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Abstract 

A large body of research suggests exercise is effective for improving fitness, 

quality of life (QOL), and fatigue in cancer survivors. Despite evidence in support of 

exercise, few studies have rigorously evaluated exercise prescription for survivors. The 

purpose of this exploratory study was to critically evaluate the differences between a 

once-a-week and twice-a-week strength training program over a 13 week intervention. 

Eleven breast and ovarian cancer survivors were randomized to either once-a-week (n = 

5) or twice-a-week (n = 6) strength training. Measures of upper and lower body strength 

and endurance, QOL, and fatigue were collected at the end of weeks 1, 7, and 13. No 

statistical differences in these primary outcome measures were found between the groups. 

However, independent of original group assignment, a significant group×time interaction 

was found for lower body strength (Wilks’ Lambda=0.182, F(2,8) 17.95, p < 0.01) and 

trends towards significance for upper body strength (Wilks’ Lambda = 0.491, F(2,8) 

4.15, p = 0.06), fatigue (Wilks’ Lambda = 0.501, F(2,8) 3.99, p = 0.06), and physical 

functioning (Wilks’ Lambda = 0.504, F(2,8) 3.93, p = 0.07) when comparing survivors 

who attended at least once session/week with those who did not. No serious adverse 

events occurred. These results show that strength training is a safe and effective means 

for improving muscular strength and endurance. Because of the benefits to muscular 

fitness and QOL associated with training at least once a week, survivors should at least 

strength train once weekly and twice-a-week if possible.  
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Chapter One: Introduction 

“According to the Canadian Cancer Society (2014), over 93,600 women will be 

diagnosed with cancer in 2014. While breast cancer will be the most common diagnosis 

for these women, representing 26% of new cases, gynecological cancers (ovarian, 

uterine, and cervical) represent an additional 10.9% of female specific cancer diagnoses. 

Fortunately, as more women are screened for these cancers through mammograms and 

Papanicolao tests, and as more effective cancer treatments are developed these cancers 

have become increasingly survivable. For example, 88% of women with breast cancer 

can now expect to survive five years or longer.  It is for these reasons that cancer is more 

often considered a chronic disease that needs to be managed throughout the rest of a 

person’s lifespan. Notwithstanding the impressive gains in survival, the side-effects of 

treatment, such as physical dysfunction (Hewitt, Rowland, & Yancik, 2003; Pinto, 

Trunzo, Reiss, & Shiu, 2002) and fatigue(Stone & Minton, 2008; Yellen, Cella, Webster, 

Blendowski, & Kaplan, 1997), are long lasting and highly prevalent in cancer survivors 

and can result in a lower QOL (Baker, Haffer, & Denniston, 2003; Graydon, 1994; 

Hanson Frost et al., 2000) and disability (Hewitt et al., 2003).  

Fortunately, exercise is emerging as a promising recovery, coping, and 

management technique (Cramp, James, & Lambert, 2010; Galvao & Newton, 2005; Irwin 

& Ainsworth, 2004; Kim, Kang, & Park, 2009; McNeely et al., 2006; Oldervoll, Kaasa, 

Hjermstad, Lund, & Loge, 2004; Schmitz et al., 2005).  However, as a relatively young 

field of research a number of gaps remain.  

One limitation is that few studies have examined the benefits of resistance 

exercise (RE) or strength training in isolation (Irwin & Ainsworth, 2004; Schmitz, 
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Ahmed, Hannan, & Yee, 2005; Schmitz et al., 2005). Since RE shares a number of 

overlapping benefits with aerobics, such as improvements in fatigue and QOL(Cramp et 

al., 2010; McNeely et al., 2006), studies should isolate RE from the more commonly 

utilized aerobic exercises to more clearly identify what outcomes are improved by RE 

and the magnitude of such improvements. Thus far, RE has been shown in survivor 

populations to have several unique benefits beyond more traditional aerobic activities, 

including protection from bone loss and associated fractures (Winters-Stone et al., 2011) 

and improved symptoms of lymphedema (Kim, Sim, Jeong, & Kim, 2010; Lee et al., 

2010). Additionally, it has been demonstrated that RE improves muscular fitness more 

than aerobics improve aerobic fitness (50-100% increase in one repetition maximums 

(1RM) vs. 6-8% improvements in VO2max) (Courneya et al., 2007; Milne, Wallman, 

Gordon, & Courneya, 2008); yet both outcomes are important. Results of a meta-analysis, 

which excluded interventions with concomitant aerobic exercise, supports claims that 

resistance exercise increases muscle strength and size, body composition, and decreases 

in fatigue symptoms for cancer survivors (Strasser, Steindorf, Wiskemann, & Ulrich, 

2013). 

A second limitation is that much of the research that is available on exercise for 

cancer survivors focuses on breast cancer survivors (Irwin & Ainsworth, 2004). Perhaps 

this is because it is the most common cancer diagnosis among women and has a very high 

survival rate (88% are expected to survive five years or longer; Canadian Cancer Society, 

2014). This presents a problem related to the generalizability of present research findings 

to other cancer types. To date, randomized controlled studies using resistance exercise 

interventions of other cancers specific to women, such as cervical, uterine, and ovarian, 
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are virtually absent from the exercise literature. This is perhaps because relative to other 

diagnoses, such as breast cancer, gynecologic cancers are less common and more 

challenging to study because there are fewer survivors. As a solution, previous studies 

that have used participants with gynecologic cancers include them with participants with 

other cancer diagnoses. Since the number of gynecologic cancer survivors in these 

studies is small, analysis comparing them to other cancer types is under powered making, 

it difficult to establish if these survivors have specific needs. A study of just breast and 

gynecologic survivors may be able to better establish if the benefits of RE seen in breast 

cancer survivors generalize to gynecologic cancer.  Many of the benefits of exercise 

which are important for breast cancer survivors are likely also important for women with 

these diagnoses and there is little reason to suggest women with gynecologic cancers 

respond differently to exercise. These diagnoses have similar treatments, such as anti-

estrogen therapies (e.g. aromatase inhibitors), and similar side-effects (e.g. body image 

concerns and sexual dysfunction). When one considers that only 17.5% of healthy 

women are strength training at least twice-a-week (Kruger, Carlson, & Kohl III, 2006), 

and participation in physical activity is lower in women who have had cancer (Blanchard, 

Courneya, Stein, & American Cancer Society's SCS-II, 2008) the need to include women 

who have had other cancer types in exercise research becomes apparent.  

Finally, there are few controlled, experimental studies that have compared 

different exercise programs to establish which prescriptions are the most beneficial for 

improving the deleterious effects of cancer and its treatment (Buffart, Galvão, Brug, 

Chinapaw, & Newton, 2014). This is particularly problematic because current exercise 

guidelines have been based on guidelines for healthy individuals or people with other 
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chronic conditions such as heart disease (Schmitz et al., 2010). Furthermore, given that 

even the most recent meta-analysis only include 13 studies (Strasser et al., 2013), none of 

which directly compared interventions, there does not yet appear to be a body of evidence 

able to show what is optimal for cancer survivors. This has led to a number of 

inconsistent evidence based guidelines being published (Table 1) and creates 

considerable uncertainty for health care professionals, which may deter them from 

providing exercise recommendations (Jones, Courneya, Peddle, & Mackey, 2005). 

Related to this, most guidelines recommend an individualized approach to exercise 

prescription, but there is seemingly no information available to inform how to do this. 

Such information would come from studies that compare differing exercise programs and 

are able to identify interactions between participant characteristics (e.g. demographic, 

medical, baseline fitness, and quality of life) and group assignment (Buffart et al., 2014).  

A recent position stand from the Australian Association for Exercise and Sport 

Science clearly states that these kinds of studies are needed to determine optimal, 

desirable, and necessary exercise and how to customize these guidelines to meet the 

needs of individuals (Hayes, Spence, Galvão, & Newton, 2009). Many  studies have also 

echoed this need (Buffart et al., 2014; Donnelly et al., 2010; Fairey et al., 2005; Galvao & 

Newton, 2005; Irwin & Ainsworth, 2004; Jones, 2011; Lee et al., 2010; McNeely et al., 

2006; Milne et al., 2008; Schmitz et al., 2010; Schwartz, Mori, Gao, Nail, & King, 2001; 

Schwartz, 2008; Speck, Courneya, Mâsse, Duval, & Schmitz, 2010; Stevinson, Lawlor, 

& Fox, 2004; Strasser et al., 2013; Winters-Stone et al., 2012). Despite such a large 

demand for studies of exercise prescription for cancer survivors, little has been done to 

address this need.  
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Table 1. Summary of various RE guidelines from available literature. 

Source Freq. Intensity  Volume Progression 

Courneya et 

al., (2002) 

 

 

 

Courneya et 

al., (2004) 

 

3 

 

 

 

 

2+ 

Very light 

weight 

 

 

 

NR 

2 sets of 10 

 

 

 

 

10-15 reps 

Progress to 2 sets of 15 then 3 

sets of 15 before adding 

weight; increases should be 

small 

 

Increase reps 

 

Galvao & 

Newton 

 (2005) 

 

Lucia et al., 

(2003) 

 

1-3 

 

 

 

2 

50-80% 

1RM 

 

 

Low 

1-4 sets  

of 6-12 reps 

 

 

10-15 reps 

NR 

 

 

 

NR 

Schmitz et al., 

(2010) 

2 Very low 

resistance 

8-12 reps Increase resistance  

in small increments; no upper 

limit on weight survivors' can 

lift 

 

Schwartz 

(2008) 

2-3 50%1RM 2-3 sets  

of 10-12 

reps 

 

Not Specified 

Durst  

(2009) 

 

Smith  

(1996) 

 

2-3 

 

 

NR 

40-

60%1RM 

 

Low 

1-3 sets  

of 3-5 

 

High 

Progress to 8-15 reps/set 

 

 

Not specified 

 

Note: Prescription variables refer to what is recommended when beginning the program. Freq = Training 

frequency in sessions per week. NR = Not Reported/Specified. 1RM = One repetition maximum. 

 

 A comprehensive search of the available literature returned only one other study 

which directly compared two RE programs (Cunningham et al., 1986) and one meta-

analysis (Strasser et al., 2013). The first study (Cunningham et al., 1986) was with 

leukemia survivors on treatment and compared three sessions-a-week versus five 

sessions-a-week and a non-exercising control group. This study concluded that there were 

no significant differences in arm muscle mass between any of the groups after five weeks 
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of RE. Other outcomes important to survivors such as strength, QOL, and fatigue were 

not measured. The authors suggested that this was due to large within-group differences 

masking the significant effect of the prescriptions. Other limits in this study of leukemia 

survivors should be noted. First, a five week long intervention is not usually sufficient 

time to observe hypertrophy as early adaptation to RE is usually neural (Phillips, 2000). 

Irwin & Ainsworth (2004) recommend that exercise interventions for survivors last a 

minimum of 12 weeks to allow adaptation to occur. Additionally, the RE prescription 

used in this study (nine exercises done for one set of 15 repetitions at an unspecified 

resistance) may be limited by its low training volume.  It has also been acknowledged 

that exercise may not be as effective during cancer treatment as it is afterwards 

(McTiernan, 2004).  

 The second study, a meta-analysis by Strasser and colleagues (2013), specifically 

attempted to determine the benefits of resistance exercise in isolation from aerobic modes 

and to determine a dose response. From this study, it was first established that resistance 

exercise was able to improve muscular fitness, body composition, and fatigue in adult 

cancer survivors. No dose response for any outcome was found for the effect of training 

volume. However, a positive dose-response was found for intensity and body fat 

percentage (p = 0.02) and a negative response for intensity and upper body strength (p = 

0.04) with 60-70% of one repetition maximum (1RM) being considered optimal. This is 

surprising given that most studies of apparently healthy adults show strength gains are 

highest when heavier weights are used (Campos et al., 2002). As of this writing, three 

ongoing studies are currently examining the impact of resistance exercise intensity on 
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survivor outcomes (Buffart et al., 2014). The issue of training frequency was not 

addressed in Strasser’s meta-analysis study. 

 Training frequency is potentially an important aspect of the training prescription 

for cancer survivors. Given that previous studies have reported that limited time reduces 

adherence in this population (Courneya et al., 2005; Rogers, Courneya, Shah, 

Dunnington, & Hopkins-Price, 2007), establishing a minimal training frequency is 

critical for minimizing time commitments for survivors and maximizing program 

adherence. Once-a-week RE has been recommended to be effective for chronically ill 

populations (Heyward & Gibson, 2014), yet, only one study (Lee et al., 2010) has used a 

once-a-week frequency in support of this claim’s applicability to breast cancer survivors. 

More often, studies in this field employ training frequencies of 2-3 days per week. While 

it is likely that a survivor would be more able to adhere to one training session per week, 

if the training frequency is not high enough some level of detraining may occur between 

exercise bouts which would limit improvements in muscular fitness and QOL.  

Consequentially, a direct comparison of once-a-week and twice-a-week training 

frequency is warranted  

An improved understanding of what constitutes an optimal exercise program will 

ultimately lead to a higher QOL for survivors. It is the opinion of this author that optimal 

exercise for cancer survivors should include the following features. First, improvements 

in important survivorship outcomes are maximised by the exercise prescription. Second, 

survivors are able to adhere to the exercise program. Third, individualization of the 

exercise prescription is possible and based on evidence-based research. Finally, adverse 

events (AE) and time commitment to exercise are minimised.  
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Given the dearth of evidence related to the generalizability of RE to gynecologic 

cancers, known upcoming studies examining training intensity, and the high value of 

studies comparing exercise prescriptions in cancer survivors that provide essential 

information about the benefits of RE. The purpose of the present study was to examine 

the effect of training frequency by comparing once-a-week RE against twice-a-week RE 

in a sample of female cancer survivors who have completed primary cancer treatment for 

either breast, cervical, uterine, or ovarian cancer. It was hypothesized that after 12 weeks 

both training groups would experience significant improvements in muscular fitness, 

physical functioning, body composition, QOL, and symptoms of fatigue. Because 

healthy, untrained individuals benefit more from twice-a-week than once-a-week RE 

(Peterson, Rhea, & Alvar, 2005), it was further hypothesized that the improvements in 

the twice-a-week group would be significantly greater than those experienced by the 

once-a-week group. It was hoped, that while preliminary, the results of this study will 

help inform RE guidelines for cancer survivors and encourage others to study exercise 

prescription in this population. 
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Chapter Two: Literature Review 

 Together, breast and gynecological cancers represent 36.1% of the 93,600 new 

cases of cancer in Canadian women (Canadian Cancer Society, 2014). The survival rates 

for these cancers continue to improve by approximately 2% per year due to advances in 

early detection through mammograms, Papanicolaou tests, and more effective treatment 

regimes. Breast cancer is the most commonly diagnosed of these cancers and it also has 

one of the highest survival rates at 88%; similar to ovarian cancer if detected early. While 

higher survival rates are encouraging, there is a growing population of survivors
1
 and a 

whole new set of health concerns have become evident. These challenges include coping 

with the adverse effects of cancer treatment (e.g., decreases in muscular health and 

physical functioning, mental health, and QOL with increases in fatigue and adiposity) and 

promoting long-term health (e.g., reduce risk of cancer recurrence and co-morbid disease) 

(McTiernan, 2004).  

 While several treatment options are available, treatment of breast and 

gynecological cancers usually involves some combination of surgery, chemotherapy, 

radiotherapy, and hormone based treatments (Durst, 2009). Surgery for women with 

breast cancer may involve mastectomy, lumpectomy, lymph node dissection, and 

oophorectomy (removal of ovaries may also be done for breast cancer) and hysterectomy 

for women with gynecological cancers. These surgeries may cause pain, fatigue, early 

menopause and infertility, changes in body composition, mobility issues, lymphedema 

and psychological changes (Andrews & von Gruenigen, 2013; Grover et al., 2012). 

                                                           
1
 Note: the term ‘survivor’ in this thesis refers to anyone who has received a diagnosis of 

cancer and remains alive regardless of treatment status in accordance with terminology 

used by the National Coalition for Cancer Survivorship, 2012. 
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Chemotherapy involves the systemic use of toxic substances to kill cancer cells and side-

effects may include: pain, fatigue, cardiotoxicity, changes in body composition, and may 

negatively affect bone health (Grover et al., 2012). Radiotherapy can be either done 

before or after surgery and could also be done during chemotherapy to target cancer cells. 

Radiotherapy has been known to cause fatigue, pain, mobility issues, and lymphoedema 

(Graydon, 1994). Lastly, hormone based treatments act by restricting hormones that 

tumours need to grow and side-effects mainly include fatigue and changes in body 

composition. These side-effects may persist for many years after treatment and also 

impair QOL (Baker et al., 2003; Graydon, 1994; Hanson Frost et al., 2000), physical 

functioning (Hewitt et al., 2003; Pinto et al., 2002), and physical activity levels of 

survivors (Pinto et al., 2002).  

 Over the past two decades exercise has emerged as an effective and safe 

management technique that improves many of the adverse effects associated with a 

cancer diagnosis and treatment (Jones, 2011). Specifically, several reviews of exercise 

interventions with  survivors both on and off treatment have found that exercise in 

general can improve a survivors’ QOL, fatigue, mental health, body composition, and 

fitness (Beesley, Eakin, Janda, & Battistutta, 2008; Buffart et al., 2014; Courneya, 

Karvinen et al., 2005; Cramp et al., 2010; Fitzgerald, 2007; Galvao & Newton, 2005; 

Kim et al., 2009; McNeely et al., 2006; Oldervoll et al., 2004; Pekmezi & Demark-

Wahnefried, 2011; Schmitz et al., 2005; Stevinson et al., 2007).  

 While the number of studies examining the benefits of exercise for cancer 

survivors has increased in recent years, few have critically examined the basic principles 

of exercise training (Buffart et al., 2014; Campbell, Neil, & Winters-Stone, 2012). 
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Moreover, the large majority have focused primarily on aerobic exercise and relatively 

few have explored the unique effects of RE training (Irwin & Ainsworth, 2004; Schmitz 

et al., 2005). Consequently, the benefits and risks of RE are not fully understood, nor are 

they well known amongst health care providers. This is problematic as these 

professionals may be less likely to recommend RE to survivors if they do not see RE as 

beneficial. The following review will summarize the evidence of the known benefits of 

RE, as well as address issues of safety and adherence. Moreover, while detailed evidence-

based recommendations are lacking for cancer survivors, several generic exercise and RE 

guidelines have been published and are also reviewed below.  

The intent of this review is to highlight the potential unique benefits and risks of 

RE and as a consequence only studies that have included at least one arm of isolated RE 

will be included. The rationale for this approach is based on the large body of evidence 

which supports the use and safety of aerobic exercise to improve QOL and reduce 

treatment related side-effects and any studies using a combined aerobic and RE focus are 

not able convey the unique and overlapping benefits and potential risks associated with 

RE.  A description of interventions and an overview of the studies reviewed can be found 

in Tables 2 and 4. Additionally, readers should be aware that this review identified two 

distinct times when a survivor may begin RE; during and after cancer treatment. This is 

because survivors who have completed treatment may differ from those on treatment with 

respect to exercise tolerance, motivation, ability to adapt to exercise, severity of treatment 

side-effects, and psychological and physical stress (McTiernan, 2004). 
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Resistance Exercise During Treatment 

To date, four studies have examined the impact of a RE intervention during 

cancer treatment (Courneya et al., 2007; Cunningham et al., 1986; Galvao et al., 2006; 

Segel et al., 2003) (Table 2).  Given the relative dearth of data, no definitive conclusions 

can be made, however each of the four studies provide preliminary evidence to suggest 

there are benefits for those undergoing active treatment.  

