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ABSTRACT 

Cancer treatment increases survivors risk for cardiorespiratory and cardiovascular 

diseases, alterations of body composition, and loss of muscular strength. Regular physical 

activity can be an effective strategy to reduce the risk of non-cancer related death among cancer 

survivors. Recently, high intensity functional training (HIFT) has been identified as an 

effective modality for improving fitness, body composition and muscle strength in cancer 

survivors. The primary aim of this study was to determine the effect of HIFT on 

cardiorespiratory fitness, cardiovascular health, physical function, and body composition in 

breast cancer survivors previously treated with chemotherapy and/or radiation therapy. It was 

hypothesised that high intensity functional training will be safe and effective at increasing 

fitness, body composition and strength in breast cancer survivors, with a null hypothesis of no 

change seen in these variables. The exercise intervention involved a 20-week HIFT program, 

utilizing a variety of exercise modalities, including aerobic (walking/running, rowing, cycling), 

resistance (machines, dumbbells, kettle bells) and body weight exercises (e.g. squats, push 

ups). Participants exercised twice weekly, with each session lasting approximately 30-minutes. 

The HIFT intervention sessions included 12 exercise stations, with participants exercising at 

each station for 2-minutes, before having 30-seconds to move to the next station. Physical 

function was measures through balance and functional tests, cardiorespiratory fitness assessed 

through V̇O2peak tests, strength tests through a variety of one-repetition max tests and body 

composition through BIA. Significant improvements were observed in lift and carry (p=0.17), 

weighted stair climb (p=.012), posterior leg reach (p=.014), thigh extension (p=.007) and 

flexion (p=.027) strength and systolic blood pressure (p=.012). Favourable, but non-significant 

(p>.05), effects on body composition were observed. No significant (p>0.05) change was seen 

in bench press 1RM, handgrip strength or V̇O2peak. This study showed that HIFT can provide 

significant improvements in functional capacity and lower body strength. Participants in the 
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current study were already physically active, which may account for the lack of change in upper 

body strength and cardiorespiratory fitness. No significant reductions were observed in any 

variable, suggesting that HIFT is effective at maintaining and, in some cases, improving aspects 

of fitness in physically active breast cancer survivors. 
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CHAPTER I 

INTRODUCTION 

Breast cancer is the most commonly diagnosed malignancy among females in New 

Zealand and is the third most commonly diagnosed cancer overall (Ministry of Health, 2016). 

Approximately 3300 women in New Zealand are diagnosed every year, close to nine women 

per day (Ministry of Health, 2017). Earlier diagnosis and improving methods of treatment are 

increasing survival rate among breast cancer patients (Kantarjian, Wolff, & Koller, 2011; 

Madan, Benson, Sharma, Julka, & Rath, 2015; Peel et al., 2009). Decreases in cancer-related 

mortality have increased the number of breast cancer survivors in the population. Improving 

rates of breast cancer survivorship is increasing the prevalence of long-term and late side-

effects of cancer treatment, with cardiovascular disease (CVD) progressively becoming a more 

common cause of death among breast cancer survivors. Breast cancer treatment including 

chemotherapy, radiotherapy and endocrine/hormonal treatment all carry an increased risk of 

cardiovascular and/or cardiorespiratory disease (Aleman et al., 2014; Armanious et al., 2018; 

Gernaat et al., 2017; Park et al., 2017; Patnaik, Byers, DiGuiseppi, Dabelea, & Denberg, 2011; 

Yu & Jones, 2016). 

 Cardiorespiratory and functional fitness are significant determinants of prognosis 

among breast cancer survivors, with an increase in both cardiorespiratory and functional fitness 

associated with a reduction in breast cancer mortality risk, recurrence risk and CVD (Adams 

et al., 2017; Gibala, Little, Macdonald, & Hawley, 2012; Lee, Artero, Sui, & Blair, 2010; 

McKenzie, 2012; Nystoriak & Bhatnagar, 2018; Peel et al., 2009; Stocci, De Feo, & Hood, 

2007). Treatment-induced lowering of cardiorespiratory and functional fitness negatively 

impacts survivorship (Harbeck, Ewer, De Laurentiis, Suter, & Ewer, 2011; Jette, Sidney, & 

Blumchen, 1990; Murtezani et al., 2014; Segal et al., 2001; Yeh et al., 2004). 
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 Structured exercise interventions are effective at increasing cardiorespiratory and 

functional fitness and reducing adverse side-effects of cancer treatment in breast cancer 

survivors. Aerobic, resistance and combined training are the most commonly prescribed 

training modalities for breast cancer survivors and their effects on the cardiorespiratory system 

are known. High-intensity functional training, a relatively novel modality known for its 

effectiveness among service populations, has begun to be implemented in clinical populations. 

High-intensity functional training incorporates the high-intensity aspect of high-intensity 

interval-training and the multi-planar, multi-modal movement patterns of functional training 

(Crawford, Drake, Carper, DeBlauw, & Heinrich, 2018; De Vreede, Samson, Van Meeteren, 

Duursma, & Verhaar, 2005; Heinrich et al., 2015; Heinrich, Patel, O’Neal, & Heinrich, 2014; 

Pacheco, Teixeria, Franchini, & Takito, 2013). 

 The purpose of this study was to investigate the effect of a 20-week high-intensity 

functional-training circuit on recreationally active breast cancer survivors functional and 

cardiorespiratory fitness, muscle strength and body composition. It was hypothesised that a 

high-intensity functional training program would improve these variables in already active 

breast cancer survivors. 
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CHAPTER II 

LITERATURE REVIEW 

Breast cancer treatment, while effective at increasing survival rate, is not without 

associated negative side-effects (Condorelli & Vaz-Luis, 2018; Joiner & Kogel, 2009; 

Kantarjian et al., 2011; Madan et al., 2015; Tao, Visvanathan, & Wolff, 2015). Negative effects 

can affect cardiorespiratory and cardiovascular systems, body composition and functional 

fitness (Armanious et al., 2018; Bradshaw et al., 2016; Demark-Wahnefried et al., 2001; 

Freedman et al., 2004; Gernaat et al., 2017; Hooning et al., 2007; Jones, Nestore, Henophy, 

Cousin, & Comtois, 2014; Klassen et al., 2014; Park et al., 2017; Peel et al., 2009; Raptopoulos 

& Constantinou, 2020; Yu & Jones, 2016). Exercise is safe and effective at reducing negative 

side-effects in breast cancer survivors (Anderson et al., 2012; Battaglini et al., 2007; Dolan et 

al., 2016; Kampshoff et al., 2015; Leach et al., 2019; Martin, Battaglini, & Naumann, 2015; 

Thomas et al., 2017). This chapter will review relevant literature exploring the effect of cancer 

treatment on physiological health, the effect of exercise on these negative side-effects, and 

methods of prescribing exercise to breast cancer survivors. 

Treatment of breast cancer 

 Breast cancer treatment involves a variety of treatment methods used either in isolation 

or combination. Treatment methods include chemotherapy, radiation, surgery, hormone 

therapy and endocrine therapy (Kantarjian et al., 2011). Several key factors influence the 

prescription of breast cancer treatment including the type and stage of the tumour, patients age, 

menopausal status, patients preferences (Kantarjian et al., 2011; Neal & Hoskin, 2009). 

Chemotherapy is considered a systemic treatment and is generally given intravenously, while 

radiation therapy is a more loco-regional treatment. Chemotherapy and radiation can be 
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undertaken in the neoadjuvant (pre-surgery) or adjuvant (post-surgery) setting (Kantarjian et 

al., 2011).  

Pre-surgery, both chemotherapy and radiation aim to either minimize or eliminate tumours. 

Post-surgery, their use aim is to destroy remaining malignant cells after tumour removal 

(Halperin, Perez, & Brady, 2008; Joiner & Kogel, 2009; Kantarjian et al., 2011; Neal & Hoskin, 

2009). Surgical treatment options are dependent on whether the cancer is localised 

(lumpectomy) or widespread (mastectomy). Hormonal treatments such as Trastuzumab 

(Herceptin) and Pertuzumab (Perjeta) are prescribed for the approximately 15-25% of breast 

cancers that have receptors for human epidermal growth factor-2 (HER-2) in the tissue sample, 

while Tamoxifen and aromatase inhibitors (AIs) are prescribed for those with estrogen receptor 

positive breast cancer (Kantarjian et al., 2011; Piccart-Gebhart et al., 2005; Sabel, Sondak, & 

Sussman, 2007). 

Chemotherapy 

Chemotherapy is a systemic treatment involving cytotoxic agents or monoclonal 

antibodies to kill cancer cells. The procedure can be used alone, or in combination with other 

treatments such as radiation, surgery and/or hormonal treatments (Brighton & Wood, 2005; 

Kantarjian et al., 2011; Neal & Hoskin, 2009; Tobias & Hochhauser, 2015). The administration 

of chemotherapy is usually intravenous infusion, but can be administered orally. Chemotherapy 

can be administered in the neoadjuvant or adjuvant setting (Kantarjian et al., 2011; Tobias & 

Hochhauser, 2015). Neoadjuvant chemotherapy is often used for high-grade or large tumours, 

HER2-positive breast cancer, triple-negative breast cancer, or cancer that has spread to lymph 

nodes (Kantarjian et al., 2011; Nahta & Esteva, 2006; Piccart-Gebhart et al., 2005). 

Chemotherapy use in the neoadjuvant setting can result in a reduction in tumour size, 

increasing surgical options and likelihood of breast conservation surgery (Connolly & Stearns, 

2013; Cox & Ang, 2010; Fisher et al., 1998). Chemotherapy use in the adjuvant setting aids in 
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reducing recurrence risk, particularly distance recurrence (Condorelli & Vaz-Luis, 2018; 

Shapiro & Rech, 2001; Tao et al., 2015). 

There are multiple drugs and drug combinations for chemotherapy treatment, each with 

their own specific mechanism of action. Drug selection is guided by patient factors such as; 

age, concurrent medical issues, status of the hormone receptors and lymph node involvement 

(Kantarjian et al., 2011; Tobias & Hochhauser, 2015). The most common classes of breast 

cancer chemotherapy drugs include Anthracyclines (Epirubicin and Doxorubicin), Taxanes 

(paclitaxel and docetaxel), Antimetabolites (e.g. 5-fluorouracil and methotrexate), Alkylating 

agents (e.g. cyclophosphamide) and monoclonal antibodies/targeted therapy (Trastuzumab, 

Pertuzumab) (Tobias & Hochhauser, 2015). Chemotherapy drugs are most commonly used in 

combination and are rarely administered as a single agent. Combination approaches using 

multiple drugs is done to circumvent multiple-resistance mechanisms (Brighton & Wood, 

2005; Tobias & Hochhauser, 2015).  

 Chemotherapy drugs are highly toxic, and this toxicity is associated with many acute, 

chronic, and late side effects that have a significant impact on patients’ lives. The main 

functions of cytotoxic drugs are to either directly damage cancer cell DNA or to block synthesis 

of the DNA. While effects on cancer cell DNA are effective at destroying malignant cells, 

chemotherapy drugs are unable to distinguish between cancer cells and normal cells, resulting 

in detrimental effects on normal cell function (Tobias & Hochhauser, 2015).  

Acute side effects are seen during treatment and are generally reversible. Chemotherapy 

affects the rapidly dividing cells of the body, such as hair and nail cells, and the immune 

system, leading to hair and nail loss and immunosuppression (Brighton & Wood, 2005; 

Ehrman, Gordon, Visich, & Keteyian, 2013; Kantarjian et al., 2011; Neal & Hoskin, 2009; 

Tobias & Hochhauser, 2015). Most of these side effects are short term and generally disappear 

once treatment is over, with cell reproduction going back to normal, and hair and nails 
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regrowing (Kantarjian et al., 2011; Tobias & Hochhauser, 2015). Vomiting, fatigue, and nausea 

are also common acute side effects due to the toxicity of chemotherapy drugs, while 

chemotherapy induced anaemia is one that is less common (Beard & Tobin, 2000; Dolan et al., 

2010; Kantarjian et al., 2011; Volkova & Russell, 2011). 

 Chronic effects of chemotherapy include neuropathy and decreased bone mineral 

density, while late effects include pulmonary fibrosis, congestive heart failure (CHF) and 

treatment related pneumonitis (Aleman et al., 2014; Guo, Zhang, Reynolds, & Foraker, 2020; 

Lotrionte et al., 2013; Pin, Couch, & Bonetto, 2018; Tao et al., 2015; Visovsky, 2006; Youssef 

& Links, 2005; Yu & Jones, 2016). Chronic effects of systemic treatment can be seen soon 

after treatment completion and are potentially permanent (Tao et al., 2015; Tobias & 

Hochhauser, 2015). Chemotherapy induced peripheral neuropathy (CIPN) is caused by 

neurotoxicity of chemotherapy agents such as taxanes (paclitaxel and docetaxel) and platinum 

drugs (carboplatin and cisplatin) (Bao et al., 2016; Eckhoff, Knoop, Jensen, & Ewertz, 2015; 

Tobias & Hochhauser, 2015). Chemotherapy induced peripheral neuropathy is damage to the 

nerves, particularly of the hands and feet. Development of CIPN can occur within weeks or 

months after the onset of chemotherapy treatment and can last for months or years after 

treatment completion (Cavaletti & Marmiroli, 2010; Eckhoff et al., 2015). Chemotherapy 

induced peripheral neuropathy can contribute to a reduction in balance and functional 

capabilities in breast cancer survivors, increasing falls risk (Bao et al., 2016; Gewandter et al., 

2013; Kneis et al., 2016; Marshall, Zipp, Battaglia, Moss, & Bryan, 2017). Although drugs act 

on cancer cells, non-dividing neurons and supporting cells in the peripheral nervous system 

can also be affected (Bao et al., 2016; Cavaletti & Marmiroli, 2010; Windebank & Grisold, 

2008). If CIPN appears during treatment, it can be a potential dose-limiting factor for 

chemotherapy (Cavaletti & Marmiroli, 2010). Osteoporosis is another chronic risk of breast 

cancer chemotherapy treatment. Drugs used in chemotherapy, in particular doxorubicin, 
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cyclophosphamide and 5-fluorouracil, can lead to early menopause in women, leading to a 

decrease in estrogen production, negatively impacting bone density (Axelsen, Jensen, 

Jakobsen, & Bechmann, 2018; Kalder & Hadji, 2014; Pfeilschifter & Diel, 2000; Wissing, 

2015). 

 Late side effects potentially impacting cardiorespiratory and vascular systems can 

develop as late as 10-20 years after chemotherapy completion (Aleman et al., 2014; Hooning 

et al., 2007; Pinder, Duan, Goodwin, Hortobagyi, & Giordano, 2007; Youssef & Links, 2005). 

Late effects of chemotherapy are effects that may not be present during or immediately after 

treatment completion but develop and appear in later years (Aleman et al., 2014; Patnaik et al., 

2011; Youssef & Links, 2005). Treatment related pneumonitis is rare and seen most commonly 

in chemotherapy treatment involving docetaxel, paclitaxel, cyclophosphamide and 

gemcitabine (Kim, Tannock, Sridhar, Seki, & Bordeleau, 2012). Treatment related 

pneumonitis can occur from both chemotherapy and radiation therapy. In the chemotherapy 

setting, drugs can inflame the alveoli, restricting the ability to pass air through the lungs and 

into the blood (Kim et al., 2012). Pulmonary fibrosis is a disease where lung tissue becomes 

scarred and stiff and can result from chemotherapy treatments involving methotrexate and 

cyclophosphamide (Chap et al., 1997). Stiffening of the lung wall decreases lung compliance, 

reducing the lungs ability to expand and contract (Bentzen, Skoczylas, Overgaard, & 

Overgaard, 1996). The cardiotoxic effects of systemic treatment can lead to myocardial cell 

death, particularly after anthracycline-based chemotherapy, resulting in CHD or CHF, where 

the heart is unable to meet the body’s requirements (Aleman et al., 2014; Lotrionte et al., 2013; 

Volkova & Russell, 2011; Youssef & Links, 2005). One of the most common causes of heart 

failure in breast cancer survivors is a decreased left ventricular ejection fraction (LVEF), which 

can be seen after anthracycline chemotherapy, in particular doxorubicin or Trastuzumab 

(Khouri et al., 2012; Volkova & Russell, 2011; Yoon et al., 2010; Youssef & Links, 2005). 
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Radiation 

 Radiation therapy utilises high dose radiation to kill or reduce the size of malignant 

cells. Ionizing radiation is targeted at the centre of the tumour area and disrupts the cell cycle, 

inducing apoptosis (Halperin et al., 2008). When treating breast malignancy, it is most 

commonly administered through external beam radiation into the breast (LaRiviere et al., 

2020). Treatment is usually administered daily five days a week, for a period of three to five 

weeks. As a localised treatment targeting a specific area of the body, radiation, like 

chemotherapy, can be undertaken in the neoadjuvant or adjuvant setting (Khan, 2007). 

Neoadjuvant radiation treatment aims at reducing the size of the tumour, increasing the chance 

of breast conservation surgery (lumpectomy) instead of a mastectomy (Cox & Ang, 2010; 

Joiner & Kogel, 2009; Khan, 2007). Adjuvant radiation aims to kill any malignant cells 

remaining after the tumour has been surgically removed (Joiner & Kogel, 2009; Khan, 2007; 

Valente & Shah, 2020).  

 Although radiation treatment targets the tumour, there can be collateral damage to 

healthy cells surrounding the radiated side. Acute side-effects of radiation treatment include 

fatigue, nausea, diarrhoea, erythema, breast oedema, desquamation and pericarditis (Halperin 

et al., 2008; Khan, 2007; Kuhnt, Reichter, Enke, & Dunst, 1998; Kurtz, 2002; LaRiviere et al., 

2020; Lopez et al., 2005). Appearing during or immediately after radiotherapy treatment, these 

side effects generally resolve rapidly after cessation of treatment (Kurtz, 2002; Lopez et al., 

2005). Acute pericarditis occurs through inflammation of the pericardium through radiation, 

causing chest pain and fevers (Armanious et al., 2018; Madan et al., 2015). Physiologically, 

acute side effects of radiation treatment can stem from changes in the cell environment, with 

inflammatory cytokines stimulated by radiation influencing normal cell function, signalling 

apoptosis and inflammatory processes, leading to detrimental effects on normal cell function 

(Barnett et al., 2009). 
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 Chronically, radiation can lead to side effects such as radiation induced lung injury 

(RILI) and lymphedema (Garibaldi et al., 2017; Harbeck et al., 2011; Senkus-Konefka & 

Jassem, 2007; Yeh et al., 2004; Yu & Jones, 2016). Radiation treatment may also affect the 

heart, especially for cancer located in the left breast (Chen & Kuo, 2017; Darby et al., 2013; 

Gigliardi, Lax, & Rutqvist, 2001; Hanania, Mainwaring, Ghebre, Hanania, & Ludwig, 2019; 

Shapiro & Rech, 2001; Wei et al., 2019; Wennstig et al., 2020; Yeh et al., 2004; Yu & Jones, 

2016). 

Radiation induced lung injuries include radiation pneumonitis and pulmonary fibrosis, 

both of which lead to reduced lung compliance and function (Wei et al., 2019). Radiation 

pneumonitis is an inflammation of the lungs and chronic pneumonitis can lead to permanent 

scarring of the lungs, termed pulmonary fibrosis (Hanania et al., 2019; Kuhnt et al., 1998). 

Radiation pneumonitis generally develops one- to six-months after treatment, while pulmonary 

fibrosis can be present between six- to twenty-four months post treatment (Hanania et al., 

2019). Inflammation of the lungs is caused by reactive oxygen and nitrogen species that 

upregulate several enzymes that cause RILI (Wei et al., 2019). Damage to the lungs can lead 

to activation of intrinsic repair mechanisms, ultimately scarring lung tissue through fibroblast 

proliferation, decreasing compliance and function (Hanania et al., 2019; Wei et al., 2019). 

Lymphedema is another chronic side-effect of radiation treatment, with regional lymph 

node radiation increasing the risk of lymphedema among breast cancer survivors (Rupp et al., 

2019; Warren et al., 2014). Lymphedema results in swelling of the upper limb caused by a lack 

of fluid drainage by the lymphatic system, and most commonly appears within two years of 

treatment (Rupp et al., 2019; Warren et al., 2014).  

A late effect of breast cancer radiation therapy is radiation induced heart disease 

(RIHD) and includes coronary heart disease (CHD) and heart failure (Darby et al., 2013; 

Wennstig et al., 2020). Due to the long latency period, RIHD is not extensively studied. 
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Radiation induced fibrosis can occur through the stimulation of inflammatory mediators such 

as IL-4 and IL-13, and can lead to heart failure, through fibrosis in the myocardium, and 

arrythmias, through fibrosis in the conductive tissue of the heart (Madan et al., 2015). Due to 

the high survival rate of breast cancer and treatments associated negative side effects, CHD is 

the leading cause of death among breast cancer survivors (Guo et al., 2020). Coronary heart 

disease involves damage to the major blood vessels that supply the heart and can appear as late 

as ten or more years after radiation treatment (Guo et al., 2020; Harris et al., 2006; Park et al., 

2017; Patnaik et al., 2011). Ionizing radiation can affect coronary arteries and lead to fibrosis 

and collagen formation in arteries, restricting diastolic blood flow, which in turn can lead to 

ischemia (Darby et al., 2013; Gigliardi et al., 2001; Yusuf, Venkatesulu, Mahadevan, & 

Krishnan, 2017). In summary, radiation is minimally invasive and is effective as part of a 

multifaceted treatment regimen at improving survival rate from breast cancer as well as 

decreasing recurrence rate (Joiner & Kogel, 2009; Khan, 2007). 

Surgery 

 Surgery is the most frequently used treatment for breast cancer. It is undertaken to 

remove the tumour, permit staging and grading of the malignancy and provide reconstruction 

(Kantarjian et al., 2011; Poston, Beauchamp, & Ruers, 2007; Sabel et al., 2007). Two main 

types of surgical intervention exist for breast cancer patients: breast-conservation or total 

excision surgery. Small and early detected tumours allow for breast conserving surgery, an 

operation involving removing only the tumour (a lumpectomy or wide local excision), 

generally followed by chemotherapy and/or radiation (Kantarjian et al., 2011; Poston et al., 

2007; Sabel et al., 2007). If the individual presents with a large tumour, the presence of multiple 

tumours, or contraindications to breast conservation therapy, a mastectomy may be performed 

(removal of the entire breast) (Kantarjian et al., 2011; Poston et al., 2007; Sabel et al., 2007). 

Contraindications for breast conservation therapy include pregnancy, previous radiation of the 
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breast, and small breast size (Poston et al., 2007). In patients where breast conservation therapy 

is not practical, neoadjuvant treatment of chemotherapy and/or radiation, may reduce tumour 

size, consequently making breast conservation therapy an option (Sabel et al., 2007). 

Surgery is not without side effects, both acute and chronic. Acute complications can 

include pain and bruising around the operated site, risk of infection and cardiorespiratory 

complications of anaesthetic. Acute pain after surgical treatment can result from injury to 

muscle and ligaments around the operated site and is generally transient (Agrawal, 2014; 

Hovind, Bredal, & Dihle, 2013). Upper limb movement and function may be affected after 

breast cancer surgery, whether breast conservation or wide local incision. Anaesthetics’ 

sedative components can impair respiratory function, decreasing oxygenation of blood. 

Chronic symptoms include a loss of nerve sensation to the area, weight imbalance, cosmetic 

issues, restrictions to range of movement of the shoulder area, and lymphedema (Kantarjian et 

al., 2011; Poston et al., 2007; Sabel et al., 2007; Swenson, 2002). Breast surgery can damage 

nerves in the chest, causing numbness in the chest, armpit or the upper arm, which can last 

from a few weeks to becoming a permanent condition. (Swenson, 2002). Weight imbalance is 

most common after a mastectomy and can cause discomfort or pain (Poston et al., 2007).  

Another potential complication following surgical intervention is lymphedema. The 

lymphatic system maintains fluid balance in the body and when disrupted can lead to a build-

up of fluid in tissues, also known as lymphedema (Hayes, Janda, Cornish, Battistutta, & 

Newman, 2008; Lin et al., 1993; Ozaslan & Kuru, 2004). Two main lymph node dissections 

can be performed, sentinel lymph node dissection or axillary lymph node dissection (ALND). 

Both are associated with chronic side effects of pain, nerve damage and lymphedema (Lin et 

al., 1993; Rupp et al., 2019; Steegers, Wolters, Evers, Strobbe, & Wilder-Smith, 2008). 

Sentinel lymph node dissection is the removal of the sentinel lymph node, the primary node 

draining a breast tumour. Axillary lymph node dissection is the removal of multiple lymph 
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nodes from the axilla area (Swenson, 2002). Sentinel lymph node dissection is associated with 

fewer side effects than ALND post-surgery (Swenson, 2002). Lymphedema can appear within 

days of surgery, or up to 30 years after treatment completion. Symptoms include swelling and 

heaviness in the affected limb, skin tightness and decreased flexibility of joints (Agrawal, 2014; 

Hayes et al., 2008; Ozaslan & Kuru, 2004; Rupp et al., 2019; Steegers et al., 2008). Axillary 

radiotherapy and BMI >25kg/m2 increase the risk for lymphedema (Ozaslan & Kuru, 2004). 

Compression garments help to generate pressure and increase fluid movement in the affected 

limb, providing relief for lymphedema (Cheville et al., 2003). 

In the event of a mastectomy, patients may undergo breast reconstruction, with the aim 

to return to normal cosmetic appearance, either concurrently to tumour removal, or at a later 

date (Kallaway, Humphreys, Laurence, & Sutton, 2016; Sabel et al., 2007). Some consider 

immediate reconstruction can help improve quality of life among breast cancer survivors (Kim 

et al., 2015). Breast reconstruction is undertaken using implants, or with a flap (using tissue 

from other parts of the body). Breast implant insertion is a relatively straightforward procedure. 

In addition to the general surgical side effects mentioned the main concerns are implant issues 

such as rupture and the limited lifespan of the procedure (10-20 years) (Handel, Cordray, 

Gutierrez, & Jensen, 2006). Flap reconstructions involve two options for donor sites, the 

patients’ upper back, specifically the latissimus dorsi muscle, or the abdomen, known as a 

transverse rectus abdominis myocutaneous (TRAM) flap. The latissimus dorsi muscle, is a 

large muscle that is used for reconstruction without significant loss of function (Kallaway et 

al., 2016). Most latissimus dorsi reconstructions also require an implant under the dorsi flap to 

achieve the desired breast size (Kallaway et al., 2016). A TRAM flap can provide a better 

cosmetic result but can result in abdominal wall weakness and decreased functionality (Dulin, 

Avila, Verheyden, & Grossman, 2004; Styblo et al., 1996). Risks of these surgeries include 

necrosis, sepsis and partial loss of strength (Kallaway et al., 2016). 
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Surgical treatment, either lumpectomy or mastectomy, as well as reconstructive 

treatment can improve both survival rate and quality of life in breast cancer survivors 

(Anderson et al., 2012; Kallaway et al., 2016; Kim et al., 2015; Poston et al., 2007). 

Endocrine Treatment 

Targeted endocrine therapies work by blocking the growth and spread of tumours 

through the inhibition of the specific molecules required for tumour growth (Kantarjian et al., 

2011; Neal & Hoskin, 2009; Pecorino, 2012). Targeted therapies used to treat breast cancer 

include Trastuzumab, Pertuzumab, Tamoxifen and AIs. 

