cancer, but also at diagnosis as a medicine to improve 

health outcomes such as cardiovascular fitness, strength and QoL which reduce risk factors for 

co-morbidities and diseases such as CVD. 
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Appendix 1: STUDY 1 QUESTIONNAIRE 
 

Questionnaire Questions 

1. By ticking the box below, you have read the informed consent and agree to participate 

2. Cancer type 

3. Current age 

4. Following diagnosis was there any change to your weight? 

5. Period of time since you were diagnosed 

12 months before diagnosis: 

1. On a typical week day how many hours did you spend sleeping? (during the night or napping 

in the day) 

2. On a typical weekday how many hours did you spend doing predominantly sedentary 

activities? (sitting, eating, watching TV, reading, doing needlework, in the car, bus or train) 

3. How many hours did you spend on a typical weekday doing physically vigorous activity? 

(lifting or carrying heavy objects, heavy gardening, climbing stairs, cycling uphill, jogging, 

circuit training, fast swimming, activities that make you feel physically tired after a short 

period) 

4. How many hours did you spend on a typical weekday doing physically moderate activity? 

(fast walking, cycling flat roads or without resistance, cleaning windows, mopping, 

vacuuming, moderate gardening, light gym, leisurely swimming) 

5. How many hours did you spend on a typical day doing physically light activities? (cooking, 

washing the dishes, ironing, dusting, cleaning, standing, light walking) this will be the 

remaining hours left in the 24-hour period. 

 
 
12 months after diagnosis: 
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1. On a typical week day how many hours did you spend sleeping? (during the night or napping 

in the day) 

2. On a typical weekday how many hours did you doing predominantly sedentary activities? 

(sitting, eating, watching TV, reading, doing needlework, in the car, bus or train) 

3. How many hours did you spend on a typical weekday doing physically vigorous activity? 

(lifting or carrying heavy objects, heavy gardening, climbing stairs, cycling uphill, jogging, 

circuit training, fast swimming, activities that make you feel physically tired after a short 

period) 

4. How many hours did you spend on a typical weekday doing physically moderate activity? 

(fast walking, cycling flat roads or without resistance, cleaning windows, mopping, 

vacuuming, moderate gardening, light gym, leisurely swimming) 

5. How many hours did you spend on a typical day doing physically light activities? (cooking, 

washing the dishes, ironing, dusting, cleaning, standing, light walking) this will be the 

remaining hours left in the 24-hour period. 
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