Muscular fitness. 

 

Three of the four studies reviewed assessed muscular strength and endurance 

(herein referred to as muscular fitness) as a primary outcome (Courneya et al., 2007; 

Galvao et al., 2006; Segel et al., 2003). As each study utilized a different measure of 

muscular fitness a direct comparison is difficult, however all of the interventions 

demonstrated benefit. Specifically, Courneya and colleagues found significant 

improvements in chest press (mean increase of 8.8kg or 35%, p < 0.01) and leg extension 

1RM (mean increase of 8.2kg or 25%; p < 0.01) compared to controls and an aerobic 

exercise group.  Segal and colleagues (2003) found that men undergoing androgen 

deprivation therapy for prostate cancer were able to increase the number of chest press 

repetitions that could be done with a 20kg bar (mean increase of 13.1 reps or 42%; p < 

0.01) and leg presses with a 40kg load (mean increase of 11.8 reps or 32%, p < 0.01). The 

usual care controls experienced a decrease in chest press and leg press performance  

(-2.6reps and -1.6 reps respectively). Subsequent analysis showed that the benefits of RE 

were not affected by intent of treatment (curative vs. palliative) or how long the 

participants were on treatment. The study conducted by Galvao’s research team (2006) 

used both the 1RM and standard load methods and reported significant improvements in
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Table 2. Summary of randomized experimental trials during cancer treatment. 

Study Participants Design Length Freq.  Sets/Reps Intensity Results 

Courneya et al., 

2007 

Breast I-IIIa  

(n=242) 

3 Arm RCT 

RE 

CE 

No Exercise 

17±4 

Duration 

of 

Treatment 

3 3/8-12 60-

70%1RM 

↑Bench press and leg 

extension 1RM, LBM, 

Completion of Therapy, SE 

– QOL, Fatigue, %BF, 

Anxiety, Depression 

 

Cunningham et 

al., 1986 

 

Acute 

Leukemia  

(n=30) 

 

3 Arm RCT 

3d/wk RE 

5d/wk RE 

No Exercise 

 

5 

 

 

3 & 5 

 

 

1/15 

 

 

 

NR 

 

 

– Body Weight, Arm 

Circumference, Nitrogen 

balance 

 

Galvao et al., 

2006 

Prostate 

(n=10) 

Pre-Post 20 2 2-4/6-12 70-

85%1RM 

↑Bench press and leg press 

1RM, Chest press and leg 

press standard load test, 

Physical functioning, 

balance 

– LBM, body fat, PSA, 

testosterone, GH 

 

Segal et al., 

2003 

Prostate I-

IV  (n=155 ) 

RCT 

RE 

Waitlist 

12 3 2/8-12 60-

70%1RM 

↑Chest and leg press 

standard load test, FACT P 

↓Fatigue 

 – Body composition, PSA 
Note: Length refers to the length of intervention in weeks. Freq = frequency in days/week. RCT = randomized controlled trial. RE = resistance exercise. CE = 

cardiovascular exercise. 1RM = one repetition maximum. LBM = lean body mass. SE = Self-Esteem. QOL = quality of life. FACT P = functional assessment of 

cancer therapy, Prostate. GH = Growth Hormone. PSA = prostate-specific antigen. 

↑increase 

↓decrease 

— No change

 

1
3
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1RM chest press and leg press which improved by 12.1kg (40.5%) and 76.7kg (96.3%) 

respectively, and the number of repetitions that could be done for these two exercises 

with a load equal to 70% 1RM at baseline increased by 11.2 (114.9%) and 26.8 (167.1%).  

Body composition. 

 While all four studies assessed some measure of change in body composition, 

direct comparison across the studies is again difficult as several different measures were 

used. These included, body weight, body mass index, waist circumference, skinfolds, and 

lean body mass (LBM) (both dual x-ray absorptiometry and calculations of arm muscle 

area from arm circumference and skinfolds). Of the four studies, only one noted an 

improvement in body composition (Courneya et al., 2007). Specifically, Courneya and 

colleagues found that their RE intervention resulted in a 1kg increase in LBM (p < 0.01). 

This differs from what was found in Cunningham’s study (1986) which did not observe a 

significant increase in muscle mass of the arms. However, Cunningham did report a 

correlation between arm muscle area and calories received through parenteral nutrition, 

indicating that sufficient calories are needed during treatment to maintain muscle mass. It 

is worth noting that the intervention in this study may not have been sufficient to cause 

change as most RE guidelines that are available for survivors recommend at least two sets 

of each exercise be completed (Courneya, Mackey, & McKenzie, 2002; Durst, 2009; 

Schmitz et al., 2010; Schwartz, 2008); this standard was not met in Cunningham’s study 

where only one set was prescribed. Additionally, Irwin and Ainsworth (2004) reviewed 

the methodology used in exercise studies of cancer survivors and recommended that 

exercise interventions for persons with cancer should last a minimum of 12 weeks in 
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order to allow the benefits of exercise to develop and become observable; Cunningham’s 

intervention was only five weeks long.   

Quality of life. 

 QOL is a multidimensional measure of individual’s well-being, often capturing 

aspects of well-being related to physical, mental and emotional health (Table 3).  Overall, 

QOL was examined in both the Courneya (2007) and Segal (2003) studies. Both used the 

Functional Assessment of Cancer Therapy (FACT) system to measure QOL. The FACT 

system is a widely used questionnaire for measuring QOL and includes sub-scales for 

assessing physical, social/family, emotional, and functional wellbeing as well as fatigue 

and cancer site specific concerns (Yellen et al., 1997). Only Segal’s study of prostate 

cancer demonstrated a significant difference between groups (p < 0.01). In this study, 

those given the intervention improved their FACT-P (prostate specific QOL scale) scores 

by 2 points while the control group’s scores decreased by 3.3 points.  This difference 

remained significant regardless of treatment intent (curative or palliative) or how long the 

participants had been on treatment.  

Regrettably, neither of the above studies described changes in QOL in reference 

to the subscales of the FACT questionnaire. This is a limitation as resistance training my 

exert its effects more in areas of QOL that relate more to physical fitness such as 

functional well-being and general health, but may have less of an impact on a subscale 

like emotional well-being. As an example, Galvao (2006) found that men with prostate 

cancer who were receiving androgen deprivation therapy and a RE program improved on 

several objective measures of physical functioning (e.g., chair rise to standing, 6m slow 

walk, 6m backwards walk, 400m walk, stair climb, and balance). Based on these findings 
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Table 3. Quality of life domains used in the medical outcomes survey. 

 Meaning of Domain 

MOS-SF36 QOL 

Domain 

Low High 

   

Physical 

Functioning 

Limited a lot in performing 

all physical activities 

including bathing and 

dressing 

 

Performs all types of physical 

activities including the most 

vigorous without limitations due 

to health 

Role Physical Problems with work or other 

daily activities as a result of 

physical health 

 

No problems with work or other 

daily activities as a result of 

physical health 

Social 

Functioning 

Extreme and frequent 

interference with normal 

social activities due to 

physical and emotional 

problems 

 

Performs normal social activities 

without interference due to 

physical or emotional problems 

weeks 

Bodily Pain Very severe and limiting 

pain 

 

No pain or limitations due to 

pain 

Mental Health Feelings of nervousness and 

depression all of the time 

 

Feels peaceful, happy, and calm 

all of the time 

Emotional Role Problems with work of other 

daily activities as a result of 

emotional problems 

 

No problems with work or other 

daily activities as a result of 

emotional problems  

Vitality Feels tired and worn out all 

the time 

 

Feels full of pep and energy all 

of the time 

General Health Believes personal health is 

poor and likely to get worse 

 

Believes personal health is 

excellent 

Note: MOS-SF36 = Medical Outcomes Survey: Short Form 36; QOL = Quality of Life. From Ware & 

Sherbourne, 1992 (p. 475) 

 

Galvao (2006) noted that the reason why QOL may have improved in the Segal’s study is 

because physical functioning (a component of QOL) improves through RE.  Given the 

dearth of studies and different populations studied, it is possible that the different QOL 
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outcomes could be explained by yet unexplored participant characteristics (e.g., 

diagnosis, gender, importance placed on each QOL domain),  study design and exercise 

prescription.   

Fatigue. 

 Both Segal et al. (2003) and Courneya et al. (2007) measured fatigue using the 

FACT-F (fatigue specific QOL). In the study by Segal and colleagues, the men being 

treated for prostate cancer and given the intervention experienced a small improvement in 

fatigue of 0.8 points while the control group’s fatigue worsened by 2.2 points, creating 

both a statistical and clinically significant difference between groups (p < 0.01); 3 points 

represents the minimal clinically important difference with the FACT-F (Cella, Eton, Lai, 

Peterman, & Merkel, 2002). Despite using a similar study design with a slightly higher 

training volume, Courneya et al. (2007) did not find meaningful reductions in fatigue in 

the RE group. As above, differences in cancer diagnoses, treatments, gender differences, 

and attendance (10.8% higher in the Segal study) could all account for the discrepancy 

between these studies.   

Other benefits. 

 In addition to the fitness and QOL benefits associated with RE, Courneya et al. 

(2007) also found that RE led to faster completion of chemotherapy in breast cancer 

survivors by increasing the relative dose intensity compared to controls (mean difference 

= 5.7%, p = 0.03) (Courneya et al., 2007). There was no significant difference between 

those given an aerobic intervention and the controls in this study, suggesting improved 

chemotherapy completion may be a benefit unique to RE.  Another benefit of RE 

observed in this study was a small but significant improvement in self-esteem (mean 
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change = 0.3, p = 0.02), that was also observed in the aerobic exercise group. Other 

outcomes, such as depression and anxiety, were positively influenced by the exercise 

interventions (both aerobic and RE) but did not reach statistical significance.   

Adverse events and safety. 

 AEs were reported in two of the reviewed studies. Courneya et al. (2007) reported 

two AE’s but noted that the events were unrelated to RE and occurred as a result of 

VO2max testing (n = 2) and both participants recovered quickly (Courneya et al., 2007). 

Cunningham and colleagues (1986) noted that five participants from the exercise groups 

could not continue the study due to medical complications (pulmonary dysfunction n = 3, 

cardiomyopathy due to cyclophosphamide n = 1, and severe thrombocytopenia n = 1) but 

these events were not caused by the RE intervention. AE’s were not reported by Segal et 

al. (2003) (n = 155) or by Galvao and colleagues (2006) (n = 10). Both of these studies 

noted that their intervention did not significantly elevate serum testosterone levels, which 

could interfere with the androgen deprivation therapy the participants were undergoing.  

With no AEs being reported that resulted from RE, while preliminary, it appears 

that RE is safe and beneficial for those undergoing cancer treatment. However, this is 

only based on four studies that each sampled different cancer diagnoses. It is unknown if 

RE is safe for other groups of cancer survivors during treatment and the safety of RE in 

these groups needs to be confirmed in other studies. It has also not been adequately tested 

by these studies if intense RE interventions are safe since only Galvao and colleagues 

(2006) used resistances exceeding 70%1RM. One exception to this is a combined 

modality study that showed intensities between 70-100%1RM are well tolerated with 

proper monitoring procedures and precautions in place (such as excluding those with 
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brain or bone involvement) (Adamsen et al., 2009). More studies using different cancer 

diagnoses and exercise prescriptions are needed to provide a greater evidence base to 

support the safety of RE during cancer treatment.   

Adherence to resistance exercise. 

 While the data are limited, early studies have shown that adherence to RE during 

cancer treatment is relatively high. For example, Segal et al. (2003) reported that of the 

82 men randomized to an exercise group, only 8 (9.8%) dropped out of the study (drop 

out in the control group was 16.4%). Reasons for dropping out were not reported. 

Courneya et al. (2007) reported that out of the 82 women randomized to an RE group in 

their study, 26 (31.7%) did not complete 66% or more of the supervised exercise session; 

reasons for dropout were not given. Additionally, those in the RE group attended 68.2% 

of the offered sessions and were able to train at the prescribed level between 94.5-96.9% 

of the time. Barriers to exercise in this study were reported elsewhere (Courneya et al., 

2008) and it was found that 53% of missed sessions were explained by disease or 

treatment related barriers. Only one participant from Galvao et al. (2006) dropped out of 

the study due to an unrelated respiratory infection and was not included in the analysis. 

Finally, Cunningham et al. (1986) reported that 4 out of the 10 participants (40%) 

randomized to three-times-a-week RE did not continue the study (refused to continue n = 

1, medical complication n = 3), and that 4 of the 10 participants (40%) from the five-

times-a-week RE group also dropped out (refused to continue n = 2, medical 

complication n = 2). Together, 142 of the 184 participants (77.2%) randomized to RE in 

these studies were able to adhere to their prescribed intervention. 
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 Only the study of breast cancer survivors reported the long term adherence to the 

activity prescription (Courneya et al., 2009). Six months following the intervention 58% 

of the study’s participants were meeting either aerobic or RE guidelines, compared to just 

23% at baseline. Among other variables, it was found that muscular strength (p < 0.01) 

and increased strength over the course of the study (p < 0.01) were significant predictors 

of meeting exercise guidelines. Importantly, this finding suggests that RE programs that 

are designed to maximise strength gains may have a positive impact on long term 

adherence to exercise. Fatigue at the end of the study (p = 0.03), fatigue reduction during 

the study (p = 0.03), body mass index (p = 0.03), and percent body fat (%BF) (p < 0.01) 

also predicted adherence at six months and should also be maximised in RE programs.   

Conclusions. 

 The greatest limitation in this area of research is the small number of studies that 

have provided RE to those receiving treatment for cancer. Moreover, direct comparisons 

between the studies cannot be made due to methodological differences (e.g., intervention 

protocols, outcome measures) and heterogeneity of the populations studied. However, 

this review suggests that there is promising evidence that RE during treatment can 

improve muscular fitness, body composition, fatigue symptoms, QOL, chemotherapy 

completion rates, self-esteem, and psychological well-being. This review also suggests 

that RE is safe for those undergoing cancer treatment and that adherence to RE during 

treatment is relatively high. Future studies are needed to better document the benefits of 

RE for survivors receiving treatment and should not be avoided due to concerns about 

safety or poor adherence. Given the dearth of data, future studies should continue to study 

survivors with a variety of diagnoses (especially gynecological cancers which are absent) 
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and demographic backgrounds to increase generalizability. Comparisons between RE 

prescriptions should be made to optimize benefits and inform exercise guidelines.  

Resistance Exercise Following Treatment 

 Eight studies involving RE after treatment were identified (Table 4). Unlike RE 

during treatment, the bulk of the studies (n=6) have been conducted with survivors of 

breast cancer.  The importance of this is that most of our understanding of how RE 

benefits survivors after treatment is based on studies of breast cancer survivors and is 

therefore is a logical point to begin studying optimal exercise prescription. Consistent 

with the previous section of this review the potential benefits of post-treatment RE will 

be presented along with safety considerations and adherence issues.   

Muscular fitness. 

 Of the eight studies that are included in this section of the review, six included 

some measure of muscular fitness. In four studies, improvement in bench press strength 

ranged from ~12% to 63% and leg press improvements ranged from~20% to 39% 

(Musanti, 2012; Ohira, Schmitz, Ahmed, & Yee, 2006; Rajotte et al., 2012; Winters-

Stone et al., 2012). There was significant improvement in strength an all studies 

compared to controls (all. p ≤ 0.04). By far the most effective RE intervention in these 

four studies was the one offered by Schmitz and colleagues (Schmitz et al., 2005). This 

study used a relatively traditional RE protocol which included nine exercises done twice 

a week for three sets of 10-12 repetitions at 75-80%1RM (lower body) or symptom 

limited weight (upper body). The study also reported high attendance for the first six 

months of exercise (the control group was given the full program after six months) 

(Immediate treatment group = 92%; Delayed treatment group = 88%).  
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Table 4. Summary of randomized experimental trials after cancer treatment. 

Study Participants Design Length Freq.  Sets/Reps Intensity Results 

Kim et al., 2010 Breast  

(n=40‡) 

2 Arm RCT 

RE 

No Exercise 

8 5 2/10 0.5-1.0kg ↑ Role Physical QOL, 

General Health QOL 

↓Proximal arm volume 

—Other QOL 

components 

 

LaStayo et al., 

2011 

 

 

Cancer any 

stage  

(40‡) 

 

2 Arm Pilot 

Eccentric 

RE 

No Exercise 

12 

 

 

3 

 

 

3-5min 

progressing 

to 16-20min  

 

 

RPE 7/20 

progressing 

to 11-13/20 

↑lean tissue mass in 

quadriceps, 6MWT  

↓time to descend stairs  

—knee extension peak 

strength and power, 

 

Lee et al.,  

2010 

Breast  

(n=26‡) 

3 Arm Pilot 

RE 

Shoulder 

Exercise 

Historic 

Controls 

8 1 NR NR ↑shoulder abduction & 

internal rotation ROM in 

shoulder, physical 

functioning  

↓Fatigue 

—Arm disability, 

physical activity, QOL, 

shoulder ROM & 

strength in other 

directions 

 
 

 

 

2
2
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Study Participants Design Length Freq.  Sets/Reps Intensity Results 

McKenzie & 

Kalda, 2003 

Breast I, II 

(n=14 ‡) 

2 Arm Pilot 

RE 

No Exercise 

8 3 2/10 then 

3/10 after first 

week 

 

Light weight 

as tolerated 

↑Physical functioning, 

general health, vitality 

– Other QOL 

components, arm volume 

 

Musanti, 2012 Breast I-

IIIb 

(55‡) 

 

4 Arm RCT 

RE 

CE 

RE+CE 

Flexibility 

12 3 (RE) 

or 

2 

(RE+AE) 

1/10-12 

 

RPE 3-5 out 

of 10 

progressing to 

7-8 

 

↑Chest press 1RM, 

number of arm curl reps, 

shoulder abduction 

ROM, physical strength 

and attractive body 

(physical self-esteem 

components) 

↓depression & anxiety 

 

Ohira et al., 

2005; Schmitz 

et al., 2005 

Breast I-III  

(n=81 ‡) 

2 Arm RCT 

RE 

Waitlist 

Controls 

52 2 progressed to 

3/10-12 

0-0.5lb  

(upper body);  

75-80%1RM 

(lower body) 

↑chest press and leg 

press 1RM, LBM, 

Physical global score, 

Psychosocial global 

score  

↓%BF, IGF-II 

– Glucose, Insulin, other 

IGF axis proteins 

 
 

 

 

 

2
3

 

 



 

24 

 

Study Participants Design Length Freq.  Sets/Reps Intensity Results 

Rajotte et al., 

2012 

 

Cancer I-

IV 

(187‡) 

 

Pre-Post  12 2 individualized individualized ↑6MWT, bench press & 

leg press 1RM, ROM, 

QOL 

↓body pain, 

musculoskeletal 

symptoms, fatigue, 

insomnia, blood pressure 

– Resting heart rate, 

weight, waist 

circumference, cramps 

 

Winters-Stone  

et al., 2011; 

Winters-Stone 

 et al., 2012 

 

Breast I-

IIIa 

(106‡) 

 

2 Arm RCT 

RE 

Flexibility 

52 3 1-3/8-12 

 

60-80%1RM 

 

↑Bench press  & Leg 

press 1RM, LBM,  

↓serum 

deoxypyridinoline  

– Osteoclacin, Bone 

mineral density 

–  Fat mass or %BF, 

timed chair stands, 

walking gait, standing 

balance,  fatigue, 

Physical Function 

 
Note: Length = intervention length weeks, Freq = Training frequency in days/week. RCT = randomized controlled trial. RE = resistance exercise. CE = 

cardiovascular exercise. 1RM = one-repetition maximum, LBM. = lean body mass. QOL = quality of life. RPE = ratings of perceived exertion. 6MWT = 6 

minute walk test. ROM = range of motion. IGF = insulin-like growth factor. %BF = percent body fat. 