 Trastuzumab and Pertuzumab are humanized monoclonal antibodies used to treat HER-

2 positive breast cancer, and can be used individually, in combination with each other, or in 

combination with other treatments (Giordano et al., 2014; Kantarjian et al., 2011; Masoud & 

Pagès, 2017; Nahta & Esteva, 2006; Piccart-Gebhart et al., 2005). These two treatments are 

delivered intravenously. The HER-2 gene is overexpressed in 20-25% of invasive breast 

cancers and is associated with a reduced survival rate. This overexpression stimulates cell 

proliferation through an increase in growth-promoting signals, giving HER-2 positive cancers 

aggressive characteristics (Piccart-Gebhart et al., 2005). The role of Trastuzumab and 

Pertuzumab are to block these growth-promoting signals, each working on different parts of 

the HER-2 receptor. Both are effective at improving disease free survival in patients with HER-

2 positive breast cancer (Giordano et al., 2014; Masoud & Pagès, 2017; Nahta & Esteva, 2006; 

Piccart-Gebhart et al., 2005). Acute side effects are similar to those of chemotherapy, including 

nausea and fatigue (Kantarjian et al., 2011; Stebbing, Copson, & O'Reilly, 2000). These side 

effects, like those experienced in chemotherapy, generally disappear once treatment is over. 

They occur through negative effects of targeted therapies on normal cell function (Gemmete 

& Mukherji, 2011; Giordano et al., 2014; Teicher, 2006). Pertuzumab is the less common of 

the two, given to metastatic breast cancer patients (Giordano et al., 2014). 
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The long-term impact of these treatments can lead to cardiac dysfunction, including 

decreased LVEF and CHF (Masoud & Pagès, 2017; Monsuez, Charniot, Vignat, & Artigou, 

2010; Yoon et al., 2010). Decreased LVEF can occur after Trastuzumab treatment, but this 

returns to normal post-treatment in the majority of patients who experience it (Advani, 

Ballman, Dockter, Colon-Otero, & Perez, 2016; Gemmete & Mukherji, 2011; Masoud & 

Pagès, 2017; Yoon et al., 2010; Youssef & Links, 2005). 

Hormonal therapies are used to block either the production or binding of estrogen. They 

are used in estrogen receptor-positive (ER-positive) breast cancers. Tamoxifen and AIs 

(Anastrozole, Letrozole and Exemestane) are the most commonly used hormonal therapy 

treatments for breast cancer patients (Garreau, Delamelena, Walts, Karamlou, & Johnson, 

2006). Tamoxifen blocks the estrogen receptor and is used in both pre- and post-menopausal 

women (Buckley & Goa, 1989; Kantarjian et al., 2011; Pecorino, 2012; Rafi, 2006; Teicher, 

2006). Administered orally, Tamoxifen is typically taken for five to ten years. Side effects are 

related to the anti-estrogenic activity of the drug and include nausea, vomiting, hot flushes, 

vaginal bleeding or discharge, and menstrual disturbances in pre-menopausal patients (Buckley 

& Goa, 1989; Garreau et al., 2006; Pinedo & Smorenburg, 2006). 

 Aromatase inhibitors are also used in the treatment of ER-positive breast cancers. 

Aromatase inhibitors block estrogen production by inhibiting the function of the enzyme 

aromatase, a key regulator in the synthesis of estrogen (Garreau et al., 2006; Krasenska, 2016). 

In estrogen receptor-positive breast cancers, estrogen binds to tumour receptors and 

upregulates cell growth and replication (Kantarjian et al., 2011; Neal & Hoskin, 2009; 

Pecorino, 2012). While the ovaries are the main source of estrogen, it can also be produced in 

other tissues such as adipose tissue (Pecorino, 2012). Aromatase inhibitors are mainly used in 

post-menopausal women where ovarian production of estrogen has ceased. Anastrozole, 

Letrozole and Exemestane differ in their structure and level of estrogen suppression. 
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Exemestane is a steroid, while Anastrozole and Letrozole are non-steroidal drugs (Pecorino, 

2012). Acute side-effects are similar to those seen in menopause, such as hot flushes and 

vaginal dryness, as well as tiredness, mood swings and muscle and joint pain or stiffness 

(Garreau et al., 2006; Krasenska, 2016; Neal & Hoskin, 2009; Pecorino, 2012). Estrogen is a 

key hormone in bone growth and resorption, with chronic reduction in estrogen production 

leading to osteoporosis (Condorelli & Vaz-Luis, 2018; Krasenska, 2016; Mincey et al., 2006). 

Prevalence of bone loss and bone fracture is higher among breast cancer patients receiving AIs 

when compared with controls not receiving AI therapy (Mincey et al., 2006). 

 Every breast cancer differs to some degree, with factors such as age, type and stage of 

tumour, lymph node involvement, menopausal status, receptor status and other comorbidities 

all influencing the treatment regimen. Responses to treatment vary considerably in individuals. 

Acutely, hair-loss, fatigue and nausea are the most common among different treatments, while 

the most common long-term effects include adverse effects on the cardiovascular and 

cardiorespiratory systems. With improving treatment methods leading to increasing survival 

rates of breast cancer survivors, late effects of cancer treatment are a growing concern (Madan 

et al., 2015). 

Cardiorespiratory fitness 

The cardiac and respiratory systems are both affected by cancer treatments, with 

chemotherapy, radiation, surgery, and endocrine therapies all contributing to impairments of 

these physiological systems. The physiological impairments stem from the side-effects of 

treatments such as chemotherapy induced anaemia, pulmonary fibrosis, decreased LVEF, 

treatment-related pneumonitis and anaesthesia effects from surgery (Beard & Tobin, 2000; 

Chen, Wu, & Ning, 2019; Harbeck et al., 2011; Kantarjian et al., 2011; Poston et al., 2007; 

Schneider, Hsieh, Sprod, Carter, & Hayward, 2007). Cardiorespiratory fitness (CRF) is an 

individual’s physiological capacity to oxygenate and transport blood, then offload oxygen to 
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working muscle (Lumb, 2010; McKenzie, 2012; Mines, 1993; West, 2012). There exists an 

inverse relationship between CRF and both the all-cause mortality risk and CVD (Lee et al., 

2010). An important indicator of health, increased CRF is shown to have a beneficial effect in 

decreasing risk of CVD, all-cause mortality and recurrence risk experienced by patients 

receiving cancer treatments (Adams et al., 2017; Gibala et al., 2012; Lee et al., 2010; 

McKenzie, 2012; Nystoriak & Bhatnagar, 2018; Stocci et al., 2007). 

Cardiorespiratory physiology 

 The function of the cardiorespiratory system is reflected in the integration of the 

respiratory system and the cardiac system. Both at rest and in exercise settings, the body must 

receive and delivery oxygen to working muscles, in addition to removing waste products such 

as carbon dioxide. Combined, the heart and lungs oxygenate blood, deliver it, then exchange 

oxygen and carbon dioxide at the tissue level. Cardiorespiratory function can be assessed 

through CRF tests, including maximal and sub-maximal prediction testing methods (ACSM, 

Swain, Brawner, & Medicine, 2014). Specific testing protocols exist for both elite and clinical 

populations and can be adapted to fit the population or testing environment (De Backer et al., 

2007; Dieli-Conwright, Courneya, et al., 2018; Dolan et al., 2018; Kampshoff et al., 2015; 

Paulo et al., 2018). 

 Gas transportation 

Three main factors determine the ability of the body to deliver oxygen to working 

muscle: the loading of oxygen into the blood, the delivery of oxygenated blood to working 

muscle, and the subsequent offloading of oxygen from blood to muscle (Lumb, 2010; Mines, 

1993; West, 2012). The greater capacity for oxygen delivery, the greater an individual’s 

exercise capacity (Murias, Kowalchuk, & Paterson, 2010; Nystoriak & Bhatnagar, 2018). 

Gas exchange occurs at two main sites: the alveolar-capillary barrier, where oxygen is 

loaded into the blood and carbon dioxide is offloaded, and in capillaries, where oxygen diffuses 
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into muscle and carbon dioxide is loaded into the blood for exhalation (Lumb, 2010; Mines, 

1993; West, 2012). Oxygen and carbon dioxide movement is dependent on concentration 

gradients and diffusion coefficients. 

Transport of oxygen in the bloodstream occurs primarily via haemoglobin, where 

oxygen binds to and is carried in the bloodstream around the body. Due to its oxygen carrying 

ability, haemoglobin is an important factor for health and exercise capacity, with a reduction 

in haemoglobin levels (i.e., anaemia) leading to a decrease in oxygen-carrying capacity (Beard 

& Tobin, 2000; Dolan et al., 2010; Mines, 1993). 

Oxygen diffuses into muscles through capillaries, therefore increased capillarisation 

leads to greater oxygen transportation capacity through increased sites for oxygen offloading 

into the muscle (Lumb, 2010; West, 2012). Once in the muscle, oxygen can either bind to 

myoglobin, an oxygen binding protein found in skeletal muscle, or it can enter the mitochondria 

to be used in oxidative metabolism (Lumb, 2010; West, 2012). As with increased muscle 

capillarisation, an increase in mitochondrial density improves oxidative metabolism capacity 

through increased sites for oxidative metabolism to occur (Murias et al., 2010). 

Effects of exercise on cardiorespiratory fitness 

 Oxygen consumption 

 Maximal oxygen consumption (V̇O2max) is the maximal volume of oxygen the body can 

consume and is an indicator of CRF (McArdle, Katch, & Katch, 2015). Three key components 

influence an individual’s exercise capacity; the ability to inhale oxygen and transport 

oxygenated blood to working muscle, the ability of working muscle to extract and use the 

delivered oxygen, and the ability of the body to clear metabolites such as carbon dioxide and 

hydrogen ions (H+) (Lumb, 2010; McArdle et al., 2015; Mines, 1993; Murias et al., 2010). 

V̇O2max is influenced by cardiac output, stroke volume, and arteriovenous oxygen difference 
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(a-vO2diff) (V̇O2 = (heart rate x stroke volume) x a-vO2diff), with changes in these values 

affecting an individual’s fitness capacity (Mines, 1993; Murias et al., 2010).  

Cardiac output 

 Cardiac output is the product of stroke volume and heart rate and is an important aspect 

of fitness that increases with increased exercise intensity (McArdle et al., 2015). Stroke 

volume, the volume of blood ejected from the left ventricle per heartbeat, can be increased via 

increased myocardial contractility, or increased diastolic filling time (Schaible & Scheuer, 

1985). The ability to increase heart rate is another indicator of exercise capacity. While 

maximum heart rate (HRmax) decreases with age, regular exercise participation will decrease 

resting heart rate, allowing for a wider heart rate range and therefore greater exercise capacity 

(Hsieh et al., 2008; Schneider et al., 2007). 

Arteriovenous oxygen difference 

 Arteriovenous oxygen difference is the difference in oxygen saturation between arterial 

blood and venous blood and is an indicator of the ability of the body to uptake oxygen (Lumb, 

2010; Mines, 1993; Murias et al., 2010; West, 2012). Chronic exercise adaptations include 

increased skeletal muscle oxygen extraction efficiency from the blood, which in turn increases 

a-vO2diff (Jones et al., 2007; Lumb, 2010; Mines, 1993; West, 2012). Increased ability for 

oxygen extraction in muscles occurs via increased muscle capillarisation which increases the 

surface area for diffusion of oxygen into working muscle (Lumb, 2010; Murias et al., 2010; 

West, 2012). 

 Respiration 

 The two major functions of the pulmonary system are inhalation to provide oxygen and 

exhalation to remove carbon dioxide (Lumb, 2010; Mines, 1993; West, 2012). At rest, 

inhalation is caused by contraction of the diaphragm which expands the chest and increases 

lung volume (Mines, 1993; West, 2012). Increased volume decreases intrapleural pressure to 
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lower than ambient air pressure, leading to airflow into the lungs (Lumb, 2010; Mines, 1993; 

West, 2012). 

Respiration increases during exercise, with breathing rate and depth increasing 

allowing for greater inspiration of oxygen and exhalation of carbon dioxide (Lumb, 2010; 

Mines, 1993). During exercise, the diaphragm is assisted by the scaleni, intercoastal muscles 

and abdominals, further increasing lung volume and air flow (McKenzie, 2012; West, 2012). 

In exercise, three states of oxygen consumption exist; oxygen deficit, steady-state, and oxygen 

debt (or, EPOC: excess post-exercise oxygen consumption) (Lumb, 2010; McKenzie, 2012). 

Oxygen deficit occurs in the initial few minutes of aerobic exercise commencing and reflects 

a momentary mismatch between the bodies supply and demand of oxygen. Steady-state 

exercise is where oxygen demands for energy production are met by inspiration and breathing 

becomes relatively constant. Oxygen debt occurs after the cessation of exercise. The body does 

not immediately cease requiring oxygen once activity stops, and oxygen consumption 

continues to occur post-exercise while the body is recovering (Lumb, 2010; McKenzie, 2012; 

West, 2012). 

 Chronic exercise leads to both structural and functional improvements in respiration. 

Functional improvements are increases in tidal volume and minute ventilation, which increase 

airflow into and out of the lungs, enhancing gas exchange (Lumb, 2010; Mines, 1993; West, 

2012). Additionally, increases in strength and endurance of respiratory muscles (intercostals, 

diaphragm, scaleni) allow for improved respiration for longer periods (Lumb, 2010; McKenzie, 

2012; Mines, 1993; West, 2012). Structural changes that aid in improved respiration include 

better lung pliability and increases in the number of alveoli in the lungs and capillaries in 

muscles. Improved lung pliability is seen by an increase in the lungs ability to expand, allowing 

a greater volume of air movement. Increases in alveoli and capillaries maximises the sites for 

gas exchange with the blood to occur (Lumb, 2010; Mines, 1993). 
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Cardiorespiratory fitness (V̇O2peak) is a key indicator of health and has a strong inverse 

relationship with chronic disease risk and all-cause mortality (Barlow et al., 2012; Duscha et 

al., 2005). Exercise has a positive effect on CRF, with both aerobic and resistance activities 

able to increase CRF (Berger, Gerber, & Mayer, 2012; Milne, Wallman, Gordon, & Courneya, 

2008; Paulo et al., 2018). 

Cancer treatment effects on cardiorespiratory fitness 

 Cytotoxic effects of cancer treatment on the cardiorespiratory system can lead to a 

decrease in CRF among cancer survivors. A decrease in CRF impacts an individual’s ability to 

undertake activities of daily living (ADLs) (Jette et al., 1990; Wasserman et al., 2011). 

Activities of daily living are generally expressed as metabolic equivalents (METs). Metabolic 

equivalents are an objective measure used to express energy expenditure of daily activities and, 

like V̇O2, are expressed in mL/kg/min (Jette et al., 1990; Wasserman et al., 2011). One met is 

equal to 3.5 mL/kg/min of oxygen and is roughly equivalent to the energy expended sitting 

down (Wasserman et al., 2011). The negative impact these side effects have on exercise and 

physical activity, as well as individual’s confidence to be in an exercise setting, are well 

documented (Brighton & Wood, 2005; Ehrman et al., 2013; Kantarjian et al., 2011; Neal & 

Hoskin, 2009; Tobias & Hochhauser, 2015). 

 Chemotherapy 

 Side-effects of chemotherapy treatment directly affect an individual’s exercise 

capacity, with agents affecting heart and lung function (Dolan et al., 2010). Chemotherapy 

side-effects including chemotherapy-induced anaemia, decreased LVEF and pulmonary 

pneumonitis can lead to a reduction in CRF (Christensen et al., 2008; Fragkandrea et al., 2013; 

Kim et al., 2012; Van Belle & Cocquyt, 2003).  

Reduction in LVEF reduces the amount of blood ejected from the heart each beat 

through decreased force of contraction. Reduced ejection fraction decreases the amount of 
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blood circulating the body, limiting the supply of oxygen to working muscles (Mines, 1993; 

West, 2012). 

Chemotherapy induced anaemia reduces aerobic capacity through a reduction in the 

oxygen carrying capacity of the blood (Beard & Tobin, 2000; Dolan et al., 2010). Damage to 

bone marrow impairs red blood cell production. Reduction in red blood cell count reduces 

haemoglobin content, limiting oxygen carrying capacity of the body (Pirker et al., 2013). At 

rest, skeletal muscles receive 15-20% of total body blood flow, which increases to 80-85% 

during maximal exercise, and any impairment in the body’s oxygen carrying capabilities will 

affect exercise capacity (McArdle et al., 2015; Powers & Howley, 2011; Schneider et al., 

2007). 

 Pulmonary fibrosis decreases the compliance of the lungs, which can lead to a 

decreased respiratory capacity (Brighton & Wood, 2005; Harbeck et al., 2011; Lee, 2006). 

Lung tissue must be pliant to breathe, especially during exercise, and a reduction in pliability 

reduces the lungs ability to expand and inhale oxygen, consequently reducing delivery to 

muscle (Mines, 1993; West, 2012). Tests of pulmonary function in those with pulmonary 

fibrosis show reductions of forced vital capacity (FVC) and forced expiratory volume in one 

second (FEV1) and a reduction of gas transfer across the alveoli and into the bloodstream 

(Spyropoulou, Leotsinidis, Tsiamita, Spiropoulos, & Kardamakis, 2009). This reduction in gas 

transportation inhibits exercise capacity by reducing the ability of the heart and lungs to 

transport oxygen to working muscle (Abid, Malhotra, & Perry, 2001; Courneya et al., 2003; 

Lee, 2006; Mines, 1993; West, 2012). 

 While chemotherapy treatment can have detrimental effects on CRF, cancer survivors 

can attenuate reductions in their aerobic capacity through participation in regular exercise 

(Casla et al., 2015; Dolan et al., 2010; Schulz et al., 2018). For both patients in treatment and 
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those after treatment, exercise is shown to have a positive effect on CRF, stroke volume and 

cardiac output (Casla et al., 2015; Dolan et al., 2010; Jones et al., 2007; Schulz et al., 2018). 

 Radiotherapy 

 Potential cardiac complications of radiation that can influence exercise capacity include 

lung dysfunction (radiation pneumonitis and fibrosis), valvular dysfunction (decreased LVEF) 

and pericardial disease (Hanania et al., 2019; Harbeck et al., 2011; Yu & Jones, 2016). Each 

of these complications can individually or collectively negatively impact cardiorespiratory 

capacity (Harbeck et al., 2011; Yu & Jones, 2016). Radiation effects on the cardiovascular and 

cardiorespiratory systems impair the body’s ability to inhale and transport oxygen to working 

muscle, limiting exercise capacity. Radiation induced heart and lung damage has decreased in 

recent years due to improved techniques and technology for radiation administration, with 

improvements in engineering and computing leading to greater precision, decreasing non-

malignant cell exposure (Chen & Kuo, 2017; Garibaldi et al., 2017). 

Surgery 

Breast cancer surgery can have both direct and indirect effects on CRF. There are rare 

but potentially significant complications that can be seen acutely after surgery, including blood 

loss and reduction in haemoglobin levels. Infection is another possible complication with 

surgery that can prolong recovery time and return to normal activity. The most significant side-

effect of surgical treatment is the associated pain and the impact that has on an individual’s 

ADLs (Hovind et al., 2013). General anaesthesia from surgical treatment is also known to 

impair the cardiorespiratory system, however, these effects are more likely to be short term if 

no underlying heart or lung disease is present (Poston et al., 2007; Sabel et al., 2007). In the 

long term, anaesthesia can reduce the body’s ability to regulate cardiac variables such as 

heartbeat, blood pressure, and cardiac pre- and after-load (Poston et al., 2007). The sedative 
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components of anaesthesia can also reduce respiratory function, with a decrease in oxygenation 

of blood. 

 Lymphedema is associated with surgery as well as radiation therapy and can impair 

exercise participation, indirectly affecting CRF (Smoot, Johnson, Duda, Krasnoff, & Dodd, 

2012). It can cause pain, inhibited range of motion and an associated recommended avoidance 

of exercise that can all affect fitness levels. 

Following surgical intervention, injury to muscle and ligaments around the operated 

site can cause pain and discomfort, as well as limit shoulder range of motion, which potentially 

inhibiting exercise participation (Agrawal, 2014; Hovind et al., 2013; Lin et al., 1993; Smoot 

et al., 2012; Steegers et al., 2008; Swenson, 2002). After breast surgery, it is recommended 

individuals avoid intense exercise for anywhere between four and twelve-weeks post-surgery, 

depending on the type of surgical intervention. Such a period of time without exercise can lead 

to a reduction in cardiorespiratory capacity, especially in patients who were physically active 

prior to surgery (Kantarjian et al., 2011; Kim, Kim, & Park, 2019). For previously active breast 

cancer survivors, returning to exercise can be difficult or frustrating, as exercise intensity needs 

to be reduced to account for the decreased exercise capacity (Anderson et al., 2012; Kim et al., 

2019). Studies have found that initiating exercise as soon as possible after surgery can have 

positive effects on exercise capacity in people who have undergone breast cancer surgery 

(Anderson et al., 2012; Kim et al., 2019). 

Body composition 

 Unfavourable body composition is associated with an increased risk of breast cancer, 

breast cancer recurrence and CVD such as heart failure, diabetes and coronary artery disease 

(Despres & Lemieux, 2006; Feigelson, Jonas, Teras, Thun, & Calle, 2004; George et al., 2014; 
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Irwin et al., 2005; Prineas, Folsom, & Kaye, 1993; Schapira et al., 1994; White, Nichols, 

Bradshaw, & Sandler, 2015). 

 Increased fat mass, specifically around the abdomen, is a significant risk factor for both 

risk of initial breast cancer, as well as recurrence among survivors. Sedjo et al. (2014) observed 

an average weight gain during treatment of 4.5% body weight among overweight and obese 

breast cancer survivors, with 44% of women experiencing weight gain of greater than 5% of 

initial body weight. A meta-analysis of weight gain during chemotherapy found an average 

weight gain of 2.7kg (Van den Berg et al., 2017). Physical activity can provide favourable 

changes to body composition (Battaglini et al., 2007; Casla et al., 2015; Dalleck et al., 2009; 

Heinrich et al., 2015; Irwin et al., 2009; Paulo et al., 2018; Sperlich et al., 2017). For all exercise 

modalities, a dose-response relationship exists between exercise and waist circumference 

(Dalleck et al., 2009). Aerobic, resistance and combined exercise interventions are shown to 

decrease central adiposity, BMI, waist circumference total body weight and total fat mass, 

while resistance training especially has been shown to increase lean tissue mass (Battaglini et 

al., 2007; Casla et al., 2015; Heinrich et al., 2015; Irwin et al., 2009; Paulo et al., 2018; Sperlich 

et al., 2017). Research shows the benefits of lean tissue mass in both cancer treatment and 

survivorship and highlights the importance of exercise regimes aimed at increasing or retaining 

muscle mass (Battaglini et al., 2007; Demark-Wahnefried et al., 2001; Freedman et al., 2004; 

Mazzuca et al., 2018; Visovsky, 2006). 

 Reductions in CRF are common among breast cancer survivors after treatment, with 

negative impacts on the heart and lungs impairing an individual’s ability to undertake both 

exercise and ADLs (Jette et al., 1990; Wasserman et al., 2011). Acute, chronic and late-effects 

of cancer treatment such as chemotherapy-induced anaemia, pulmonary fibrosis, decreased 

LVEF, treatment-related pneumonitis and anaesthesia effects from surgery can affect 
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physiological function (Beard & Tobin, 2000; Chen et al., 2019; Harbeck et al., 2011; 

Kantarjian et al., 2011; Poston et al., 2007; Schneider et al., 2007). 

Exercise training 

 Exercise has the ability to reduce the impact of negative side-effects associated with 

breast cancer treatment, as well as improve physical fitness and quality of life (Aleman et al., 

2014; Hooning et al., 2007; Pinder et al., 2007; Swenson, 2002; Youssef & Links, 2005). 

Cancer treatment related impairments can inhibit an individual’s ability to undertake both 

exercise and ADLs (Jette et al., 1990; Wasserman et al., 2011). Exercise can attenuate this 

reduction in physiological capacity, with chronic exercise leading to both beneficial 

adaptations and reductions in the harmful side-effects of cancer treatment (Bird & Hawley, 

2016; Brenner & Eisenberg, 1987; Cipryan, Tschakert, & Hofmann, 2017; Cress, Conley, 

Balding, Hansen-Smith, & Konczak, 1996; Kneis et al., 2016; Owens, Twist, Cobley, 

Howatson, & Close, 2019; Sardeli et al., 2017; Stocci et al., 2007; Visovsky, 2006). Methods 

of exercise can vary, with different exercise modalities providing different benefits. 

Metabolic equivalents 

 Exercise intensity can be referred to in METs, with light intensity exercise 

approximately three METs, moderate intensity between three and six, and vigorous intensity 

exercise anything greater than six METs (Ainsworth et al., 2011). With V̇O2 and METs 

expressed in the same way (mL/kg/min), the MET system can be used to interpret V̇O2max/peak 

tests and assess an individual’s functional capacity. Increases in V̇O2max of 3.5 mL/kg/min 

improve an individual’s exercise capacity by 1 MET, which provides clinical importance (Jette 

et al., 1990; Peel et al., 2009; Wasserman et al., 2011). An increase in 1 MET can reduce 

mortality in breast cancer survivors (Peel et al., 2009). Cardiorespiratory fitness improvements 

of 1-MET are associated with a 12% reduction in all-cause mortality in studies in middle-aged 
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men (Kokkinos et al., 2010; Myers et al., 2002). Therefore, exercise interventions that increase 

V̇O2 by at least 3.5 mL/kg/min are of clinical importance. 

Exercise prescription 

 Exercise can be undertaken in a multitude of different ways, from aerobic to resistance, 

high-intensity to moderate-intensity, or a combination. For aerobic exercise, intensity is often 

expressed as a percentage of either V̇O2max, V̇O2peak, HRmax or heart rate reserve (HRR). 

Resistance training is usually prescribed as a percentage of 1-repetition maximum (1-RM). 

Physical activity, either aerobic or resistance, has a wide range of effects on the body. From 

acute effects such as increases in heart rate and respiration, a decrease in arterial peripheral 

resistance and a redistribution in blood flow, to chronic effects including increased insulin 

sensitivity, mitochondrial biogenesis, capillarisation, muscle hypertrophy and neurological 

adaptations (Bird & Hawley, 2016; Brenner & Eisenberg, 1987; Cipryan et al., 2017; Cress et 

al., 1996; Kneis et al., 2016; Owens et al., 2019; Sardeli et al., 2017; Stocci et al., 2007; 

Visovsky, 2006). 

Aerobic exercise 

 Aerobic exercise is exercise that can be sustained by the bodies aerobic metabolism and 

is effective at offsetting many of the acute, chronic and late side effects of cancer treatment 

(Berger et al., 2012; Duscha et al., 2005; Hsieh et al., 2008; Milne et al., 2008; Paulo et al., 

2018; Raptopoulos & Constantinou, 2020; Schneider et al., 2007; Wasserman et al., 2011; 

West, 2012). Walking, jogging, running, cycling, and swimming are all examples of aerobic 

exercise. Increases in aerobic exercise capacity (termed ‘aerobic fitness’) are associated with 

increases in CRF, which in turn decreases the risk of cancer recurrence and all-cause mortality 

(Gibala et al., 2012; Irwin et al., 2008; Lee et al., 2010; Peel et al., 2009; Stocci et al., 2007).  

