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Resistance training improves fatigue and quality of life in previously sedentary breast cancer survivors: a

randomised controlled trial.

The primary aim of this study was to evaluate the benefits of resistance training (RT) on quality of life

(QOL) and fatigue in breast cancer survivors as an adjunct to usual care. We recruited 39 women who had

survived breast cancer [mean age (y) 51.9 � 8.8; time since diagnosis (m) 11.6 � 13.2]. Primary outcomes

were fatigue as assessed by the Functional Assessment of Chronic Illness Therapy – Fatigue (FACIT) scale

and QOL as assessed by the Functional Assessment of Cancer Therapy – General (FACT-G) scale.

ANCOVA was used to assess the change in the primary outcomes while controlling for baseline values,

with effect sizes (ES) displayed as partial Eta squared. The experimental group received supervised RT

3 days per week in a university clinic for 16 weeks. Perceptions of fatigue improved significantly in the RT

group compared to controls [mean (SD) 6.7 (7.5) points vs. 1.5 (3.7) points], (P = 0.006, ES = 0.20) as did

QOL [6.9 (8.5) points vs. 1.6 (4.4) points], (P = 0.015, ES = 0.16). We demonstrated both statistically and

clinically important improvements in fatigue and QOL in response to RT in breast cancer survivors.
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INTRODUCTION

Breast cancer is the most commonly diagnosed invasive

cancer in women (Garcia et al. 2007). According to the

American Cancer Society, over 1.3 million women world-

wide are diagnosed with breast cancer each year. In Aus-

tralia, an estimated 15 000 new cases are diagnosed
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annually and this number is projected to rise significantly

in the future (AIHW 2008). Cancer and its treatments can

leave a legacy of detrimental physical and psychological

effects. These include increased levels of fatigue and

impairments in QOL, which may last years after diagnosis

and have future impact on mortality (Epplein et al. 2011;

Sehl et al. 2013). Cancer-related fatigue is acknowledged

to be separate and distinct from fatigue experienced in the

general population (Cella et al. 2002c) and is differentiated

as being a persistent sense of tiredness related to cancer or

its treatments that interferes with an individual’s usual

functioning (Mock et al. 2000). Fatigue is known to nega-

tively affect an individual’s QOL (Schmidt et al. 2012;

Buffart et al. 2013), an umbrella term encompassing mul-

tiple parameters of life including an individual’s physical,

functional, emotional and social well-being (Cella 1994).

The measurement of both QOL and fatigue in this popula-

tion relies on the use of validated scales and question-

naires specifically designed for this cohort.

The prevalence of fatigue in cancer patients varies, par-

ticularly with respect to the treatment phase. A recent

review across multiple cancer types found that at varying

time points throughout the treatment spectrum the preva-

lence of cancer-related fatigue ranged from 50% to 93%

(Stasi et al. 2003). Furthermore, this fatigue may be long-

lasting, with substantial levels of fatigue reported by 30–

40% of survivors approximately 3 years following diagno-

sis (Bower et al. 2000; Servaes et al. 2002). Thus, better

approaches are needed to reduce the significant burden of

fatigue and reduced QOL in this cohort.

The traditional medical treatment of cancer does not

generally include therapy directed at fatigue itself, which

in fact may be exacerbated by the medical and surgical

management of the disease. Exercise is one potential

approach to target cancer-related fatigue, but the optimal

modality, dose and timing has not been fully elucidated.

In particular, the rationale for resistance training (RT) is

strong, given its ability to counteract muscle wasting

(Bales & Ritchie 2002), increase appetite (Fiatarone et al.

1994), improve functional mobility (Fiatarone et al. 1990;

Straight et al. 2012) and address depressive symptoms

(Garber et al. 2011) in many studies. However, previous

research examining exercise interventions and fatigue in

breast cancer survivors has primarily focused on aerobic or

combined modality training (Turner et al. 2004; Milne

et al. 2008), with only one isolated study of RT (Courneya

et al. 2007) conducted during chemotherapy. These

authors demonstrated trends for reductions in fatigue that

did not reach significance (Courneya et al. 2007). In other

clinical cohorts, there is some promising evidence regard-

ing the ability of RT to improve fatigue. For example, RT

has been shown to reduce fatigue in a group of men receiv-

ing androgen deprivation therapy (Segal et al. 2003) or

radiation therapy (Segal et al. 2009) for prostate cancer.

The reduction in fatigue was suggested to result from sig-

nificant increases in both upper and lower body strength

(Segal et al. 2009). Thus, there is currently a gap in the lit-

erature with respect to the efficacy of RT for the specific

treatment of fatigue in breast cancer survivors.

The effect of exercise on QOL in breast cancer survivors

has been more thoroughly examined and its benefits are

well documented (Ohira et al. 2006; Courneya et al. 2007;

Speck et al. 2010; Winters-Stone et al. 2012). There is evi-

dence that aerobic exercise prescribed two to three times a

week, during or after chemotherapy, improves QOL (Segal

et al. 2001; Courneya et al. 2003; Campbell et al. 2005).

The literature reporting RT in breast cancer survivors

including a QOL outcomemeasure is still relatively sparse

(Ohira et al. 2006; Courneya et al. 2007; Kim Do et al.

2010; Speck et al. 2010; Winters-Stone et al. 2012; Cormie

et al. 2013). The effect has been inconsistent, with a

recent review by Cheema et al. (2014) demonstrating only

small effects across trials examining QOL and RT. Studies

that have failed to elicit positive changes in QOL in this

cohort have either utilised a non-cancer-specific QOL

scale (Speck et al. 2010), or have been conducted during

chemotherapy (Courneya et al. 2007). Thus, additional

data are needed to confirm the ability of RT to elicit clini-

cally relevant and sustained improvements in QOL for

breast cancer survivors.