↑increase 

↓decrease 

– No change

2
4
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 Two of the reviewed studies measured muscular fitness with isokinetic 

dynamometers (LaStayo, Marcus, Dibble, Smith, & Beck, 2011; Lee et al., 2010) and 

neither was able to show that their interventions improved muscular strength. In the first 

study, LaStayo and colleagues found that an experimental group doing 12 weeks of 

eccentric exercise on a recumbent stepper increased voluntary knee extension peak force 

by 11%. Yet this did not reach statistical significance compared to the control group who 

only had an increase in peak force of 1%. (p = 0.15). In the second study, Lee and 

colleagues were able to demonstrate that a shoulder mobility program, which primarily 

included light upper body exercises with stretching, was superior to traditional RE and 

historical controls for improving performance in an isokinetic test of external rotation (p 

< 0.01). It is likely that traditional RE was not superior to the shoulder mobility program 

in this case because it was not as specific as the shoulder mobility program (which 

included 14 scapula-oriented exercises) to the type of testing that occurred. While a 

targeted shoulder mobility program may be superior to traditional RE for improving 

shoulder strength, it is important to keep in mind that other benefits of RE such as 

improvements in lower body strength and improvements in lean body mass may not 

occur. These last two studies suggest that non-traditional forms of RE, such as eccentric 

stepping and targeted rehabilitation techniques, may also have a level of success in 

improving muscular strength and could have a unique place in cancer rehabilitation.    

 Body composition. 

Many of the RE studies (n = 5) after treatment included some measure of body 

composition as an outcome. The most common measures of body composition were 

LBM and %BF. These outcomes are particularly important as they have been shown to 
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relate to other health problems, such as osteoporosis and cardiovascular disease 

(McTiernan, 2004); which many survivors are already at an increased risk of developing 

(Brown, Brauner, & Minnotte, 1993; Hewitt et al., 2003; McTiernan, 2004; Winters-

Stone et al., 2011; Winters-Stone et al., 2012).  

 Three studies included LBM as an outcome and each of them reported significant 

increases following RE. Schmitz and colleagues (2005) reported increases of LBM of 

0.88±0.23kg (p < 0.01) that were significantly correlated with QOL outcomes including 

general, physical, and psychosocial QOL (Ohira et al., 2006). A second study (Winters-

Stone et al., 2011) found that within the RE group those breast cancer survivors who 

were also using aromatase inhibitors significantly increased LBM compared to those in 

the group not using them (p < 0.01), the authors speculated that aromatase inhibitors 

(drugs that block the production of estrogen) may act synergistically with RE to improve 

LBM. One last study (LaStayo et al., 2011), showed that eccentric RE on a recumbent 

stepper increased the lean tissue in the quadriceps by 1.7cm
2
 compared to controls who 

lost 0.1cm
2
 (p < 0.01). Together, these studies suggest RE after treatment can increase 

LBM.  

Unlike changes in LBM, there is little evidence to suggest that RE on its own can 

reduce %BF in survivors and this also seems true for other measures of body fat such as 

waist circumference. In fact, only one study (Schmitz et al., 2005) reported a significant 

change in %BF (-1.15%, p = 0.03), although there was no change in total body weight in 

this study. Three other studies measured this outcome and found no change in whole 

body fat mass (Musanti, 2012), %BF (Winters-Stone et al., 2011), body weight, or waist 

circumference (Rajotte et al., 2012). These studies suggest that RE is ineffective at 
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managing the weight gain that some survivors experience. Other interventions, such as 

aerobics and diet control may be better alternatives for survivors hoping to decrease body 

fat. Therefore, a complete approach to managing the side-effects of cancer and its 

treatments should combine RE with aerobics and nutritional counselling to increase LBM 

while lowering %BF.   

Quality of life. 

 QOL was another outcome included in most studies with six studies reporting the 

effects RE had on QOL. Five of these studies found that their RE interventions 

significantly improved at least one component of QOL. As anticipated, the most common 

benefit of RE on QOL was the improvement in the physical domains (i.e., aspects of 

QOL that relate directly to the health and function of the body). Specifically, three studies 

found RE significantly improved physical functioning and general health using the 

Medical Outcome Survey – Short Form (MOS-SF36; (Ware & Sherbourne, 1992) (Kim 

et al., 2010; McKenzie & Kalda, 2003; Rajotte et al., 2012) while a fourth study (Ohira et 

al., 2006) reported an improvement in the physical global score of the Cancer 

Rehabilitation Evaluation System (Schag, Ganz, & Heinrich, 1991) (p < 0.01). This is 

likely because improvements in fitness lead to improvements in the physical domains of 

QOL as suggested by correlations between the physical global score and bench press 

1RM (r = 0.32, p < 0.01) and physical global score and LBM (r = 0.23, p < 0.05) (Ohira 

et al., 2006). 

Until recently, improvements in physical functioning have only been shown in 

subscales of QOL questionnaires, which are subject to the limits of that measurement 

technique such as self-report bias. Three recent studies included objective measures of 
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physical functioning by including physical tasks such as sit-to-stand and timed stair 

climbing. Results of these studies are mixed, with two showing RE was beneficial 

(LaStayo et al., 2011; Rajotte et al., 2012) and one showing no significant improvement 

(Winters-Stone et al., 2012). Because of the mixed results using functional tasks it may 

become more necessary for future studies to include objective measures of physical 

functioning. 

It has also been shown that there are benefits to the psychosocial aspects of QOL, 

although these trends are less consistent. Four studies reported improvements in 

psychosocial aspects of QOL. First, Ohira et al. (2006) observed improvements in the 

Cancer Rehabilitation Evaluation System psychosocial global score in their RE group of 

their study compared to a decrease in their control group (p = 0.02). Similarly, Rajotte 

(2012) found that all components of QOL on the MOS-SF36 improved (p ≤ 0.02). The 

results of these two studies are quite different from those results reported by Kim and 

colleagues (2010) who found that the only psychosocial component of QOL to 

significantly improve in their study was mental health, which did not translate to a 

significant difference when compared to the controls which experienced a similar 

improvement. Lastly, Lee (2010) found that the only psychosocial aspect of QOL to 

improve in their study was social functioning, and this was seen in the shoulder mobility 

group and not the RE group.  

It is likely that psychosocial aspects of QOL are not achieved through 

improvements in fitness alone. Rather, it is much more likely that these outcomes are 

achieved when groups of survivors come together for exercise and are able to develop a 

sense of togetherness through positive group dynamics (Adamsen, Rasmussen, & 
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Pedersen, 2001; Emslie et al., 2007; Midtgaard, Rorth, Stelter, & Adamsen, 2006). In this 

way, group exercise of any kind serves as a forum for survivors to forge friendships and 

share a common experience that few people can relate to. This develops an important 

social network for the survivors which can aid in coping and fosters positive feelings. 

Thus, it is not surprising that the two studies that reported the greatest improvements in 

psychosocial QOL offered their interventions in a group format (Ohira et al., 2006; 

Rajotte et al., 2012). The two studies reporting the least improvement do not specify 

whether or not exercise took part in a group or was done individually (Kim et al., 2010; 

Lee et al., 2010). 

Only one study failed to report any improvements in QOL following the 

intervention (Winters-Stone et al., 2012). This study’s inability to find significance may 

be due to two reasons. First, the study only examined the physical functioning scale of 

the MOS 36-SF and improvements in other QOL components may not have been 

identified. Second, while the study’s intervention lead to small (yet statistically 

significant) improvements in muscular strength when compared to other RE studies, it is 

possible that these improvements were not enough to cause a perceived benefit in overall 

physical functioning. This is interesting from an exercise prescription standpoint because 

the RE protocol of this study was remarkably similar to the very successful program 

described by Schmitz et al. (2005) with the only major deviation being a reduction in 

training volume.    

Fatigue. 

 Given the physiological and psychological toll of treatment, it has been suggested 

that the optimal time to begin an exercise program to improve fatigue is post-treatment 
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(McNeely et al., 2006). This claim was based on a review of exercise studies in breast 

cancer survivors, however there was only one study of RE included in this review. Within  

the current review, several additional limitations must be considered. First, few of the 

studies measuring fatigue as an outcome used the same questionnaire, again making 

direct comparisons difficult to make. Also, it is important to keep in mind that only 

survivors who are fatigued have the potential to reduce fatigue. This was demonstrated by 

Musanti (2012) who observed significant reductions in survivors with clinically 

significant fatigue (Cohen’s d = 1.5, p < 0.01) but not in those without fatigue (Cohen’s d 

= 0, p = 0.99). However, given the prevalence of fatigue, it was not surprising to find that 

six of the eight studies examined this outcome.  

Regrettably, the findings about the efficacy of exercise on fatigue are mixed, with 

four studies showing a benefit and two showing no difference compared to controls. Of 

those studies that showed a benefit, two used subscales of their QOL inventories to 

indirectly assess fatigue. One found that following RE there was a significant 

improvement in MOS-SF36 vitality (thought to be the opposite of fatigue) (p = 0.02), but 

did not report fatigue scores at baseline (McKenzie & Kalda, 2003). The other study 

found that their RE intervention significantly reduced fatigue scores on the European 

Organization for Research and Treatment of Cancer questionnaire (p = 0.03) (Lee et al., 

2010). This finding should be considered in the context that there was a non-significant 

trend towards the RE group being more fatigued than both the control group and shoulder 

mobility group (p = 0.16), and that following the intervention scores between groups 

were similar. Viewed from this perspective, it is difficult to conclude that the RE was 

truly a superior method for reducing fatigue in this study as it is possible the other groups 



 

31 

 

were not fatigued enough to experience a benefit. One last study, reported a reduction in 

fatigue symptom inventory scores from 1.68 to 2.47 (Cohen’s d = 0.52, p < 0.01) and less 

insomnia (Cohen’s d 0.40, p < 0.01 (Rajotte et al., 2012). Studies that have shown a 

benefit suggest meaningful improvements in fatigue may occur.  

For those studies that found no benefit in fatigue symptoms, Kim et al. (2010) 

reported that RE did not improve MOS-SF36 vitality scores. However, the average 

fatigue score in this study at baseline was low, suggesting that fatigue was not a 

substantial concern for most of the study participants. The second study (Winters-Stone 

et al., 2012), which was a large randomized controlled trial (RCT) with 106 breast cancer 

survivors, also found no improvement in fatigue after 12 months of RE with the Schwartz 

cancer fatigue scale. Again, baseline scores indicated that high levels of fatigue were not 

common in this study’s sample.  

Taken altogether, there is early evidence that suggests RE may be able to relieve 

some level of fatigue in cancer survivors following treatment provided that high enough 

levels of baseline fatigue are present. More studies are needed to determine the full extent 

to which RE can help, as most of the studies detailed above have not targeted fatigued 

participants. These future projects may plan to exclude participants who are not clinically 

fatigued, stratify groups on baseline levels, or perform covariate analysis to prevent this 

limitation from occurring. Future studies should also determine which of the fatigue 

questionnaires is best for the purpose of measuring fatigue in survivors in exercise 

studies. Such a study would promote a more standardized approach to measuring fatigue 

in later exercise trials and would strengthen comparisons between these studies. Lastly, 

there was considerable variation in the effectiveness of the interventions in these six 
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studies. While baseline fatigue is clearly influencing this, it is also likely that the 

interventions themselves contribute to how much fatigue is relieved. 

Other benefits. 

 Due to a combination of cancer, cancer treatment, and lifestyle changes, survivors 

of cancer are at an increased risk for future health problems including: cancer recurrence, 

cardiovascular disease, osteoporosis, and mental health issues (Brown et al., 1993; 

Costanzo, Ryff, & Singer, 2009; Hewitt et al., 2003). While there remains a relative lack 

of study, preliminary evidence is available to suggest that, like aerobic exercise, RE may 

confer specific short and long-term health benefits to survivors. Some benefits that have 

been observed are: 1) reductions in serum insulin-like growth factor II which relates to 

prevention of recurrent disease (Schmitz et al., 2005); 2) decreases in systolic and 

diastolic blood pressure which relate to cardiovascular disease (Rajotte et al., 2012); 3) 

preservation of bone mass in the lumbar spine and positive effects on deoxypyridinoline 

and osteoclacin levels which will slow down the development of osteoporosis (Winters-

Stone et al., 2011); and 4) increases in self-esteem and decreases in depression and 

anxiety (Musanti, 2012). Although additional study is needed, the current evidence 

indicates that RE could help protect survivors from a wide variety of health problems.  

Lymphedema is another common side-effect of breast cancer surgery that causes 

painful swelling of the arms and limits mobility and the ability to function.  It has long 

been speculated this is made worse by RE.  However, studies have shown that RE does 

not exacerbate symptoms (McKenzie & Kalda, 2003), and may even reduce swelling 

(Kim et al., 2010). Upper body mobility has been studied in relation to lymphedema and 

it has been shown that traditional RE significantly improved shoulder range of motion 
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(abduction, internal rotation, and external rotation) (Lee et al., 2010; Musanti, 2012). This 

may be because skeletal muscle does stretch during resistance exercises that move 

through a complete range of motion. These studies help debunk the myth that RE will 

exacerbate lymphedema in breast cancer survivors and help promote RE as a possible 

management strategy.   

Adverse events and safety. 

 Two studies failed to report whether or not AEs occurred (Kim et al., 2010; 

McKenzie & Kalda, 2003). Two studies with a total of 146 participants reported that the 

RE intervention did not cause any AEs (LaStayo et al., 2011; Winters-Stone et al., 2011; 

Winters-Stone et al., 2012), although one of these studies (LaStayo et al., 2011) reported 

that five cases of unrelated illnesses occurred during the study. In the remaining four 

studies (Lee et al., 2010; Musanti, 2012; Rajotte et al., 2012; Schmitz et al., 2005) (n = 

347) a total of 27 intervention related AEs were reported, indicating the approximate risk 

of an AE occurring to be low (approximately 5.5%)
2
. The overwhelming majority of AEs 

that did occur were minor musculoskeletal injuries that did not have any long lasting 

effects or impeded exercise (25/27 = 92.3%). These injuries included muscle soreness, 

tendinitis, and aggravation of existing injuries. Importantly, participants were able to 

continue exercising with modifications made to their programs such as lower intensity or 

volume. The more serious AEs included a pulled back muscle (Rajotte et al., 2012) and a 

wrist injury (Schmitz et al., 2005).  The back injury was reported to have still affected the 

survivor at the end of the 12 week program while the wrist injury prevented the survivor 

from continuing exercise and was becoming worse over time. Specific mechanisms of 

                                                           
2
 494 total participants divided by 27 AEs = 5.48% 
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injury, such as lifting more weight than was prescribed or improper lifting technique, 

were not reported. Because of the very low probability of these more serious AE 

occurring due to participation in RE (less than 1%), this review can only conclude that 

RE is safe which is in agreement with a recent review by Jones (2011).   

Adherence to resistance exercise. 

 Similar to RE during treatment, dropout rates to RE after treatment appears to be 

low, ranging from ~15-24% (Musanti, 2012; Schmitz et al., 2005; Winters-Stone et al., 

2012). The most common reasons for participant withdraw was being “too busy” to 

participate. Dropouts have been shown in these studies to share a number of common 

traits. These traits include: being closer in time to their cancer diagnosis, having lower 

mental health, and greater difficulty completing activities of daily living (Winters-Stone 

et al., 2012); they are also more likely to have severe fatigue, be obese, and be less 

physically active (Musanti, 2012). This is particularly troubling as it shows that those 

survivors who have the most to gain from RE are also the ones less likely to adhere to a 

program. This presents a challenge to health care professionals as strategies to promote 

adherence may include modifying the intervention, yet there have not been any studies to 

indicate which modifications are best to make. Future studies that compare different 

interventions are needed to inform how RE can be tailored for survivors who struggle 

with adherence.  

 Attendance was also reported to be high for sessions of supervised exercise and 

ranges from 76% to 95%, but was much lower for home-based exercise sessions at 23% 

which was a part of one intervention (Winters-Stone et al., 2012). Most studies were 

short term interventions ranging from 8 to 12 weeks in duration. However, there were 
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two longer studies which ran for one year (Schmitz et al., 2005; Winters-Stone et al., 

2012). Both the study by Schmitz and colleagues and Winter-Stone and colleagues 

reported attendance for the first six months (92% and 82% respectively) and from months 

6 to 12 (66% and 62%), and indicate that attendance can drop as much as 30% over the 

course of a year. This finding is not unexpected as a similar trend exists in the general 

population. As it is apparent that many survivors have difficulty maintaining RE in the 

long term and risk becoming inactive, long-term adherence strategies will need to be 

developed. Studies that follow-up on participants or provide longer interventions (up to a 

year) can help in this area.  

Attendance was often used as an indicator of compliance (the degree to which the 

intervention was followed), in these studies compliance to the intervention was high. 

Compliance remained high even when other operational definitions of compliance were 

used. For example, Winters-Stone (2011) reported excellent compliance (98%) which 

was defined as the percentage of participants who completed the study without significant 

modifications for six months.  

Overall, it appears that most cancer survivors are able to adhere to a RE program, 

although some types of survivors will have a more difficult time maintaining RE than 

others. Strategies will need to be developed to support these individuals as well as any 

survivor hoping to maintain exercise longer than six months. Strategies such as 

modifying the exercise prescription or building the intervention around a theoretical 

framework, such as self-determination theory, may be helpful (Milne, Wallman, 

Guilfoyle, Gordon, & Corneya, 2008; Perri et al., 2002).  
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Conclusions. 

 Several general statements about RE after cancer treatment can be made upon 

reviewing the available literature. First, RE is beneficial for survivors and is likely to 

result in improvements in muscular fitness, LBM, and QOL (especially physical 

functioning). Positive changes in fatigue symptoms (if this is a problem for the 

individual) and protection from other health problems such as recurrent cancer, 

cardiovascular disease, and osteoporosis may also occur. The risk of harm resulting from 

RE is low and most all injuries (99%) appear to be minor, easily recovered from and not 

preventing a survivor from continuing exercise. It is also expected that most survivors 

will be able to adhere to a RE program for at least six months, although some survivors 

may have greater difficultly doing this than others.  