V̇O2 is a relative measure of both exercise intensity and capabilities, with V̇O2max/peak 

used to assess an individual’s fitness level, as well as exercise prescription able to be expressed 
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as a percentage of V̇O2max/peak (ACSM et al., 2014; Lumb, 2010). V̇O2 is expressed in either 

absolute terms (litres per minute of oxygen, L/min) or relative to body weight (millilitres per 

kg of body weight per minute (mL/kg/min)). Heart rate is also used to express exercise intensity 

and is used more commonly as HRmax can be easily predicted. Maximum heart rate can be 

assessed through either an exercise stress test or predicted through general formulae. The most 

common HRmax prediction formulae are (220 – age) and (208 – (0.7 x age)) (Roy & Mccrory, 

2015; Tanaka, Monahan, & Seals, 2001). While (208 – (0.7 x age)) is generally more accurate, 

(220 – age) is seen to be easier to use (Roy & Mccrory, 2015; Tanaka et al., 2001). Although 

V̇O2 is an effective way to prescribe exercise, it is less commonly used than heart rate as it 

requires equipment to assess 

Moderate-intensity continuous training and high-intensity interval training are the two 

main modalities of aerobic training. Moderate-intensity continuous training is typically 

undertaken at 50-75% of exercise capacity (V̇O2max, V̇O2peak, HRmax or HRR) and does not 

involve rest periods. High-intensity interval training consists of alternating bouts of intense 

exercise and recovery periods. Recover periods in HIIT training are either active (continuing 

to exercise at a lower intensity) or passive (cessation of exercise) (ACSM et al., 2014; Anderson 

et al., 2012; Toohey et al., 2016). Both moderate-intensity continuous and high-intensity 

interval exercise are safe and effective for breast cancer survivors to undertake (Anderson et 

al., 2012; Battaglini et al., 2007; De Luca et al., 2016; Dieli-Conwright, Courneya, et al., 2018; 

Dolan et al., 2016; Herrero et al., 2006; Kampshoff et al., 2015; Leach et al., 2019; Lee, Kang, 

et al., 2018; Martin et al., 2015; Mijwel et al., 2018; Paulo et al., 2018; Schulz et al., 2018; 

Thomas et al., 2017; Turner, Hayes, & Reul-Hirche, 2004). 

 Aerobic exercise physiology 

 Muscle contraction is fuelled by adenosine triphosphate (ATP); however, there is only 

enough ATP stored in the muscle to fuel exercise for 10-15 seconds, with this known as the 
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ATP-PCr energy system (Kenney, Wilmore, & Costill, 2012; Powers & Howley, 2011). For 

exercise to continue past an initial 10-15 second burst, muscles require energy from other 

sources. The body continuously needs to produce ATP to keep up with the demands of working 

muscle, with these systems being either the anaerobic glycolytic system or the aerobic system 

(Kenney et al., 2012). The anaerobic glycolytic system takes over after the depletion of the 

ATP-CP system and uses glucose from the blood or glycogen to rapidly form ATP without 

oxygen and lasts up until ~two minutes (Kenney et al., 2012; McArdle et al., 2015; Powers & 

Howley, 2011).  

The aerobic system takes over after the initial ~two minutes of exercise. The aerobic 

system can be broken down into three processes: aerobic glycolysis, the Krebs cycle and the 

electron transport chain. The three processes of the aerobic system all require a large amount 

of oxygen, hence the increase in respiration that occurs as exercise intensity increases (Mines, 

1993). Continuous aerobic exercise describes a condition when the fuel demands of exercising 

muscles is sustained by the body’s ability to produce ATP (Kenney et al., 2012; Lumb, 2010). 

 Acute and chronic effects of moderate-intensity training 

 Moderate intensity exercise usually consists of physical activity undertaken at 50-70% 

HRmax, generally ranging from 3-6 METs (ACSM et al., 2014). During moderate-intensity 

exercise, the main aim of the body is to transport oxygen to working muscle for oxidative 

respiration. Acutely, during a bout of moderate-intensity exercise, increases are seen in heart 

rate, stroke volume and respiration. These increases aid in the loading, transportation, and 

offloading of oxygen to working muscles. Other acute effects include vasodilation of 

capillaries, allowing for greater blood flow, increased blood pressure, and a redistribution of 

blood flow in the body toward working muscle and away from areas unneeded in exercise such 

as the kidneys, pancreas and stomach (West, 2012). 
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 Chronic training of any modality can lead to adaptations to aid in increasing fitness 

levels. Moderate-intensity exercise is effective at increasing V̇O2max, insulin sensitivity, 

mitochondrial biogenesis, and angiogenesis (Bird & Hawley, 2016; Cipryan et al., 2017; Stocci 

et al., 2007). Chronic increases in V̇O2max stem from increases in a-vO2diff and increased cardiac 

output, increasing the ability for oxygen transport and extraction around the body 

Angiogenesis, increased skeletal muscle capillary density, and mitochondrial biogenesis, 

reduce the diffusion distance between capillaries and the mitochondria, increasing the ability 

for oxygen extraction (Granata, Oliveira, Little, Renner, & Bishop, 2017; Hoier, Passos, 

Bangsbo, & Hellsten, 2013; Stocci et al., 2007). Increased capillaries in muscle fibres occur 

through exercise-induced secretion of vascular endothelial growth factor, the most critical 

growth factor for capillarisation (Hoier et al., 2013). Increased mitochondrial density is 

regulated by peroxisome proliferator-activated receptor gamma coactivator 1-alpha (PGC-1a), 

the key protein in mitochondrial biogenesis. Moderate intensity exercise stimulates the release 

of this protein and over time leads to an increase in mitochondrial content within skeletal 

muscle (Kenney et al., 2012; Powers & Howley, 2011). 

 Acute and chronic effects of high-intensity training 

 High-intensity training consists of bouts of intense exercise alternated with either active 

or passive recovery periods (ACSM et al., 2014; Anderson et al., 2012; Toohey et al., 2016). 

When compared to moderate-intensity training, for a similar volume of exercise, a bout of HIIT 

induces higher blood lactate concentration, heart rate, blood pressure, relative V̇O2 and rating 

of perceived exertion (RPE) (Cabral-Santos et al., 2017). High-intensity interval training uses 

multiple energy systems depending on the length of the exercising intervals. The ATP-CP and 

glycolytic system are needed to reach high-intensity, and oxidative metabolic pathways are 

required to maintain this intensity for as long as possible (Cipryan et al., 2017). Anaerobic 

metabolism contribution is higher in HIIT than moderate-intensity, shown by higher rises in 
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blood lactate peaks. Increased lactate, as well as increases in H+ and CO2, all occur within 

high-intensity bouts of exercise and trigger several processes in the body. Increased CO2 

stimulates chemoreceptors in the brain and lungs to increase breathing rate and depth, while 

increased CO2 and H+ concentrations in the muscles lead to greater offloading of oxygen from 

the blood, increasing the a-vO2diff (Lumb, 2010; Mines, 1993; West, 2012). Systolic blood 

pressure increases linearly with exercise intensity, corresponding with a greater stroke volume 

(Kenney et al., 2012; Powers & Howley, 2011). 

 Chronic adaptations of high-intensity interval training are similar to those seen in 

moderate-intensity training, with increases in skeletal muscle mitochondrial density, cardiac 

output, insulin sensitivity and V̇O2max (MacInnis & Gibala, 2017). Repeated HIIT training can 

aid in improving the body’s ability to clear lactic acid. Lactic acid is an indicator that the body 

has diminished oxygen for aerobic metabolism, with pyruvate, usually broken down through 

the citric acid cycle, being converted into lactic acid when oxygen is low (Kenney et al., 2012; 

Mines, 1993; Powers & Howley, 2011). Increasing lactic acid clearance helps to extend high-

intensity exercise duration. Exercise-induced increases in insulin sensitivity have a dose-

response relationship between exercise volume and intensity. High-intensity training 

stimulates the AMPK pathway, which plays a significant role in upregulating PGC-1a. When 

matched for work and compared to moderate-intensity training, HIIT is a time-efficient and 

potentially superior option to promote increases in PGC-1α (MacInnis & Gibala, 2017). While 

HIIT has some effect on angiogenesis, it is not as pronounced as that seen with chronic 

moderate-intensity training (Hoier et al., 2013). Increases in skeletal muscle oxidative capacity 

can reduce anaerobic energy system use at submaximal intensities (McArdle et al., 2015; 

Powers & Howley, 2011).  
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Resistance exercise 

 Resistance training involves working muscles against a weight or force and can involve 

the use of resistance bands, free weights, machines, or bodyweight. Resistance exercise 

programs provide significant (p<0.05) increases in muscular strength and endurance and are 

effective in both already active and previously inactive cancer survivors (Battaglini et al., 2007; 

De Luca et al., 2016; Dieli-Conwright, Courneya, et al., 2018; Herrero et al., 2006; Leach et 

al., 2019; Lee, Kim, & Jeon, 2018; Paulo et al., 2018; Schulz et al., 2018; Sprod, Hsieh, 

Hayward, & Schneider, 2010). ACSM guidelines for resistance training interventions aimed at 

increasing muscular strength are 2-3 sets of 8-12 repetitions at 60-70% one-repetition 

maximum (1RM) (ACSM et al., 2014). In comparison those for increasing muscle endurance 

are 2-4 sets of 15-25 repetitions at less than 50% 1RM (ACSM et al., 2014). Acute effects of 

resistance training include depletion of metabolites, hormone secretion, increased cardiac 

output and decreased arterial resistance. Chronic adaptations include neurological adaptations, 

hypertrophy, hormone sensitivity, increased bone density and favourable effects on body 

composition (Cress et al., 1996; Dal Maso, Longcamp, & Amarantini, 2012; Dieli-Conwright, 

Courneya, et al., 2018; Huovinen et al., 2016; Irwin et al., 2009; Patton & Thibodeau, 2013). 

 Resistance exercise physiology 

 All muscle contraction uses ATP whether aerobic or resistance exercise, with 

contraction using either aerobic or anaerobic respiration. The small stores of ATP in the 

muscles provide enough fuel for a few seconds of maximal contraction. However, beyond the 

initial 20-25 seconds of contraction aerobic metabolism is needed, with glucose and oxygen 

utilizing processes in the muscle to generate ATP (Brenner & Eisenberg, 1987; McArdle et al., 

2015; Powers & Howley, 2011). Within the muscle, contraction involves three main processes: 

excitation, contraction and relaxation (Brenner & Eisenberg, 1987; Lumb, 2010; Powers & 

Howley, 2011). 
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 Acute and chronic effects of resistance exercise training 

 As with all exercise, resistance training acutely increases cardiac output, stimulating 

increases in heart rate, stroke volume and blood pressure and decreases in peripheral resistance 

(Dieli-Conwright, Courneya, et al., 2018; Patton & Thibodeau, 2013; Sardeli et al., 2017). 

Resistance training risks a large acute increase in blood pressure due to compression of blood 

vessels around the muscles (de Souza Nery et al., 2010). Another risk for increased blood 

pressure is the Valsalva manoeuvre, a holding of the breath, increasing intrathoracic pressure 

(Hackett & Chow, 2013; Zebrowska, Gasior, & Jastrzebski, 2013). Continuous breathing is 

important for safety during resistance movements. Acutely during resistance training, creatine 

phosphate and muscle-stored ATP are depleted, causing a reduction in power production if 

exercise is continued past this point, while intramuscular hydrogen levels increase (Brenner & 

Eisenberg, 1987; McArdle et al., 2015; Patton & Thibodeau, 2013). Immediately after 

resistance training, hormones are released to aid in the recovery and growth of muscle tissue. 

Microtears occur in muscles after physical exertion, mainly pronounced in resistance training, 

and are crucial to muscle growth. These microscopic tears may cause delayed onset muscle 

soreness, muscle pain that appears anywhere between 12-72 hours post-exercise, with the 

repair of these fibres aiding in muscle hypertrophy over time (MacIntyre, Reid, & McKenzie, 

1995; Owens et al., 2019).  

 Muscle hypertrophy is an increase in the size of muscle fibres in the body and is a 

favourable change in body composition among breast cancer survivors (Irwin et al., 2009; 

Mazzuca et al., 2018; Tonorezos & Jones, 2013). Increases in strength can also occur 

independently from increased muscle mass through neurological adaptations. Particularly 

prevalent initially in a resistance exercise program, two main neurological adaptations appear; 

increases in the number of motor units in the muscle stimulated for contraction and decreased 

antagonist muscle activation (Dal Maso et al., 2012). Activation of more motor neurons results 
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in greater muscle fibre activation, increasing the strength of contraction (Patton & Thibodeau, 

2013). Stimulation of antagonist muscles decreases with strength training, allowing for 

increased efficiency of muscle contraction (Dal Maso et al., 2012). Hormone sensitivity 

increases seen in chronic exercise training include increased resting levels of steroid hormones, 

as well as increased sensitivity of skeletal muscle to circulating protein and steroid hormones. 

Resistance training can increase bone mineral density, which is particularly significant for 

breast cancer survivors, with the effect of chemotherapy and AI treatments on bone mass 

(Axelsen et al., 2018; Huovinen et al., 2016; Kalder & Hadji, 2014; Lite & Mejia, 2010; Mincey 

et al., 2006; Wissing, 2015). 

Exercise in breast cancer survivors 

 Exercise, whether aerobic, resistance, functional or a combination of these modalities, 

provides increases across many domains of fitness, from V̇O2peak, muscle strength, physical 

function and ability to ADLs (Anderson et al., 2012; Armanious et al., 2018; De Vreede et al., 

2005; Lite & Mejia, 2010; Mijwel et al., 2018; Raptopoulos & Constantinou, 2020; Yu & 

Jones, 2016). Exercise training can also have positive effects specific to breast cancer 

survivors, reducing side-effects of treatment and recurrence risk (Dolan et al., 2010; Kim et al., 

2019; Loprinzi & Cardinal, 2012; Raptopoulos & Constantinou, 2020; Schneider et al., 2007). 

ACSM guidelines for exercise among breast cancer survivors are similar to those of the general 

population; 30-minutes of moderate intensity three times per week, plus twice weekly 

resistance training. When matched with healthy individuals, breast cancer survivors have a 

lower CRF (Jones et al., 2012). 

Aerobic training 

 Aerobic training has positive effects for breast cancer survivors, with reductions found 

in treatment related side-effects, all-cause mortality, breast cancer recurrence and improved 

CRF (An et al., 2020; Anderson et al., 2012; Brdareski et al., 2012; Casla et al., 2015; Courneya 
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et al., 2003; Daley, Mutrie, Crank, Coleman, & Saxtron, 2004; Dieli-Conwright, Courneya, et 

al., 2018; Dolan et al., 2016; Herrero et al., 2006; Kampshoff et al., 2015; Martin et al., 2015; 

Murtezani et al., 2014; Sprod et al., 2010). The two main modalities of aerobic exercise are 

moderate-intensity continuous training and high-intensity interval training. 

 Continuous training 

 Continuous training is particularly suited for those initiating an exercise program early 

in their recovery. It is an exercise modality that is relatively easy to achieve. Examples of 

aerobic exercise include cycling, running, jogging and rowing. Commonly, stationary cycles 

and treadmills are used in exercise training interventions, as they can be undertaken in most 

populations, with the non-weight-bearing aspect of stationary cycling being particularly 

helpful. 

 The effects of continuous training on breast cancer survivors has induced clinically 

significant improvements in CRF (V̇O2max, V̇O2peak) (Brdareski et al., 2012; Courneya et al., 

2003; Dolan et al., 2016; Dolan et al., 2018). Increases in V̇O2max are found with exercise 

durations ranging from 20-60 minutes, with intensities ranging from 45-70% V̇O2max in both 

short and long (3- to 24-week) term interventions (Brdareski et al., 2012; Casla et al., 2015; De 

Luca et al., 2016; Dieli-Conwright, Courneya, et al., 2018; Giallauria et al., 2016; Hornsby et 

al., 2014; Paulo et al., 2018). V̇O2peak increases are seen in sessions ranging 15-60 minutes in 

length, with durations ranging from 3-22 weeks and intensities of 60-75% V̇O2peak (Courneya 

et al., 2003; Dolan et al., 2016; Dolan et al., 2018; Herrero et al., 2006; Schmitt, Lindner, 

Reuss-Borst, Holmberg, & Sperlich, 2016). Continuous exercise for breast cancer patients can 

provide statistically significant increases in V̇O2peak from pre- to post-intervention scores 

(p<0.05) (Courneya et al., 2003; Herrero et al., 2006; Schmitt et al., 2016) and (p<0.001) 

(Dolan et al., 2016; Dolan et al., 2018). A dose-response relationship exists between exercise 
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duration and cardiovascular health/CRF, with the more exercise one undertakes the greater 

health and fitness benefits gained (Dalleck et al., 2009; Kampshoff et al., 2015). 

 Continuous exercise provides significant increases in predicted CRF, intensities 

ranging from 40-75% HRR and duration from 15-40 minutes have found to provide statistically 

significant increases in predicted V̇O2max (p values ranging from <0.05 to <0.01) (Daley et al., 

2004; Martin et al., 2015; Murtezani et al., 2014; Rogers et al., 2013; Sprod et al., 2010; Toohey 

et al., 2016). 

 High-intensity interval training (HIIT) 

 High-intensity interval training consists of short periods of intense exercise interspersed 

with recovery periods. High-intensity intervals can range from 15-seconds to 4-minutes, with 

the length of the interval inversely related to how high the intensity is (Adams et al., 2017; 

Toohey et al., 2016). Shorter intervals of 15-30 seconds will be at maximal intensity, while 

longer intervals of three to four minutes, while still high-intensity, do not achieve maximal 

effort for the entire interval (Adams et al., 2017; Toohey et al., 2016). The work-to-rest 

relationship is most commonly 1:1 or 1:2, working for either the same or half the allocated rest 

period, with rest periods either active or passive. Similar to exercise duration, a dose-response 

relationship exists with exercise intensity, with high-intensity interval training allowing for 

superior physiological and cardiorespiratory benefit when compared to moderate intensity 

training for similar exercise volumes, (Cabral-Santos et al., 2017; Kampshoff et al., 2015). This 

superiority of HIIT training has been seen in both healthy and breast cancer populations 

(Cabral-Santos et al., 2017; Kampshoff et al., 2015). Due to this intensity-response 

relationship, high-intensity interval training can be a time-effecting option, providing the same 

benefits in a shorter time period, or increased benefits in the same time period (Dolan et al., 

2016; Kampshoff et al., 2015; MacInnis & Gibala, 2017; Northey et al., 2019; Schmitt et al., 

2016).  
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 Over the same intervention period, HIIT protocols have found similar increases in 

breast cancer survivors’ cardiovascular fitness when compared to moderate-intensity training 

in shorter session times (Dolan et al., 2016; Kampshoff et al., 2015; Schmitt et al., 2016). 

Exercise interventions ranged from 3-12 weeks, with intervals ranging 30 seconds to 2-

minutes, intensities 55-95% V̇O2peak and work-rest ratios of 1:1 to 1:2 (Dolan et al., 2016; 

Kampshoff et al., 2015; Schmitt et al., 2016). Generally, in HIIT studies among breast cancer 

survivors, intervals begin lower, both in intensity and duration, and gradually increase 

throughout the intervention period. Cardiorespiratory fitness increases (V̇O2peak or V̇O2 at a 

given submaximal intensity) were similar between the high-intensity and moderate-intensity 

groups, however the exercise periods for the HIIT exercises were shorter when compared to 

the moderate-intensity exercise. 

 When matched for time, HIIT interventions provide more extensive benefits to CRF 

than moderate-intensity exercise (Kampshoff et al., 2015; Martin et al., 2015). Both moderate-

intensity and high-intensity exercise provide increased benefits in breast cancer populations 

compared to non-exercising control groups (Courneya et al., 2003; Daley et al., 2007; Dieli-

Conwright, Courneya, et al., 2018; Martin et al., 2015; Murtezani et al., 2014). High-intensity 

interval training is a feasible modality that is safe and effective at increasing CRF in breast 

cancer survivors (De Backer et al., 2007; Dolan et al., 2016; Kampshoff et al., 2015; Schmitt 

et al., 2016). 

Resistance training 

 Resistance training alone is less common than aerobic training or combined training, 

however, this method of training can provide benefits to breast cancer survivors even in the 

absence of other training modalities. Benefits to the musculoskeletal system, joints, quality of 

life and lymphedema can all be seen with resistance training (Benton & Schlairet, 2017; Brown 

& Schmitz, 2015; Hagstrom et al., 2016; Lite & Mejia, 2010; Santos et al., 2019; Schmitz et 
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al., 2009; Winters-Stone et al., 2012). Due to the varying types of resistance exercise 

prescription, there is yet to be a firm consensus on the ideal frequency, intensity and mode of 

resistance training among breast cancer survivors. However, multiple studies have found 

benefits with resistance exercise, despite varying loads of training. Training volume varies 

depending on the desired outcome from training. Resistance training can be directed towards 

increasing muscular strength or muscular endurance, with recommended sets and repetitions 

different for each method. 

 Training programs ranging from 8-weeks to one-year have found significant benefits 

in breast cancer survivors. Frequency among studies range from once-weekly up to thrice-

weekly training sessions. Programs implemented in studies generally focus on a full-body 

program targeting the major muscle groups (arms, chest, back, legs and core) (Benton & 

Schlairet, 2017; Brown & Schmitz, 2015; Hagstrom et al., 2016; Santos et al., 2019; Schmitz 

et al., 2009; Winters-Stone et al., 2012). A whole-body resistance program aims to attenuate 

the loss of lean body mass that can be experienced during cancer treatment (Battaglini et al., 

2007; Demark-Wahnefried et al., 2001; Freedman et al., 2004; Mazzuca et al., 2018; Visovsky, 

2006). 

Resistance training programs have reported increases in muscle strength ranging from 

19% to 29% in upper body and 20% to 39% in lower body (Benton & Schlairet, 2017; Brown 

& Schmitz, 2015; Hagstrom et al., 2016; Santos et al., 2019; Schmitz et al., 2009; Winters-

Stone et al., 2012). These strength gains increase capacity for ADLs and reduce the risk of 

adverse events such as falls.  

Due to the nature of treatment for breast cancer and the side-effects that accompany it, 

individualisation of exercise programs, particularly those involving resistance exercises, is key 

(Battaglini et al., 2007; Sprod et al., 2010). Acute post-treatment side-effects such as cording 

and skin irritation may require alterations to movement patterns, while chronically, the side-
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effects of surgical treatments such as a limited range of motion require further adaptations. 

(Kantarjian et al., 2011; Poston et al., 2007; Sabel et al., 2007; Swenson, 2002). Surgical 

reconstructions can impact the need for individualisation of exercise programs, with TRAM 

flap and latissimus dorsi reconstructions leading to significant alterations to exercise 

capabilities (Dulin et al., 2004; Kallaway et al., 2016; Styblo et al., 1996). For example, those 

who have had a TRAM flap reconstruction are advised to avoid core exercises in the sagittal 

plane (i.e., sit-ups). 

Combined training 

 Combined exercise training consists of both aerobic and resistance exercise undertaken 

within the same session. For example, performing 25-30 minutes of resistance exercises 

followed by 25-30 minutes of aerobic training (‘cardio’). This method of training is safe and 

effective in breast cancer populations and should be incorporated into exercise programs for 

breast cancer survivors (Battaglini et al., 2007; De Luca et al., 2016; Dieli-Conwright, 

Courneya, et al., 2018; Kampshoff et al., 2015; Leach et al., 2019; Lee et al., 2019; Thomas et 

al., 2017). The inclusion of resistance training into exercise programs increases lean body mass, 

muscular strength and/or endurance, quality of life, and helps to decrease the loss of physical 

function experienced during and after treatment (Battaglini et al., 2007; De Backer et al., 2007; 

Herrero et al., 2006; Mijwel et al., 2018; Okumatsu et al., 2019; Schulz et al., 2018; Sprod et 

al., 2010). Resistance training applied in combination with both high-intensity (Battaglini et 

al., 2007; De Backer et al., 2007; Kampshoff et al., 2015; Ortega & de Paz Fernández, 2016; 

Schulz et al., 2018), and moderate-intensity (Casla et al., 2015; De Luca et al., 2016; Dieli-

Conwright, Courneya, et al., 2018; Herrero et al., 2006; Kampshoff et al., 2015; Leach et al., 

2019; Lee et al., 2019; Thomas et al., 2017) training can also support improving 

cardiorespiratory and cardiovascular fitness in breast cancer survivors. 
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 Combined exercise training is effective at increasing muscular strength and endurance. 

Resistance program components of combined interventions are similar to those of programs 

solely involving resistance training, with movements targeting all the major muscle groups 

(Battaglini et al., 2007; Dolan et al., 2018; Herrero et al., 2006; Leach et al., 2019; Milne et al., 

2008; Okumatsu et al., 2019; Paulo et al., 2018; Schulz et al., 2018; Sprod et al., 2010). 

Attenuation of cancer-related reductions in lean body mass through resistance training, when 

paired with the positive effects on body composition from aerobic exercise, means combined 

exercise training has effective body composition benefits for breast cancer patients and 

survivors (Battaglini et al., 2007; Casla et al., 2015; Dalleck et al., 2009; Heinrich et al., 2015; 

Irwin et al., 2009; Paulo et al., 2018; Sperlich et al., 2017). Resistance exercise prescription in 

a combined program generally follows ACSM prescription guidelines for resistance training 

aimed at increasing muscular strength (Dieli-Conwright, Courneya, et al., 2018; Kampshoff et 

al., 2015; Leach et al., 2019; Martin et al., 2015; Mijwel et al., 2018; Paulo et al., 2018; Turner 

et al., 2004). Other studies have used resistance programs akin to the ACSM guidelines for 

muscular endurance (Lee, Kim, et al., 2018; Martin et al., 2015; Okumatsu et al., 2019; Paulo 

et al., 2018). 

 Measures of muscular strength and endurance involve one repetition maximum (1-RM) 

(in strength) and 10-RM (in endurance) tests, and statistically significant (p<0.05) increases 

have been found in these variables in both previously active and inactive breast cancer 

survivors after a combined exercise training program (Battaglini et al., 2007; De Luca et al., 

2016; Dieli-Conwright, Courneya, et al., 2018; Herrero et al., 2006; Leach et al., 2019; Lee, 

Kim, et al., 2018; Ortega & de Paz Fernández, 2016; Paulo et al., 2018; Schulz et al., 2018; 

Sprod et al., 2010). 
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Functional training 

Functional training programs emphasize the integration of movements recruiting 

multiple joints and muscle groups (Cress et al., 1996; Feito, Heinrich, Butcher, & Poston, 

2018). While isolation muscle training may be effective for rehabilitation areas, it does not 

train muscles to work cooperatively (Cress et al., 1996). Functional training provides 

integration of body systems and muscle groups and can be more effective at improving 

functional fitness than regular aerobic or resistance training (Crawford et al., 2018; Cress et al., 

1996; De Vreede et al., 2005; Haddock, Poston, Heinrich, Jahnke, & Jitnarin, 2016; Sperlich 

et al., 2017).  

High intensity functional (HIFT) training is a relatively novel exercise modality, and 

little research has been done around its effectiveness in clinical populations. Drawing 

inspiration from HIIT, HIFT aims to provide functional benefits to the quality of life and 

disease risk of those that undertake this modality (Cress et al., 1996; De Vreede et al., 2005; 

Feito et al., 2018; Haddock et al., 2016; Heinrich et al., 2015). High intensity functional training 

incorporates the muscular strength and functional benefits of functional training, and the 

cardiorespiratory/vascular benefits of high intensity training to provide a multi-faceted exercise 

intervention (Crawford et al., 2018; De Vreede et al., 2005; Heinrich et al., 2015; Heinrich et 

al., 2014; Pacheco et al., 2013).  