 Future research is needed for other survivor groups since the majority of RE 

studies done post treatment used groups of breast cancer survivors. Additionally, more 

studies are needed that directly compare different RE regimens. It is entirely possible that 

certain RE programs are more beneficial than others and such comparisons will allow 

superior RE interventions to be made. 

Exercise Prescription 

In order to effectively provide sound guidelines for a particular population, 

including cancer survivors, training principles and variables need to be carefully 

considered. Training principles may be thought of as generalized guidelines founded in 

exercise physiology. For example, (Heyward & Gibson, 2014), describes seven basic 

training principles (see Table 5). Training variables, on the other hand, are those variables 

which are specified in a training program to satisfy the training principles. For example, 
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if the desired outcome of a training program is an increase in muscular endurance than 

the training variables should reflect this (e.g., low weight, high repetitions, minimal rest). 

There are numerous examples of training variables in order to reflect the plethora of 

physical activities one may engage, but they are most often simplified using the FITT 

format (frequency, intensity, time, and type). However, it is this author’s opinion that 

when describing RE, it may be more useful to describe exercise in terms of frequency, 

intensity, volume. As these variables are discussed further, they will be related back to 

training principles. 

 

Table 5. Seven training principles. 

Training Principle Description 

Specificity of 

Training 

Adaptations to exercise are specific to the demands placed on specific 

muscle groups 

 

Overload Adaptations occur when physiologic systems are taxed by demands they 

are not yet accustomed to 

 

Progression Gradual progression is needed for continued adaptation to exercise 

 

Initial Values Those with low initial fitness show faster adaptation to exercise than 

those with high initial fitness 

 

Diminishing 

Returns 

As adaptations approach an individual’s genetic limit, improvements 

occur more slowly 

 

Reversibility The benefits of regular physical activity are lost after a period of time 

without exercise (detraining) 
Note: Based on training principles in Heyward &Gibson (2010).  

 

Intensity. 

Strictly speaking, training intensity is the amount of effort required to perform a 

specific exercise (ACSM, 2013). It may also be considered as the rate of energy 

expenditure for a given exercise. For example, running faster or lifting heavier weights, 
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both examples of increased intensity, require a greater energy output per unit of time. 

Regardless, in the context of RE, intensity may be expressed multiple ways (Fry, 2004) 

including: the absolute amount of weight lifted (pounds or kilograms), as a percentage of 

a maximum lift (%1RM), the number of repetitions that can be completed before failure 

(repetition maximum or RM), or using the Borg Scale of Perceived Exertion (Borg, 

1982). In RE, intensity is inversely related to the number of repetitions that may be 

performed in a given set (Brzycki, 1993). Because the number of repetitions one can 

perform is so closely related to training intensity they are discussed here and not with 

training volume (the number of sets and exercises). 

The importance of training intensity relates mainly to the principle of specificity. 

Due to the inverse relationship between the amount of effort needed to perform a lift and 

the number of repetitions that may be performed, intensity based training zones may be 

categorized as: High Intensity Low Volume (HILV), Moderate Intensity Moderate 

Volume (MIMV), and Low Intensity High Volume (LIHV). Although some adaptations 

to RE are common to these training zones including shifts from type IIB to Type IIAB 

muscle fibers and myosin heavy chain (MHC) shifts from MHCIIb to MHCIIa; each of 

these training zones has been shown to bring about specific physiologic adaptions that 

affect performance in unique ways following the principle of specificity (Table 6) 

(Campos et al., 2002). 

HILV training, which uses loads corresponding to 80%1RM and heavier, have 

been shown to be the most efficient at increasing strength (average force production) 

(Campos et al., 2002). Physiologic adaptations to this kind of training include: increased 
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cross sectional area of muscle fibers (myofibular hypertrophy) (Campos et al., 2002), 

increased neural drive such as increased recruitment of motor-units, faster firing rates, 

and better coordination (Häkkinen, Alen, & Komi, 1985; McArdle, Katch, & Katch, 

2010), and elevated levels of testosterone (Raastad, Bjøro, & Hallen, 2000).  

MIMV training is often described as ranging from 85-70%1RM. This training 

zone is mostly associated with increased strength and muscle hypertrophy (Wernbom, 

Augustsson, & Thomeé, 2007) exhibiting both myofibrillar and sarcoplasmic 

hypertrophy (increases in non-contractile elements and fluid in muscle) (Fry, 2004). 

Evidence for sarcoplasmic hypertrophy and its association with MIMV training comes 

from comparisons between power lifters and bodybuilders and their different training 

methods (Fry, 2004; Schoenfeld, 2010). Power lifters typically train using very high 

intensity lifts and low volume (e.g., 95%1RM) while body builders train using moderate 

intensities for higher volumes (70-85%1RM). In comparison to power lifters, 

bodybuilders have more fibrous endomysial connective tissue and higher muscle 

glycogen content (Schoenfeld, 2010) and display hypertrophy of both type I and type II 

fibers while only type II fibers are hypertrophied in power lifters (Fry, 2004). 

Additionally, MIMV training also has the unique adaptation of increased capillaries per 

area for type IIA muscle fibers (Campos et al., 2002).  

Lastly, LIHV training which is less than 70%1RM, and primarily increases 

muscular endurance (Campos et al., 2002). Physiologic adaptions include increases in 

aerobic power and time to exhaustion in aerobic fitness tests (Campos et al., 2002). 

Additionally, LIHV training also appears to be associated with higher levels of human 

growth hormone and cortisol responses which may be useful for enhancing the hormonal 
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response when primarily training with other intensities (Kraemer & Ratamess, 

2004)(Kraemer & Ratamess, 2005).  

Table 6. Summary of specific adaptations to strength training intensity zones. 

Adaptations HILV 

(100-80%1RM) 

MIMV 

(85-70%1RM) 

LIHV 

(≤70%1RM) 

Fitness Tests    

1RM ↑↑↑ ↑↑ ↑ 
Standard Load Test 

(60%1RM) 
↑ ↑ ↑↑↑ 

Aerobic Capacity (VO2max) - - - 
Time to Fatigue - - ↑ 
Aerobic Power - - ↑↑ 

    
Fiber Type Distribution    

IIB (%) ↓ ↓ ↓ 
IIAB(%) ↑ ↑ ↑ 
MHCIIb ↓ ↓ ↓ 
MHCIIa ↑ ↑ ↑ 

    
Hypertrophy    

Type I ↑ ↑↑ - 
Type IIA ↑↑ ↑↑ - 
Type IIB ↑↑ ↑↑ - 

Sarcoplasmic - ↑ - 
    

Capillarization    
Capillaries/area - - - 

Capillaries/fiber type - ↑ (type IIA) - 
    

Neural Drive ↑↑ ↑ ↑ 
    

Hormonal    
Testosterone ↑↑↑ ↑↑ ↑ 

Human Growth Factor ↑ ↑↑ ↑↑↑ 
Cortisol ↑↑ ↑↑ ↑↑↑ 

Note: HILV = High Intensity Low Volume; MIMV = Moderate Intensity Moderate Volume; LILV = Low 

Intensity Low Volume; 1RM = one repetition maximum; MHC = myosin heavy chain. 

- No Change 

↑Small increase 

↑↑Moderate increase 
↑↑↑Large increase 
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Training experience may also be an important consideration when selecting an 

appropriate training intensity. One meta-analysis found optimal intensity for individuals 

with less than one year of experience to be 60%1RM vs 80%1RM for experienced 

weightlifters (Rhea, Alvar, Burkett, & Ball, 2003).  Second, while studies specifically 

comparing training intensity in cancer survivors are not yet published (Buffart et al., 

2014), one study of healthy postmenopausal women found that high intensity training 

(80%1RM) was only superior to low intensity (40%1RM) for improving upper body 

strength with no differences in overall strength improvements (averaged across 13 

exercises), cross sectional area of biceps brachii or rectus femoris, or bone mineral 

density (Bemben, Fetters, Bemben, Nabavi, & Koh, 2000).  Taken together, these studies 

suggest that for the typical breast or gynecologic cancer survivor who is not strength 

training, high intensity may have limited value.  For this reason, a training zone of 10-

14RM (approximating 65-75% of 1RM) was chosen for the main study.  

Training volume. 

Training volume is defined as the total amount of work done for a given bout of 

exercise. As such, strength training volume is predominantly affected by the number of 

sets and repetitions of a given exercise or related exercises, however, intensity (discussed 

previously) also factors into the equation (Feigenbaum & Pollock, 1999). As mentioned a 

good guideline for selecting a repetition range is to base it on training intensity to bring 

about the desired adaptations based on training specificity. Therefore, this discussion on 

training volume will focus on the number of sets that should be performed. 

 The exercise prescription literature appears divided on what constitutes optimal 

training in regard to the number of sets that should be performed for each exercise (Rhea, 
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Alvar, & Burkett, 2002). There is support for one set protocols (Carpinelli & Otto, 1999; 

Feigenbaum & Pollock, 1999). For example, in a review of eight studies comparing 

single versus multi-set protocols, Feignbaum and Pollock found that only one report 

showed a small (2.9%) but significant benefit for multiple training sets (Berger, 1962). A 

meaningful benefit of single set protocols are findings that suggest that adherence may be 

better due to lower time commitments. Depending on the number of exercises performed, 

a single set program may only take 20 minutes to complete versus 50 minutes using three 

sets (Messier & Dill, 1985). For cancer survivors, it is often cited that a lack of time is 

one of the main reasons for poor adherence in exercise trials (Courneya et al., 2005; 

Rogers et al., 2007) so if effective single set protocols may be preferred. 

 Those who are not in favor of single-set programs point to limitations in research 

that have shown no significant differences in strength development. Rhea and colleagues 

(2003), for example, have shown that many studies that do not demonstrate a difference 

between single and multi-set protocols are often underpowered due to small sample sizes 

and are potentially committing a type II error. In order to make the results from previous 

studies clearer, a meta-analysis was performed pooling the results of 16 studies directly 

comparing one set against three set protocols (total participants n = 93). From this, it was 

found that three sets lead to greater improvements in strength than single set protocols 

(ES = 0.23). These results were robust and remained significant between trained (ES = 

0.55) and untrained individuals (ES = 0.25), and were strengthened in sub-analysis of 

studies which controlled for other training variables such as intensity. These authors 

speculate that part of the confusion between single versus multiple sets is that studies 

supporting single sets often use multiple exercises for the same muscle group (i.e., squat, 
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leg press, and leg extension) meaning they are not truly single set protocols. In a follow-

up meta-analysis of optimal exercise prescription it was also found that an optimal 

strength training program for healthy untrained individuals is four sets of 60% of 1RM 

done twice weekly (Rhea et al., 2003).  

 More recently, the literature of single versus multiple sets was re-examined 

focusing on studies published after 1998; the year in which Carpinelli & Otto (1998) 

published a review paper supporting single sets (Galvao & Taaffe, 2004). Unlike the 

previous review, which only found one study in support of multiple sets, 7 out of 8 

modern studies support multiple set protocols. This included both short (≤12 weeks) and 

long term (>12 weeks) studies using both trained and untrained participants. These results 

are quite robust and are supported by additional arguments related to increased 

testosterone production with additional sets.  

To date, single versus multiple sets remains controversial even when considering 

healthy populations, and no data are available to support either side in regard to survivor 

populations. One study examined single vs. multiple sets in previously trained post-

menopausal women with osteopenia which may generalize to breast and gynecologic 

cancer survivors (Kemmler, Lauber, Engelke, & Weineck, 2004). In this study, single 

sets were compared to multiple sets (2-4 sets) in post-menopausal women who had 

already completed 18 months of aerobic and resistance training using a crossover design. 

In this study, significant differences were realized in 1RM strength in leg press, bench 

press, rowing, and leg adduction between the two protocols in favor of multiple sets. One 

limitation is that these results may not generalize to untrained cancer survivors due to the 

previous training received by participants in this study.   
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Considering the evidence presented by both sides of the single versus multiple set 

controversy an initial training volume of two sets for cancer survivors appears to be an 

ideal way to balance the need for additional sets without overburdening survivors. As 

mentioned, the evidence supporting multiple sets is robust and comes from modern 

studies, and is supported by two meta-analyses (Rhea et al., 2002; Rhea et al., 2003). 

While compelling, this evidence does need to be weighed against the increased time 

commitment of multiple sets, especially given the adherence barriers reported by cancer 

survivors (Rogers et al., 2007). Based on the times needed to complete one and three sets 

reported by Messier & Dill (1985), survivors should be able to complete two sets of 

major exercises in approximately 40 minutes (one set was reported to only take 20 

minutes to complete) which may still represent a minimal time commitment for most 

survivors.   

Training frequency. 

The issue of training frequency is centered around providing the body sufficient 

time to recover from and adapt to exercise.  Providing too much time allows 

deconditioning to take place, while providing too little time may result in over-training 

and/or over-reaching. During a bout of exercise as energy stores are depleted and the 

musculoskeletal system experiences micro-trauma causing soreness, performance 

declines (strength, power, speed, endurance, etc.). Following the bout of exercise 

recovery begins and the rate of muscle protein synthesis increases for a period of time, up 

to 50% 4 hours post exercise and 110% 24 hours post-exercise (Chesley, MacDougall, 

Tarnopolsky, Atkinson, & Smith, 1992). Increases in fitness occur when recovery 

processes overshoot the individual’s baseline fitness to adapt to the physical stressor that 



 

45 

 

was experienced. If the individual exercises again using a progressively challenging 

protocol, the net effect of this process repeating over time will be positive and further 

increases in performance.  

While the American College of Sports Medicine (ACSM) guidelines recommend 

at least 48 hours recovery following resistance exercise (ACSM, 2013), training 

frequency appears to depend on numerous variables. For example, weightlifters and 

bodybuilders need to train 8-12 times/week (using double split routines) in order to see 

continued improvement (Kraemer & Ratamess, 2004) while those with very low fitness 

may still benefit from one session each week (Heyward & Gibson, 2014). Clearly a very 

wide range of effective frequencies exist depending on factors such as training 

experience, intensity and volume of training sessions, nutritional status, age, and goals 

(Kraemer & Ratamess, 2004).  

Several studies have been published to help explain the physiologic factors 

affecting training frequency. Studies comparing strength trained with non-strength trained 

individuals show that chronic strength training leads to increased mRNA activity coding 

for protein kinases (PDK4) and myogenic proteins (MyoD) (Coffey et al., 2006), and 

increased synthesis of protein (Chesley et al., 1992; MacDougall, Tarnopolsky, Chesley, 

& Atkinson, 1992). In elderly men (70 ± 5 years) protein synthesis has been found to be 

~30% slower than their younger counterparts (age = 24 ± 6 years) (Kumar et al., 2009). 

The authors of this study described this as anabolic resistance and speculated that there is 

a blunted response to strength training which utilizes more type II fibers that are 

atrophied in older adults due to sarcopenia. If this is the case, there is little reason to 
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expect that females would not experience anabolic resistance with age until this study is 

repeated with female participants.  

Physiologic variables aside, training frequency should also be considered with an 

individuals’ schedule in mind (ACSM, 2013). This is particularly important for cancer 

survivors for whom time is frequently cited as a barrier to exercise (Courneya et al., 

2005; Rogers et al., 2007). In a practical setting, individuals who do not have enough 

time to commit to whole body training may be able to use split routines (training some 

muscle groups one day and the other muscle groups on another) (ACSM, 2013). There is 

also anecdotal evidence that using split routines may have an added benefit of limiting 

the physical and mental fatigue of long training sessions which may be particularly 

beneficial for fatigued survivors. Another time saving technique is circuit training, where 

one muscle group is trained while another rests (e.g., after completing a set of bench 

presses a set of leg press is done rather than resting. To date, no study has compared the 

benefits of these techniques against other programs.  

 Because the typical cancer survivor is older, often with limited RE experience, 

and limited time available for training, low training frequencies (1 or 2 days per week) 

appear to be the most appropriate. Cunningham et al. (1986), found no increase in arm 

muscle area or differences between groups of leukemia patients training 3 for 5 times per 

week. This study used a relatively high training frequency, yet other studies using lower 

frequencies have found more benefit (Courneya et al., 2007; Galvao et al., 2006; Segel et 

al., 2003), albeit differences in measures (arm volumes versus 1RMs) and timing of the 

intervention (during cancer treatment versus after) may have limited the Cunningham 

study’s ability to find meaningful improvements for survivors.  Studies re-examining 
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training frequency are warranted to establish its benefits which may lead to better 

adherence rates and make rehabilitation programs more feasible from a cost-benefit 

perspective.   

Resistance Exercise Guidelines and Recommendations for Survivors 

As survivorship of cancer has continually been increasing there has been an 

increased demand to provide methods for controlling the long term side-effects of cancer 

and its treatments. While numerous studies, reviews, and meta-analyses are available 

demonstrating that exercise, including RE, is an effective solution to these problems, the 

provision of a strong evidence-base for RE guidelines is lacking. Although 

recommendations are available (Table 1) (Courneya et al., 2002; Courneya et al., 2004; 

Durst, 2009; Galvao & Newton, 2005; Lucia, Earnest, & Perez, 2003; Schmitz et al., 

2010; Smith, 1996), their relative lack of consistency ultimately provides a vague RE 

prescription that is of little use (one to three sets of 3-15 repetitions at intensities ranging 

from 40-80%1RM, or very light to light weights; done one to three times-a-week). When 

the issue of progression is addressed it was often recommended to progress in “small 

increments”.  

The lack of specificity of the existing guidelines and tailored RE 

recommendations is particularly problematic because the uncertainty it creates often 

becomes a barrier to promoting RE to survivors. When one considers the unique benefits 

RE has for survivors that have been discussed in the previous sections, this becomes 

especially troubling. Nevertheless, it is important to keep in mind that existing guidelines 

are still useful for survivors and oncologists making general RE recommendations for 

those in their care.  Physical activity recommendations help protect survivors from the 
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consequences of becoming inactive, such as muscle atrophy and bone loss (Schwartz, 

2008), and may also lead to positive health benefits including increased muscular fitness 

and QOL. What follows is a discussion of available RE guidelines that would be 

applicable to those with breast cancer and the evidence used to develop them, limitations 

of the guidelines, and recommendations for future research. A discussion of gynecologic 

cancer exercise guidelines would be limited as only one set of guidelines are available 

(Schmitz et al., 2010) and those recommendations are said to be identical to those for the 

general population with more caution given if there is an active health problem related to 

cancer treatment.  

Resistance Exercise Guidelines and Quality of Evidence. 

Recently the available exercise recommendations for those with cancer were 

reviewed (Humpel & Iverson, 2005). In their search of available literature they  

reported finding seven journal articles that made specific recommendations for exercise 

prescription for those with cancer. Of these seven, three did not provide any RE specific 

suggestions (Courneya, Mackey, & Jones, 2000; Drouin & Pfalzer, 2001; Winningham, 

1991); two provided prescriptions that lacked details related to either frequency, volume 

(Smith, 1996), or intensity (Lucia et al., 2003); and two provided complete exercise 

prescriptions (Courneya et al., 2002; Courneya et al., 2004). It is worth noting that only 

one set of guidelines was specific to breast cancer (Courneya et al., 2002) while the 

remaining six were deemed suitable for all diagnoses.  

Humpel and Iverson (2005) also reviewed the quality of the evidence that these 

guidelines were based on with the Agency of Healthcare Research Quality’s levels of 

evidence scale (this scale considers the quality of study descriptions, sampling, 
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measurement, analysis, and interpretation). Focusing only on those studies which 

provided recommendations on RE, it was noted that these guidelines were not based on 

sufficient evidence. For example, Courneya et al. (2002) were only able to base their 

guidelines on correlational studies of physical activity and cancer outcomes, one 

experimental study using a combined aerobic and RE intervention, and the available 

ACSM (Pollock et al., 1998) guidelines for healthy people. Additionally, one set of 

guidelines for older cancer survivors could only base its RE prescription on the ACSM 

guidelines due to the absence of studies using older cancer survivors (Courneya et al., 

2004). Overall, Humpel and Iverson found the strength of evidence used to make exercise 

recommendations to be low.  

Since the 2005 Humpel and Iverson review, other RE recommendations and 

guidelines have become available. These newer guidelines were able to be based on 

somewhat stronger evidence as more studies of RE in cancer survivors were published. 

(Galvao & Newton, 2005), made their RE recommendations based on seven studies of 

RE and RE plus aerobics (three during cancer treatment and four after). It was not 

specified if their resulting RE prescription was for survivors undergoing treatment or 

after treatment. It was also noted that many of the studies used to inform their guidelines 

did not adequately describe their exercise interventions. This appears to be a common 

issue as Schwartz (2008) reported that many of the studies used to inform her 

recommendations also failed to specify the dosage of exercise. Although Schwartz 

reviewed over 35 studies to develop these guidelines, specific justifications for her RE 

prescription are not given or how the recommendations were developed.  
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The two most recent guidelines have been provided by ACSM. First, in the latest 

edition of ACSM’s Exercise Management for Persons with Chronic Disease and 

Disability there is a chapter about exercise for those with cancer (Durst, 2009). Here the 

benefits of exercise for survivors as well as information about exercise testing and 

prescription are detailed. The rationale that is given for the RE prescription is that low to 

moderate aerobic and RE is beneficial for those on treatment and that longitudinal studies 

show improvements in survivors with a variety of diagnoses. No specific studies are cited 

to support these claims, although the previous sections of this review suggest that low to 

moderate RE can improve some outcomes. It is also stated that information about optimal 

exercise prescription is not yet available and references to other guidelines are provided 

at the end of the book’s chapter. No distinction is made about whether the ACSM 

guidelines are for those on or off treatment.  

Finally, ACSM held a roundtable to discuss exercise prescription for those with 

cancer and recently published a consensus statement (Schmitz et al., 2010). Unlike many 

of the previous guidelines the literature review used to inform the current guidelines was 

based on the quality of the evidence provided for certain outcomes. It was found that the 

evidence for exercise improving muscular fitness in those with breast cancer was of the 

highest quality using the evidence ratings outlined by the National Heart, Lung, and 

Blood Institute, (Evidence level A = overwhelming data from randomized controlled 

trials; Evidence Level B = Few randomized controlled trials exist or they are small and 

results are inconsistent; Evidence Level C = results stem from uncontrolled, non-

randomized trials, and/or observational studies; Evidence Level D = evidence insufficient 

for categories A to C) (NHLBI Obesity Education Initiative Expert, 1998). This was true 
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for both during and after treatment, although this outcome was based on a total of 11 

studies (five during treatment and six after). Evidence for other outcomes such as QOL, 

body composition, and fatigue drew from both aerobic and RE studies and was usually 

evidence category B, meaning that few RCTs were available, and/or studies used small 

samples, and/or the results were inconsistent. No distinctions were made about whether 

the guidelines are for those on or off treatment.  

Limitations. 

While recommendations for RE have been proposed, overall there is a lack of 

understanding of RE within the cancer population to provide evidence-based, prescriptive 

advice. Moreover, several of the existing recommendations fail to make distinctions 

between survivors on and off treatment. Given the demands of treatment, it is likely that 

an optimal RE prescription would be different depending on the timing of treatment due 

to differences in exercise tolerance and motivation at these times (Humpel & Iverson, 

2005; McTiernan, 2004). Additionally, it has been speculated that exercise may be more 

effective after treatment (Courneya et al., 2002; McTiernan, 2004). This may be due to 

better adherence, increased exercise tolerance allowing for more vigorous exercise, or 

recovery from cancer treatment.  

A second limitation is that all of the recommendations presently available are at 

least partially based on studies which have combined RE with aerobics. This approach is 

used to include more studies in the development of guidelines and is justified by the 

notion that RE should be combined with aerobics to maximise health benefits for 

survivors. However, it is also a problem for research because it is difficult to separate the 

positive effects of aerobic exercise from the RE prescription. This makes it difficult to be 
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sure if the RE prescription was effective or if the positive changes in outcomes were due 

to the inclusion of an effective aerobic program.  

Another issue is that several studies used in the development of these guidelines 

did not report all the details of their RE interventions, or used vague wording such as 

“very light weights” in the descriptions (Tables 2 and 4). Related to this, no study 

described the repetition velocity used in their intervention which may affect the 

development of different aspects of muscular fitness (Galvao & Newton, 2005; Pereira & 

Gomes, 2003). It has also been suggested that few of the studies have based their RE 

interventions on literature related to optimizing muscle hypertrophy and strength because 

few studies have used loads corresponding to 75-85% 1RM (Galvao & Newton, 2005).  

These resistances have been shown to be the most effective at enhancing muscular fitness 

(Kraemer & Ratamess, 2004; Kraemer et al., 2002). This may be due to safety 

considerations, however, it has been shown that intensities as high as 95% 1RM are well 

tolerated with proper monitoring (Adamsen et al., 2009). 

An important strength of the current guideline is the recommendation that an 

individualized approach be taken with exercise prescription. While this advice is 

reasonable, it does become a practical issue since there is no evidence available to inform 

how to do this (Humpel & Iverson, 2005).  For example, if a survivor becomes anemic 

should the intensity of exercise be lowered with a compensatory increase in training 

volume to potentially prevent fatigue, or should they engage in a short intense bout of RE 

to reach some threshold before fatigue sets in? Is RE contraindicated in this situation or is 

it possible to accumulate exercise in ten minute bouts?  
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Furthermore, we do not know if different outcomes can be promoted by altering 

the exercise prescription. Within the exercise literature it is often shown that adaptation 

from exercise follows the principle of specificity and various programs result in different 

benefits. This appears true for those with cancer, as one study showed that breast cancer 

survivors undergoing chemotherapy respond differently to aerobic and RE (Courneya et 

al., 2007). This is an important aspect to individualization as the Physical Activity and 

Cancer Control Framework (Courneya & Friedenreich, 2007) suggests there are six 

phases along the cancer continuum and in each phase exercise has a different objective. 

We currently do not have enough evidence to suggest what exercise regimens are the 

most effective at accomplishing these goals.  

Recommendations for future research. 

In the current review, four studies were identified that examined RE during 

treatment and eight were identified for RE after treatment. Many of these studies included 

diverse samples of cancer survivors with a variety of diagnoses and treatments making 

comparisons between exercise prescriptions tentative at best. As such, future research 

should examine the effects of RE alone with other female cancer populations, where no 

studies of RE are available. It is important that these studies do not combine RE with 

aerobics as it is difficult to isolate the effects of each exercise mode and makes it difficult 

to determine if the RE prescription was effective or if it offered anything beyond the 

aerobic activity. It will also be important to compare the efficacy of RE alone versus 

aerobic alone and aerobic plus RE programs in large RCTs to compare and contrast the 

benefits and limitations of each. 
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Finally, larger samples allowing for more detailed analyses will permit for the 

examination of any interactions between the interventions and characteristics of the 

survivors in the study.  

While a growing body of literature has demonstrated the safety of RE and its 

numerous health benefits for cancer survivors, there are several gaps that still need to be 

addressed. Most notably, there has been a repeated call for the need to develop more 

tailored, cancer specific exercise prescriptions and guidelines (e.g., training frequency, 

intensity, and intervention timing) and to better understand how to optimize uptake and 

foster prolonged adherence (Buffart et al., 2014; Donnelly, Blair, Jakicic, Manore, 

Rankin, Smith, & ACSM, 2009; Galvao & Newton, 2005; Hayes et al., 2009; Irwin & 

Ainsworth, 2004; Jones, 2011; Lee et al., 2010; McNeely et al., 2006). Recognizing, time 

constraints as a commonly reported barrier impacting exercise adherence (Courneya et 

al., 2005; Rogers et al., 2007), it will be imperative to minimize time commitments by 

establishing a minimally effective training frequency. Although some sources suggest 

that once-a-week RE is a sufficient training frequency for this population (Heyward & 

Gibson, 2014; Lee et al., 2010), the majority of studies reviewed here have used 

frequencies ranging from 2-3 days per week. Of note, one study of twice-a-week RE that 

reported the largest strength increases in the post treatment phase with a high adherence 

rate (Schmitz et al., 2005).Accordingly, establishing a lowest effective training frequency 

is essential for maximizing adherence to effective strength training for cancer survivors.  

Therefore, the purpose of the present study is to directly compare once-a-week RE with 

twice-a-week. It is hypothesized that while both exercise programs will be efficacious, 

greater benefit will be derived from higher training frequency.  
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Chapter Three: Methods 

Participants  

 The study protocol was reviewed and approved by the local institutional review 

board at CapitalHealth . Participants provided written informed consent prior to 

enrollment in the study and completion of any study related procedures. Eligible 

participants included female survivors of breast, ovarian, uterine, or cervical cancer who 

had:  a) completed primary cancer treatment (with the exception of hormone-based 

therapies which may be ongoing); (b) self-reported that they have not engaged in a 

structured RE program within six months prior to enrollment; (c) physician approval to 

participate; and d) were older than 18 years of age at the time of recruitment. Participants 

were excluded if: a) they had participated in structured strength training within the past 

six months; b) had a change in medication within the past 30 days; and c) were classified 

as high risk based on physician responses to a health screening questionnaire that 

categorizes the associated risk of a survivor exercising into low, intermediate, and high 

categories. This health screening questionnaire is based on a review of exercise safety for 

cancer survivors (Jones, 2011), and excludes individuals with other chronic conditions 

that would be contraindications for RE (e.g., cardiovascular diseases such as previous 

myocardial infarction and stroke). It also excludes those with abnormal results on 

medical tests their physician may have ordered regardless of their relation to cancer, 

because they may indicate an underlying health problem. We also chose to exclude 

participants with osteoporosis due to concerns that predicted one repetition maximum 

(1RM) may pose an increased risk for bone fracture. Managed conditions not expected to 

significantly increase this risk such as arthritis, controlled hypertension and diabetes were 
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not exclusionary as such comorbidities are common among survivors (Hewitt et al., 2003; 

McTiernan, 2004). Survivors were asked to report any changes to these exclusion criteria 

during the study and were advised that any substantial changes in the medical history 

(e.g., cancer recurrence) or medication use (e.g., new medications) may result in their 

being withdrawn from the study. 

Outcome Measures 

Demographics and medical information. 

Demographic information was gathered through self-report questionnaires and included 

age, sex, ethnicity, marital status, education, income, and employment status. 

Demographics were collected to help establish how generalizable the study is. It is a 

common limitation of exercise oncology studies to recruit Caucasian women with high 

socioeconomic status (Irwin & Ainsworth, 2004). Medical information was also collected 

by self-report and was also extracted from physician responses to the Physical Activity 

Readiness Questionnaire Medical Examination and health screening questionnaires. 

Medical information included information about their breast or gynecologic cancer, 

reoccurrences, and other cancers (e.g., time of diagnoses, stage of disease at diagnosis, 

and treatments received); information about comorbidities or other conditions affecting 

their ability to exercise; and any medications they were using at the time of the study.  

Muscular strength. 

Muscular strength of the upper and lower body was estimated using the Brzycki 

(1993) method of predicting 1RM for the bench press and leg press exercises 

respectively.1RM is defined as the maximum amount of weight an individual can lift for 

one repetition in good form and is often used as a measure of strength in exercise studies 
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of clinical and non-clinical populations. The protocol for estimating 1RM involved 

having the participant warm-up by performing 6-10 repetitions with a weight that is 

approximately 50% of the participant’s expected 1RM. This was followed by a brief rest 

period up to two minutes after which the participant performed as many repetitions of the 

exercise as possible with a weight that should cause fatigue within 14 repetitions. If more 

than 14 repetitions could be performed the participant would rest again and repeat the 

trial using a heavier load based on the ease of the last trial. To ensure accuracy of results, 

no more than two additional trials were performed (Brzycki, 1993). 1RM is estimated by 

dividing the weight lifted by a percentage corresponding to the number of repetitions 

performed by the participant. Predictive tests for estimating 1RM have been previously 

validated in older adults (r = 0.89) with predictions being within 1-10kg but consistently 

less than the actual 1RM (Knutzen, Brilla, & Caine, 1999).  Bench press 1RM has been 

shown to correlate with QOL in breast cancer survivors (Ohira et al., 2006).  

Muscular endurance. 

Muscular endurance was determined by way of a standard load test. Participants 

were asked to complete as many repetitions as possible on the bench press and leg press 

using weights corresponding to 50% of their 1RM at a cadence of 22 reps/minute. The 

test ended when the participant reached volitional fatigue, could no longer maintain good 

form, or could no longer match the set cadence. The current study’s protocol was 

modified from other standard load tests because they use resistances that are likely to 

create a floor effect due to the prescribed weights likely being too great for breast cancer 

survivors. For example, the average bench press 1RM of breast cancer survivors in one 
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study was 18kg (Schmitz et al., 2005); while tests like the Young Men’s Christian 

Association bench press test use 16kg bar (Heyward & Gibson, 2014).  

The reliability of standard load tests has been previously established as excellent 

with repeated measures showing a high correlation (r = 0.90 - 0.98) (Cider, Carlsson, 

Arvidsson, Andersson, & Sunnerhagen, 2006; Invergo, Ball, & Looney, 1991). Standard 

load tests show convergent validity through correlations with muscular strength (P. S. 

Kim, Mayhew, & Peterson, 2002), while other exercises in standard protocols (heel lifts 

and shoulder flexion exercises) have been shown to detect expected differences between 

clinical and healthy populations (Cider et al., 2006).  

Body composition. 

 Body composition was assessed using whole body bioelectric impedance (Tanitia 

Body Composition Analyzer, Model TBF-215). This method was chosen because of its 

non-invasive nature which makes it more acceptable to survivors than methods such as 

measuring skinfolds or underwater weighing, and because of the greater costs associated 

with measures such as duel energy X-ray absorptiometry and magnetic resonance 

imaging. Measurements of body composition included LBM, %BF, total body fat, and 

weight. As the accuracy of bioelectrical impedance is susceptible to changes in hydration 

status such as exercise, eating/drinking, alcohol and diuretic use immediately before 

testing was discouraged (Heyward & Gibson, 2014; Kushner, Gudivaka, & Schoeller, 

1996). Specifically, participants were required to not exercise 12 hours prior to testing 

and to also not eat or drink four hours prior. Participants using diuretics to control blood 

pressure were asked before testing if these drugs have been taken at their normal time. 
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According to Heyward, if these conditions are met bioelectric impedance has a standard 

error of measurement between 2.7-4.0%.  

Quality of life. 

QOL was assessed using the MOS-SF36 (Ware & Sherbourne, 1992). The MOS-

SF36 is a self-administered measure of QOL with eight subscales including: physical 

function, role-physical, bodily-pain, general health, vitality, social functioning, role-

emotional, and mental health. The measure has been previously validated  (Davies, 

Gibbons, Mackintosh, & Fitzpatrick, 2009) and has been shown to have superior 

sensitivity to changes in QOL compared to the FACT measurement system in at least two 

RCTs of exercise in a cancer population  (Cadmus et al., 2009; R. Segal et al., 2001).  

Fatigue. 

 Fatigue was measured using the fatigue subscale of the FACT measurement 

system (Yellen et al., 1997). The FACT-F is a 13 item questionnaire that measures the 

degree to which a cancer survivor experiences fatigue. The FACT-F has also been widely 

used to determine the effectiveness of interventions aimed toward reducing fatigue (Stone 

& Minton, 2008). The instrument has also been shown to be a reliable and valid measure 

of fatigue (Yellen et al., 1997).  

Physical activity. 

 Moderate to Vigorous Physical Activity (MVPA) was monitored using the Godin 

Leisure-Time Exercise Questionnaire (GLTEQ) (Godin & Shephard, 1985). This self-

report questionnaire has been shown to have good to excellent test-retest reliability for 

both moderate (r = 0.36-0.46) and strenuous (r = 0.84-0.94) physical activity (Sallis, 

Buono, Roby, Micale, & Nelson, 1993). Validation studies have shown that the GLTEQ 
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is related to VO2max (r = 0.38), body fat percent (r = -0.42), accelerometry (= 0.32-0.45), 

and other physical activity questionnaires (r = 0.54-0.61) (Jacobs, Ainsworth, Hartman, 

& Leon, 1993; Miller, Freedson, & Kline, 1994). MVPA was calculated by adding total 

time of moderate and vigorous physical activity together. Participants who meet 150 

minutes of moderate to vigorous physical activity are considered to be meeting physical 

activity guidelines for the general population (Donnelly et al., 2009).  

Process Measures 

 Process measures were included to provide valuable information about participant 

recruitment,  program adherence (i.e., percentage of assigned sessions completed) and 

compliance (i.e., the degree to which participants were able to follow the program they 

were given, expressed as a percent of the total number of sets prescribed), and safety. In 

regard to safety, participants were instructed to report any adverse event that occurred 

during their participation in the study regardless of its expected cause. 

Experimental Design and Procedures 

 The present study used a randomized quasi-experimental design with two groups 

serving as their own controls. Potential participants contacted the lead investigator (Mr. 

Gravelle) by responding to print advertisements posted in oncology wards, physicians’ 

offices, and cancer support groups. Information packages were then mailed to those who 

expressed an interest by contacting the lead investigator. Packages included a consent 

form describing the study, a baseline questionnaire, and health screening questionnaires.  

 Eligible, consenting participants began the 13 week program by first completing a 

one-week resistance training familiarization program. The familiarization week consisted 

of one set of 10-14 repetitions using universal machines (leg press, chest press, seated 
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row, leg extensions, shoulder press, leg curls, latissimus pull-down) and two core stability 

exercises done to fatigue (front plank, and side plank). Participants were asked to choose 

weights that would allow them to complete the prescribed number or repetitions without 

going to failure (approximately 50-60%1RM). This familiarization was not expected to 

cause changes in this study’s outcomes because of its use of low training volume, 

resistance, and duration. Baseline assessments were completed at the end of this week. 

Follow-up fitness assessments were conducted at mid-program (at the end of 7
th

 week of 

their participation), and again at the conclusion of the study (at the end of their 13
th

 week 

of participation. All tests were conducted in the morning by Mr. Gravelle. 

 Following the baseline fitness assessments participants were randomized into 

either the once-a-week or twice-a-week RE groups and began a 12 RE program. 