Feito et al. (2018) established a working definition of HIFT after evaluating the 

literature, interpreting that HIFT is: “a training style [or program] that incorporates functional, 

multimodal movements, performed at relatively high intensity, and designed to improve 

parameters of general physical fitness and performance” (page 13). High intensity functional 

training began as a training modality among populations such as military and fire services, with 

Heinrich et al. (2014) among the first to investigate its use among non-military and service 

populations. Among overweight and obese adults, HIFT was found to be more enjoyable and 
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more likely to be continued than sole aerobic or resistance focused programs (Heinrich et al., 

2014). Examples of multi-joint, functional movements include lunges with a dumbbell press 

or squats with a bicep curl. Functional exercise programs should include exercises that 

incorporate the three fundamental movement planes (frontal, sagittal and rotational) (Feito et 

al., 2018; Winters-Stone et al., 2012). 

Early studies of HIFT have suggested similar benefits in cardiorespiratory and body 

composition measures as those observed in HIIT interventions (Crawford et al., 2018; Haddock 

et al., 2016; Sperlich et al., 2017), and as good or greater muscular strength, balance and 

functionality benefits than those observed from resistance training interventions (De Vreede et 

al., 2005; Pacheco et al., 2013). Functional training in military populations has shown to pose 

similar or lower risk of injury, while providing similar or greater gains in fitness and body 

composition, when compared with regular physical training (Haddock et al., 2016; Poston et 

al., 2016). Its use in clinical populations has only recently begun to be investigated. Heinrich 

et al. (2015) found significant improvements in body composition, functional movement and 

emotional functioning after 5-weeks of HIFT in breast cancer survivors, while Artese et al. 

(2021) found no effect on body composition with functional impact training. A novel exercise 

method, there is a need for increased research into this modality. 

Exercise among breast cancer survivors aids in recovery from treatment and can 

provide long-term benefits surpassing that of just cancer rehabilitation. All-cause mortality, 

CVD and recurrence risk are associated long-term side-effects of cancer treatment and their 

risks can be attenuated through exercise and physical activity (Adams et al., 2017; Gibala et 

al., 2012; Lee et al., 2010; McKenzie, 2012; Nystoriak & Bhatnagar, 2018; Stocci et al., 2007). 

Aerobic, resistance, combined and functional training can provide cardiovascular, 

cardiorespiratory and anthropometric benefits (Anderson et al., 2012; Battaglini et al., 2007; 

Benton & Schlairet, 2017; Brdareski et al., 2012; Brown & Schmitz, 2015; Casla et al., 2015; 
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Dieli-Conwright, Courneya, et al., 2018; Dolan et al., 2016; Dolan et al., 2018; Herrero et al., 

2006; Kampshoff et al., 2015; Winters-Stone et al., 2012). The effects of HIFT in clinical 

populations, in particular breast cancer survivors, are less documented than those of aerobic, 

resistance or combination training, but early findings suggest its effectiveness as a training 

modality. 

Conclusion 

Cancer treatment can leave both acute and chronic negative effects on the 

cardiovascular and cardiorespiratory systems, as well as body composition (Armanious et al., 

2018; Bradshaw et al., 2016; Demark-Wahnefried et al., 2001; Freedman et al., 2004; Gernaat 

et al., 2017; Hooning et al., 2007; Jones et al., 2014; Klassen et al., 2014; Park et al., 2017; 

Peel et al., 2009; Raptopoulos & Constantinou, 2020; Yu & Jones, 2016). Exercise provides 

an effective way to reduce these negative-side effects. Increases in cardiorespiratory and 

cardiovascular fitness through aerobic, resistance, combined or functional training approaches 

attenuate these negative effects in both breast cancer patients and survivors (Bird & Hawley, 

2016; Brenner & Eisenberg, 1987; Cipryan et al., 2017; Cress et al., 1996; Kneis et al., 2016; 

Owens et al., 2019; Sardeli et al., 2017; Stocci et al., 2007; Visovsky, 2006). Improvements in 

muscular strength and endurance as well as body composition also aid in improving long-term 

outcomes, including recurrence risk and all-cause mortality (Battaglini et al., 2007; Demark-

Wahnefried et al., 2001; Dolan et al., 2010; Freedman et al., 2004; Irwin et al., 2008; Kim et 

al., 2019; Loprinzi & Cardinal, 2012; Mazzuca et al., 2018; Raptopoulos & Constantinou, 

2020; Stocci et al., 2007; Visovsky, 2006). Overall, exercise, whether prescribed as aerobic, 

resistance, combined or functional, and undertaken at moderate or high intensity, is safe and 

effective at increasing physical fitness, health and quality of life among breast cancer patients 

and survivors. This study will expand on the research undertaken so far in HIFT training in 



 

 

43 

breast cancer survivors and its effect as a safe and effective exercise modality among this 

population.  
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CHAPTER III 

METHODS 

The purpose of this study was to determine the effect of a 20-week HIFT circuit 

program on functional, cardiorespiratory, muscle strength, and body composition variables. 

Twenty-five women were recruited into the study, with twenty undertaking the exercise 

intervention and five enlisted as controls. 

 Participants undertook a 30-minute, 12-station circuit-based exercise program twice a 

week for 20-weeks. Exercise stations involved aerobic (n = 4) and resistance (n = 8) exercise. 

The resistance exercise stations included two or three resistance exercises that participants 

alternated between for the duration of the station (i.e., 10 repetitions of kettlebell swings, 10 

repetitions squats, 10 repetitions of kettlebell swings etc.). Written, informed consent was 

obtained prior to testing (Appendix A). Ethical approval was granted by the University of 

Otago Human Ethics Committee (Health, H18/029). 

Participants completed a series of tests prior to, and after the exercise intervention. 

Testing was separated into two sessions, one involving functional, muscle strength and body 

composition tests and the other involved cardiorespiratory testing. Muscle strength and 

functional testing included a 1-RM bench press, handgrip strength, leg extension and flexion 

strength, balance tests, two functional movement tests (lift and carry and weighted stair climb) 

and a bio-impedance analysis (BIA) test, while cardiorespiratory testing included V̇O2peak tests, 

as well as measures of resting blood pressure and heart rate. 

Participants 

Twenty-five participants were recruited from the Exercise Training Beyond Breast 

Cancer (ExPinkTTM) program at the University of Otago School of Physical Education, Sport 

and Exercise Sciences, Dunedin, New Zealand. Participants were either in the ExPinkTTM 
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program or had completed the program and since left. All participants were classified as 

physically active (defined as attending the clinic at least twice weekly, or at least 60-minutes 

of moderate/vigorous intensity activity per week). Five participants withdrew from the study. 

Reasons for withdrawal included reconstruction surgery (n=2), unrelated health 

problems/illness (n=2) and work commitments preventing participation in the provided circuit 

times (n=1). In total, 20 completed the study, 16 HIFT participants and 4 controls 

Participant inclusion criteria included women aged between 37-62 years, diagnosed 

with primary breast cancer and had completed primary treatment, including chemotherapy 

and/or radiation therapy at least 6-months prior to beginning the study. 

Exclusion criteria for the study included recurrent breast cancer, distant metastases, 

diagnosed cardiovascular or peripheral vascular disease, major joint injury or diabetes mellitus, 

having had surgery only for primary breast cancer treatment, or are currently taking medication 

that may alter vascular function. 

For the duration of the study, participants were asked to record exercise undertaken 

outside of the intervention, filling out a 7-day self-administered short version of the 

International Physical Activity Questionnaire (IPAQ) each week. Participants were not asked 

to limit or alter exercise outside of the HIFT protocol, they were only asked that they recorded 

exercise that they did undertake. 

Control participants continued their normal exercise routine for the duration of the 

study, also completing the IPAQ questionnaire. Controls were not asked to alter their physical 

activity at all; however, they were asked to record any physical activity undertaken. 

Strength tests 

Upper and lower body strength was assessed using 1-RM tests, with these tests being 

familiar to the participants as they are undertaken as a part of the ExPinkTTM program. Upper 

body tests were maximal handgrip (JAMAR plus+, Sammons Preston, USA) and barbell bench 
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press tests, while lower body tests used a Biodex dynamometer (BIODEX System 2, 900-800, 

USA) to assess maximal leg extension and flexion strength. Handgrip testing involved 

participants squeezing the handgrip dynamometer as hard as possible and was repeated three 

times on each hand, with the highest value for each hand used as the result. For 1-RM bench 

press testing, participants lay on a bench and completed a warmup set of 10 reps of the bar 

(7.5kg), after which weight was progressively added to the bar and one repetition was 

completed, until voluntary maximum was reached. Weight progressions were individualised to 

each participant. The test aimed at reaching 1-RM within 5-6 attempts. Maximal lower body 

strength testing using the Biodex had participants strapped into the machine and measured 

maximal knee extension and flexion force of the right leg. Three repetitions were performed, 

and maximum effort for flexion and extension was recorded. 

Physical function test 

Seven physical function tests were undertaken incorporating balance and functional 

movement. After completing each test, participants were asked to rate the difficulty of the task 

from 1 (easy) to 10 (difficult). The seven tests were: three two leg balance tests (feet side-by-

side, feet in split stance, feet heel-to-toe), single leg balance, a star balance excursion, a lift-

and-carry test and a weighted stair climb (Heyawrd & Gibson, 2014). 

Balance testing was undertaken for both static and dynamic balance. Static balance 

testing involved participants balancing at each foot stance until either balance was lost, or 45-

seconds passed. Single legged balance was undertaken on the left leg. The star balance 

excursion test is a measure of dynamic balance, and required participants to balance on the left 

leg, and maximally reaching the right leg out in four directions (forwards, backwards, medially, 

and laterally) (Heyawrd & Gibson, 2014). Distance reached was then compared relative to leg 

length, providing a standardised measure for comparison between participants. 
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Functional movement testing was done through two tests; a lift and carry test and a 

weighted stair climb (Heyawrd & Gibson, 2014). The lift and carry test involved participants 

walking 3-meters from a start cone to a bench, where they picked a 5kg weight up off the 

ground, carried the weight around the bench back to the start point, then returned to place the 

weight on top of the bench and returned to the start (Heyawrd & Gibson, 2014). For the 

weighted stair climb test, participants picked a 5kg weight up off the ground, and 

climbed/descended a flight of 10 steps, three times sequentially, before placing the weight back 

on the ground upon completion of the third flight (Heyawrd & Gibson, 2014). For both 

functional tests, participants were timed and upon completion, asked to rate the test on 

difficulty from 1-10. All weight carrying for the functional tests was done in the non-dominant 

hand. 

Cardiorespiratory fitness tests 

Cardiorespiratory testing consisted of a maximal cardiorespiratory exercise test. 

Resting heart rate and blood pressure measures were also taken. Respiratory variables were 

measured using a metabolic cart (COSMED Quark, Italy). Preparation of the metabolic cart 

included gas analysis to a standard calibration gas mixture and room air. Calibration of the 

turbine was done using 3000mL syringe. At the beginning of each CRF testing session 

participants were asked to sit quietly for five minutes, after which resting blood pressure and 

heart rate measures were taken using a digital automatic blood pressure monitor (Omron, 

Japan). 

Maximal cardiorespiratory exercise testing was undertaken on a Velotron 

electromagnetically braked cycle ergometer (RacermateTM, Seattle, WA) using a step protocol 

until volitional exhaustion. Prior to the initiation of the cycle test, seat height and handlebar 

position were adjusted to participant’s preference, and a heart rate monitor (Polar, Finland) was 

put on. The gas analysis turbine was attached to a mask that was then fitted to the participant. 
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The incremental cycle test consisted of participants pedalling against an initial workload of 50-

75W for 2-minutes, which was then incrementally increased by 15-30W every 2-minutes until 

the participant was unable to continue. Initial workload and incremental increases were tailored 

to each participant with the aim of reaching voluntary exhaustion in 8-12 minutes. Heart rate 

and RPE were taken at the end of each stage. Workload increments were determined by the 

researcher, with three things considered: heart rate, RPE and cadence. Each test was completed 

in the University of Otago School of Physical Education, Sport and Exercise Sciences, 

Dunedin, New Zealand. The same gas analysis system was used for all tests. Variables analysed 

from the cardiorespiratory testing were V̇O2peak and HRmax. Oxygen consumption was averaged 

over 10-second periods and peak oxygen consumption (V̇O2peak) was the highest average V̇O2 

from two consecutive 10s periods, within the final two minutes, achieved during the test. HRmax 

was taken from the heart rate achieved at V̇O2peak. 

Intervention 

Participants attended circuit sessions twice-weekly over a 20-week period, with the aim 

of attending a total of 40 sessions. Each session consisted of a 5-10-minute warm-up, 30-

minutes of the circuit, and a 5-10-minute cooldown. Stations were numbered 1-12, and 

participants could start wherever, however they followed each station sequentially (i.e., start at 

6, move to 7, 8, 9… end at station 5). The initial week of the exercise sessions consisted of 

teaching participants the exercises and order or the circuit, to ensure exercises were performed 

safely with correct technique. The 20-week period was broken up into four, five-week blocks, 

where upon the completion of each block, circuit stations were changed. Each circuit block 

consisted of four cardio stations (i.e., treadmill, exercycle, cross-trainer, rower) and eight 

combined-exercise stations. Stations were set up in order of one cardio, followed by two 

resistance, i.e., stations one, four, seven and ten were cardio, with the rest being resistance. 

Each station lasted two minutes, with a 30-second period between each station for participants 
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to rest and move from station to station. Exercises used in circuit blocks are available in 

Appendix C. The order circuits were set up in was catered to the confines of the gym (i.e., 

exercises using machines were undertaken where the machines were, while stations using body 

weight and dumbbell exercises were set up anywhere in the gym). Where necessary, circuits 

were personalised to cater for any changes required to exercise movements (i.e., participants 

who had had a TRAM flap reconstruction unable to undertake core movements in the sagittal 

plane). 

Four times during the exercise intervention, participants wore a heart rate monitor 

(Polar, M400, Finland) for the duration of the circuit in order to determine exercise intensity 

(% of maximum recorded heart rate from the initial V̇O2peak test). 

Statistical analysis 

Independent t-tests were used to compare baseline measures of age, height, and time 

since treatment completion between those in the intervention group and controls. Cancer stage 

and treatments were presented as frequencies and percentage of groups. A two-way repeated 

measures ANOVA was undertaken using baseline and final data to compare the mean 

differences between the groups to assess the effect of 20-weeks of HIFT on functional fitness, 

muscle strength, body composition and CRF. All analyses were undertaken using the statistical 

Package for the Social Sciences (SPSS, v25, IBM Statistics, Armonk, NY. 
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CHAPTER IV 

RESULTS 

Twenty physically active female breast cancer survivors volunteered to participate in 

the study. A further five volunteered as controls. Baseline characteristics for both groups are 

presented in Table 1. 

Overall, five participants withdrew from the study. In the HIFT intervention group, one 

participant withdrew due to breast reconstruction surgery, one due to adverse health conditions, 

one due to other illness, and one due to work commitments. One participant in the control 

group withdrew due to breast reconstruction surgery. The 16 participants who completed the 

HIFT intervention completed all 40 sessions. Table 2 summarizes functional test results, while 

table 3 is comprised of muscle strength, body composition and cardiorespiratory results. 

Functional measurements 

 Lift and carry test time decreased in the intervention group, but not in the control group. 

There was a significant main effect for time (=.017); however, there was no significant between 

group effect between the HIFT participants and controls (p=.510). There was a significant 

interaction effect between the groups and the length of the intervention, (p=.010). 

There was a significant effect on time to complete weighted stair climb test over the 

length of the intervention (p=.012) with time taken to complete the test decreasing in both the 

HIFT and control group. However there was no main between group effect (p=.754). No 

significant interaction effect was observed between groups and the length of the intervention 

(p=.132). 

 No significant main effect for time was observed for the star-balance-anterior reach 

(p=.926), nor between the intervention and control groups (p=.465), nor was there a significant 

interaction effect between groups and the length of the intervention, (p=.514). 
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There was a significant main effect of time for increases in the star-balance-posterior 

reach (p=.014), with increases seen in both the HIFT and the control groups. There was no 

significant between group effect (p=.594), nor was there a significant interaction effect 

observed between the groups and the length of the intervention (p=.066). 

 No significant effect was observed for the star-balance-medial reach over time 

(p=.133), nor between groups (p=.654). No significant interaction effect was observed between 

groups and the length of the intervention (p=.846). 

 No significant effect for time was found for the star-balance-lateral test (p=.607), nor 

between groups (p= .996). No significant interaction effect was observed between groups and 

the length of the intervention (p=.171) 

 Muscle strength variables 

 No significant main effect for time was observed for 1-RM bench press (p=.538), nor 

was there significant differences seen between groups (p=.862). No significant interaction 

effect was observed between groups and the length of the intervention (p=.134). 

 Knee extension strength increased over time in both the HIFT and control groups, with 

a significant main effect for time observed (p=.007). There was no significant effect between 

groups (p=.524), nor was there a significant interaction effect observed between the groups and 

the length of the intervention (p=.525). 

 Knee flexion strength increased over time in both the HIFT and control groups, with a 

significant main effect for time observed (p=.027). No significant main effect was found 

between the intervention and controls (p=.358), nor between the groups and the duration of the 

study (p= 388). 

Left handgrip strength saw no significant main effect for time (p=.421), nor between 

groups (p=.556). No significant interaction effect was observed between groups and the length 

of the intervention (p=.438). 
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 No significant main effect for right handgrip strength was found for time (p=.855), nor 

for group (p=.556). No significant interaction effect was observed between groups and the 

length of the intervention (p=.978). 

 Cardiorespiratory variables 

 No main effect for V̇O2peak was found for time (p=.324), or between group (p=.705). 

No significant interaction effect was observed between groups and the length of the 

intervention (p=.530). 

 Systolic blood pressure decreased over time in both the HIFT and control groups, with 

a significant main effect for time observed (p=.012). Systolic blood pressure in both groups 

decreased, with a greater decrease in the control group. No main effect was found between the 

groups (p=.279), nor was there a significant interaction effect observed between the groups and 

the length of the intervention (p=.091). 

 No significant effect for time was seen in diastolic blood pressure (p=.322), nor 

between groups (p=.239). No significant interaction effect was observed between groups and 

the length of the intervention (p=.450). 

No main effect for peak heart rate was found for time (p=.284), or between groups 

(p=.929). No significant interaction effect was observed between groups and the length of the 

intervention (p=.786). 

Body composition variables 

No significant effect for time was observed for body weight (p=.362), nor between the 

groups (p=.795). No significant interaction effect was observed between groups and the length 

of the intervention (p=.484). 

No significant effect for time was observed for lean muscle mass (p=.613), nor between 

groups (p=.941). No significant interaction effect was observed between groups and the length 

of the intervention (p=.099). 
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No significant effect for time was observed for fat mass (p=.757), nor between the 

groups (p=.675). No significant interaction effect was observed between groups and the length 

of the intervention (p=.097) 

No significant main effect for time was observed for fat free mass, (p=.465), nor 

between groups (p=.951). No significant interaction effect was observed between groups and 

the length of the intervention (p=.130). 

No significant main effect for time observed for BMI (p=.351), nor between groups 

(p=.844). No significant interaction effect was found between the groups and the duration of 

the intervention (p=.554). 

No significant main effect for time was observed for body fat percentage (p=.946), 

nor between groups (p=.730). No significant interaction effect was observed between groups 

and the length of the intervention (p=.063). 
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Table 1. Baseline data (mean, SD) and cancer stage, treatment and treatment status (number, 
percent) for HIFT and control groups 

 HIFT 
N=20 

Control 
N=5 

 
Age (SD) years 

 
54 (7) 

 
49 (7) 

Height (SD) cm 166 (6.8) 165(6.5) 
Stage (n, %)   

0 1 (5) 0 (0) 
IA 4 (20) 1 (20) 
IIA 9 (45) 2 (40) 
IIB 3 (15) 2 (40) 
IIIA 2 (10) 0 (0) 
IIIC 1 (5) 0 (0) 

Treatment (n, %)   
Chemotherapy 16 (80) 4 (80) 
No Chemotherapy  4 (20) 1 (20) 
Radiation 15 (75) 4 (80) 
No radiation 5 (25) 1 (20) 
Herceptin 5 (25) 1 (20) 
No Herceptin 15 (75) 4 (80) 
Tamoxifen 9 (45) 2 (40) 
No Tamoxifen 11 (55) 3 (60) 
Aromatase Inhibitor 2 (10) 0 (0) 
No Aromatase Inhibitor 18 (90) 0 (0) 
Time since treatment completion 
(months, SD) 

68 (70) 14 (7) 

 
SD = standard deviation; HIFT = high intensity functional training; cm = centimetre



 

 

55 

 

Table 2. Pre- and post-intervention functional test data for HIFT and control groups 

 
HIFT = High intensity functional training; * = statistically significant at p<0.05 
 
 
 
 
 
 

Variable HIFT (Group 1) CONTROL (Group 2)  P value  
 Pre Post Pre Post Time Group Interaction 

Functional tests        
Carry tests (seconds/rating 

out of 10) 
       

Lift and carry 14.65s/1 12.58s/1 14.29s/1 14.38s/1 .017* .941 .010* 
Weighted stair climb 32.98s/2.13 30.03s/1.06 31.09s/1.75 30.27s/1 .012* .675 .132 

Leg reach (% of leg length)        
Anterior 80.68 ± 13.4 82.62 ± 13.6 87.69 ± 4.4 85.11 ± 12.7 .926 .456 .514 
Posterior 81.69 ± 15.7 99.88 ± 14.9 93.19 ± 11.7 96.10 ± 7.4 .014* .594 .066 
Medial 84.02 ± 13.8 88.84 ± 14.9 86.41 ± 9.3 92.60 ± 9.1 .133 .654 .846 
Lateral 66.60 ± 20.6 69.86 ± 15.7 71.71 ± 8.8 64.67 ± 18.6 .607 .795 .171 

Balance (seconds/rating 
out of 10) 

    
   

Side-by-side 45/1.06 45/1.0 45/1.0 45/1.0 - - - 
Split stance 45/1.16 45/1.25 45/1.75 45/1.75 - - - 
Heel-to-toe  45/2.78 45/2.89 45/3.25 45/4.0 - - - 

Single legged 45/4.19 45/4.56 39.02/5.75 45/4.75 - - - 
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Table 3. Pre- and post-intervention muscle strength, body composition and cardiorespiratory data for HIFT and control groups 

 
HIFT = high intensity functional training; BMI = body mass index; BP = blood pressure; * = statistically significant at p<0.05

Variable HIFT (Group 1) CONTROL (Group 2)  P value  
 Pre Post Pre Post Time Group Interaction 

Muscle strength        
Thigh strength (Biodex 

extension) (Nm) 95.32 ± 23.1 106.27 ± 20.9 104.91 ± 22.2 111.99 ± 17.5 .007* .524 .525 

Hamstring strength (Biodex 
flexion) (Nm) 70.72 ± 14.6 73.20 ± 11.5 76.50 ± 16.3 81.89 ± 19.3 .027* .358 .388 

Bench Press (Kg) 30.52 ± 6.7 31.98 ± 7.0 32.23 ± 6.4 31.60 ± 7.7 .538 .862 .134 
Grip strength right (Kg) 30.99 ± 6.0 31.16 ± 5.7 34.80 ± 9.3 34.93 ± 7.1 .855 .287 .978 
Grip strength left (Kg) 28.54 ± 5.9 28.52 ± 5.9 31.13 ± 7.7 29.85 ± 5.0 .421 .566 .438 
Body composition        

Weight (Kg) 70.15 ± 14.7 70.25 ± 14.6 67.70 ± 13.1 68.45 ± 13.5 .362 .951 .484 
Muscle mass (Kg) 25.19 ± 4.1 25.69 ± 4.1 25.75 ± 4.1 25.48 ± 4.3 .613 .844 .099 

Fat mass (Kg) 24.30 ± 10.5 23.57 ± 10.5 21.05 ± 6.8 22.10 ± 6.6 .757 .730 .097 
Fat free mass (Kg) 45.85 ± 6.8 46.68 ± 6.8 46.65 ± 6.6 46.35 ± 7.2 .465 .705 .130 

BMI (Kg/m2) 25.91 ± 5.2 25.98 ± 5.2 25.25 ± 3.9 25.53 ± 4.2 .351 .844 .544 
Body fat percentage (%) 33.40 ± 9.1 32.26 ± 9.3 30.55 ± 4.4 31.78 ± 4.0 .946 .730 .063 

Cardiorespiratory        
V̇O2peak (mL/kg/min) 29.50 ± 4.8 29.72 + 5.0 28.12 ± 5.2 29.10 ± 3.3 .324 .705 .530 
Systolic BP (mmHg) 129.88 ± 18.2 126.37 ± 19.8 125.75 ± 5.7 110.0 ± 6.4 .012* .279 .091 
Diastolic BP (mmHg) 73.00 ± 11.1 72.31 ± 11.6 68.75 ± 3.6 63.75 ± 7.4 .322 .239 .450 

HRpeak (bpm) 164.94 ± 12.1 166.44 ± 15.7 163.75 ± 18.1 166.25 ± 8.8 .284 .929 .786 
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CHAPTER V 

DISCUSSION 

 Breast cancer treatments can lead to adverse changes in functional, cardiorespiratory 

and cardiovascular fitness and body composition (Armanious et al., 2018; Bradshaw et al., 

2016; Demark-Wahnefried et al., 2001; Freedman et al., 2004; Gernaat et al., 2017; Hooning 

et al., 2007; Jones et al., 2014; Klassen et al., 2014; Park et al., 2017; Peel et al., 2009; 

Raptopoulos & Constantinou, 2020; Yu & Jones, 2016). Decreases in CRF may worsen 

prognosis and survival rate among breast cancer patients (Peel et al., 2009). Evidence shows 

that exercise training of any modality; aerobic, resistance, combined or functional, are all 

effecting at improving facets of fitness and body composition in breast cancer populations 

(Anderson et al., 2012; Armanious et al., 2018; De Vreede et al., 2005; Lite & Mejia, 2010; 

Mijwel et al., 2018; Raptopoulos & Constantinou, 2020; Yu & Jones, 2016). The purpose of 

this study was to observe the effect of a 20-week HIFT program on muscle strength, functional 

fitness, body composition and cardiorespiratory variables in recreationally active breast cancer 

survivors. The main findings of this study were that HIFT provides significant increases in 

functional fitness, including weighted carry tests and posterior leg reach, as well as increases 

in lower limb strength and systolic blood pressure. While not significant, there was a trend of 

favourable body composition variables in the HIFT group compared to the controls, while no 

significant effect was seen on upper body strength or CRF. Participants already attended 

ExPinkTTM twice weekly, so twice weekly sessions of the HIFT intervention mirrored that of 

their regular gym routines. The twice weekly HIFT in the intervention also mirrored the twice 

weekly combined sessions undertaken by the controls who continued their regular attendance 

of the ExPinkTTM clinic. External physical activity reported through IPAQ questionnaires 

showed no significant change throughout the intervention. 
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Functional fitness 

Lift and carry test 

The HIFT intervention reduced lift and carry test time (-14.2%) compared to a 0.6% 

increase in the control group, significant over time (p=0.17), with no significant difference 

between groups (p=.941). There was a statistically significant time by group interaction found 

for lift and carry test time (p=.010). Changes associated with the HIFT group are consistent 

with those induced in a study by Heinrich et al. (2015) where 5-weeks of thrice-weekly HIFT 

in breast cancer survivors found a 19.2% reduction in lift and carry test time (p=0.004). Due to 

the significant interaction effect, it cannot be established whether the reduction in lift and carry 

time in the current study was caused by the length of the intervention or the mode of training. 

There is an inverse relationship between time to complete the lift and carry test and capacity 

for ADLs, with increased ADL capacity associated with an improvement in quality of life (Jette 

et al., 1990; Wasserman et al., 2011). 