Randomization was done using a randomized balanced control technique to stratify the 

groups on tamoxifen use, physical activity levels (meeting guidelines to accumulate 150 

minutes of moderate-vigorous physical activity), and clinical levels of fatigue according 

to Cella and colleagues (2002) (FACT-F scores ≥ 36). Stratifying the groups by hormone 

use was congruent with recommendations made by Irwin & Ainsworth (2004). 

Additionally, hormone therapies such as tamoxifen can decrease insulin-like growth 

factor I as much as 16% (Bonanni et al., 2001) and could potentially hinder strength 

development (Kraemer & Ratamess, 2005). Stratifying groups on physical activity levels 

was also necessary because physical activity levels have been shown to be related to 

QOL and fatigue in cancer survivors (McNeely et al., 2006). Lastly, as exercise has a 

limited ability to reduce fatigue in asymptomatic survivors, groups were balanced on this 

characteristic as well. The clinical significance of the FACT-F tool (scores ≥ 36) has been 
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established and is based on the cut-offs association with hemoglobin levels, patient 

fatigue ratings, and positive responses to chemotherapy (Cella et al., 2002).  

Description of the Interventions  

Survivors met once or twice a week, depending on group assignment, at a 

scheduled time for supervised, group-based RE. If participants missed a session they 

were unable to make up the lost session. All training sessions (including those in the 

familiarization program in the first week)  were supervised by a Canadian Society for 

Exercise Physiology – Certified Exercise Physiologist (Mr. Gravelle) and lead with the 

assistance of female undergraduate kinesiology volunteers. Both the once-a-week and 

twice-a-week groups followed the same RE program with the only difference between 

groups being the number of sessions each week. This program used the same exercises as 

the familiarization program, but at a higher intensity and volume. Exercises were done 

for two sets of 10-14RM (approximating 65-75%1RM) for the first six weeks. For 

example, with a given weight a survivor may be able to perform 11 repetitions before 

reaching volitional fatigue, as this exercise becomes easier they may be able to perform 

more repetitions, once 14 repetitions can be performed on all sets the weight was 

increased as long as a minimum of 10 repetitions could be performed with the new 

weight.  After six weeks participants progressed by performing an additional set of the 

same exercises and continued to exercise for an additional six weeks (sets continued at 

10-14 repetitions at 65-75%1RM). Resistance was increased only when the participant 

was able to perform more than 14 repetitions for each set. Weight was not increased by 

more than 10lbs for lower body exercises and 5lbs for upper body exercises at any one 

time. Sessions of RE began and ended with a ten minute aerobic warm-up and cool down.  
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Primary Data Analysis 

Statistical analysis was performed using International Business Machines 

Statistical Package for Social Sciences v. 20. The data were examined for normality using 

histograms and calculations of skewness and kurtosis to meet the assumptions of 

parametric tests. Missing data were handled using the last observation carried forward 

method in order to preserve power. Descriptive measures of central tendency have been 

presented as means and standard deviations. An alpha level of 0.05 was used for all 

statistical tests. Regardless of statistical significance, effect sizes and observed power 

have also been reported due to the exploratory nature of this study. Effect sizes (partial 

eta squared; ɳ
2
), are defined according to Cohen’s guidelines [small (0.02); medium 

(0.13); large (0.26); (Cohen, 2013)]. For observed power, values ≥0.8 indicate a lower 

chance of committing a type II error.  

Baseline comparisons of demographics, cancer history, and study outcomes were 

made by using an independent samples t-test for continuous data and chi square analysis 

for categorical data. To analyze the impact of once-a-week versus twice-a-week strength 

training study outcomes were analyzed using a factorial repeated measure analysis of 

variance (ANOVA). Comparisons were made using Wilks’ Lambda distribution when 

assumptions of equal variance were satisfied. When these assumptions were violated 

Pillai’s trace was used. Bonferroni pairwise comparisons were used on significant 

findings to establish when significance occurred during the course of the study. 
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Chapter Four: Results 

Participants  

Study participants were recruited between November 2012 and March 2014. 

During this time a total of 34 breast and ovarian cancer survivors contacted the research 

team with an interest in learning more about the study. Intake packages, which included 

consent forms, activity suitability and risk assessments, and baseline questionnaires, were 

forwarded to survivors by mail (Figure 1). Fifteen of the 34 packages (44%) were 

returned with signed consent forms. Of these, one participant withdrew prior to their 

baseline fitness assessment because they were concerned that the weight training program 

might aggravate their elbow tendinitis. Upon baseline screening, it was also noted that 

three breast cancer survivors indicated that they had a diagnosis of osteoporosis and were 

consequently deemed ineligible and were excluded from the study. The remaining 11 

consenting survivors were randomized to either the 1 day/week (n=5) or 2 day/week 

(n=6) strength training conditions. Two participants withdrew before their midpoint 

assessments. One withdrew because they returned to work and one due to pneumonia. 

Baseline demographic and medical characteristics of those randomized are 

presented in Table 7. No statistical differences between groups were found at baseline, 

although differences in bodily pain approached significance (t(9) = 2.23, p = 0.05), with 

the twice-a-week group reporting greater pain  (1 day/week M = 80.6, SD = 14.4; 2 

days/week M = 55.5, SD = 21.3). No significant changes in total physical activity levels 

(moderate-to-vigorous minutes/week) were noted between groups (F(1, 10) = 0.83, p = 

0.39) or over the course of the intervention  (Wilks’ Lambda = 0.558 F(1, 9) = 3.17, p = 

0.10).  
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Figure 1. Participant flow through the study. 

Outcome Measures 

Muscular fitness. 

After 13 weeks of strength training, a significant main effect for time on all 

measures of muscular strength was found (Table 8). No significant interactions or main 

effects comparing the two exercise groups were found. 1RM leg press increased on 

average of 14.3% (SD = 15.1%) in the 1 day/week group, while the 2 days/week group 

increased an average of 23.4% (SD = 11.7%) (Figure 2). For the bench press, average 

1RMs increased 8.5% (SD = 15.7%) and 28.6% (SD = 28.7) for the 1 day/week and 2 

days/week groups respectively (Figure 2). These results remained unchanged when 

examining strength gains relative to the participant’s body weight (Figure 2). For 

muscular endurance, the once-a-week group showed an average increase in repetitions to 
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Table 7. Baseline participant characteristics. 

Measure 

 

Overall 

(n = 11) 

1 day/week 

(n = 5) 

2 days/week 

(n = 6) 

p 

 

Demographics 

Married 

 

8 

   

Completed University or College 8    

Income > $50,000 4    

Full Time Employment 5    

Age 53.5(8.1) 53.4(8.1) 53.5(8.9) 0.92 

MVPA (min/week) 121.8(201.2) 64.0(89.6) 170(261.6) 0.41 

Cancer History 

Breast 

 

8 

 

3 

 

4 

 

0.82 

Ovarian 4 2 2  

Years Since Diagnosis 8.1(5.5) 6.8(10.8) 9.2(7.1) 0.67 

Years Since Last Treatment 5.5(8.4) 5.2(11.1) 5.8(6.0) 0.92 

Chemotherapy or radiation 5    

Chemotherapy and radiation 5    

Muscular Fitness 

Leg Press 1RM (kg) 

 

123.4(33.3) 

 

117.3(37.3) 

 

128.56(32.2) 

 

0.60 

Bench Press 1RM (kg) 25.8(6.6) 23.7(3.2) 27.5(8.4) 0.37 

Leg Press Standard Load Reps 35.3(8.3) 34.6(7.1) 35.8(9.8) 0.82 

Bench Press Standard Load Reps 27.5(9.7) 28.6(9.9) 26.5(10.3) 0.74 

Body Composition 

Body Mass Index (kg/m
2
) 

 

26.1(5.6) 

 

26.2(6.1) 

 

26.0(5.7) 

 

0.97 

Fat Free Mass (kg) 44.8(3.9) 43.4(4.6) 45.9(3.2) 0.19 

Percent Body fat (%) 35.5(7.5) 33.5(9.3) 37.2(5.9) 0.49 

Quality of Life 

Physical Functioning 

 

72.5(29.9) 

 

76.4(39.65) 

 

69.2(22.5) 

 

0.32 

Role Physical 62.5(37.3) 65(39.2) 60.4(39.3) 0.85 

†Bodily Pain 66.9(21.9) 80.6(14.4) 55.5(21.3) 0.05 

General Health 52.2(30.3) 61.2(26.9) 44.7(33.2) 0.40 

Vitality 52.8(30.4) 57.5(31.4) 49.0(32.0) 0.67 

Social Functioning 65.9(32.6) 72.5(28.5) 60.4(37.4) 0.57 

Role Emotional 68.9(38.2) 68.3(39.3) 69.4(41.1) 0.96 

Mental Health 56.4(33.9) 51.0(36.3) 60.8(34.6) 0.66 

Physical Component Score 46.9(9.70 52.2(10.8) 42.5(6.6) 0.10 

Mental Component Score 41.4(20.9) 40.8(21.1) 41.9(22.7) 0.94 

Fatigue 35(15.8) 40.6(15.1) 30.6(16.3) 0.32 

Note: * Higher scores indicate better quality of life and less pain and fatigue. See Appendix L for additional 

analysis of MVPA. Cell sizes smaller than 5 have been removed to protect participant confidentiality. 

MVPA = moderate to vigorous Physical activity.  

† p =0.053. 
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fatigue on the leg press standard load test by 57.0% (SD = 72.0%) and 41.1% (SD = 

18.7%) for the bench press test. The average improvement of the twice-a-week group was 

comparable for both the leg press (M = 58.0%, SD = 56.6%) and bench press tests (M = 

46.4%, SD = 42.2%). Bonferroni pairwise comparisons revealed that by the 7
th

 week of 

the study only the bench press standard load test showed significant improvement (p < 

0.01), while the leg press standard load test and 1RM tests required the full 13 weeks to 

reach significance (p < 0.05). 

 
 

Figure 2. Absolute and relative changes in 1RM by group. Within group increases are 

significant for both groups at 13 weeks (p ≤ 0.05), between group differences are 

insignificant.
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Table 8. Changes in muscular fitness outcomes. 

Measure Group Baseline Week 7 Week 13 Repeated Measures ANOVA 

 M (SD) M (SD) M (SD) Analysis ƞ2 Power p 

Leg Press 

1RM (kg) 

1d/wk 117.3(37.2) 123.2(16.9) 132.0(36.4) Within  0.72 0.92 0.01** 

2d/wk 128.6(32.2) 153.0(46.1) 159.1(46.3) Between  0.11 0.16 0.324 

         

Bench Press 

1RM (kg) 

1d/wk 23.7(3.2) 25.0(4.0) 25.9(5.9) Within  0.57 0.67 0.03* 

2d/wk 27.5(8.4) 31.6(5.0) 33.6(6.4) Between  0.27 0.36 0.11 

         

Leg Press 

SLT (reps)
a
 

1d/wk 34.6(7.1) 44.4(18.4) 53.0(24.0) Within  0.52 0.57 0.05 

2d/wk 35.9(9.8) 45.3(4.0) 52.7(17.1) Between 0.00 0.05 0.93 
         

Bench Press 

SLT (reps) 

1d/wk 28.6(9.9) 37.4(11.8) 39.0(9.7) Within 0.87 1 0.00*** 

2d/wk 26.5(10.3) 33.8(8.7) 36.7(11.6) Between  0.02 0.07 0.67 

Note: ƞ2 = Partial eta Squared. 1RM = One repetition maximum. SLT = Standard load test. 1d/wk = Once-a-week group. 2d/wk = Twice-a-week group. 
a
 Pillai’s trace. 

*p< 0.05. **p<0.01. ***p<0.001 
 

Table 9. Changes in body composition outcomes. 

Measure Group Baseline Week 7 Week 13 Repeated Measures ANOVA 

  M (SD) M (SD) M (SD) Analysis ƞ2 Power p 

Weight 

(kg) 

1d/wk 69.3(14.7) 69.9(13.8) 69.4(13.8) Within  0.39 0.37 0.14 

2d/wk 73.8(11.1) 73.8(11.1) 73.5(11.1) Between  0.03 0.08 0.60 

        

Lean Body 

Mass (kg)
a 

1d/wk 43.4(4.6) 43.4(4.3) 43.0(4.5) Within 0.09 0.09 0.70 

2d/wk 45.9(3.2) 42.6(8.9) 46.0(3.7) Between  0.04 0.08 0.57 

        

Body Fat 

(%) 

1d/wk 33.5(9.3) 36.7(8.4) 36.8(8.5) Within  0.21 0.17 0.39 

2d/wk 37.2(5.9) 36.9(6.0) 36.8(5.7) Between 0.01 0.06 0.78 

Note: ƞ2 = Partial eta Squared. 1d/wk = Once-a-week group. 2d/wk = Twice-a-week group. 
a 
Pillai’s trace. 

6
8
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Body composition. 

 No changes in body composition were observed in this study (Table 9). 

Quality of life and fatigue. 

After 13 weeks of strength training, there were no significant changes in any of the QOL 

sub-scales or measures of fatigue (Table 10).   

 Process Measures 

Intervention compliance was high for both groups (1 day/week: M = 94.7%, SD 

=2.8; 2 day/week: M = 97.7%, SD = 4.1).  However, it was noted, there was a 

considerable difference between the study groups on adherence (1 day/week: M = 83.3%, 

SD = 19.6; 2 day/week: M 65.2%, SD =21.7) t(9)= 1.44, p = 0.18). Although this 

difference was not statistically significant it may still be meaningful in the interpretation 

of the study’s results where the effect of training frequency was the primary concern. 

Consequently, to help discern the true effect frequency of RE had in the study an 

additional ANOVA was performed comparing participants who, on average, attended less 

than 1 day/week (low actual frequency – low) with those who attended one or more 

days/week (high actual frequency – high). Splitting the data at this point appears to be the 

best method of handling the data because the resulting groups are approximately equal 

(Low n = 5, High n = 6), and it mainly preserves the purpose of the study which was to 

compare once-a-week and twice-a-week strength training.  

The average number of sessions attended by the high actual frequency group was 

16.8±3.9 days; the average for the low actual frequency group was 9.4±2.1 (p = 0.04). 

Additional correlations between the number of sessions attended and study outcomes 

were also made to help further quantify the relationship between strength training  
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Table 10. Changes in quality of life and fatigue outcomes. 

Measure Group Baseline Week 7 Week 13 Repeated Measures ANOVA 

 M (SD) M (SD) M (SD) Analysis ƞ2 Power p 

Physical 

Funct. 

1d/wk 76.4(39.7) 74.4(39.7) 74.4(39.7) Within  0.35 0.32 0.16 

2d/wk 69.2(22.5) 81.7(12.9) 80.0(12.2) Between 0.00 0.05 0.92 

         

Role 

Physical 

1d/wk 65.0(39.2) 76.3(39.4) 63.8(44.7) Within  0.24 0.2 0.33 

2d/wk 60.4(39.3) 67.7(35.0) 64.6(38.5) Between  0.00 0.05 0.86 

         

Bodily 

Pain
a 

1d/wk 80.6(14.4) 68.8(10.0) 77.4(22.2) Within  0.22 0.19 0.36 

2d/wk 55.5(21.3) 55.7(27.0) 59.2(26.8) Between  0.21 0.28 0.16 

         

General 

Health 

1d/wk 61.2(26.9) 69.6(24.3) 63.8(29.8) Within  0.20 0.17 0.40 

2d/wk 44.7(33.2) 50.5(42.6) 45.5(33.4) Between  0.09 0.13 0.37 

         

Vitality 1d/wk 57.5(31.4) 60.0(27.5) 52.5(30.2) Within  0.10 0.10 0.66 

 2d/wk 49.0(32.0) 53.1(30.8) 50.0(31.9) Between  0.01 0.06 0.75 

         

Social 

Funct. 

1d/wk 72.5(28.5) 80.0(32.6) 75.0(35.4) Within  0.39 0.37 0.14 

2d/wk 60.4(37.4) 79.2(40.1) 62.5(44.0) Between  0.02 0.07 0.70 

 

Role 

Emotion 

1d/wk 68.3(39.3) 81.7(41.0) 76.7(39.7) Within  0.28 0.24 0.26 

2d/wk 69.4(41.1) 73.6(38.9) 73.6(38.9) Between  0.00 0.05 0.89 

         

Mental 

Health 

1d/wk 

2d/wk 

51.0(36.3) 

60.8(34.6) 

67.0(29.3) 

66.7(34.0) 

68.0(32.5) 

62.5(33.6) 

Within 

Between  

0.23 

0.00 

0.19 

0.05 

0.35 

0.95 

         

PCS 1d/wk 52.2(10.8) 50.9(5.0) 49.8(13.1) Within  0.02 0.06 0.92 

2d/wk 42.5(6.6) 45.3(8.6) 45.0(8.5) Between  0.16 0.21 0.23 

         

MCS 1d/wk 40.8(21.1) 46.4(20.3) 44.5(20.3) Within  0.22 0.18 0.37 

 

 

Fatigue 

2d/wk 41.9(22.7) 45.4(22.3) 42.1(22.2) Between  0.00 0.05 0.95 

        

1d/wk 40.6(15.1) 32.6(13.2) 36.8(15.8) Within  0.10 0.10 0.64 

2d/wk 30.6(16.3) 34.5(16.1) 32.7(18.3) Between  0.02 0.07 0.68 

 
Note: Higher scores represent better quality of life and lower fatigue. ƞ2 = Partial eta Squared. Funct. = 

Functioning; PCS = Physical Composite Score. MCS = Mental Composite Score. 1d/wk = Once-a-week 

group. 2d/wk = Twice-a-week group. 
a 
Pillai’s trace.  
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frequency and its benefits. The most common reasons given by participants for missing 

sessions were planned vacations, health problems (such as the flu or medical 

appointments) and scheduling conflicts. 

Muscular fitness. 

Subsequent analysis using the low and high actual frequency splits revealed several 

group×time interactions that were not observed when comparing original groups. For the 

muscular fitness tests, the group×time interaction for the 1RM leg press became 

significant (Wilks’ Lambda=0.182, F(2,8) 17.95, p < 0.01) (Figure 3). The high actual 

frequency group increased leg press 1RMs on average 30.5% (SD = 4.8); in contrast the 

low actual frequency group increased 6.0% (SD = 4.5). The 1RM bench press interaction 

approached significance (Wilks’ Lambda = 0.491, F(2,8) 4.15, p = 0.06) (Figure 4). The 

high actual frequency group increased bench press 1RM on average 33.1% (SD = 25.7); 

while the low actual frequency group increased 3.4% (SD = 12.53). Correlational 

analysis showed that the number of completed sessions was related to the percent 

increase in 1RM leg press after 13 weeks (r = 0.64, p = 0.03) (Figure 5). This 

relationship was not found to be significant for bench press 1RMs (r = 0.26, p = 0.44). 

Dividing the groups based on these splits did not influence the muscular endurance 

results. 

Quality of life. 