Weighted stair climb 

 There was a significant reduction (p=.012) in weighted stair climb test time in both 

groups with decreases of 9.0% and 2.6% in the HIFT and control groups respectively. Although 

the intervention group decreased test time 3.6 times more than the intervention group, there 

was no statistically significant differences between the intervention and control group (p=.675). 

This reduction, while slightly lower than that induced in Heinrich et al. (2015) (-15.1%, 

p=0.002), are still a significant decrease in time to complete. 

 Functional carrying tests provide indications of participants ability to undertake ADLs. 

The tests undertaken in the current study mimic ADLs such as carrying groceries, climbing 

stairs and general mobility. Changes induced with the HIFT intervention indicate that this 

method of training can be effective at improving functional fitness in breast cancer survivors. 
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Balance tests 

 No changes were observed in balance tests, with both intervention and control groups 

recording maximum time scores in all but one balance test undertaken (319/320). Both groups 

excelled at the balance tests, suggesting the tests used may have been too simple for the 

participants. Insignificant changes were recorded in RPE difficulty rating, with patients 

familiarity with the rating scale possibly influencing results. 

 Heinrich et al. (2015) observed a 50.2% increase in single-leg balance time, and a 5.3% 

reduction in difficulty rating of the test after a 5-week HIFT program in breast cancer survivors. 

Unlike the current study, there was no cap on time, therefore increases were able to be achieved. 

In the current study, alternate balance tests could have been used to detect changes in balance 

with the HIFT intervention. These tests include eyes-closed balance tests, using similar foot 

stances as undertaken in the current study, increasing the difficulty of balancing. Alternatively, 

participants could have balanced on a bosu ball or balance board, which may have provided 

more challenge. 

Star balance excursion 

 The star balance excursion test showed a significant increase in posterior leg reach, 

with no significant changes seen in anterior, medial, and lateral reaches. In the HIFT group, 

posterior reach increased 18.2%, while anterior, medial and lateral showed non-significant 

increases of 2.35%, 5.42% and 4.66% respectively. The control group had changes of -3.04%, 

3.03%, 6.69% and -10.89% in the anterior, posterior, medial and lateral reaches respectively. 

In the HIFT group, posterior reach was the only reach to show significant increases, however 

average changes were all positive, suggesting flexibility was increased in all directions. 

Functional testing mimicked ADLs, such as carrying groceries or items around the 

house, balance and flexibility, with improvements in these tests providing benefits to 

participants functional capacity. Balance and star balance excursion tests were undertaken to 
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provide insight into the effect of the HIFT intervention on flexibility and balance of the 

participants. While there was improvements in the star balance excursion test, in both pre- and 

post-study balance tests maximum scores were achieved on all balance tests, bar one pre-test 

single-legged balance, therefore no improvement was able to be shown. This suggests that a 

more difficult balance test should have been undertaken with capacity for improvements. No 

significant changes were shown in the RPE’s of the balance tests from pre- to post-tests, with 

participants familiarity with the test possibly inhibiting its effectiveness, with scores on the 

pre-test generally lower than those recorded in the post-tests, with the exception of the carry 

tests.. 

Muscle strength 

Leg strength 

All measures of leg strength increased in both groups, with no significant difference 

between the HIFT and control groups. Thigh extension force increased 11.5% and 6.8% in the 

HIFT and control groups respectively (p=.007). Similarly, thigh flexion force increased in both 

groups, with increases of 3.5% and 7.1% in the HIFT and control groups respectively (p=.027). 

No significant difference was observed between groups (p>0.05). Results from the leg strength 

tests demonstrate that HIFT, like the controls regular exercise routine, can have a positive effect 

on lower limb strength in physically active breast cancer survivors. 

 The increases in leg extension and flexion strength are similar to those associated with 

functional training studies in both breast cancer and healthy populations. Artese et al. (2021) 

observed an 11.5% and 12% increase in flexion and extension forces respectively in breast 

cancer survivors. Comparative measures of lower body strength found in other HIFT studies 

have induced greater lower body strength increases measured using a sit-stand test (28.2%, 

p=0.009), squat-1-RM (9.8%, p<0.05) and leg press-5-RM (22.5%, <0.001%) (Brisebois, 

Rigby, & Nichols, 2018; Crawford et al., 2018; Heinrich et al., 2015). Larger increases in lower 
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body strength (22.5% and 28.2%) were induced in HIFT interventions in unfit or inactive 

individuals (Brisebois et al., 2018; Heinrich et al., 2015). These changes induced in inactive 

individuals are larger than those induced in physically active, healthy individuals (9.8%), 

further suggesting that while HIFT has a larger effect on untrained individuals, significant 

improvements in lower limb strength can still occur in already active participants (Crawford et 

al., 2018). 

 Changes in leg extension and flexion strength in the current study are lower than those 

associated with combined exercise interventions. These programs induced significant (p<0.05, 

66.7% and 61.0%) and non-significant (p>0.05, 20.4% and 13.3%) changes in leg extension 

and flexion strengths respectively in breast cancer survivors partaking in 16-24 week 

intervention programs with two to three sessions per week (De Luca et al., 2016; Dieli-

Conwright, Courneya, et al., 2018). Increases in leg extension strength in the current study 

differ from a non-significant decrease in a 12-week, thrice-weekly resistance training 

intervention (-8.4%) (De Vreede et al., 2005). 

 Comparative measures of lower body strength in combined and resistance exercise 

programs have recorded both significant (p<0.05) and non-significant (p>0.05) increases in 

lower body strength (squat 1-RM, leg press 1-RM). Combined exercise interventions have 

induced lower body strength increases of 28.9% and 38.0% (Casla et al., 2015; Leach et al., 

2019), while resistance training interventions have induced non-significant increases from 

19.4% - 27.4% and significant increases from 26.3% - 46.0% (Brown & Schmitz, 2015; 

Hagstrom et al., 2016; Santos et al., 2019; Schmitz et al., 2009; Winters-Stone et al., 2012). 

Combined exercise interventions ranged from 8-to-12-weeks, with participants exercising two 

to three times per week (Casla et al., 2015; Leach et al., 2019). Resistance exercise 

interventions ranged from 8-weeks to 12-months, during which participants exercised once-to-
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three times a week (Brown & Schmitz, 2015; Hagstrom et al., 2016; Santos et al., 2019; 

Schmitz et al., 2009; Winters-Stone et al., 2012). 

Many combined and resistance programs employed resistance exercise prescriptions 

akin to ACSM guidelines for increasing muscular strength, hence the larger increases in muscle 

strength associated with these studies (Brown & Schmitz, 2015; De Luca et al., 2016; De 

Vreede et al., 2005; Dieli-Conwright, Courneya, et al., 2018; Hagstrom et al., 2016; Santos et 

al., 2019; Schmitz et al., 2009). While lower than results recorded in the literature, increases in 

the current study show that HIFT, similar to the controls regular exercise program, can provide 

significant increases in leg extension and flexion strength. Increases in muscle strength are 

important for increasing capacity for ADLs and effective at reducing adverse events such as 

falls. Further increases in leg extension in flexion strength may have been caused had the HIFT 

program undertaken exercises more directly related to the Biodex leg strength tests undertaken 

(i.e. leg extension and flexion machines included in the circuit stations). While lower limb 

strengthening exercises were included in the circuits (i.e. squats, deadlifts, kettlebell swings), 

movement patterns were different to the seated leg flexion and extension undertaken in muscle 

strength testing. 

Bench press 

 No statistically significant change (p>0.05) was observed for bench press 1-RM in 

either the HIFT or control group despite a +5.1% and -2.5% respectively. Improvements in 

comparative measures of upper body strength associated with functional training interventions 

with both inactive individuals and breast cancer survivors have caused changes ranging from 

13.7% to 19.2% (p<0.05) (Artese et al., 2021; Brisebois et al., 2018). These changes are larger 

than those associated with the current study, however measures were either indirect measures 

of bench press through a resistance machine (Artese et al., 2021) or were induced in inactive, 

healthy individuals (Brisebois et al., 2018). 
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 A 12-week, twice weekly combined exercise intervention in breast cancer survivors 

induced a 35.4% increase in predicted bench press 1-RM. Predicted bench press is less accurate 

than direct measurements undertaken in the current study, therefore reported changes may be 

different than strength increases that actually occurred. However, significant changes in upper 

body strength were still observed (Artese et al., 2021). 

 Results of the current study are lower than those in resistance training interventions, 

with significant (p<0.05) increases of 12.5% to 26.2% in 12-month interventions where 

participants exercised two to three times per week (Brown & Schmitz, 2015; Winters-Stone et 

al., 2012). Non-significant (p>0.05) changes induced in resistance intervention studies are also 

higher than those in the current study, with increases of 23.1% and 25.0% in 1- and 10-RM 

respectively (Santos et al., 2019; Schmitz et al., 2009). While increases in strength in the 

current study are lower than those in the literature, initial 1-RM was lower in all four previous 

studies than our cohort (19.1kg - 25.5kg compared to 30.5kg). Higher initial 1-RM in the 

participants in the current study may have hindered their ability to further increase upper body 

strength, potentially plateauing. Resistance intervention studies specifically targeted both 

resistance training guidelines for increasing muscle strength, and directly trained participants 

using bench press exercises. In the current intervention, bench press related exercises were only 

undertaken in two of the four exercise cycles (machine bench press, single-arm lying dumbbell 

bench press), and upper body strength was also increased through other exercises. In both 

interventions with significant results, the length of the intervention was longer than the current 

study (12-months versus 20-weeks), which may account for the larger increase induced, 

relative to the current study. 

 Increases in upper body strength can improve posture, improve ability to undertake 

ADLs and help regain muscle function losses associated with breast cancer treatment (Artese 

et al., 2021; Benton & Schlairet, 2017; Mazzuca et al., 2018; Merchant, Chapman, Kilbreath, 
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Refshauge, & Krupa, 2008). These benefits can improve quality of life among breast cancer 

survivors. Results of the current study suggest that HIFT can maintain a high level of upper 

body strength in physically active breast cancer survivors. 

Handgrip strength 

 There were no significant (p<0.05) changes in grip strength for either left or right hand, 

with right handgrip strength changes of +1.1% and +1.9%, and left handgrip strength changes 

of +0.3% and -2.6%, in intervention and control groups respectively. Results in the literature 

from functional, combined and resistance interventions have found varying non-significant 

changes in handgrip strength in breast cancer survivors and older women, ranging from -1.2% 

to + 6.1% (De Vreede et al., 2005; Kampshoff et al., 2015; Winters-Stone et al., 2012). 

Interventions ranged from 12-weeks to one year, exercising 2-3 times per week. Grip strength 

is a predictor of future disability among older adults, thus, clinical practitioners should be aware 

of reductions in patient grip strength (Bohannon, 1998).  

Anthropometry 

Body weight 

 There was no significant change in body weight over time in either group (p=.362), nor 

were there between group differences throughout the intervention (p=.951), with changes of 

0.2% and 1.1% seen in the intervention and control groups respectively. These insignificant 

results are similar to those from other functional and HIFT training studies in breast cancer 

survivors and older women (-1.9% - +0.4%) (Artese et al., 2021; Cress et al., 1996; Heinrich 

et al., 2015). However, Sperlich et al. (2017) found a significant (p<0.05) decrease of 2.5% 

body weight after a 9-week, thrice-weekly HIFT intervention in overweight women (average 

BMI = 28.1 kg/m2 compared to this studies 25.9 kg/m2). Possible reasons for the notable 

difference in weight loss are the higher initial BMI, or the increased number of sessions per 

week. 
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 Combined training interventions are associated with various effects on body weight. 

Significant changes (p<0.05) range from -0.8% to -3.7%, in interventions ranging from 16-22 

weeks, from once to thrice weekly sessions (Dieli-Conwright, Parmentier, et al., 2018; Dolan 

et al., 2018). Non-significant (p>0.05) changes in body weight of +0.3% to -2.3% are 

associated with interventions ranging from 8-weeks to 12-months, and once to thrice weekly 

sessions (Casla et al., 2015; Courneya et al., 2003; Herrero et al., 2006; Nuri et al., 2012; Ortega 

& de Paz Fernández, 2016; Pinto, Clark, Maruyama, & Feder, 2003; Thomas et al., 2017). 

Shorter interventions (8-weeks, once or twice weekly) are associated with changes from -1.0% 

to +1.0%, while longer interventions (12-months, twice weekly) are associated with changes 

from -2.3% to -2.9% (Benton & Schlairet, 2017; Brown & Schmitz, 2015; Santos et al., 2019; 

Schmitz et al., 2009). Body weight changes from the current study sit within the realm of those 

induced in other exercise interventions, with the exception the larger reductions associated with 

longer duration resistance programs. 

 Aerobic interventions have induced varying significant (p<0.05) and non-significant 

(p>0.05) reductions in body mass. Interventions that induced significant results ranged from 

22- to 26-weeks, exercising one- to three-times per week (Dolan et al., 2016; Segal et al., 2001) 

while interventions associated with non-significant changes ranged from 10- to 22-weeks, 

exercising one- to three-times per week (Burnham & Wilcox, 2002; Dolan et al., 2016; 

Murtezani et al., 2014). Aerobic exercise interventions incorporated either moderate intensity 

continuous training or HIFT.  

 Body mass changes are influenced by lean tissue and fat mass, with gains in body 

weight not necessarily unhealthy if lean tissue increases outweigh losses in fat mass. Exercise 

is a small component of weight loss, with body weight reduction requiring a caloric deficit, 

expending and utilizing more calories than are ingested (Schmitz et al., 2009). The current 
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study, like other exercise interventions in breast cancer survivors, had no dietary restrictions or 

alterations, as weight loss was not a primary outcome goal of the intervention.  

Lean body mass 

 No statistically significant changes (p>0.05) were induced in lean mass over time or 

between the groups, with a 2.1% increase in the HIFT group and a 1.2% decrease in the control. 

Other functional studies in both inactive adults and breast cancer survivors are associated with 

both significant (p<0.05) increases of 2.2% to 7.7%, and non-significant increases of 0.7% 

(Artese et al., 2021; Brisebois et al., 2018; Heinrich et al., 2015). Combined exercise programs 

have induced significant (p<0.05) increases in lean body mass of 0.3% to 4.4% in interventions 

ranging from 8-weeks to 12-months and two to three times weekly sessions, with the exception 

of An et al. (2020), inducing a reduction of 1.9% (An et al., 2020; Battaglini et al., 2007; Casla 

et al., 2015; Dieli-Conwright, Courneya, et al., 2018; Herrero et al., 2006; Thomas et al., 2017). 

Resistance training exercise programs in breast cancer survivors have found varying results in 

lean body mass, ranging from 1.8% to -2.4% in interventions ranging from 8-weeks to 12-

months, once or twice weekly (Brown & Schmitz, 2015; Santos et al., 2019; Schmitz et al., 

2009). An et al. (2020) induced non-significant (p>0.05) effects on lean body mass with 17-

weeks of twice-weekly high intensity (+0.8%) and moderate intensity (-0.7%) aerobic exercise 

respectively. 

 Due to the exercise program’s high intensity, weights used in resistance exercises may 

not have been high enough to induce muscle hypertrophy, hence the lack of significant 

increases in lean body mass. Lean body mass is important, particularly in older individuals, 

with low muscle mass a predictor of falls and overall poor health, and can lead to a reduced 

capacity for ADLs (De Vreede et al., 2005; Janssen, Heymsfield, & Ross, 2002). 
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Fat mass 

 No significant (p>0.05) changes in fat mass were induced, despite a decrease of 3.4% 

in the HIFT and an increase of 6.2% in the control group. While this is a large between group-

difference, due to the relatively small control group size (N = 4), this difference was not 

statistically significant. Fat mass results from the current study contrast those from Heinrich et 

al. (2015), who induced significant (p=0.001) reductions in fat mass (13.2%) with a 5-week 

HIFT intervention. The changes in the HIFT group are similar to other non-significant (p>0.05) 

results induced in other functional training studies in breast cancer survivors and overweight 

women, with decreases in fat mass of 2.1% and 4.8% (Artese et al., 2021; Sperlich et al., 2017). 

Changes associated with the current study are also similar to non-significant (p>0.05) changes 

caused from combined exercise interventions (-2.7% - -4.1%) (An et al., 2020; Thomas et al., 

2017) with the exception of Herrero et al. (2006), whose 8-week, thrice weekly combined 

training exercise intervention was associated with a non-significant (p>0.05) 10.4% reduction 

in body fat. Changes in the HIFT group were also lower than significant (p<0.05) changes of -

5.5% associated with a 16-week, thrice weekly combined exercise intervention (Dieli-

Conwright et al., 2018). Resistance exercise programs in breast cancer survivors are associated 

with non-significant changes in fat mass from -3.9% to +0.5% (Santos et al., 2019; Schmitz et 

al., 2009). Durations of resistance interventions lasted 8-13 weeks, exercising once to twice 

weekly.  

An et al. (2020) induced non-significant (p>0.05) increases of 8.4% and 12.8% in fat 

mass in aerobic interventions of either moderate intensity continuous or high intensity interval 

(HIIT) training in breast cancer patients undergoing chemotherapy. Participants undertook 

three aerobic exercise sessions per week during treatment, averaging 17-weeks duration. 

Increases in body fat mass contrast the reduction induced in the current study, however weight 
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gains associated with chemotherapy are well documented, which may account for the increases 

in fat mass. (Sedjo et al., 2014; Van den Berg et al., 2017). 

With the increasing prevalence of long-term diseases among breast cancer survivors 

such as heart failure, diabetes and CHD, and their association with increased fat mass, reducing 

treatment-related weight gain is important for breast cancer survivors (Despres & Lemieux, 

2006; Feigelson et al., 2004; George et al., 2014; Irwin et al., 2005; Prineas et al., 1993; 

Schapira et al., 1994; White et al., 2015). While not significant, changes in fat mass in the 

current study suggest a trend of decreases in fat mass with a 20-week HIFT intervention. 

Fat free mass 

 No statistically significant (p<0.05) changes were induced in fat free mass over time 

(p=.465), with changes of 1.8% and -0.7% in the HIFT and control groups respectively. There 

were also no significant differences between groups (p=.705). These differences are slightly 

lower than significant (p<0.05) fat free mass changes associated with a 9-week, thrice weekly 

HIFT circuit among overweight women (3.4%) (Sperlich et al., 2017). Fat free mass in the 

current study incorporated all body components except fat, including body water, bone, organs 

and lean body mass. Due to the number of variable aspects that comprise fat free mass, 

particularly body water, FFM can fluctuate relatively easily, possibly hindering effectiveness 

of fat free mass as an outcome measure. However, BIA scans are not as sensitive as dual-energy 

X-ray absorptiometry (DXA) scans, so small changes were not detected.  

Body mass index 

No statistically significant (p<0.05) changes were induced for body mass index (BMI) 

over time (p=.351), or between groups (p=.844), with -0.3% and 1.0% changes associated with 

the HIFT and control groups respectively. Due to the already physically active nature of the 

participants, BMI results, alongside other body composition measures in the current study, are 

unsurprising. It was not expected for the exercise intervention to have a significant effect on 
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body mass. The average BMI’s of the participants was 25.9 and 25.3 kg/m2 in the intervention 

and control groups, respectively, classifying them in the early stages of overweight (ACSM et 

al., 2014).  

The lack of significant effects on BMI in the current study are similar to results in the 

literature. High intensity functional circuits are associated with both non-significant (+0.4%, 

p>0.05) and significant (-2.8%, p<0.05) changes in thrice weekly, five- and nine-week 

interventions respectively (Heinrich et al., 2015; Sperlich et al., 2017). Non-significant 

(p>0.05) changes induced in combined exercise interventions are associated with changes 

ranging from -2.4% to +0.8%, in interventions ranging from 8-22 weeks, exercising from once 

up to three times per week (Casla et al., 2015; Courneya et al., 2003; Daley et al., 2004; De 

Backer et al., 2007; Kampshoff et al., 2015; Nuri et al., 2012; Ortega & de Paz Fernández, 

2016). Thomas et al. (2017) induced a significant (p<0.05) decrease in BMI of 0.7% after a 12-

month, twice-weekly combined exercise intervention. Resistance programs are associated with 

varying non-significant (p<0.05) results in BMI, with changes ranging from -3.2% to +1.0% 

in interventions ranging from 8-weeks to 12-months, training once to twice a week (Benton & 

Schlairet, 2017; Brown & Schmitz, 2015; Santos et al., 2019; Schmitz et al., 2009). No 

significant impact on BMI has been induced in an aerobic intervention, with a reduction of 

3.1% after a ten-week, thrice-weekly aerobic training intervention (Murtezani et al., 2014). 

Similar to fat mass, higher BMI is associated with increased CVD risk. However, 

increases in BMI are not always unhealthy. Increases in lean body mass, when in the absence 

of or outweighing reductions in fat mass, increases BMI. Changes in BMI, akin to changes in 

body weight, are easier to interpret if body composition measures are also observed. The 

favourable body composition trends in the HIFT group in the current study show the possibility 

for the benefits of HIFT training even in the absence of significant reductions in BMI. 
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Body fat percentage 

 No statistically significant (p>0.05) changes were induced in body fat percentage over 

time (p=.946) or between groups (p=.730), with a decrease of 3.7% in the HIFT group and an 

increase of 4.7% in the control. While there was no significant change, due to the decreases in 

fat mass and increases in lean muscle mass in the HIFT and increases in fat mass and decreases 

in lean muscle mass in the control group, there was a trend of reduced body fat percentage in 

the HIFT group, and an increase in the control group. 

Changes in body fat percentage induced in the current study are similar to significant 

(p<0.05) reductions associated with other HIFT interventions, with reductions ranging from -

2.4% to - 14.2% (Brisebois et al., 2018; Heinrich et al., 2015; Nieuwoudt et al., 2017; Sobrero 

et al., 2015). Interventions ranged from five- to eight-weeks and all had participants exercising 

three times per week. Populations in these studies varied from cancer survivors, type 2 

diabetics, and healthy, physically inactive adults. 

Reductions in the current study are slightly lower than significant (p<0.05) decreases 

induced in combined exercise interventions ranging from to 16-weeks to 12-months, exercising 

two to three times per week (De Luca et al., 2016; Dieli-Conwright, Courneya, et al., 2018; 

Thomas et al., 2017). However, changes in the current study are similar to non-significant 

(p>0.05) results induced in combined interventions (0.0% to -10.7%), with programs ranging 

from 8-18 weeks, exercising two to three times per week (An et al., 2020; Battaglini et al., 

2007; Casla et al., 2015; De Backer et al., 2007; Herrero et al., 2006; Pinto et al., 2003). Body 

fat percentage results from the current study are higher than those associated with resistance 

interventions, with non-significant (p<0.05) changes (-0.3% to -1.2%) induced in interventions 

from 8-12 weeks, exercising once or twice per week (Santos et al., 2019; Schmitz et al., 2009). 

Aerobic interventions have been associated with non-significant (p>0.05) increases in body fat 

percentage with thrice weekly, 17-week, low-to-moderate or high-intensity interventions 
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(3.7% and 6.9% respectively), while a 10-week, thrice weekly aerobic intervention found 

significant (p<0.05) decreases of 9.3% (An et al., 2020; Burnham & Wilcox, 2002). 

 While there were no statistical changes in body composition in the intervention or 

control group over time or between the groups, the HIFT group trended to a more favourable 

body composition of increased lean mass and decreased fat mass, while the control group 

trended in the direction of increasing fat mass and decreasing lean body mass. On average, the 

effects of the HIFT program were positive on body composition variables, suggesting that a 

HIFT program in already active breast cancer survivors does not provide detrimental effects 

on body composition. Due to the already physically active nature of the participants, the HIFT 

intervention may have more effect if participants were inactive. 

 Cardiorespiratory 

Low cardiorespiratory fitness is associated with a reduction in breast cancer and all-

cause mortality, as well as breast cancer recurrence (An et al., 2020; Kokkinos et al., 2010; 

Myers et al., 2002). Breast cancer survivors have higher blood pressure than healthy individuals 

(Jones et al., 2014). Higher blood pressure leads to a greater risk for CVD. Therefore, exercise 

interventions that can improve CRF and lower resting blood pressure provide significant 

benefits to not only breast cancer survivors, but also the general population. 

V̇O2peak 

There was no significant change in V̇O2peak over time in either group (p=.324), nor were 

there differences between groups throughout the intervention (p=.705), with changes of 0.7% 

and 3.5% in the HIFT and control groups. V̇O2peak changes from the current study are lower 

than those associated with HIFT, aerobic and combined exercise interventions. 

HIFT interventions in younger and inactive individuals have induced significant 

increases in V̇O2peak of 3.2% to 5.5%, in interventions ranging from six to eight weeks, 

exercising three to five times per week (Brisebois et al., 2018; Crawford et al., 2018). The 
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effects of HIFT on in V̇O2peak in the current study are lower than significant results associated 

with other HIFT interventions, which may be attributed to the inactive nature and the younger 

age of the participants in previous studies compared to the current study. Cosgrove, Crawford, 

and Heinrich (2019) found non-significant increases in estimated V̇O2peak of 0.7% and 1.6% in 

males and females undertaking a 6-month CrossFit intervention exercising on average, 4 times 

per week. These lack of changes in V̇O2peak may be due to relatively high initial V̇O2peak (>42.0 

mL/kg/min), and the use of estimated V̇O2, a less valid measurement of CRF (Cosgrove et al., 

2019). 

Combined exercise interventions in breast cancer survivors have elicited significant 

increases in V̇O2peak/V̇O2max of 4.3% - 50.6%, with the exception of An et al. (2020), whose 

thrice weekly, 17-week intervention was associated with a significant reduction of 1.4%. 

Interventions ranged from 8 to 24 weeks, exercising once to thrice weekly (Casla et al., 2015; 

De Backer et al., 2007; De Luca et al., 2016; Dieli-Conwright, Courneya, et al., 2018; Dolan 

et al., 2018; Herrero et al., 2006; Kampshoff et al., 2015; Martin et al., 2015; Ortega & de Paz 

Fernández, 2016; Schulz et al., 2018). Average initial V̇O2max/peak of these studies were lower 

than the cohort in the current study, ranging from 21 to 27 mL/kg/min, with the exception of 

An et al. (2020) (28.4). Average post-test V̇O2peak/V̇O2max ranged from 22.9 to 35.1 mL/kg/min, 

compared to the current study’s 29.50 and 28.12 mL/kg/min pre-test and 29.72 and 29.10 

mL/kg/min post-test values for intervention and control groups respectively. 

Aerobic exercise interventions in breast cancer survivors have induced significant 

increases of 11.5% to 15.0%, and non-significant decreases of 1.7% to 2.1%. Intervention 

lengths ranged from 3- to 22-weeks, exercising one- to two-times weekly (An et al., 2020; 

Brdareski et al., 2012; Dolan et al., 2016). Aerobic interventions in those with lower initial 

V̇O2peak (>22 mL/kg/min) are associated with significant increases, while interventions in those 

with higher V̇O2peak similar to the current study (>28 mL/kg/min) are associated with 
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insignificant decreases, suggesting it is harder to increase V̇O2peak in those already aerobically 

fit (An et al., 2020; Brdareski et al., 2012). Combined interventions are associated with the 

largest increases in V̇O2peak among breast cancer survivors (De Luca et al., 2016; Dieli-

Conwright, Courneya, et al., 2018; Kampshoff et al., 2015; Ortega & de Paz Fernández, 2016). 

However, significant increases have also been associated with both aerobic and functional 

interventions (Brdareski et al., 2012; Crawford et al., 2018; Dolan et al., 2016). 

While there were no significant improvements in V̇O2peak in either the HIFT or control 

group, participants were already physically active and had a relatively high level of baseline 

fitness compared to other interventions in breast cancer survivors (Casla et al., 2015; De Backer 

et al., 2007; De Luca et al., 2016; Dieli-Conwright, Courneya, et al., 2018; Dolan et al., 2018; 

Herrero et al., 2006; Kampshoff et al., 2015; Martin et al., 2015; Ortega & de Paz Fernández, 

2016; Schulz et al., 2018). In this context, the results of the current study suggest that HIFT 

can maintain aerobic fitness in already active breast cancer survivors. 

Blood pressure 

 There was a significant reduction in resting systolic blood pressure, with reductions of 

2.7% in the HIFT group and 12.5% in the control group (p=0.012). Reductions in the HIFT 

group are slightly lower than those associated with other studies, with functional and combined 

interventions inducing significant reductions of 3.6% and 9.2% respectively (Brisebois et al., 

2018; Lee et al., 2019). While lower than changes associated with other interventions, 

reductions in systolic blood pressure induced in the current study show that a HIFT intervention 

in breast cancer survivors can provide significant benefits to resting systolic blood pressure. 

 Neither group had significant changes in diastolic blood pressure, with reductions of 

1% and 7.3% in the HIFT and control groups respectively. Reductions in diastolic blood 

pressure in the HIFT group are lower than those induced in a HIFT intervention undertaken by 

Brisebois et al. (2018). They reported a significant (p<0.05) 7.6% reduction in resting blood 
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pressure after a thrice weekly, eight week HIFT intervention. These reductions were seen in 

physically inactive adults, compared to the physically active participants in the current study, 

which may account for the variation in changes induced. Resting blood pressure measures were 

taken prior to the V̇O2max test, with apprehension for this test potentially increasing resting 

variables. 

Heart rate peak 

No significant (p>0.05) change in heart rate peak was induced in either group over the 

length of the intervention, with increases of 0.9% and 1.5% in the intervention and control 

groups respectively. Due to the linear relationship between heart rate and oxygen consumption, 

peak heart rate within 10 beats per minute of age predicted HRmax is often used as a criterion 

for determining whether participants achieved V̇O2max (Kenney et al., 2012; Lumb, 2010). In 

the pre-tests, eleven out of 20 participants achieved peak heart rate within 10bpm of age-

predicted HRmax, with this number rising to fourteen in the post-tests. Heart rate was predicted 

using the 208 – (.7 * age) formula (Tanaka et al., 2001). Other criteria used for establishing 

V̇O2peak included increases in V̇O2<150mL, respiratory quotient>1.1, no increase in heart rate 

with increased resistance, and RPE > 18. In the pre-test, 17 out of 20 (85%) participants attained 

at least three of the five criterion for V̇O2max, with this number rising to 19 (95%) in the post-

test, with the one remaining test stopped early due to the participant’s pregnancy. 

Strengths, limitations and future research 

Strengths 

 Maximal exercise testing is the gold standard for measuring V̇O2max; however, it is often 

difficult to use in clinical populations. The current study used a direct measure of V̇O2peak, 

while aiming to attain as many of the criterion for V̇O2max as possible. Maximal exercise testing 

provides less chance of over- or under-estimating individuals true maximal CRF, and can more 

effectively identify changes after an exercise intervention (Noonan & Dean, 2000). 
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 Exercise adherence to the HIFT intervention was exceptional, with all 16 participants 

completing all 40-sessions over a 20-week period. Participants exercised at a high intensity 

during the study, with an average exercise intensity of 83.7% HRmax. No adverse effects to the 

intervention were observed. Anecdotally, participants in the HIFT intervention found it 

enjoyable, with three main reasons standing out. One was the change from participants regular 

gym routine, with the higher-intensity and variation found to be very enjoyable. Secondly, 

some participants enjoyed the shorter exercise sessions, with the circuit lasting half an hour 

compared to the usual one hour combined exercise gym sessions participants undertook prior 

to the intervention. While some participants did not thoroughly enjoy working out, they 

understand the benefits that exercise can provide, and the ability to attain the same benefits in 

a shorter session was seen, in some, as very appealing. Finally, the group aspect of the circuit 

sessions was another main source of enjoyment for the participants 

 The duration of the intervention was a key strength of the study. Throughout the 

literature, a common theme among exercise interventions in breast cancer survivors is the need 

to investigate the effect of exercise interventions over a longer period of time. While there are 

some exceptions, exercise studies in breast cancer survivors tend to be around 8-16 weeks. The 

initial length of the study was 24-weeks, however due to unforeseen circumstances, the 

duration was shortened to 20-weeks.  

Limitations 

 The sample size of the current study was relatively small compared to other 

interventions, with only 16 participants completing the HIFT intervention, and 4 controls. The 

relatively small sample size was in part due to the small sample group of available participants, 

with the number of participants that chose to undertake the HIFT intervention, most, if not all 

of the women that both attended the ExPinkTTM clinic and met the criteria. This meant that 

there were no other women that met the criteria available to participate in the study either in 
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the HIFT intervention or serve as controls. However, the high percentage of those who were 

available to undertake the intervention that chose to participate could suggest that had there 

been access to a larger population group, the number of participants would have increased. A 

greater number of participants may have increased the power of the study’s findings. 

 The current study had no randomisation, as researchers believed it was best to allow, in 

this instance, all that wanted to undertake the HIFT intervention the opportunity to participate. 

The intervention period was one of the strengths of the study; however, it was originally 

intended to be longer, which may have changed results. The level 4 lockdown to control 

COVID-19 in New Zealand at the time the study was to begin delayed the start. It is possible 

that a longer intervention period may have led to further increases in fitness variables observed. 

 Two sessions of HIFT a week has been shown to provide significant benefits to 

metabolic and cardiorespiratory systems, however due to the already physically active nature 

of the participants, the stimulus may have been insufficient (Feito et al., 2018). Bio-impedance 

analysis was used to measure body composition variables and, while acceptable, DXA scans 

would have provided more accurate measurements. 

Recommendations for future research 

While the length of the intervention was one of its strengths, there is even less research 

on the effect of exercise longer than 24-weeks, and future research could investigate even 

longer interventions. Future research may also investigate the effects of a larger training 

volume over the same time period, for example, thrice weekly HIFT sessions. 

There remains a gap in the research in investigating the effect of functional training, 

whether high-intensity or not, in older breast cancer survivors. Participants in the current study 

were relatively young (37-62 years old), and investigating the effect functional training could 

have on older individuals may expand the ability for exercise prescription in older breast cancer 

survivors. 
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Future research may choose to investigate other variables, such as submaximal aerobic 

fitness, muscular endurance or using qualitative analysis. Research involving the use of surveys 

or interviews could investigate the experiences of participants undertaking the intervention, 

rather than solely observing the quantitative changes seen in overserved physiological and 

functional variables. 

While maximal aerobic fitness showed no significant increase, there may have been 

improvements in participants submaximal aerobic fitness. Analysis of participants respiratory 

thresholds may provide an insight into submaximal fitness changes. HIFT participants in the 

current study exercised at a high intensity, averaging 83.7% HRmax during the circuits, and 

other studies may choose to investigate the effect of higher or lower intensities on muscle 

strength, CRF and body composition variables, having participants exercise at specific 

intensities for aerobic and/or strength increases. 

Muscular endurance can be measured through maximal repetition tests (number of 

bench press reps, number of leg press reps) at a given weight and can give an indication to the 

muscular endurance of an individual. Muscular endurance tests would provide further insight 

into the effect of the HIFT intervention on functional capacity. 

In future studies, dietary information may want to be collected to enable researchers to 

determine whether changes in body weight were due to the exercise intervention or dietary 

changes. Similarly, future research could investigate the effect that combining a HIFT program 

with a dietary intervention on body composition variables in breast cancer survivors. 

With larger sample sizes, researchers could increase the power of the study to detect 

between group differences and reduce or eliminate bias and confounding variables such as 

baseline fitness levels. Randomization would also aid in improving the power of a HIFT 

intervention. 
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Conclusion 

 To conclude, the results from the current study show that a 20-week HIFT intervention 

can provide improvements in functional and lower body strength, as well as maintaining body 

composition, upper body strength and cardiorespiratory variables in already physically active 

breast cancer survivors. Functional carry tests and lower body strength increased in response 

to the HIFT intervention, similar to changes in controls completing their regular exercise 

routines. Improvements in functional fitness and muscle strength can improve capacity for 

ADLs and quality of life. While no changes were induced in body composition or 

cardiorespiratory fitness, the already physically active nature of the participants may have 

prevented further improvements. Higher CRF can reduce the risk of breast cancer and all-cause 

mortality, and while the current intervention was not associated with any improvements in 

CRF, initial fitness levels of participants were already high. Further research into HIFT training 

is needed, particularly to assess its ability to be undertaken in less active breast cancer 

populations. Findings from the present study are that a HIFT intervention can effective at 

improving or maintaining levels of functional fitness, CRF, muscle strength and body 

composition in already active breast cancer survivors. 

 

 

 

  



 

 

79 

REFERENCES 
 

Abid, S. H., Malhotra, V., & Perry, M. C. (2001). Radiation-induced and chemotherapy-

induced pulmonary injury. Current Opinion in Oncology, 13(4), 242-248.  

ACSM, Swain, D. P., Brawner, C. A., & Medicine, A. C. o. S. (2014). ACSM’s Resource 

Manual for Guidelines for Exercise Testing and Prescription (7th ed.): Philadelphia: 

Wolters Kluwer Health/Lippincott Williams & Wilkins. 

Adams, S. C., DeLorey, D. S., Davenport, M. H., Stickland, M. K., Fairey, A. S., North, S., . . 

. Courneya, K. S. (2017). Effects of high-intensity aerobic interval training on 

cardiovascular disease risk in testicular cancer survivors: A phase 2 randomized 

controlled trial. Cancer, 123(20), 4057-4065. doi:10.1002/cncr.30859 

Advani, P. P., Ballman, K. V., Dockter, T. J., Colon-Otero, G., & Perez, E. A. (2016). Long-

Term Cardiac Safety Analysis of NCCTG N9831 (Alliance) Adjuvant Trastuzumab 

Trial. Journal of Clinical Oncology, 34(6), 581-587. doi:10.1200/JCO.2015.61.8413 

Agrawal, S. (2014). Late effects of cancer treatment in breast cancer survivors. South Asian 

Journal of Cancer, 3(2), 112-115. doi:10.4103/2278-330X.130445 

Ainsworth, B. E., Haskell, W. L., Herrmann, S. D., Meckes, N., Bassett, D. R., Jr., Tudor-

Locke, C., . . . Leon, A. S. (2011). 2011 Compendium of Physical Activities: a second 

update of codes and MET values. Medicine & Science in Sports & Exercise, 43(8), 

1575-1581. doi:10.1249/MSS.0b013e31821ece12 

Aleman, B. M., Moser, E. C., Nuver, J., Suter, T. M., Maraldo, M. V., Specht, L., . . . Darby, 

S. C. (2014). Cardiovascular disease after cancer therapy. European Journal of Cancer 

- Supplement, 12(1), 18-28. doi:10.1016/j.ejcsup.2014.03.002 



 

 

80 

An, K. Y., Morielli, A. R., Kang, D. W., Friedenreich, C. M., McKenzie, D. C., Gelmon, K., . 

. . Courneya, K. S. (2020). Effects of exercise dose and type during breast cancer 

chemotherapy on longer-term patient-reported outcomes and health-related fitness: A 

randomized controlled trial. International Journal of Cancer, 146(1), 150-160. 

doi:10.1002/ijc.32493 

Anderson, R. T., Kimmick, G. G., McCoy, T. P., Hopkins, J., Levine, E., Miller, G., . . . 

Mihalko, S. L. (2012). A randomized trial of exercise on well-being and function 

following breast cancer surgery: the RESTORE trial. Journal of Cancer Survivorship, 

6(2), 172-181. doi:10.1007/s11764-011-0208-4 

Armanious, M. A., Mohammadi, H., Khodor, S., Oliver, D. E., Johnstone, P. A., & Fradley, 

M. G. (2018). Cardiovascular effects of radiation therapy. Current Problems in Cancer, 

42(4), 433-442. doi:10.1016/j.currproblcancer.2018.05.008 

Artese, A. L., Hunt, R. L., Ormsbee, M. J., Kim, J. S., Arjmandi, B. H., & Panton, L. B. (2021). 

Effect of Functional Impact Training on Body Composition, Bone Mineral Density, 

and Strength in Breast Cancer Survivors. Medicine & Science in Sports & Exercise, 

53(1), 90-101. doi:10.1249/MSS.0000000000002438 

Axelsen, C. T., Jensen, A. B., Jakobsen, E. H., & Bechmann, T. (2018). Bone loss during 

neoadjuvant/adjuvant chemotherapy for early stage breast cancer: A retrospective 

cohort study. Molecular and Clinical Oncology, 8(6), 767-772. 

doi:10.3892/mco.2018.1615 

Bao, T., Basal, C., Seluzicki, C., Li, S. Q., Seidman, A. D., & Mao, J. J. (2016). Long-term 

chemotherapy-induced peripheral neuropathy among breast cancer survivors: 



 

 

81 

prevalence, risk factors, and fall risk. Breast Cancer Research and Treatment, 159(2), 

327-333. doi:10.1007/s10549-016-3939-0 

Barlow, C. E., Defina, L. F., Radford, N. B., Berry, J. D., Cooper, K. H., Haskell, W. L., . . . 

Lakoski, S. G. (2012). Cardiorespiratory fitness and long-term survival in "low-risk" 

adults. Journal of the American Heart Association, 1(4), e001354. 

doi:10.1161/JAHA.112.001354 

Barnett, G. C., West, C. M., Dunning, A. M., Elliott, R. M., Coles, C. E., Pharoah, P. D., & 

Burnet, N. G. (2009). Normal tissue reactions to radiotherapy: towards tailoring 

treatment dose by genotype. Nature Reviews Cancer, 9(2), 134-142. 

doi:10.1038/nrc2587 

Battaglini, C., Bottaro, M., Dennehy, C., Rae, L., Shields, E., Kirk, D., & Hackney, A. (2007). 

The effects of an individualized exercise intervention on body composition in breast 

cancer patients undergoing treatment. Sao Paulo Medical Journal, 1(152), 22-28.  

Beard, J., & Tobin, B. (2000). Iron status and exercise. American Journal of Clinical Nutrition, 

72(2), 594s-597s.  

Benton, M. J., & Schlairet, M. C. (2017). Upper Extremity Strength Imbalance after 

Mastectomy and the Effect of Resistance Training. Sports Medicine International 

Open, 1(5), E160-E165. doi:10.1055/s-0043-115105 

Bentzen, S. M., Skoczylas, J. Z., Overgaard, M., & Overgaard, J. (1996). Radiotherapy-related 

lung fibrosis enhanced by tamoxifen. Journal of the National Cancer Institute, 88(13), 

918-922.  



 

 

82 

Berger, A. M., Gerber, L. H., & Mayer, D. K. (2012). Cancer-related fatigue: implications for 

breast cancer survivors. Cancer, 118(8 Suppl), 2261-2269. doi:10.1002/cncr.27475 

Bird, S. R., & Hawley, J. A. (2016). Update on the effects of physical activity on insulin 

sensitivity in humans. BMJ Open Sport and Exercise Medicine, 2(1), e000143. 

doi:10.1136/bmjsem-2016-000143 

Bohannon, R. W. (1998). Hand-grip dynamometry provides a valid indication of upper 

extremity strength impairment in home care patients. Journal of Hand Therapy, 11(4), 

258-260. doi:10.1016/s0894-1130(98)80021-5 

Bradshaw, P. T., Stevens, J., Khankari, N., Teitelbaum, S. L., Neugut, A. I., & Gammon, M. 

D. (2016). Cardiovascular Disease Mortality Among Breast Cancer Survivors. 

Epidemiology, 27(1), 6-13. doi:10.1097/EDE.0000000000000394 

Brdareski, Z., Djurovic, A., Susnjar, S., Zivotic-Vanovic, M., Ristic, A., Konstantinovic, L., . 

. . Tankosic, M. (2012). Effects of a short-term differently dosed aerobic exercise on 

maximum aerobic capacity in breast cancer survivors: A pilot study. Vojnosanitetski 

pregled, 69(3), 237-242. doi:10.2298/vsp101117004b 

Brenner, B., & Eisenberg, E. (1987). The mechanism of muscle contraction. Biochemical, 

mechanical, and structural approaches to elucidate cross-bridge action in muscle. 

Cardiac Energetics, 3-16.  

Brighton, D., & Wood, M. (2005). The Royal Marsden Hospital Handbook of Cancer 

Chemotherapy. Edinburgh: Elsevier Churchill Livingstone. 



 

 

83 

Brisebois, M. F., Rigby, B. R., & Nichols, D. L. (2018). Physiological and Fitness Adaptations 

after Eight Weeks of High-Intensity Functional Training in Physically Inactive Adults. 

Sports (Basel), 6(4). doi:10.3390/sports6040146 

Brown, J. C., & Schmitz, K. H. (2015). Weight Lifting and Physical Function Among Survivors 

of Breast Cancer: A Post Hoc Analysis of a Randomized Controlled Trial. Journal of 

Clinical Oncology, 33(19), 2184-2189. doi:10.1200/JCO.2014.57.7395 

Buckley, M. M. T., & Goa, K. L. (1989). Tamoxifen. Drugs, 37(4), 451-490.  

Burnham, T. R., & Wilcox, A. (2002). Effects of exercise on physiological and psychological 

variables in cancer survivors. Medicine & Science in Sports & Exercise, 34(12), 1863-

1867. doi:10.1249/01.MSS.0000040995.26076.CC 

Cabral-Santos, C., Gerosa-Neto, J., Inoue, D. S., Rossi, F. E., Cholewa, J. M., Campos, E. Z., 

. . . Lira, F. S. (2017). Physiological Acute Response to High-Intensity Intermittent and 

Moderate-Intensity Continuous 5 km Running Performance: Implications for Training 

Prescription. Journal of Human Kinetics, 56, 127-137. doi:10.1515/hukin-2017-0030 

Casla, S., Lopez-Tarruella, S., Jerez, Y., Marquez-Rodas, I., Galvao, D. A., Newton, R. U., . . 

. Martin, M. (2015). Supervised physical exercise improves VO2max, quality of life, 

and health in early stage breast cancer patients: a randomized controlled trial. Breast 

Cancer Research and Treatment, 153(2), 371-382. doi:10.1007/s10549-015-3541-x 

Cavaletti, G., & Marmiroli, P. (2010). Chemotherapy-induced peripheral neurotoxicity. Nature 

Reviews Neurology, 6(12), 657-666. doi:10.1038/nrneurol.2010.160 



 

 

84 

Chap, L., Shpiner, R., Levine, M., Norton, L., Lill, M., & Glaspy, J. (1997). Pulmonary toxicity 

of high-dose chemotherapy for breast cancer: a non-invasive approach to diagnosis and 

treatment. Bone marrow transplantation, 20(12), 1063-1067.  

Chen, H. H., & Kuo, M. T. (2017). Improving radiotherapy in cancer treatment: promises and 

challenges. Oncotarget, 8(37), 62742-62758.  

Chen, Z., Wu, Z., & Ning, W. (2019). Advances in Molecular Mechanisms and Treatment of 

Radiation-Induced Pulmonary Fibrosis. Translational Oncology, 12(1), 162-169. 

doi:10.1016/j.tranon.2018.09.009 

Cheville, A., McGarvey, C., Petrek, J., Russo, S., Taylor, M., & Thiadens, S. (2003). 

Lymphedema management. Seminars in radiation oncology, 13(3), 290-301. 

doi:10.1016/s1053-4296(03)00035-3 

Christensen, S., Pedersen, L., Grijota, M., Kornum, J. B., Beiderbeck, A., & Sorensen, H. T. 

(2008). Incidence of interstitial pneumonitis among breast cancer patients: a 10-year 

Danish population-based cohort study. British journal of cancer, 98(11), 1870-1875. 

doi:10.1038/sj.bjc.6604393 

Cipryan, L., Tschakert, G., & Hofmann, P. (2017). Acute and post-exercise physiological 

responses to high-intensity interval training in endurance and sprint athletes. Journal of 

Sports Science and Medicine, 16, 219-229.  

Condorelli, R., & Vaz-Luis, I. (2018). Managing side effects in adjuvant endocrine therapy for 

breast cancer. Expert Review of Anticancer Therapy, 18(11), 1101-1112. 

doi:10.1080/14737140.2018.1520096 



 

 

85 

Connolly, R. M., & Stearns, V. (2013). Current approaches for neoadjuvant chemotherapy in 

breast cancer. European Journal of Pharmacology, 717(1-3), 58-66. 

doi:10.1016/j.ejphar.2013.02.057 

Cosgrove, S. J., Crawford, D. A., & Heinrich, K. M. (2019). Multiple Fitness Improvements 

Found after 6-Months of High Intensity Functional Training. Sports (Basel), 7(9). 

doi:10.3390/sports7090203 

Courneya, K. S., Mackey, J. R., Bell, G. J., Jones, L. W., Field, C. J., & Fairey, A. S. (2003). 

Randomized Controlled Trial of Exercise Training in Postmenopausal Breast Cancer 

Survivors: Cardiopulmonary and Quality of Life Outcomes. Journal of Clinical 

Oncology, 21(9), 1660-1668. doi:10.1200/jco.2003.04.093 

Cox, J., & Ang, K. (2010). Radiation Oncology: Rationale, Technique, Results: Mosby 

Elsevier. 

Crawford, D. A., Drake, N. B., Carper, M. J., DeBlauw, J., & Heinrich, K. M. (2018). Are 

Changes in Physical Work Capacity Induced by High-Intensity Functional Training 

Related to Changes in Associated Physiologic Measures? Sports (Basel), 6(2). 

doi:10.3390/sports6020026 

Cress, M. E., Conley, K. E., Balding, S. L., Hansen-Smith, F., & Konczak, J. (1996). Functional 

training: muscle structure, function and performance in older women. Journal of 

Orthopaedic & Sports Physical Therapy, 24(1), 4-10.  

Dal Maso, F., Longcamp, M., & Amarantini, D. (2012). Training-related decrease in antagonist 

muscles activation is associated with increased motor cortex activation: evidence of 



 

 

86 

central mechanisms for control of antagonist muscles. Experimental Brain Research, 

220(3-4), 287-295. doi:10.1007/s00221-012-3137-1 

Daley, A. J., Crank, H., Saxton, J. M., Mutrie, N., Coleman, R., & Roalfe, A. (2007). 

Randomized Trial of Exercise Therapy in Women Treated for Breast Cancer. Journal 

of Clinical Oncology, 25(13), 1713-1721. doi:10.1200/jco.2006.09.5083 

Daley, A. J., Mutrie, N., Crank, H., Coleman, R., & Saxtron, J. (2004). Exercise therapy in 

women who have had breast cancer: design of the Sheffield women's exercise and well-

being project. Health Education Research, 19(6), 686-697. doi:10.1093/her/cyg094 

Dalleck, L. C., Allen, B. A., Hanson, B. A., Borresen, E. C., Erickson, M. E., & De Lap, S. L. 

(2009). Dose-response relationship between moderate-intensity exercise duration and 

coronary heart disease risk factors in postmenopausal women. Journal of Womens 

Health (Larchmt), 18(1), 105-113. doi:10.1089/jwh.2008.0790 

Darby, S. C., Ewertz, M., McGale, P., Bennet, A. M., Blom-Goldman, U., Bronnum, D., . . . 

Hall, P. (2013). Risk of ischemic heart disease in women after radiotherapy for breast 

cancer. The New England Journal of Medicine, 368(11), 987-998. 

doi:10.1056/NEJMoa1209825 

De Backer, I. C., Van Breda, E., Vreugdenhil, A., Nijziel, M. R., Kester, A. D., & Schep, G. 

(2007). High-intensity strength training improves quality of life in cancer survivors. 

Acta Oncologica, 46(8), 1143-1151. doi:10.1080/02841860701418838 

De Luca, V., Minganti, C., Borrione, P., Grazioli, E., Cerulli, C., Guerra, E., . . . Parisi, A. 

(2016). Effects of concurrent aerobic and strength training on breast cancer survivors: 



 

 

87 

a pilot study. Public Health, 136, 126-132. 

doi:https://doi.org/10.1016/j.puhe.2016.03.028 

de Souza Nery, S., Gomides, R. S., da Silva, G. V., de Moraes Forjaz, C. L., Mion, D., Jr., & 

Tinucci, T. (2010). Intra-arterial blood pressure response in hypertensive subjects 

during low- and high-intensity resistance exercise. Clinics (Sao Paulo), 65(3), 271-277. 

doi:10.1590/S1807-59322010000300006 

De Vreede, P. L., Samson, M. M., Van Meeteren, N. L., Duursma, S. A., & Verhaar, H. J. 

(2005). Functional-task exercise versus resistance strength exercise to improve daily 

function in older women: a randomized, controlled trial. Journal of the American 

Geriatrics Society, 53(1), 2-10.  

Demark-Wahnefried, W., Peterson, B. L., Winer, E. P., Marks, L., Aziz, N., Marcom, P. K., . 

. . Rimer, B. K. (2001). Changes in weight, body composition, and factors influencing 

energy balance among premenopausal breast cancer patients receiving adjuvant 

chemotherapy. Journal of Clinical Oncology, 19(9), 2381-2389.  

Despres, J. P., & Lemieux, I. (2006). Abdominal obesity and metabolic syndrome. Nature, 

444(7121), 881-887. doi:10.1038/nature05488 

Dieli-Conwright, C. M., Courneya, K. S., Demark-Wahnefried, W., Sami, N., Lee, K., 

Sweeney, F. C., . . . Mortimer, J. E. (2018). Aerobic and resistance exercise improves 

physical fitness, bone health, and quality of life in overweight and obese breast cancer 

survivors: a randomized controlled trial. Breast Cancer Research, 20(1), 124. 

doi:10.1186/s13058-018-1051-6 



 

 

88 

Dieli-Conwright, C. M., Parmentier, J. H., Sami, N., Lee, K., Spicer, D., Mack, W. J., . . . 

Mittelman, S. D. (2018). Adipose tissue inflammation in breast cancer survivors: 

effects of a 16-week combined aerobic and resistance exercise training intervention. 

Breast Cancer Research and Treatment, 168(1), 147-157. doi:10.1007/s10549-017-

4576-y 

Dolan, L., Campbell, K., Gelmon, K., Neil-Sztramko, S., Holmes, D., McKenzie, D., . . . 

McKenzie, D. C. (2016). Interval versus continuous aerobic exercise training in breast 

cancer survivors--a pilot RCT. Supportive Care in Cancer, 24(1), 119-127. 

doi:10.1007/s00520-015-2749-y 

Dolan, L. B., Barry, D., Petrella, T., Davey, L., Minnes, A., Yantzi, A., . . . Oh, P. (2018). The 

Cardiac Rehabilitation Model Improves Fitness, Quality of Life, and Depression in 

Breast Cancer Survivors. Journal of Cardiopulmonary Rehabilitation and Prevention, 

38(4), 246-252. doi:10.1097/HCR.0000000000000256 

Dolan, L. B., Gelmon, K., Courneya, K. S., Mackey, J. R., Segal, R. J., Lane, K., . . . McKenzie, 

D. C. (2010). Hemoglobin and aerobic fitness changes with supervised exercise training 

in breast cancer patients receiving chemotherapy. Cancer Epidemiology, Biomarkers 

and Prevention, 19(11), 2826-2832. doi:10.1158/1055-9965.EPI-10-0521 

Dulin, W. A., Avila, R. A., Verheyden, C. N., & Grossman, L. (2004). Evaluation of abdominal 

wall strength after TRAM flap surgery. Plastic and reconstructive surgery, 113(6), 

1662-1665; discussion 1666-1667. doi:10.1097/01.prs.0000117197.77201.14 

Duscha, B. D., Slentz, C. A., Johnson, J. L., Houmard, J. A., Bensimhon, D. R., Knetzfer, K. 