Group×time interactions for physical functioning (Wilks’ Lambda = 0.504, F(2,8) 3.93, p 

= 0.07), and fatigue (Wilks’ Lambda = 0.501, F(2,8) 3.99, p = 0.06) approached 

significance. For physical functioning there was a slight decrease observed in the low 

actual frequency group (pre M = 73.4,  SD = 38.4; post M = 71.4,  SD = 38.3), while the 
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high actual frequency group improved (pre M = 71.67,  SD = 24.63; post M = 82.5,  SD = 

13.7) p = 0.07. For fatigue, the low actual frequency group experienced a slight 

worsening in symptoms (pre M = 33.2, SD = 19.6; post M = 29.4, SD = 18.3) while those 

with high actual frequency showed improvement (pre M = 36.8,  SD = 13.7; post M = 

38.8,  SD = 15.0)  p  = 0.06. Direct correlations between the number of sessions attended 

and changes in physical functioning (r = 0.44, p = 0.17) and fatigue (r = 0.26, p = 0.45) 

were insignificant. Examining the data using actual training frequency did not alter any of 

the body composition outcomes.  

 

 

 

Figure 3. Predicted leg press 1RMs for participants attending less than 1 day/week (Low) 

and one or more days/week (High). Group×time interaction is significant (p < 0.05). 
*Significant differences between means  
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Figure 4. Predicted bench press 1RMs for participants attending less than one day/week 

(Low) and one or more days/week (High). Group×time interaction approaches 

significance (p = 0.06). 

 

 

 

 

 

Figure 5. Correlation between number of sessions attended over the course of the study 

and percent increase in predicted leg press 1RMs after 13 weeks (r = 0.64, p = 0.03). 
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Adverse Events 

 No serious AEs occurred as a result of RE in the present study. However, all 

survivors reported some delayed onset muscle soreness during the study, usually after 

initiating the program or following a fitness assessment. Eight minor events did occur 

which may have be attributed to RE program. These included four new musculoskeletal 

injuries affecting the knees (2), wrists (1), and hands (1); two previous musculoskeletal 

injuries (1 back, 1 knee) that were aggravated by strength training; one case of syncope 

(participant hyperventilated during a front plank), and one case of skin irritation on the 

forearms following the front plank. One participant was prevented from increasing the 

weight on the leg extension exercise until their knee injury was resolved. No other 

modifications to the exercise program or activities of daily living were reported. No AEs 

required hospitalization; however one survivor developed pneumonia and had to 

withdraw from the study.  
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Chapter Five: Discussion 

The purpose of this study was to examine the impact of once versus twice-a-week RE in 

breast and gynecologic cancer survivors. Overall, the results of the present study demonstrate 

that RE, regardless of training frequency, leads to increased muscular strength and endurance in 

survivors of both breast and ovarian cancer. Additional comparisons made between survivors 

who were able to attend one or more sessions per week versus those who were not provide 

preliminary evidence suggesting that training frequency plays an important role in the dose 

response for this population. 

Muscular Fitness 

 The main finding of the present study was the increase in strength observed in both 

groups of participants. After 13 weeks, leg press 1RMs increased 14% in the once-a-week group 

and 23% in the twice a week group.  Bench press 1RMs increased 9% and 29% for the once-a-

week and twice-a-week groups respectively. In relation to other strength training studies of 

breast cancer survivors, improvements in leg press 1RM ranged between 19.9% to 39% and 

bench press 1RM ranged from 12.4% to 63% for those randomized to a strength training 

program (Musanti, 2012; Ohira et al., 2006; Rajotte et al., 2012; Schmitz et al., 2009; Schmitz et 

al., 2005; Winters-Stone et al., 2012). Interestingly, control groups in these studies also 

demonstrated strength improvements, possibly due to survivors simply recovering from cancer 

treatment. In these studies, controls typically increased leg press 1RMs between 7.1% to 9.8% 

and bench press 1RMs between 2.3% to 12%. Based on the comparison with control groups in 

previous studies (Musanti, 2012; Ohira et al., 2006; Rajotte et al., 2012; Schmitz et al., 2009; 

Schmitz et al., 2005; Winters-Stone et al., 2012), strength training once-a-week does not appear 

to be an effective training frequency. 
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Additional comparisons in strength gains made between those survivors who trained less 

than once-a-week to those who trained more, further support the need to encourage strength 

training more than once-a-week. Specifically, those survivors who attended more than one-

session per week increased leg strength by 31% and upper body strength by 33%, while those 

attending less frequently saw minimal improvements in leg press (6%) and bench press (3%) 

strength. While the present study failed to detect any statistical difference between the randomly 

assigned training groups, comparisons with other literature, coupled with the results of 

comparing training frequency independent of group assignment, suggests that strength gains 

made from once-a-week training, while statistically significant, are minimal.  

The strength gains in the present study fell somewhat short of expectations. The most 

effective exercise prescription in the cancer literature was done by Schmitz and colleagues 

(2005) and increased leg press 1RM 39% and bench press 1RM 63%. This study, used a very 

traditional RE prescription of twice weekly RE done for three sets of 10-12RM. The use of this 

type of prescription is well supported by exercise prescription literature. For example, the meta-

analysis by Rhea and colleagues (2003) supports this training intensity for untrained individuals, 

stating that for healthy individuals with less than one year of training experience, maximal 

strength gains are realized with a 12RM training intensity. The use of multiple sets and twice 

weekly training frequency was also supported by this meta-analysis, although four sets was 

deemed optimal. Galvao & Newton (2005), suggest that exercise prescription for cancer 

survivors should be guided by the wealth of information available discussing improving fitness 

in the general population. This notion is supported for breast cancer survivors based on how 

similar the optimal prescription for untrained individuals recommended by Rhea et al. (2005) is 

to the program offered by Schmitz (2005).  
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 To our knowledge, this is the first strength training study to use muscular endurance as an 

outcome following treatment. Unlike our 1RM findings, improvements in muscular endurance 

did not seem to differ between groups nor those with high and low actual frequency (~57%). 

These increases in lower body endurance (~57%) and upper body endurance (~43%) were the 

largest observed in the present study. This is likely because the 10-14RM training intensity is 

more associated with increases in muscular endurance rather than strength, especially when 

compared to other training ranges with heavier weights designed to increase strength and 

promote hypertrophy (Anderson & Kearney, 1982; Campos et al., 2002). In determining what 

constitutes an optimal training frequency for cancer survivors, it is important to consider that all 

aspects of muscular fitness (strength, power, endurance, and hypertrophy) should be promoted as 

they likely translate to unique aspects of QOL, such as the ability to perform a variety of 

activities of daily living (e.g. carrying groceries, opening heavy doors, getting out of chairs) and 

healthier body image. Studies examining activities of daily living in cancer survivors would be 

useful for determining which aspects of strength are most important for survivors.  

 For survivors, especially older survivors, it is important to keep in mind that benefit from 

RE does not necessarily have to be associated with increases in muscular fitness. Preserving 

muscle function is important if increases in fitness are not possible. As people age, regardless of 

cancer history, the expected trend is for a decrease in muscle mass and strength (Kallman, Plato, 

& Tobin, 1990). Since physical inactivity is partially responsible for this aging problem 

(Kallman et al., 1990), it may be exacerbated in cancer survivors who typically are not as 

physically active as their healthy counterparts (Blanchard et al., 2008). Based on this perspective, 

and data collected in this study, there is still value in once-a-week RE. 
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Quality of Life and Fatigue 

In contrast to similar post treatment studies (Kim et al., 2010; McKenzie & Kalda, 2003; 

Rajotte et al., 2012; Schmitz et al., 2005) the present study failed to show that RE, either once-a-

week or twice-a-week, improved QOL or fatigue. This is likely due to a lack of statistical power, 

although it is also possible that because baseline fatigue was just below that of clinical fatigue 

there was not much room for improvement (Baseline Fatigue M 35, SD = 15.8). At baseline, 

only the twice-a-week group had FACT-F scores low enough to be considered clinically fatigued 

(M = 30.6, SD = 16.3); this did not change by the conclusion of the study (M = 32.7, SD = 18.3)  

(ɳ
2 

= 0.10). Although not statistically significant, it is worth noting the large effect sizes that 

were also observed for within group comparisons of social functioning (ɳ
2 

= 0.39), physical 

functioning (ɳ
2 

= 0.35), and emotional role functioning (ɳ
2 

= 0.39). Observed power for these 

three outcomes ranged from 0.24-0.37 further supporting that the sample size was inadequate.  

The null findings in QOL are interesting since the present study did observe substantial 

increases in muscular fitness which is thought to mediate improvements in QOL (Ohira et al., 

2006). Of the different aspects of QOL, physical functioning has been shown to improve more 

consistently than other aspects of QOL as a result of participating in an exercise program 

because increases in fitness directly transfer to daily living tasks such as lifting or carrying 

groceries. However, in the present study, many survivors appeared to already have sufficient 

levels of fitness to carry out these activities. For example, physical functioning was rated higher 

than any other facet of QOL at baseline. Additionally, the average physical activity level of the 

participants was just 30 minutes below guidelines promoting 150 minutes of moderate to 

vigorous intensity minutes per week; and had lower body strength exceeding their body weight 

(meaning they would easily be able to stand up from a squatted position). Together, this suggests 
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that perceived physical functioning may not have been enhanced by the increases in strength and 

muscular endurance seen in this study because most survivors had already reached a threshold 

needed to perform daily tasks. Future studies should strive to recruit more sedentary participants 

or those participants who are closer in time to the completion of cancer treatment.   

 An alternate explanation for the null findings in QOL may be due to the low adherence 

rate of the twice-a-week group. Group×time interactions using the actual training frequency 

splits showed that low frequency was associated with decreases in physical functioning and 

worsening fatigue, while high frequency lead to better physical functioning and improvements in 

fatigue. As mentioned, those in the low actual frequency group did not increase muscular fitness, 

the mechanism by which RE improved QOL and fatigue (Ohira et al., 2006). Together, these 

findings further support the position that improvements in QOL resulting from exercise are 

mediated by increases in physical fitness.  

 While group dynamics were not targeted within the current study, the large effect sizes 

observed for social functioning and role emotional may be attributed to the informal group 

exercise setting. Specifically, exercising with a group allows survivors to socialize with others 

going through similar circumstances. This socialization may also involve sharing emotional 

problems which may be met with empathy and solutions to emotional problems may be given. 

For example, Adamsen and colleagues (2001) described a kind of collective reciprocity which 

occurred in a group of male cancer survivors. In this study, participants formed new friendships 

and the social benefits were described as “markedly positive” (p. 533). The authors felt that this 

was possible because of the commonality of being a cancer survivor made members of the 

exercise group feel like normal members of a group rather than abnormal because of their health. 

Emilie and colleagues (2007) reported similar trends with a group of breast cancer survivors. In 



 

80 
 

discussion groups, these survivors felt that the empathy they received from one another helped 

them feel less isolated. They also formed friendships and shared information related to their 

disease such as obtaining government benefits as a survivor.  

In the present study, it was noticed that survivors would not only support each other with 

empathy, friendship, and information but also in tangible ways such as ride sharing or inviting 

others to join other opportunities for physical activity at the conclusion of the study. Survivors 

also benefited from the group setting through modeling; observing other survivors who were 

successful in the study. This was encouraging for new survivors who initially found the RE 

intervention difficult because it allowed them to see another woman with a similar circumstance 

(i.e. surviving cancer) and believe they too could be successful. According to (Duncan & 

McAuley, 1993), social support, such as this, positively impacts adherence to exercise by way of 

bolstering self-efficacy. In this way, the group based format was a benefit to the study. However, 

the low adherence rate suggests the full benefits of group based exercise were not fully realized. 

Incorporating more specific group based activities, such as exercises that require partnership to 

complete (e.g. towel pulling standing crunch/bicep curls), may be one way to maximize the 

benefits of group exercise.   

Body Composition 

 The present study was unable to detect significant changes in its body composition 

measures, despite expectations that LBM would increase. A large but insignificant effect was 

found for changes in weight, but this appears misleading since body weight did not change more 

than 0.6kg at any point in the study. The reason for the null finding is most likely due to sample 

size limitations, however other explanations cannot be ruled out.  
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 Most other studies of post treatment cancer survivors show that LBM improves following 

strength training (LaStayo et al., 2011; Schmitz et al., 2005; Winters-Stone et al., 2011). These 

studies all assessed body composition using more sophisticated technology than the bioelectric 

impedance analyzer used in the present study, specifically duel energy X-ray absorptiometry 

(Schmitz et al., 2005; Winters-Stone et al., 2011) and cross sectional area via magnetic resonance 

imaging (LaStayo et al., 2011). Additionally, the protocols of Schmitz and Winters-Stone used a 

yearlong strength training intervention allowing considerable time for changes to occur.  

 It has been recommended that exercise interventions for survivors should use protocols of 

at least 12 weeks in duration to allow physiologic adaptations to take place (Irwin & Ainsworth, 

2004). However, data from the present study and also from Rajotte et al. (2012) suggests this 

may not be sufficient if body composition is a primary endpoint of strength training. To date, the 

only study to show an increase in LBM in 12 weeks or less was by LaStayo and colleagues 

(2007), and no study has shown fat mass or body fat percentage to decrease in this short time 

period. This is because early increases in strength are primarily due to neural adaptations and 

hypertrophy of muscle cells does not begin until 6-7 weeks (Phillips, 2000). Since cancer is 

typically a disease that occurs later in life most survivors are older and may be somewhat 

resistant to muscle hypertrophy, this seems especially true for women (Charette et al., 1991). 

Given this, more than 12 weeks should be allotted to training programs to allow lean body mass 

to increase. However, the average age of participants in the current study was 53.5±8.1, 

suggesting other factors, such as adherence, may have also limited increases in LBM. A second 

consideration is that strength training is not as efficient as aerobic modalities combined with 

nutritional interventions at reducing body fat. Studies using body composition as an endpoint 
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should consider not only their methods for assessing body composition, but also the duration of 

their interventions which should include aerobics and diet.  

Adverse Events 

 In the present study there were no severe AEs. The rate of AEs in this study is relatively 

high (7 of 11 participants reported an AE) compared to previous reports which suggest the risk of 

an AE occurring during RE to be about 5.5% (LaStayo et al., 2011; Lee et al., 2010; Musanti, 

2012; Rajotte et al., 2012; Schmitz et al., 2005; Winters-Stone et al., 2012). It should be known 

that survivors in the present study were instructed to report all events that may occur whether 

inside or outside of the study regardless of severity. This may have elevated the rate of AE’s in 

this study, even though only AEs resulting from RE are reported here.  

 Musculoskeletal injuries are known risks associated with RE and also occur in the 

general population. This risk may be reduced through supervision, paying attention to form when 

lifting, and moderate progression not exceeding increases in weight of more than 10% (ACSM, 

2013; Heyward & Gibson, 2014). The aggravation of previous injuries made up modest portion 

of the AEs reported. These may have been prevented if more thorough screening procedures 

were used that ask participants about previous injuries and modification of exercises that may be 

problematic for those individuals. Given that the present study did show significant increases in 

muscular strength and endurance which are important outcomes for survivors’ health and 

wellbeing, and the limited severity of the AEs that did occur, the efficacy of RE for survivors is 

still supported by this study.  

Limitations 

 While the present study has shown that RE is an effective means for breast and ovarian 

cancer survivors to increase strength and that training frequency may influence the effectiveness 
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of strength training programs, it is not without its limits. The principle limitation of this study is 

its small sample size. Importantly, several key outcomes failed to reach statistical significance 

despite showing a large effect because they were underpowered. Also, given the small sample, 

we were unable to determine if ovarian cancer survivors responded to the intervention in a 

similar way as breast cancer survivors. Given the small sample, the present study handled 

missing data using the last observation carried forward method in an effort to preserve power. 

However, it is known that this increases the risk of committing a type I error. This is especially 

problematic when comparing the actual training frequency since all participants who dropped out 

from the study would be considered low actual training frequency.  

Another problem encountered in the present study was the low adherence rate observed 

in the twice a week group. Given the small sample size it is not certain if poor adherence was the 

result of being in the higher frequency group or other unknown factors. Other studies (LaStayo et 

al., 2011; McKenzie & Kalda, 2003; Musanti, 2012; Rajotte et al., 2012; Schmitz et al., 2005; 

Winters-Stone et al., 2011) have used two and three days per week strength training frequencies 

and similar survivor groups and reported higher adherences ranging from 76-95%. These studies 

have found that survivors with poor adherence may share common traits including: beginning 

RE soon after diagnosis, poor mental health, difficulty performing activities of daily living, 

cancer related fatigue, obesity, and low physical activity levels. Comparisons between our high 

and low actual frequency groups revealed no significant differences.  

A third limitation of this study was the lack of a control group. As mentioned, survivors 

in control groups in strength training studies may increase strength up to 12% without a strength 

training intervention as they recover from cancer treatment. In the present study, the average 

time since diagnosis was 5.5±8.4 years. The large variation in time since diagnosis, strength 
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gains as a result of treatment recovery does not fully account for improvements in strength seen 

here. Having a control group would allow for more definitive conclusions, particularly in regard 

to the effectiveness of the once-a-week protocol. 

A fourth limitation comes from the lack of blinding that existed between group 

allocation, study supervision, and fitness testing. Although unintentional, expectations about the 

exercise interventions (that twice weekly RE is superior) may have affected the results of the 

study if encouragement was not kept consistent between groups during training or fitness testing. 

Attempts were made by the lead investigator supervising the sessions and conducting fitness 

tests (Mr. Gravelle) to maintain consistency between groups. During training Mr. Gravelle took a 

purely observational role when supervision provided by volunteers was adequate (i.e. not directly 

training survivors). Additionally, motivation was kept consistent during testing by keeping 

encouragement messages non-specific to the test (e.g. saying ‘good’ or ‘you’re doing fine’ rather 

than ‘you can do another rep’). These messages were given at regular intervals, every five 

repetitions during 1RM testing, and every ten repetitions during standard load tests. Regardless, 

the lack of blinding should be considered alongside the results of the present study.  

Unfortunately the use of bioelectric impedance to assess body composition may have 

been a limitation in the present study. It is acknowledged that measuring body composition is 

difficult, especially when finding cost effective, non-invasive means for doing so. In the physical 

activity oncology literature, is has been seen that using less sophisticated technology to assess 

changes in body composition appears to coincide with null results. Like the present study, 

Rajotte et al (2012) was unable to detect changes in weight or waist circumference after 12 

weeks of strength training in a community based program. To further this point, despite reporting 
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significant increases in lean body mass with decreases in body fat percentage, Schmitz et al. 

(2005) found no change in waist circumference after one year.  

While bioelectric impedance satisfied the need for cost effective, non-invasive methods 

of measuring body composition, it has a unique problem of being influenced by the participants 

hydration status (Kushner et al., 1996). Because of this, bioelectric impedance analysis should be 

assessed in a fasted state, having nothing to eat or drink 8 hours prior (Kushner et al., 1996). 

When these conditions are not met, the standard measure of error can increase by as much as 4%. 

To help ensure this procedures were followed prior to  testing, participants were reminded of 

these pre-testing conditions and testing was done in the morning. However, it was not 

uncommon for participants to comment that they needed to drink coffee in the morning or have 

breakfast. Testing was not canceled in these circumstances because it was felt that doing so 

would unnecessarily inconvenience the participants. 

Future Directions 

Several avenues for future research are evident. Certainly the effect of exercise frequency 

is just one aspect of an exercise prescription which may be varied to maximize outcomes or bring 

about certain training adaptations. How these specific adaptations affect day to day life of cancer 

survivors and how that in turn impacts QOL and fatigue is unknown and worth exploring. 