J., & Kraus, W. E. (2005). Effects of exercise training amount and intensity on peak 



 

 

89 

oxygen consumption in middle-age men and women at risk for cardiovascular diesase. 

Chest, 128(4), 2788-2793.  

Eckhoff, L., Knoop, A., Jensen, M. B., & Ewertz, M. (2015). Persistence of docetaxel-induced 

neuropathy and impact on quality of life among breast cancer survivors. European 

Journal of Cancer Care, 51(3), 292-300. doi:10.1016/j.ejca.2014.11.024 

Ehrman, J., Gordon, P., Visich, P., & Keteyian, S. (2013). Clinical Exercise Physiology (3rd 

ed.): Human Kinetics. 

Feigelson, H. S., Jonas, C. R., Teras, L. R., Thun, M. J., & Calle, E. E. (2004). Weight gain, 

body mass index, hormone replacement therapy, and postmanopausal breast cancer in 

a large prospective study. Cancer Epidemiology, Biomarkers and Prevention, 13(2), 

220-224.  

Feito, Y., Heinrich, K. M., Butcher, S. J., & Poston, W. S. C. (2018). High-Intensity Functional 

Training (HIFT): Definition and Research Implications for Improved Fitness. Sports 

(Basel), 6(3). doi:10.3390/sports6030076 

Fisher, B., Bryant, J., Wolmark, N., Mamounas, E., Brown, A., Fisher, E., . . . Bear, H. (1998). 

Effect of preoperative chemotherapy on the outcome of women with operable breast 

cancer. Journal of Clinical Oncology, 16, 2672-2685.  

Fragkandrea, I., Koulouisd, V., Msvridis, P., Zettos, A., Betsou, S., Georgolopoulou, P., . . . 

Kouvaris, I. (2013). Radiation induced pneumonitis following whole breast 

radiotherapy treatment in early breast cancer patients treated with breast conserving 

surgery: a single institution study. Hippokratia, 17(3), 233.  



 

 

90 

Freedman, R. J., Aziz, N., Albanes, D., Hartman, T., Danforth, D., Hill, S., . . . Yanovski, J. A. 

(2004). Weight and body composition changes during and after adjuvant chemotherapy 

in women with breast cancer. The Journal of Clinical Endocrinology & Metabolism, 

89(5), 2248-2253. doi:10.1210/jc.2003-031874 

Garibaldi, C., Jereczek-Fossa, B. A., Marvaso, G., Dicuonzo, S., Rojas, D. P., Cattani, F., . . . 

Ricotti, R. (2017). Recent advances in radiation oncology. ecancermedicalscience, 11. 

doi:10.3332/ecancer.2017.785 

Garreau, J. R., Delamelena, T., Walts, D., Karamlou, K., & Johnson, N. (2006). Side effects of 

aromatase inhibitors versus tamoxifen: the patients' perspective. The American Journal 

of Surgery, 192(4), 496-498. doi:10.1016/j.amjsurg.2006.06.018 

Gemmete, J. J., & Mukherji, S. K. (2011). Trastuzumab (herceptin). American Journal of 

Neuroradiology, 32(8), 1373-1374. doi:10.3174/ajnr.A2619 

George, S. M., Bernstein, L., Smith, A. W., Neuhouser, M. L., Baumgartner, K. B., 

Baumgartner, R. N., & Ballard-Barbash, R. (2014). Central adiposity after breast cancer 

diagnosis is related to mortality in the Health, Eating, Activity, and Lifestyle study. 

Breast Cancer Research and Treatment, 146(3), 647-655. doi:10.1007/s10549-014-

3048-x 

Gernaat, S. A. M., Ho, P. J., Rijnberg, N., Emaus, M. J., Baak, L. M., Hartman, M., . . . 

Verkooijen, H. M. (2017). Risk of death from cardiovascular disease following breast 

cancer: a systematic review. Breast Cancer Research and Treatment, 164(3), 537-555. 

doi:10.1007/s10549-017-4282-9 



 

 

91 

Gewandter, J. S., Fan, L., Magnuson, A., Mustian, K., Peppone, L., Heckler, C., . . . Mohile, 

S. G. (2013). Falls and functional impairments in cancer survivors with chemotherapy-

induced peripheral neuropathy (CIPN): a University of Rochester CCOP study. Support 

Care Cancer, 21(7), 2059-2066. doi:10.1007/s00520-013-1766-y 

Giallauria, F., Vitelli, A., Maresca, L., Santucci De Magistris, M., Chiodini, P., Mattiello, A., 

. . . Vigorito, C. (2016). Exercise training improves cardiopulmonary and endothelial 

function in women with breast cancer: findings from the Diana-5 dietary intervention 

study. Internal and Emergency Medicine, 11(2), 183-189. doi:10.1007/s11739-015-

1259-8 

Gibala, M. J., Little, J. P., Macdonald, M. J., & Hawley, J. A. (2012). Physiological adaptations 

to low-volume, high-intensity interval training in health and disease. The Journal of 

Physiology, 590(5), 1077-1084. doi:10.1113/jphysiol.2011.224725 

Gigliardi, G., Lax, I., & Rutqvist, L. E. (2001). Partial irridation of the heart. Seminars in 

radiation oncology, 11(3), 224-233.  

Giordano, S. H., Temin, S., Kirshner, J. J., Chandarlapaty, S., Crews, J. R., Davidson, N. E., . 

. . American Society of Clinical, O. (2014). Systemic therapy for patients with advanced 

human epidermal growth factor receptor 2-positive breast cancer: American Society of 

Clinical Oncology clinical practice guideline. Journal of Clinical Oncology, 32(19), 

2078-2099. doi:10.1200/JCO.2013.54.0948 

Granata, C., Oliveira, R. S., Little, J. P., Renner, K., & Bishop, D. J. (2017). Sprint-interval but 

not continuous exercise increases PGC-1alpha protein content and p53 phosphorylation 

in nuclear fractions of human skeletal muscle. Scientific Reports, 7, 44227. 

doi:10.1038/srep44227 



 

 

92 

Guo, A., Zhang, K. W., Reynolds, K., & Foraker, R. E. (2020). Coronary heart disease and 

mortality following a breast cancer diagnosis. BMC Medical Informatics and Decision 

Making, 20(1), 88. doi:10.1186/s12911-020-1127-y 

Hackett, D. A., & Chow, C. M. (2013). The Valsalva maneuver: its effect on intra-abdominal 

pressure and safety issues during resistance exercise. The Journal of Strength & 

Conditioning Research, 27(8), 2338-2345.  

Haddock, C. K., Poston, W. S., Heinrich, K. M., Jahnke, S. A., & Jitnarin, N. (2016). The 

Benefits of High-Intensity Functional Training Fitness Programs for Military 

Personnel. Military Medicine, 181(11), e1508-e1514. doi:10.7205/MILMED-D-15-

00503 

Hagstrom, A. D., Marshall, P. W., Lonsdale, C., Cheema, B. S., Fiatarone Singh, M. A., & 

Green, S. (2016). Resistance training improves fatigue and quality of life in previously 

sedentary breast cancer survivors: a randomised controlled trial. European Journal of 

Cancer Care (engl), 25(5), 784-794. doi:10.1111/ecc.12422 

Halperin, E., Perez, C., & Brady, L. (2008). Principles and Practice of Radiation Oncology 

(5th ed.). Philidelphia: Wolters Kluwer Health/Lippincott Williams & Wilking. 

Hanania, A. N., Mainwaring, W., Ghebre, Y. T., Hanania, N. A., & Ludwig, M. (2019). 

Radiation-Induced Lung Injury: Assessment and Management. Chest, 156(1), 150-162. 

doi:10.1016/j.chest.2019.03.033 

Handel, N., Cordray, T., Gutierrez, J., & Jensen, J. A. (2006). A long-term study of outcomes, 

complications, and patient satisfaction with breast implance. Plastic and reconstructive 

surgery, 117(3), 757-767.  



 

 

93 

Harbeck, N., Ewer, M. S., De Laurentiis, M., Suter, T. M., & Ewer, S. M. (2011). 

Cardiovascular complications of conventional and targeted adjuvant breast cancer 

therapy. Annals of Oncology, 22(6), 1250-1258. doi:10.1093/annonc/mdq543 

Harris, E. E., Correa, C., Hwang, W. T., Liao, J., Litt, H. I., Ferrari, V. A., & Solin, L. J. (2006). 

Late cardiac mortality and morbidity in early-stage breast cancer patients after breast-

conservation treatment. Journal of Clinical Oncology, 24(25), 4100-4106. 

doi:10.1200/JCO.2005.05.1037 

Hayes, S. C., Janda, M., Cornish, B., Battistutta, D., & Newman, B. (2008). Lymphedema after 

breast cancer: incidence, risk factors, and effect on upper body function. Journal of 

Clinical Oncology, 26(21), 3536-3542. doi:10.1200/JCO.2007.14.4899 

Heinrich, K. M., Becker, C., Carlisle, T., Gilmore, K., Hauser, J., Frye, J., & Harms, C. A. 

(2015). High-intensity functional training improves functional movement and body 

composition among cancer survivors: a pilot study. European Journal of Cancer Care 

(engl), 24(6), 812-817. doi:10.1111/ecc.12338 

Heinrich, K. M., Patel, P. M., O’Neal, J. L., & Heinrich, B. S. (2014). High-intensity compared 

to moderate-intensity training for exercise initiation, enjoyment, adherence, and 

intentions: an intervention study. BMC Public Health, 14(1), 789.  

Herrero, F., San Juan, A. F., Fleck, S. J., Balmer, J., Perez, M., Canete, S., . . . Lucia, A. (2006). 

Combined aerobic and resistance training in breast cancer survivors: A randomized, 

controlled pilot trial. International Journal of Sports Medicine, 27(7), 573-580. 

doi:10.1055/s-2005-865848 



 

 

94 

Heyawrd, V. H., & Gibson, A. L. (2014). Advanced Fitness Assessment and Exercise 

Prescription (8th ed.). Champaign, IL: Human Kinetics. 

Hoier, B., Passos, M., Bangsbo, J., & Hellsten, Y. (2013). Intense intermittent exercise 

provides weak stimulus for vascular endothelial growth factor secretion and capillary 

growth in skeletal muscle. Experimental Physiology, 98(2), 585-597. 

doi:10.1113/expphysiol.2012.067967 

Hooning, M. J., Botma, A., Aleman, B. M., Baaijens, M. H., Bartelink, H., Klijn, J. G., . . . van 

Leeuwen, F. E. (2007). Long-term risk of cardiovascular disease in 10-year survivors 

of breast cancer. Journal of the National Cancer Institute, 99(5), 365-375. 

doi:10.1093/jnci/djk064 

Hornsby, W. E., Douglas, P. S., West, M. J., Kenjale, A. A., Lane, A. R., Schwitzer, E. R., . . . 

Jones, L. W. (2014). Safety and efficacy of aerobic training in operable breast cancer 

patients receiving neoadjuvant chemotherapy: a phase II randomized trial. Acta 

Oncologica, 53(1), 65-74. doi:10.3109/0284186X.2013.781673 

Hovind, I. L., Bredal, I. S., & Dihle, A. (2013). Women's experience of acute and chronic pain 

following breast cancer surgery. Journal of Clinical Nursing, 22(7-8), 1044-1052. 

doi:10.1111/jocn.12167 

Hsieh, C. C., Sprod, L. K., Hydock, D. S., Carter, S. D., Hayward, R., & Schneider, C. M. 

(2008). Effects of a supervised exercise intervention on recovery from treatment 

regimens in breast cancer survivors. Oncology Nursing Forum, 35(6), 909-915. 

doi:10.1188/08.ONF.909-915 



 

 

95 

Huovinen, V., Ivaska, K. K., Kiviranta, R., Bucci, M., Lipponen, H., Sandboge, S., . . . Nuutila, 

P. (2016). Bone mineral density is increased after a 16-week resistance training 

intervention in elderly women with decreased muscle strength. European Journal of 

Endocrinology, 175(6), 571-582. doi:10.1530/EJE-16-0521 

Irwin, M. L., Alvarez-Reeves, M., Cadmus, L., Mierzejewski, E., Mayne, S. T., Yu, H., . . . 

DiPietro, L. (2009). Exercise improves body fat, lean mass, and bone mass in breast 

cancer survivors. Obesity (Silver Spring), 17(8), 1534-1541. doi:10.1038/oby.2009.18 

Irwin, M. L., McTiernan, A., Baumgartner, R. N., Baumgartner, K. B., Bernstein, L., Gilliland, 

F. D., & Ballard-Barbash, R. (2005). Changes in body fat and weight after a breast 

cancer diagnosis: influence of demographic, prognostic, and lifestyle factors. Journal 

of Clinical Oncology, 23(4), 774-782. doi:10.1200/JCO.2005.04.036 

Irwin, M. L., Smith, A. W., McTiernan, A., Ballard-Barbash, R., Cronin, K., Gilliland, F. D., . 

. . Bernstein, L. (2008). Influence of pre- and postdiagnosis physical activity on 

mortality in breast cancer survivors: the health, eating, activity, and lifestyle study. 

Journal of Clinical Oncology, 26(24), 3958-3964. doi:10.1200/JCO.2007.15.9822 

Janssen, I., Heymsfield, S. B., & Ross, R. (2002). Low relative skeletal muscle mass 

(sarcopenia) in older persons is associated with functional impairment and physical 

disability. Journal of the American Geriatrics Society, 50(5), 889-896.  

Jette, M., Sidney, K., & Blumchen, G. (1990). Metabolic equivalents (METS) in exercise 

testing, exercise prescription, and evaluation of functional capacity. Clinical 

Cardiology, 13(8), 555-565.  



 

 

96 

Joiner, M., & Kogel, A. v. d. (2009). Basic Clinical Radiobiology (4th ed.). London: Hodder 

Arnold. 

Jones, D. H., Nestore, M., Henophy, S., Cousin, J., & Comtois, A. S. (2014). Increased 

cardiovascular risk factors in breast cancer survivors identified by routine 

measurements of body composition, resting heart rate and arterial blood pressure. 

Springerplus, 3(1), 150.  

Jones, L. W., Courneya, K. S., Mackey, J. R., Muss, H. B., Pituskin, E. N., Scott, J. M., . . . 

Haykowsky, M. (2012). Cardiopulmonary Function and Age-Related Decline Across 

the Breast Cancer Survivorship Continuum. Journal of Clinical Oncology, 30(20), 

2530-2537. doi:10.1200/jco.2011.39.9014 

Jones, L. W., Haykowsky, M., Pituskin, E. N., Jendzjowsky, N. G., Tomczak, C. R., Haennel, 

R. G., & Mackey, J. R. (2007). Cardiovascular Reserve and Risk Profile of 

Postmenopausal Women After Chemoendocrine Therapy for Hormone Receptor 

Positive Operable Breast Cancer. The Oncologist, 12(10), 1156-1164. 

doi:10.1634/theoncologist.12-10-1156 

Kalder, M., & Hadji, P. (2014). Breast cancer and osteoporosis - management of cancer 

treatment-induced bone loss in postmenopausal women with breast cancer. Breast Care 

(Basel), 9(5), 312-317. doi:10.1159/000368843 

Kallaway, C., Humphreys, A., Laurence, N., & Sutton, R. (2016). Latissimus dorsi 

myocutaneous reconstruction: a study of long-term outcomes in a district general 

hospital. Annals of the Royal College of Surgeons of England, 98(8), 574-577. 

doi:10.1308/rcsann.2016.0311 



 

 

97 

Kampshoff, C. S., Chinapaw, M. J., Brug, J., Twisk, J. W., Schep, G., Nijziel, M. R., . . . 

Buffart, L. M. (2015). Randomized controlled trial of the effects of high intensity and 

low-to-moderate intensity exercise on physical fitness and fatigue in cancer survivors: 

results of the Resistance and Endurance exercise After ChemoTherapy (REACT) study. 

BMC Medicine, 13, 275. doi:10.1186/s12916-015-0513-2 

Kantarjian, H., Wolff, R., & Koller, C. (2011). The MD Anderson Manual of Medical Oncology 

(2nd ed.). New York: McGraw-Hill. 

Kenney, W. L., Wilmore, J. K., & Costill, D. L. (2012). Physiology of Sport and Exercise (5th 

ed.): Champaign, IL : Human Kinetics. 

Khan, F. M. (2007). Treatment Planning in Radiation Oncology (2nd ed.). Philadelphia: 

Lippincott Williams & Wilkins. 

Khouri, M. G., Douglas, P. S., Mackey, J. R., Martin, M., Scott, J. M., Scherrer-Crosbie, M., 

& Jones, L. W. (2012). Cancer therapy-induced cardiac toxicity in early breast cancer: 

addressing the unresolved issues. Circulation, 126(23), 2749-2763. 

doi:10.1161/CIRCULATIONAHA.112.100560 

Kim, D. Y., Kim, J. H., & Park, S. W. (2019). Aerobic capacity correlates with health-related 

quality of life after breast cancer surgery. European Journal of Cancer Care (engl), 

e13050. doi:10.1111/ecc.13050 

Kim, M. K., Kim, T., Moon, H. G., Jin, U. S., Kim, K., Kim, J., . . . Han, W. (2015). Effect of 

cosmetic outcome on quality of life after breast cancer surgery. European Journal of 

Surgical Oncology, 41(3), 426-432. doi:10.1016/j.ejso.2014.12.002 



 

 

98 

Kim, S., Tannock, I., Sridhar, S., Seki, J., & Bordeleau, L. (2012). Chemotherapy-induced 

infiltrative pneumonitis cases in breast cancer patients. Journal of Oncology Pharmacy 

Practice, 18(2), 311-315. doi:10.1177/1078155211429384 

Klassen, O., Schmidt, M. E., Scharhag-Rosenberger, F., Sorkin, M., Ulrich, C. M., 

Schneeweiss, A., . . . Wiskemann, J. (2014). Cardiorespiratory fitness in breast cancer 

patients undergoing adjuvant therapy. Acta Oncologica, 53(10), 1356-1365. 

doi:10.3109/0284186X.2014.899435 

Kneis, S., Wehrle, A., Freyler, K., Lehmann, K., Rudolphi, B., Hildenbrand, B., . . . Ritzmann, 

R. (2016). Balance impairments and neuromuscular changes in breast cancer patients 

with chemotherapy-induced peripheral neuropathy. Clinical Neurophysiology, 127(2), 

1481-1490. doi:10.1016/j.clinph.2015.07.022 

Kokkinos, P., Myers, J., Faselis, C., Panagiotakos, D. B., Doumas, M., Pittaras, A., . . . Fletcher, 

R. (2010). Exercise capacity and mortality in older men: a 20-year follow-up study. 

Circulation, 122(8), 790-797. doi:10.1161/CIRCULATIONAHA.110.938852 

Krasenska, M. (2016). Treatment with Aromatase Inhibitors in Postmenopausal Women with 

Breast Cancer and the Possibility of Influencing Side Effects. Klinicka onkologie: 

casopis Ceske a Slovenske onkologicke spolecnosti, 29(3), 39-49. 

doi:10.14735/amko20163S39 

Kuhnt, T., Reichter, C., Enke, H., & Dunst, J. (1998). Acute radiation reaction and local control 

in breast cancer patients treated wit postmastectomy radiotherapy. Strahlentherapie 

und Onkologie, 174(5), 257-261.  



 

 

99 

Kurtz, J. (2002). The curative role of radiotherapy in the treatment of operable breast cancer. 

European Journal of Cancer, 38(15), 1961-1974.  

LaRiviere, M. J., Chao, H. H., Doucette, A., Kegelman, T. P., Taunk, N. K., Freedman, G. M., 

& Vapiwala, N. (2020). Factors associated with fatigue in breast cancer patients 

undergoing external beam radiation therapy. Practical Radiation Oncology. 

doi:10.1016/j.prro.2020.05.011 

Leach, H. J., Covington, K. R., Voss, C., LeBreton, K. A., Harden, S. M., & Schuster, S. R. 

(2019). Effect of Group Dynamics-Based Exercise Versus Personal Training in Breast 

Cancer Survivors. Oncology Nursing Forum, 46(2), 185-197. 

doi:10.1188/19.ONF.185-197 

Lee, A. (2006). Adverse Drug Reactions (2nd ed.). London: Pharmaceutical Press. 

Lee, D. C., Artero, E. G., Sui, X., & Blair, S. N. (2010). Mortality trends in the general 

population: the importance of cardiorespiratory fitness. Journal of 

Psychopharmacology, 24(4 Suppl), 27-35. doi:10.1177/1359786810382057 

Lee, K., Kang, I., Mortimer, J. E., Sattler, F., Mack, W. J., Fitzsimons, L. A., . . . Dieli-

Conwright, C. M. (2018). Effects of high-intensity interval training on vascular 

function in breast cancer survivors undergoing anthracycline chemotherapy: design of 

a pilot study. BMJ Open, 8(6), e022622. doi:10.1136/bmjopen-2018-022622 

Lee, K., Tripathy, D., Demark-Wahnefried, W., Courneya, K. S., Sami, N., Bernstein, L., . . . 

Dieli-Conwright, C. M. (2019). Effect of Aerobic and Resistance Exercise Intervention 

on Cardiovascular Disease Risk in Women With Early-Stage Breast Cancer: A 



 

 

100 

Randomized Clinical Trial. JAMA Oncology, 5(5), 710-714. 

doi:10.1001/jamaoncol.2019.0038 

Lee, M. K., Kim, N. K., & Jeon, J. Y. (2018). Effect of the 6-week home-based exercise 

program on physical activity level and physical fitness in colorectal cancer survivors: 

A randomized controlled pilot study. PLoS One, 13(4), e0196220. 

doi:10.1371/journal.pone.0196220 

Lin, P. P., Allison, D. C., Wainstock, J., Miller, K. D., Dooley, W. C., Friedman, N., & Baker, 

R. R. (1993). Impacts of axillary lymph node dissection on the therapy of breast cancer 

patients. Journal of Clinical Oncology, 11(8), 1536-1544.  

Lite, R. S., & Mejia, S. (2010). Resistance Training for Breast Cancer Survivors. Strength and 

Conditioning Journal, 32(5), 60-62.  

Lopez, E., Guerrero, R., Nunez, M. I., del Moral, R., Villalobos, M., Martinez-Galan, J., . . . 

Ruiz de Almodovar, J. M. (2005). Early and late skin reactions to radiotherapy for 

breast cancer and their correlation with radiation-induced DNA damage in 

lymphocytes. Breast Cancer Research, 7(5), R690-698. doi:10.1186/bcr1277 

Loprinzi, P. D., & Cardinal, B. J. (2012). Effects of physical activity on common side effects 

of breast cancer treatment. Breast Cancer, 19(1), 4-10. doi:10.1007/s12282-011-0292-

3 

Lotrionte, M., Cavarretta, E., Abbate, A., Mezzaroma, E., De Marco, E., Di Persio, S., . . . 

Palazzoni, G. (2013). Temporal changes in standard and tissue Doppler imaging 

echocardiographic parameters after anthracycline chemotherapy in women with breast 



 

 

101 

cancer. The American Journal of Cardiology, 112(7), 1005-1012. 

doi:10.1016/j.amjcard.2013.05.038 

Lumb, A. B. (2010). Nunn’s Applied Respiratory Physiology (7th Ed.): Churchill Livingstone 

Elsevier. 

MacInnis, M. J., & Gibala, M. J. (2017). Physiological adaptations to interval training and the 

role of exercise intensity. The Journal of Physiology, 595(9), 2915-2930. 

doi:10.1113/JP273196 

MacIntyre, D. L., Reid, W. D., & McKenzie, D. C. (1995). Delayed muscle soreness. Sports 

Medicine, 20(1), 24-40.  

Madan, R., Benson, R., Sharma, D. N., Julka, P. K., & Rath, G. K. (2015). Radiation induced 

heart disease: Pathogenesis, management and review literature. Journal of the Egyptian 

National Cancer Institute, 27(4), 187-193. doi:10.1016/j.jnci.2015.07.005 

Marshall, T. F., Zipp, G. P., Battaglia, F., Moss, R., & Bryan, S. (2017). Chemotherapy-

induced-peripheral neuropathy, gait and fall risk in older adults following cancer 

treatment. Journal of Cancer Research and Practice, 4(4), 134-138. 

doi:10.1016/j.jcrpr.2017.03.005 

Martin, E. A., Battaglini, C. L., & Naumann, F. (2015). Higher-Intensity Exercise Results in 

More Sustainable Improvements for VO2peak for Breast and Prostate Cancer 

Survivors. Oncology Nursing Forum, 42(3), 241-249. doi:10.1188/15.ONF.42-03AP 

Masoud, V., & Pagès, G. (2017). Targeted therapies in breast cancer: New challenges to fight 

against resistance. World journal of clinical oncology, 8(2), 120-134. doi:10.5306/wjco 



 

 

102 

Mazzuca, F., Onesti, C. E., Roberto, M., Di Girolamo, M., Botticelli, A., Begini, P., . . . 

Muscaritolio, M. (2018). Lean body mass wasting and toxicity in early breast cancer 

patients receiving anthracyclines. Oncotarget, 9(39), 25714.  

McArdle, W. D., Katch, F. I., & Katch, V. L. (2015). Exercise Physiology: Nutrition, Energy 

and Human Performance: Philadelphia : Wolters Kluwer Health/Lippincott Williams 

& Wilkins. 

McKenzie, D. C. (2012). Respiratory physiology: adaptations to high-level exercise. British 

Journal of Sports Medicine, 46(6), 381-384. doi:10.1136/bjsports-2011-090824 

Merchant, C. R., Chapman, T., Kilbreath, S. L., Refshauge, K. M., & Krupa, K. (2008). 

Decreased muscle strength following management of breast cancer. Disability and 

Rehabilitation, 30(15), 1098-1105. doi:10.1080/09638280701478512 

Mijwel, S., Backman, M., Bolam, K. A., Jervaeus, A., Sundberg, C. J., Margolin, S., . . . 

Wengstrom, Y. (2018). Adding high-intensity interval training to conventional training 

modalities: optimizing health-related outcomes during chemotherapy for breast cancer: 

the OptiTrain randomized controlled trial. Breast Cancer Research and Treatment, 

168(1), 79-93. doi:10.1007/s10549-017-4571-3 

Milne, H. M., Wallman, K. E., Gordon, S., & Courneya, K. S. (2008). Effects of a combined 

aerobic and resistance exercise program in breast cancer survivors: a randomized 

controlled trial. Breast Cancer Research and Treatment, 108(2), 279-288. 

doi:10.1007/s10549-007-9602-z 

Mincey, B. A., Duh, M. S., Thomas, S. K., Moyneur, E., Marynchencko, M., Boyce, S. P., . . . 

Perez, E. A. (2006). Risk of cancer treatment-associated bone loss and fractures among 



 

 

103 

women with breast cancer receiving aromatase inhibitors. Clinical Breast Cancer, 7(2), 

127-132. doi:10.3816/CBC.2006.n.021 

Mines, H. A. (1993). Respiratory Physiology (3 ed.). New York: Raven Press. 

Ministry of Health. (2016). Cancer: New Registrations and deaths 2013. Retrieved from: 

https://www.health.govt.nz/publivation/cancer-new-registrations-and-deaths-2013. 

 

Ministry of Health. (2017). New cancer registrations 2015. Retrieved from: 

http://www.health.govt.nz/publication/new-cancer-registrations-2015. 

 

Monsuez, J. J., Charniot, J. C., Vignat, N., & Artigou, J. Y. (2010). Cardiac side-effects of 

cancer chemotherapy. International Journal of Cardiology, 144(1), 3-15. 

doi:10.1016/j.ijcard.2010.03.003 

Murias, J. M., Kowalchuk, J. M., & Paterson, D. H. (2010). Mechanisms for increases in 

VO2max with endurance training in older and young women. Medicine & Science in 

Sports & Exercise, 42(10), 1891-1898. doi:10.1249/MSS.0b013e3181dd0bba 

Murtezani, A., Ibraimi, Z., Bakalli, A., Krasniqi, S., Disha, E. D., & Kurtishi, I. (2014). The 

effect of aerobic exercise on quality of life among breast cancer survivors: A 

randomized controlled trial. Journal of Cancer Research & Therapeutics, 10(3), 658-

664. doi:10.4103/0973-1482.137985 

Myers, J., Prakash, M., Freoelicher, V., Do, D., Partington, S., & Atwood, J. E. (2002). 

Exercise capacity and mortality among men referred for exercise testing. The New 

England Journal of Medicine, 346(11), 793-801.  



 

 

104 

Nahta, R., & Esteva, F. J. (2006). Herceptin: mechanisms of action and resistance. Cancer 

Letters, 232(2), 123-138. doi:10.1016/j.canlet.2005.01.041 

Neal, A., & Hoskin, P. (2009). Clinical Oncology: Basic Principles and Practice (4th ed.). 

London: Hodder Arnold. 

Nieuwoudt, S., Fealy, C. E., Foucher, J. A., Scelsi, A. R., Malin, S. K., Pagadala, M., . . . 

Kirwan, J. P. (2017). Functional high-intensity training improves pancreatic beta-cell 

function in adults with type 2 diabetes. The American Journal of Physiology - 

Endocrinology and Metabolism, 313(3), E314-E320. doi:10.1152/ajpendo.00407.2016 

Noonan, V., & Dean, E. (2000). Submaximal exercise testing: clinical application and 

interpretation. Physical Therapy, 80(8), 782-807.  

Northey, J. M., Pumpa, K. L., Quinlan, C., Ikin, A., Toohey, K., Smee, D. J., & Rattray, B. 

(2019). Cognition in breast cancer survivors: A pilot study of interval and continuous 

exercise. Journal of Science and Medicine in Sport, 22(5), 580-585. 

doi:10.1016/j.jsams.2018.11.026 

Nuri, R., Kordi, M. R., Moghaddasi, M., Rahnama, N., Damirchi, A., Rahmani-Nai, F., & 

Emami, H. (2012). Effect of combination exercise training on metabolic syndrome 

parameters in postmenopausal women with breast cancer. Journal of Cancer Research 

& Therapeutics, 8(2), 238-242.  

Nystoriak, M. A., & Bhatnagar, A. (2018). Cardiovascular Effects and Benefits of Exercise. 

Frontiers in Cardiovascular Medicine, 5, 135. doi:10.3389/fcvm.2018.00135 

Okumatsu, K., Tsujimoto, T., Wakaba, K., Seki, A., Kotake, R., Yamauchi, T., . . . Tanaka, K. 

(2019). Effects of a combined exercise plus diet program on cardiorespiratory fitness 



 

 

105 

of breast cancer patients. Breast Cancer, 26(1), 65-71. doi:10.1007/s12282-018-0889-

x 

Ortega, J. A. F., & de Paz Fernández, J. A. (2016). Effects of a combined strength and high-

intensity aerobic exercise program in breast cancer survivors: A pilot study. Apunts. 

Medicina de l'Esport, 51(189), 3-12. doi:10.1016/j.apunts.2015.10.003 

Owens, D. J., Twist, C., Cobley, J. N., Howatson, G., & Close, G. L. (2019). Exercise-induced 

muscle damage: What is it, what causes it and what are the nutritional solutions? 

European Journal of Sport Science, 19(1), 71-85. 

doi:10.1080/17461391.2018.1505957 

Ozaslan, C., & Kuru, B. (2004). Lymphedema after treatment of breast cancer. The American 

Journal of Surgery, 187(1), 69-72. doi:10.1016/S0002-9610(03)00438-0 

Pacheco, M. M., Teixeria, L. A. C., Franchini, E., & Takito, M. Y. (2013). Functional vs. 

strength training in adults: specific needs define the best intervention. International 

Journal of Sports Physical Therapy, 8(1), 34.  

Park, N. J., Chang, Y., Bender, C., Conley, Y., Chlebowski, R. T., van Londen, G. J., . . . 

Kuller, L. H. (2017). Cardiovascular disease and mortality after breast cancer in 

postmenopausal women: Results from the Women's Health Initiative. PLoS One, 12(9), 

e0184174. doi:10.1371/journal.pone.0184174 

Patnaik, J. L., Byers, T., DiGuiseppi, C., Dabelea, D., & Denberg, T. D. (2011). Cardiovascular 

disease competes with breast cancer as the leading cause of death for older females 

diagnosed with breast cancer: a retrospective cohort study. Breast Cancer Research, 

13(3), R64.  



 

 

106 

Patton, K. T., & Thibodeau, G. A. (2013). Anatomy and physiology. St. Louis, MO: 

Elsevier/Mosby 

Paulo, T. R. S., Winters-Stone, K. M., Viezel, J., Rossi, F. E., Aro, B. L., Trindade, A., . . . 

Freitas Junior, I. F. (2018). Comparing exercise responses to aerobic plus resistance 

training between postmenopausal breast cancer survivors undergoing aromatase 

inhibitor therapy and healthy women. Disability and Rehabilitation, 1-8. 

doi:10.1080/09638288.2018.1460877 

Pecorino, L. (2012). Molecular Biology of Cancer: Mechanisms, Targets and Therapeutics 

(3rd ed.). Oxford: Oxford University Press. 

Peel, J. B., Sui, X., Adams, S. A., Hebert, J. R., Hardin, J. W., & Blair, S. N. (2009). A 

prospective study of cardiorespiratory fitness and breast cancer mortality. Medicine & 

Science in Sports & Exercise, 41(4), 742-748. doi:10.1249/MSS.0b013e31818edac7 

Pfeilschifter, J., & Diel, I. J. (2000). Osteoporosis due to cancer treatment: pathogenesis and 

management. Journal of Clinical Oncology, 18(7), 1570-1593.  

Piccart-Gebhart, M., Procter, M., Leyland-Jones, B., Goldhirsch, A., Untch, M., Smith, I., . . . 

Gelber, R. (2005). Trastuzumab after Adjuvant Chemotherapy in HER2-Positive Breast 

Cancer. The New England Journal of Medicine, 353(16), 1659-1672.  

Pin, F., Couch, M. E., & Bonetto, A. (2018). Preservation of muscle mass as a strategy to 

reduce the toxic effects of cancer chemotherapy on body composition. Current Opinion 

in Supportive and Palliative Care, 12(4), 420-426. 

doi:10.1097/SPC.0000000000000382 



 

 

107 

Pinder, M. C., Duan, Z., Goodwin, J. S., Hortobagyi, G. N., & Giordano, S. H. (2007). 

Congestive heart failure in older women treated with adjuvant anthracycline 

chemotherapy for breast cancer. Journal of Clinical Oncology, 25(25), 3808-3815. 

doi:10.1200/JCO.2006.10.4976 

Pinedo, H., & Smorenburg, C. (2006). Drugs Affecting Growth of Tumours: Birkhäuser Verlag. 

Pinto, B. M., Clark, M. M., Maruyama, N. C., & Feder, S. I. (2003). Psychological and fitness 

changes associated with exercise participation among women with breast cancer. 

Psycho-Oncology, 12(2), 118-126. doi:10.1002/pon.618 

Pirker, R., Pirolli, M., Quigley, J., Hulnick, S., Legg, J., Collins, H., & Vansteenkiste, J. (2013). 

Hemoglobin decline in cancer patients receiving chemotherapy without an 

erythropoiesis-stimulating agent. Support Care Cancer, 21(4), 987-992. 

doi:10.1007/s00520-012-1617-2 

Poston, G., Beauchamp, D., & Ruers, T. (2007). Textbook of Surgical Oncology: Taylor & 

Francis Group. 

Poston, W. S., Haddock, C. K., Heinrich, K. M., Jahnke, S. A., Jitnarin, N., & Batchelor, D. B. 

(2016). Is High-Intensity Functional Training (HIFT)/CrossFit Safe for Military Fitness 

Training? Military Medicine, 181(7), 627-637. doi:10.7205/MILMED-D-15-00273 

Powers, S. K., & Howley, E. T. (2011). Exercise physiology: Theory and application to fitness 

and performance. New York: McGraw-Hill. 

Prineas, R. J., Folsom, A. R., & Kaye, S. A. (1993). Central adiposity and increased risk of 

coronary artery disease mortality in older women. Annals of Epidemiology, 3(1), 35-

41.  



 

 

108 

Rafi, I. (2006). An introduction to the Use of Anticancer Drugs: Elsevier Butterworth 

Heinemann. 

Raptopoulos, Z., & Constantinou, C. (2020). The Effect of Exercise on the Alleviation of Side 

Effects Induced by Aromatase Inhibitors in Postmenopausal Breast Cancer Patients. 

Current Oncology Reports, 22(11), 110. doi:10.1007/s11912-020-00971-2 

Rogers, L. Q., Fogleman, A., Trammell, R., Hopkins-Price, P., Vicari, S., Rao, K., . . . Hoelzer, 

K. (2013). Effects of a physical activity behavior change intervention on inflammation 

and related health outcomes in breast cancer survivors: pilot randomized trial. 

Integrative cancer therapies, 12(4), 323-335. doi:10.1177/1534735412449687 

Roy, S., & Mccrory, J. (2015). Validation of maximal heart rate prediction equations based on 

sex and physical activity status. International journal of exercise science, 8(4), 318.  

Rupp, J., Hadamitzky, C., Henkenberens, C., Christiansen, H., Steinmann, D., & Bruns, F. 

(2019). Frequency and risk factors for arm lymphedema after multimodal breast-

conserving treatment of nodal positive breast Cancer - a long-term observation. 

Radiation Oncology, 14(1), 39. doi:10.1186/s13014-019-1243-y 

Sabel, M., Sondak, V., & Sussman, J. (2007). Surgical Foundations: Essentials of Surgical 

Oncology. Philadelphia: Mosby Elsevier. 

Santos, W. D. N. D., Vieira, A., de lira, C. A. B., Mota, J. F., Gentil, P., de Freitas Junior, R., 

. . . Vieira, C. A. (2019). Once a Week Resistance Training Improves Muscular Strength 

in Breast Cancer Survivors: A Randomized Controlled Trial. Integrative cancer 

therapies, 18, 1-9.  



 

 

109 

Sardeli, A. V., do Carmo Santos, L., Ferreira, M. L. V., Gaspari, A. F., Rodrigues, B., 

Cavaglieri, C. R., & Chacon-Mikahil, M. P. T. (2017). Cardiovascular Responses to 

Different Resistance Exercise Protocols in Elderly. International Journal of Sports 

Medicine, 38(12), 928-936. doi:10.1055/s-0043-115737 

Schaible, T. F., & Scheuer, J. (1985). Cardiac adaptations to chronic exercise. Progress in 

cardiovascular diseases, 27(5), 297-324.  

Schapira, D. V., Clark, R. A., Wolff, P. A., Jarrett, A. R., Kumar, N. B., & Aziz, N. M. (1994). 

Visceral obesity and breast cancer risk. Cancer, 74(2), 632-639.  

Schmitt, J., Lindner, N., Reuss-Borst, M., Holmberg, H.-C., & Sperlich, B. (2016). A 3-week 

multimodal intervention involving high-intensity interval training in female cancer 

survivors: a randomized controlled trial. Physiological Reports, 4(3), e12693. 

doi:doi:10.14814/phy2.12693 

Schmitz, K. H., Ahmed, R. L., Troxel, A., Cheville, A., Smith, R., Lewis-Grant, L., . . . Greene, 

Q. P. (2009). Weight lifting in women with breast-cancer-related lymphedema. The 

New England Journal of Medicine, 361(7), 664-673.  

Schneider, C. M., Hsieh, C. C., Sprod, L. K., Carter, S. D., & Hayward, R. (2007). Effects of 

supervised exercise training on cardiopulmonary function and fatigue in breast cancer 

survivors during and after treatment. Cancer, 110(4), 918-925. doi:10.1002/cncr.22862 

Schulz, S. V. W., Laszlo, R., Otto, S., Prokopchuk, D., Schumann, U., Ebner, F., . . . Steinacker, 

J. M. (2018). Feasibility and effects of a combined adjuvant high-intensity 

interval/strength training in breast cancer patients: a single-center pilot study. Disability 

and Rehabilitation, 40(13), 1501-1508. doi:10.1080/09638288.2017.1300688 



 

 

110 

Sedjo, R. L., Byers, T., Ganz, P. A., Colditz, G. A., Demark-Wahnefried, W., Wolin, K. Y., . . 

. Rock, C. L. (2014). Weight gain prior to entry into a weight-loss intervention study 

among overweight and obese breast cancer survivors. Journal of Cancer Survivorship, 

8(3), 410-418. doi:10.1007/s11764-014-0351-9 

Segal, R., Evans, W., Johnson, D., Smith, J., Colletta, S., Gayton, J., . . . Reid, R. (2001). 

Structured exercise improves physical functioning in women with stages I and II breast 

cancer: results of a randomized controlled trial. Journal of Clinical Oncology, 19(3), 

657-665.  

Senkus-Konefka, E., & Jassem, J. (2007). Cardiovascular effects of breast cancer radiotherapy. 

Cancer Treatment Reviews, 33(6), 578-593. doi:10.1016/j.ctrv.2007.07.011 

Shapiro, C., & Rech, A. (2001). Side effects of adjuvant treatment of breast cancer. The New 

England Journal of Medicine, 344(26), 1997-2008.  

Smoot, B., Johnson, M., Duda, J. J., Krasnoff, J., & Dodd, M. (2012). Cardiorespiratory Fitness 

in Women with and without Lymphedema following Breast Cancer Treatment. Cancer 

and Clinical Oncologybr, 1(1), 21-31. doi:10.5539/cco.v1n1p21 

Sobrero, G., Arnett, S., Schafer, M., Stone, W., Tikbert, T. A., Salyer-Funk, A., . . . Maples, J. 

(2015). A Comparison of High Intensity Functional Training and Circuit Training on 

Health and Performance Variables in Women: A Pilot Study. Women in Sport and 

Physical Activity, 25(1), 1-10.  

Sperlich, B., Wallmann-Sperlich, B., Zinner, C., Von Stauffenberg, V., Losert, H., & 

Holmberg, H. C. (2017). Functional High-Intensity Circuit Training Improves Body 

Composition, Peak Oxygen Uptake, Strength, and Alters Certain Dimensions of 



 

 

111 

Quality of Life in Overweight Women. Frontiers in Physiology, 8, 172. 

doi:10.3389/fphys.2017.00172 

Sprod, L. K., Hsieh, C. C., Hayward, R., & Schneider, C. M. (2010). Three versus six months 

of exercise training in breast cancer survivors. Breast Cancer Research and Treatment, 

121(2), 413-419. doi:10.1007/s10549-010-0913-0 

Spyropoulou, D., Leotsinidis, M., Tsiamita, M., Spiropoulos, K., & Kardamakis, D. (2009). 

Pulmonary function testing in women with breast cancer treated with radiotherapy and 

chemotherapy. In vivo, 23(5), 867-871.  

Stebbing, J., Copson, E., & O'Reilly, S. (2000). Herceptin (trastuzamab) in advanced breast 

cancer. Cancer Treatment Reviews, 26(4), 287-290. doi:10.1053/ctrv.2000.0182 

Steegers, M. A., Wolters, B., Evers, A. W., Strobbe, L., & Wilder-Smith, O. H. (2008). Effect 

of axillary lymph node dissection on prevalence and intensity of chronic and phantom 

pain after breast cancer surgery. The Journal of Pain, 9(9), 813-822. 

doi:10.1016/j.jpain.2008.04.001 

Stocci, V., De Feo, P., & Hood, D. A. (2007). Role of Physical Exercise in Preventing Disease 

and Improving the Quality of Life: Springer. 

Styblo, T. M., Lewis, M. M., Carlson, G. W., Murray, D. R., Wood, W. C., Lawson, D., . . . 

Bostwick, J. (1996). Immediate breast reconstruction for stage III breast cancer using 

transverse rectus abdominis musculocutaneous (TRAM) flap. Annals of Surgical 

Oncology, 3(4), 375-380.  



 

 

112 

Swenson, K. K. (2002). Comparison of Side Effects Between Sentinel Lymph Node and 

Axillary Lymph Node Dissection for Breast Cancer. Annals of Surgical Oncology, 9(8), 

745-753. doi:10.1007/bf02574496 

Tanaka, H., Monahan, K. D., & Seals, D. R. (2001). Age-predicted maximal heart rate 

revisited. Journal of the American College of Cardiology, 37(1), 153-156. 

doi:10.1016/s0735-1097(00)01054-8 

Tao, J. J., Visvanathan, K., & Wolff, A. C. (2015). Long term side effects of adjuvant 

chemotherapy in patients with early breast cancer. The Breast, 24 Suppl 2, S149-153. 

doi:10.1016/j.breast.2015.07.035 

Teicher, B. (2006). Cancer Drug Resistance: Humana Press. 

Thomas, G. A., Cartmel, B., Harrigan, M., Fiellin, M., Capozza, S., Zhou, Y., . . . Irwin, M. L. 

(2017). The effect of exercise on body composition and bone mineral density in breast 

cancer survivors taking aromatase inhibitors. Obesity (Silver Spring), 25(2), 346-351. 

doi:10.1002/oby.21729 

Tobias, J., & Hochhauser, D. (2015). Cancer and its Management (7th ed.). Chichester: Wiley 

Blackwell. 

Tonorezos, E. S., & Jones, L. W. (2013). Energy balance and metabolism after cancer 

treatment. Seminars in Oncology, 40(6), 745-756. 

doi:10.1053/j.seminoncol.2013.09.011 

Toohey, K., Pumpa, K. L., Arnolda, L., Cooke, J., Yip, D., Craft, P. S., & Semple, S. (2016). 

A pilot study examining the effects of low-volume high-intensity interval training and 



 

 

113 

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

cardiovascular risk factors in cancer survivors. PeerJ, 4, e2613. doi:10.7717/peerj.2613 

Turner, J., Hayes, S., & Reul-Hirche, H. (2004). Improving the physical status and quality of 

life of women treated for breast cancer: a pilot study of a structured exercise 

intervention. Journal of Surgical Oncology, 86(3), 141-146. doi:10.1002/jso.20065 

Valente, S. A., & Shah, C. (2020). The Landmark Series: Adjuvant Radiation Therapy for 

Breast Cancer. Annals of Surgical Oncology, 27(7), 2203-2211. doi:10.1245/s10434-

020-08450-5 

Van Belle, S. J.-P., & Cocquyt, V. (2003). Impact of haemoglobin levels on the outcome of 

cancers treated with chemotherapy. Critical Reviews in Oncology/Hematology, 47(1), 

1-11. doi:10.1016/s1040-8428(03)00093-3 

Van den Berg, M. M., Winkels, R. M., de Kruif, J. T., van Laarhoven, H. W., Visser, M., de 

Vries, J. H., . . . Kampman, E. (2017). Weight change during chemotherapy in breast 

cancer patients: a meta-analysis. BMC Cancer, 17(1), 259. doi:10.1186/s12885-017-

3242-4 

Visovsky, C. (2006). Muscle strength, body composition, and physical activity in women 

receiving chemotherapy for breast cancer. Integrative cancer therapies, 5(3), 183-191. 

doi:10.1177/1534735406291962 

Volkova, M., & Russell, R. (2011). Anthracycline cardiotoxicity: prevalence, pathogenesis and 

treatment. Current cardiology reviews, 7(4), 214-220.  

Warren, L. E., Miller, C. L., Horick, N., Skolny, M. N., Jammallo, L. S., Sadek, B. T., . . . 

Taghian, A. G. (2014). The impact of radiation therapy on the risk of lymphedema after 



 

 

114 

treatment for breast cancer: a prospective cohort study. International Journal of 

Radiation Oncology, Biology, Physics, 88(3), 565-571. 

doi:10.1016/j.ijrobp.2013.11.232 

Wasserman, K., Hansen, J. E., Sue, D. Y., Stringer, W. W., Siestsema, K. E., Sun, X.-G., & 

Whipp, B. J. (2011). Principles of Exercise Testing and Interpretation. Philadelphia: 

Lippincott, Williams & Wilkins.  

Wei, J., Wang, B., Wang, H., Meng, L., Zhao, Q., Li, X., . . . Jiang, X. (2019). Radiation-

Induced Normal Tissue Damage: Oxidative Stress and Epigenetic Mechanisms. 

Oxidative Medical and Cellular Longevity, 2019, 3010342. doi:10.1155/2019/3010342 

Wennstig, A. K., Wadsten, C., Garmo, H., Fredriksson, I., Blomqvist, C., Holmberg, L., . . . 

Sund, M. (2020). Long-term risk of ischemic heart disease after adjuvant radiotherapy 

in breast cancer: results from a large population-based cohort. Breast Cancer Research, 

22(1), 10. doi:10.1186/s13058-020-1249-2 

West, J. B. (2012). West’s Respiratory Physiology: The Essentials. Philadelphia: Wolters 

Kluwer. 

White, A. J., Nichols, H. B., Bradshaw, P. T., & Sandler, D. P. (2015). Overall and central 

adiposity and breast cancer risk in the Sister Study. Cancer, 121(20), 3700-3708. 

doi:10.1002/cncr.29552 

Windebank, A. J., & Grisold, W. (2008). Chemotherapy-induced neuropathy. Journal of the 

Peripheral Nervous System, 13(1), 27-46.  

Winters-Stone, K. M., Dobek, J., Bennett, J. A., Nail, L. M., Leo, M. C., & Schwartz, A. (2012). 

The effect of resistance training on muscle strength and physical function in older, 



 

 

115 

postmenopausal breast cancer survivors: a randomized controlled trial. Journal of 

Cancer Survivorship, 6(2), 189-199.  

Wissing, M. D. (2015). Chemotherapy- and irradiation-induced bone loss in adults with solid 

tumors. Current Osteoporosis Reports, 13(3), 140-145. doi:10.1007/s11914-015-0266-

z 

Yeh, E. T., Tong, A. T., Lenihan, D. J., Yusuf, S. W., Swafford, J., Champion, C., . . . Ewer, 

M. S. (2004). Cardiovascular complications of cancer therapy: diagnosis, pathogenesis, 

and management. Circulation, 109(25), 3122-3131. 

doi:10.1161/01.CIR.0000133187.74800.B9 

Yoon, G. J., Telli, M. L., Kao, D. P., Matsuda, K. Y., Carlson, R. W., & Witteles, R. M. (2010). 

Left ventricular dysfunction in patients receiving cardiotoxic cancer therapies are 

clinicians responding optimally? Journal of the American College of Cardiology, 

56(20), 1644-1650. doi:10.1016/j.jacc.2010.07.023 

Youssef, G., & Links, M. (2005). The prevention and management of cardiovascular 

complications of chemotherapy in patients with cancer. American journal of 

cardiovascular drugs, 5(4), 233-243.  

Yu, A. F., & Jones, L. W. (2016). Breast cancer treatment-associated cardiovascular toxicity 

and effects of exercise countermeasures. Cardio-Oncology, 2(1). doi:10.1186/s40959-

016-0011-5 

Yusuf, S. W., Venkatesulu, B. P., Mahadevan, L. S., & Krishnan, S. (2017). Radiation-Induced 

Cardiovascular Disease: A Clinical Perspective. Frontiers in Cardiovascular Medicine, 

4, 66. doi:10.3389/fcvm.2017.00066 



 

 

116 

Zebrowska, A., Gasior, Z., & Jastrzebski, D. (2013). Cardiovascular effects of the valsalva 

maneuver during static arm exercise in elite power lifting athletes. Advances in 

Experimental Medical Biology, 755, 335-342. doi:10.1007/978-94-007-4546-9_42 

 

  



 

 

117 

APPENDICIES 

Appendix A: Participant consent forms 

 



 

 

118 

 



 

 

119 

Appendix B: Participant information sheet 

 



 

 

120 

 



 

 

121 



 

 

122 



 

 

123 



 

 

124 

 

 

 



 

 

125 

Appendix C: Exercise programs 

HIFT Exercises  
Program – First 5 weeks 
Combinations 

1. 150m row + 8 dumbbell push presses 
2. 10 kettlebell swings + 10 air squats 
3. 8 machine bench presses + 10 high knees 
4. 5 burpees + 5 dumbbell thrusters + 10 medicine ball twists 
5. 10 lat pulldowns + 10 mountain climbers 
6. 8 kettlebell deadlifts + 20 skips 
7. 10 renegade rows + 10 dead bugs (alternate arm and leg) 
8. 10 Bosu ball biceps curls + 4-point lunges (6 each point) 

Single modality 
1. Cycling 2 minutes high intensity 
2. Treadmill walk or run high intensity – 2 minutes 
3. Cross trainer 2 minutes high intensity 
4. Rowing 2 minutes high intensity  

Program 2 – Second 5 weeks 
Combinations 
1. 10 steps with dumbbells + 30s plank 
2. 10 butt kicks + 10 pushups 
3. 10 seated dumbbell presses + 10 medicine ball slams 
4. 10 cable rows + 10 lat pulldowns 
5. 10 Single arm kettlebell or dumbbell floor press (5 each side) + 10 single leg 

glute bridges (10 each side) 
6. 12 lying toe touches + 20 Russian twists with dumbbell or kettlebell – feet 

elevated 
7. 30s skipping + 10 lunges with bicep curl – alternate legs 
8. 10 lying hamstring curls + 10 Romanian deadlifts (knees slightly bent) 

Single modality 
1. Cycling 2 minutes high intensity 
2. Treadmill walk or run high intensity – 2 minutes 
3. Arm grinder – 2 minutes high intensity 
4. Rowing 2 minutes high intensity  

Program 3 – Third 5 weeks 
Combinations 
1. 10 jumping jacks + 10 goblet squats with kettlebell 
2. 8 Bosu ball push ups + 30s plank 
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3. 10 reverse lunges with single arm DB press (alternate opposite arm with leg) 
+ 20 skips 

4. 10 machine rows + 10 KB single arm deadlifts 
5. 8 stand to kneel + 10 KB figure of 8 
6. 10 Spiderman planks + 20 crunches 
7. 10 bungy tricep pushdowns + 100m row 
8. 10 side step ups + 10 Renegade rows 

Single modality 
5. Cycling 2 minutes high intensity 
6. Treadmill walk or run high intensity – 2 minutes 
7. 2 minutes super skaters 
8. 2 skipping  

Program 4 – Fourth 5 weeks 
Combinations 
1. 4 Suicide jumps, squat to touch floor (either a jump or step back) + 10 spider 

climbers from middle marker 
2. 10 serratus anterior pulldowns + 10 TheraBand upright rows + 10 inchworm 

toe touches  
3. 10 (each arm) single arm kettlebell swings + 10 medicine ball slams 
4. 10 dumbbell sit-up to press + 10 dumbbell tricep extensions 
5. 5 (each side) curtsy lunges + 10 Swiss ball leg curls 
6. 10 dumbbell Zottman curls + 20 calf raises (holding dumbbells) 
7. 5 burpees + 10 kettlebell plank drags 
8. 10 Bulgarian squats (5 each leg) – or split squats + 10 dumbbell/kettlebell 

pullovers 

Single modality 
1. Cycling 2 minutes high intensity 
2. Treadmill walk or run high intensity – 2 minutes 
3. 2 minutes rowing 
4. X-trainer – 2 minutes  

 
 