Related to this, some survivors may be able to train more effectively with different programs 

than others. For example, survivors coping with cancer related fatigue may find high repetition 

programs difficult and would prefer heavier low repetition programs, while survivors with 

osteoporosis may have limits on heavy lifting and need to perform more repetitions to 

compensate.  
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Increasing adherence to exercise interventions is another important avenue for future 

research. In the present study, attending one session or more per week was shown to have the 

greatest impact on muscular fitness, yet the twice-a-week group only attended 65% of their 

prescribed sessions. This unique finding highlights an interesting problem. Established dose-

response relationships for strength training show that up to a certain point, increasing 

prescription variables such as training volume, intensity, and frequency also leads to greater 

increases strength development (Peterson et al., 2005). However, as the difficulty and time 

commitment to these programs increases it is reasonable to assume that adherence will decrease. 

For example, time is often cited as a barrier in physical activity studies of cancer survivors both 

on (Rogers et al., 2007) and off treatment (Courneya et al., 2005). As exercise frequency or 

training volume increases, the demands on a survivors time increase, this makes adherence more 

difficult. One possible solution is the use of single set protocols. While not shown to produce 

maximal strength gains (Rhea et al., 2003), single set protocols offer the possibility of building 

an adequate level of muscular fitness for daily living while minimizing time commitments 

(Carpinelli & Otto, 1999; Feigenbaum & Pollock, 1999; Messier & Dill, 1985).  

Studies have also shown that self-efficacy is a strong predictor of exercise behavior and it 

has been reported that rural breast cancer survivors with higher task self-efficacy for exercise 

also perceived fewer barriers (Rogers, Markwell, Verhulst, McAuley, & Courneya, 2009). Group 

based exercise may be one way of increasing adherence as that format is more able to provide 

survivors with social support and modeling from similar others. Through self-efficacy, these 

positive group dynamics and social supports are thought to improve exercise adherence (Duncan 

& McAuley, 1993), yet this did not happen in the current study. Studies should investigate what 

qualities are needed to fully realize the benefits of group-based exercise (e.g., specific group 
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exercises, group discussions, team building experiences) and should do so based on existing 

behavioural models. Future studies should include self-efficacy measures, particularly when 

comparing exercise interventions; because of how poor adherence limits program efficacy. 

Lastly, it was hoped that this study could be used to determine if gynecologic cancer 

survivors benefit from RE the same way as breast cancer survivors. Unfortunately, we were only 

able to recruit 4 gynecologic cancer survivors (all ovarian) making comparisons difficult.  

Practical Applications 

 Based on the findings of the present study it is recommended that breast and ovarian 

cancer survivors begin strength training one to two days per week. The strength of this guideline 

is in its flexibility. It considers that some survivors have difficulty strength training twice-a-week 

and allows them to “miss a day” and still acquire health benefits and have mastery experiences 

(Bandura, 1994), ultimately promoting long term adherence. In the present study, survivors who 

strength trained at least once a week showed significant increases in upper and lower body 

strength with trends towards better physical functioning and fatigue.  

 Prescribing strength training once-a-week should be avoided, particularly given that 

minimum targets are frequently under achieved. Despite the present study showing that the once-

a-week group also showed improvements in muscular fitness, these gains were small and not 

appreciably different from control groups seen throughout the literature (Musanti, 2012; Ohira et 

al., 2006; Rajotte et al., 2012; Schmitz et al., 2009; Schmitz et al., 2005; Winters-Stone et al., 

2012). Additionally, prescribing strength training once-a-week does not provide any buffer for 

missing sessions. If an exercise program for survivors is only offered once-a-week and a session 

is missed, the time period between bouts of exercise would be two weeks. Keep in mind, that if 

all a survivor is able to do is train once-a-week, the small benefits in strength (or at the very least 
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preservation of muscular fitness) are still valuable given that the expectation later in life is a 

decline (Kallman et al., 1990).   

 It should be mentioned that delivery of this exercise program was not only feasible but it 

was also beneficial to the local community as well. The program was implemented with minimal 

costs, using exercise equipment already existing in the hospital setting and supervised by student 

volunteers and researchers. Not only did this provide a chance for breast and ovarian cancer 

survivors to engage in beneficial exercise, it also supported research and helped undergraduate 

students acquire valuable learning experiences. This may be a beneficial model to base future 

cancer rehabilitation programs on in the future, but it may be improved upon. The ridged 

schedule of the present study meant survivors were not free to exercise when they chose. This 

may have had an unintentionally negatively influenced autonomy, and in turn, adherence. This 

was done because of the limited availability of the study’s exercise physiologist. Having more 

flexible times when survivors may come in for exercise would, therefore, be a more practical 

way of enhancing adherence.  

Conclusion 

 This is the first study of its kind to directly examine the effect of training variables in a 

cancer population after treatment by comparing once and twice-a-week strength training. The 

results of this study support previous findings that strength training is a safe and effective means 

of increasing muscular strength and endurance in cancer survivors. It is recommended that 

survivors should begin strength training one to two times per week, with an added emphasis on 

training twice-a-week if possible.  
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Appendix F 

 

Interpretation Guide of the Risk Stratification Questionnaire 
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Appendix G 

 

Baseline “Getting to Know You” Questionnaire 
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What is your current employment status? Please choose the one that best describes your current situation.  

If you are self-employed, choose full-time or part-time as appropriate.   

  Working in paid job full-time (30 or more hours per week)  

  Working in a paid job part-time (Less than 30 hours per week) 

  Unemployed   

  Unable to work because of sickness or disability 

  Looking after home and/or family 

  Student  

  Retired 

  Doing unpaid or voluntary work 

 

 

6. Race/Ethnicity:   

 Asian       First Nations 

 Black       Hispanic 

 Caucasian       Other:      

 

The following questions will ask you to describe your cancer diagnosis as well 

as details regarding the nature of your treatment and current health status. 
 

If you have had more than one cancer diagnosis, base your answers on your most recent diagnosis of 

breast or gynecologic cancer, please answer the following questions:  

1.  What type of cancer did you have? Include stage at diagnosis if possible:_________________ 

2.  In what month and year were diagnosed? __________________________________________ 

3.  What type of treatment did you receive? (please check ALL that apply)  

  Surgery        Radiation therapy   

  Chemotherapy       Hormone based treatments 

  Other (specify):________________________________ 

 

 

Continued on Next Page 
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3b. Have you completed treatment all treatments? If you are currently using a hormone treatment but have 

completed all other treatments check ‘Yes’  

   Yes       No 

3c. If you have completed treatment, when was your last treatment (month/year)? ____________  

4a.  Have you experienced a recurrence or metastases (spread to other organs) of this cancer?   

  Yes        No  

4b. Please specify (include type of recurrence, month/year of recurrence, and any treatment 

received):_____________________________________________________________________________

_______________________________________________________________________________ 

5a. If you have had more than one cancer diagnosis, what other type(s) of cancer did you have? 

______________________________________________________________________________          

5b. In what month and year was this cancer diagnosed?: 

______________________________________________________________________________ 

 5c. What type of treatment did you receive for this cancer? Please check ALL that apply.  

  Surgery       Radiation therapy   

  Chemotherapy      Hormone based treatments   

  Other (specify):______________________  

6. Do you have any other health problems or conditions? If yes, specify. 

_____________________________________________________________________________________

_______________________________________________________________________________ 

7. Are you currently taking any medications? If yes, specify. 

_____________________________________________________________________________________

_____________________________________________________________________________________

____________________________________________________________________________ 
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LEISURE TIME EXERCISE QUESTIONNAIRE 
 

The following portion of the questionnaire will asks you to recall your average weekly level of 
physical activity over the past month.   
 
When answering the following question, please remember to: 

 

a. Consider a typical (average) week over the past month. 

b. Only count activity/exercise sessions that lasted 10 minutes or longer.  

c. Include all exercise/physical activity that you do   

d. Please also record the average duration or time that you performed each activity. 

 

(Please record a number in each of the spaces provided below.  If you did no activity, then please 

record as “0”) 

 

 

 

A. STRENUOUS ACTIVITY (heart beats rapidly, sweating) 
(e.g., running, jogging, hockey, soccer, squash, cross country skiing, judo, roller blading, vigorous 

swimming, vigorous long distance bicycling, vigorous aerobic classes,  heavy weight training, laser tag) 

 

During the past month, in an average week I was involved in strenuous activities  _________ 

times/week for an average duration of  __________ minutes each session. 

 

 

B. MODERATE ACTIVITY (not exhausting, light perspiration) 
(e.g., fast walking, baseball, tennis, easy bicycling, shooting hoops, volleyball, badminton, easy 

swimming, alpine skiing, popular and line dancing, leisure skating) 

 

During the past month, in an average week I was involved in moderate activities _________ times/week 

for an average duration of __________ minutes each session. 

 

 

C. MILD ACTIVITY (minimal effort, no perspiration) 
(e.g., easy walking, yoga, archery, fishing, bowling, horseshoes, golf, darts, frisbee) 

 

During the past month, in an average week I was involved in mild activities __________ times/week for 

an average duration of __________ minutes each session. 
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FACT-F (Version 4) 
 

Below is a list of statements that other people with your illness have said are important. 
Please circle or mark one number per line to indicate your response as it applies to the 
past 7 days. 
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The Medical Outcomes Survey Questionnaire 
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Appendix H 

 

Follow-Up “Checking In” Questionnaire 
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FACT-F (Version 4) 
 

Below is a list of statements that other people with your illness have said are important. 
Please circle or mark one number per line to indicate your response as it applies to the 
past 7 days. 
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The Medical Outcomes Survey Questionnaire 
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Thank-you for Completing This Survey! 
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Appendix I 

 

Fitness Assessment Data Recording Sheet 
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Appendix J 

 

Training Booklet 
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APPENDIX K 

 

Supplementary Tables 

Table S1. Changes in muscular fitness outcomes. 

Measure Group Baseline Week 7 Week 13 Repeated Measures ANOVA 

 M(Range) M (Range) M (Range) Analysis ƞ2 Power p Est. Sample 

Leg Press 

1RM (kg) 

1d/wk 117.3 

(84.4-175.3) 

123.2 

(99.7-147.1) 

132.0 

(99.7-191.6) 

Within  0.72 0.92 0.01** 6 

2d/wk 128.6 

(104.9-181.8) 

153.0 

(104.9-230.8) 

159.1 

(104.9-227.3) 

Between  0.11 0.16 0.324 436 

          

Bench Press 

1RM (kg) 

1d/wk 23.7 

(19.5-27.8) 

25.0 

(20.1-31.1) 

25.9 

(20.2-35.2) 

Within  0.57 0.67 0.03* 6 

2d/wk 27.5 

(13-36.4) 

31.6 

(23.6-39.0) 

33.6 

(23.6-42.2) 

Between  0.27 0.36 0.11 74 

          

Leg Press 

SLT (reps)
a
 

1d/wk 34.6 

(24-41) 

44.4 

(24-62) 

53.0 

(25-88) 

Within  0.52 0.57 0.05 8 

2d/wk 35.9 

(24-45) 

45.3 

(40-50) 

52.7 

(44-74) 

Between 0.00 0.05 0.93 2096 

          

Bench Press 

SLT (reps) 

1d/wk 28.6 

(17-39) 

37.4 

(20-50) 

39.0 

(26-50) 

Within 0.87 1 0.00*** 4 

2d/wk 26.5 

(13-44) 

33.8 

(24-47) 

36.7 

(24-57) 

Between  0.02 0.068 0.67 1456 

Note: Estimated sample size uses assumes an 80% power to detect a significant difference at ɑ = 0.05. ƞ2 = Partial eta Squared. 1RM = One repetition maximum. 

SLT = Standard load test. 1d/wk = Once-a-week group. 2d/wk = Twice-a-week group. Est. Sample = Estimated Sample Size. 
a
 Pillai’s trace. 

*p< 0.05. **p<0.01. ***p<0.001 
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Table S2. Changes in body composition outcomes. 

Measure Group Baseline Week 7 Week 13 Repeated Measures ANOVA 

  M (Range) M (Range) M (Range) Analysis ƞ2 Power p Est. Sample 

Weight 

(kg) 

1d/wk 69.3 

(49.3-85.6) 

69.9 

(52.1-85.8) 

69.4 

(52.1-86.7) 

Within  0.39 0.37 0.14 12 

2d/wk 73.8 

(59.5-91.8) 

73.8 

(59.5-91.4) 

73.5 

(59.5-91.1) 

Between  0.03 0.08 0.60 5816 

         

Lean Body 

Mass (kg)
a 

1d/wk 43.4 

(39.0-49.9) 

43.4 

(39.6-49.6) 

43.0 

(38.8-50.3) 

Within 0.09 0.09 0.70 3217094 

2d/wk 45.9 

(41.8-49.3) 

42.6 

(26.0-49.4) 

46.0 

(41.1-50.2) 

Between  0.04 0.08 0.57 3294 

         

Body Fat 

(%) 

1d/wk 33.5 

(20.5-42.5) 

36.7 

(22.6-42.5) 

36.8 

(22.6-43.7) 

Within  0.21 0.17 0.39 34 

2d/wk 37.2 

(28.9-46.3) 

36.9 

(28.9-46.0) 

36.8 

(28.9-44.9) 

Between 0.01 0.06 0.78 52328 

Note: Estimated sample size uses assumes an 80% power to detect a significant difference at ɑ = 0.05. ƞ2 = Partial eta Squared. 1d/wk = Once-a-week group. 

2d/wk = Twice-a-week group. Est. Sample = Estimated Sample Size. 
a 
Pillai’s trace. 
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Table S3. Changes in quality of life and fatigue outcomes. 

Measure Group Baseline Week 7 Week 13 Repeated Measures ANOVA  

 M (Range) M (Range) M (Range) Analysis ƞ2 Power p Est. Sample 

Physical 

Funct. 

1d/wk 76.4 

(7-100) 

74.4 

(7-100) 

74.4 

(7-100) 

Within  0.35 0.32 0.16 14 

2d/wk 69.2 

(40-95) 

81.7 

(70-100) 

80.0 

(65-100) 

Between 0.00 0.05 0.92 523274 

          

Role 

Physical 

1d/wk 65.0 

(6.25-100) 

76.3 

(6.3-100) 

63.8 

(6.3-100) 

Within  0.24 0.2 0.33 26 

2d/wk 60.4 

(12.5-100) 

67.7 

(12.5-100) 

64.6 

(12.6-100) 

Between  0.00 0.05 0.86 523274 

          

Bodily 

Pain
a 

1d/wk 80.6 

(61-100) 

68.8 

(62-84) 

77.4 

(51-100) 

Within  0.22 0.19 0.36 30 

2d/wk 55.5 

(22-84) 

55.7 

(22-84) 

59.2 

(22-84) 

Between  0.21 0.28 0.16 122 

          

General 

Health 

1d/wk 61.2 

(35-97) 

69.6 

(35-92) 

63.8 

(30-95) 

Within  0.20 0.17 0.40 36 

2d/wk 44.7 

(0-72) 

50.5 

(0-97) 

45.5 

(0-87) 

Between  0.09 0.13 0.37 646 

          

Vitality 1d/wk 57.5 

(12.5-87.5) 

60.0 

(12.5-81.3) 

52.5 

(12.6-87.5) 

Within  0.10 0.10 0.66 138 

 2d/wk 49.0 

(0-75) 

53.1 

(0-75) 

50.0 

(0-81.3) 

Between  0.01 0.06 0.75 523274 

          

Social 

Funct. 

1d/wk 72.5 

(25-100) 

80.0 

(25-100) 

75.0 

(25-100) 

Within  0.39 0.37 0.14 12 

2d/wk 60.4 

(0-100) 

79.2 

(0-100) 

62.5 

(0-100) 

 

Between  0.02 0.07 0.70 
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Role 

Emotion 

1d/wk 68.3 

(8.3-100) 

81.7 

(8.3-100) 

76.7 

(8.3-100) 

Within  0.28 0.24 0.26 20 

2d/wk 69.4 

(0-100) 

73.6 

(0-100) 

73.6 

(0-100) 

Between  0.00 0.05 0.89 523274 

          

Mental 

Health 

1d/wk 

2d/wk 

51.0 

(15-95) 

60.8 

(0-90) 

67.0 

(15-85) 

66.7 

(0-90) 

68.0 

(15-95) 

62.5 

(0-95) 

Within 

Between  

0.23 

0.00 

0.19 

0.05 

0.35 

0.95 

28 

523274 

          

PCS 1d/wk 52.2 

(36.8-65.5) 

50.9 

(45.3-58) 

49.8 

(30.1-64.1) 

Within  0.02 0.06 0.92 36 

2d/wk 42.5 

(32.5-51.5) 

45.3 

(30-52) 

45.0 

(31.1-56.3) 

Between  0.16 0.21 0.23 208 

          

MCS 1d/wk 40.8 

(10.4-57.1) 

46.4 

(10.4-57.6) 

44.5 

(10.4-59.5) 

Within  0.22 0.18 0.37 30 

 

 

 

Fatigue 

2d/wk 41.9 

(1.3-62.8) 

45.4 

(1.3-59) 

42.1 

(1.3-58.3) 

Between  0.00 0.05 0.95 523274 

         

1d/wk 40.6 

(15-51) 

32.6 

(15-47) 

36.8 

(15-51) 

Within  0.10 0.10 0.64 138 

2d/wk 30.6 

(10-48) 

34.5 

(10-47) 

32.7 

(10-50) 

Between  0.02 0.07 0.68 
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Note: Estimated sample size uses assumes an 80% power to detect a significant difference at ɑ = 0.05. Higher scores represent better quality of life and lower 

fatigue. ƞ2 = Partial eta Squared. Funct. = Functioning; PCS = Physical Composite Score. MCS = Mental Composite Score. 1d/wk = Once-a-week group. 2d/wk 

= Twice-a-week group. Est. Sample = Estimated Sample Size. 
a 
Pillai’s trace.  
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APPENDIX L 

 

Analysis of Baseline Physical Activity 

 

Despite being non-significant and experimental groups being stratified on meeting physical 

activity guidelines to accumulate 150 minutes of moderate-vigorous physical activity (MVPA) 

there was a considerable difference in mean MVPA noted at baseline. It is possible that if this 

trend were to continue as more participants were added to the study than a significant confound 

would exist. Below re-prints the MVPA data at baseline, the independent samples t-test, 

estimates Cohen’s d effect size, power, and estimates a sample size where this difference may 

become significant.  

 

 

Table S4. Baseline physical activity data. 

Measure 

 

Overall 

(n = 11) 

1 day/week 

(n = 5) 

2 days/week 

(n = 6) 

p 

 

     

MVPA (min/week) 121.8(201.2) 64.0(89.6) 170(261.6) 0.41 

 

 

 

 
Figure S1. Independent samples t-test of baseline physical activity data. 

 

 

Cohen's d = M1 - M2 / σ pooled  

    where σ pooled =√[(s 12+ s 22) / 2] 

 

Cohen’s d effect size = -0.54 
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Figure S2. GPower sample size and power calculator estimation of baseline MVPA data. 

 

Observed power = 0.82 

Sample Size n = 22 

 

 