One of the contributants to reduce QOL in breast cancer

may be residual dysfunction of the upper extremity related

to surgical diagnostic and treatment procedures and their

complications. Breast cancer survivors report significant

limitations in upper body strength in the months follow-

ing treatment (Blomqvist et al. 2004) with many breast

cancer survivors reporting shoulder pain and disability

(Lee et al. 2008). In addition, recent research demonstrates

that between 9% and 28% of survivors experience arm

weakness (Lee et al. 2008) with muscular strength at the

shoulder decreased 6 months after cancer treatment

(Johansson et al. 2001), and the treated side weaker than

the opposite untreated healthy limb (Nikkanen et al.

1978; Smoot et al. 2010). Consequences of these reduc-

tions in strength and mobility include impacts on QOL

(Ganz et al. 2004; Nesvold et al. 2011) and limitations in

activities of daily living (Sugden et al. 1998). Theoreti-

cally, RT could provide a specific antidote to this dysfunc-

tion, and thereby improve QOL. However, none of the

previous studies have examined the relationship between

improvements in strength of the treated arm and changes

in QOL.
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In addition to the above rationale for targeting fatigue

and QOL, RT offers a unique spectrum of musculoskeletal

adaptations that are particularly important for breast can-

cer survivors, adaptations that are generally not seen after

aerobic training. Specific changes that have been demon-

strated as a result of RT in this population include the

preservation of bone mineral density (Waltman et al.

2010; Winters-Stone et al. 2011) and increases in skeletal

muscle mass (Schmitz et al. 2005; Courneya et al. 2007).

Therefore, as part of a 16-week randomised controlled trial

(RCT) primarily focused on immunological outcomes, we

collected secondary outcome data on fatigue and QOL. We

hypothesised that those women randomised to the RT

programme would demonstrate a reduction in perceptions

of fatigue and an improvement QOL when compared to

the usual care control group. Second, we hypothesised that

changes in QOL would be correlated with changes in mus-

culoskeletal strength, specifically strength in the surgi-

cally treated arm.

METHOD

Design and participants

This parallel-arm RCT compared the outcomes of breast

cancer patients assigned to a 16-week experimental treat-

ment group (RT) with those assigned to a waitlist control

group. Outcome measures were collected at week 0 and

week 17. All testing and exercise training took place at the

University of Western Sydney (UWS) exercise science lab-

oratories between July 2012 and December 2013. The

study was approved by The University of Western Sydney

Human Research Ethics (approval number: H9427). The

trial was registered with the Australian and New Zealand

clinical trials registry (ANZCTR #: 12612000346875;

http://www.anzctr.org.au/trial_view.aspx?id=362296).

Participants were randomised using a computer-gener-

ated list (www.randomization.com) stratified by age

(<50 years; >50 years) and current use of hormonal therapy

(Yes; No). An investigator not involved in testing or the

delivery of the intervention prepared the randomisation

assignments. Group assignments were delivered to partici-

pants in sealed opaque envelopes upon the completion of

baseline testing with the intervention commencing the

following week (3–7 days’ time).

Patients were recruited from the South West Sydney

Area Health Service catchment area. Campbelltown

Hospital Cancer Therapy Centre served as the first point

of referral, with additional participants referred from

Liverpool hospital. Participants were pre-screened for par-

ticipation using the Physical Activity Readiness Ques-

tionnaire (PAR-Q) (Thomas et al. 1992) and a standardised

health history questionnaire. Individuals deemed “moder-

ate-risk” (Thompson et al. 2010) received the approval of

their physician prior to participation. ‘High-risk’ (Thomp-

son et al. 2010) individuals were to be excluded from par-

ticipation, although no interested participants met this

criteria.

Eligibility criteria included a history of histologically

confirmed stage I–IIIA breast cancer with no evidence of

recurrent disease; age 18–70 years; completed surgery,

radiotherapy and/or chemotherapy, with or without cur-

rent use of hormonal therapy (e.g. tamoxifen, aromatase

inhibitors); sedentary (<30 min of structured, continuous

moderate-intensity exercise, three times per week and no

current RT); stable underlying chronic diseases; ability to

communicate in English; no acute or chronic medical con-

ditions which would make exercise potentially hazardous

or primary outcomes impossible to assess; willingness and

ability to provide written informed consent to participate

in the trial.

Individuals enrolled in the study who suffered from

lymphoedema were advised to continue to follow instruc-

tions of their health care providers, such as wearing com-

pression sleeves. No additional specific advice was

provided and these individuals undertook the same exer-

cise programme as the rest of the cohort. Any suspected

new cases of lymphoedema were referred to specialists for

assessment.

Intervention

Participants randomised to the experimental group com-

pleted a 16-week supervised RT programme prescribed

three times per week for approximately 60 min per ses-

sion. Each session consisted of either one-on-one or group

training with multiple participants per trainer (2–5) exer-

cising concurrently. Trainers were third-year exercise

science students who were supervised by a qualified, expe-

rienced trainer with 10 years’ experience. Three sets of

eight to ten repetitions were performed of each exercise

prior to moving on to the following exercise. Loads were

initially prescribed based on individualised eight-repeti-

tion maximums which were measured during the first

training session for each programme. A repetition maxi-

mum is defined as the maximum amount of times a load

can be lifted prior to muscular failure (Feigenbaum & Pol-

lock 1999). Loads were adjusted each time an individual

had adapted to achieve the ability to complete 10 repeti-

tions prior to muscular failure. The exercise prescription

was split into two 8-week programmes progressing from

an introductory machine-based prescription to a more

advanced free weight-style prescription. Programme 1

© 2015 John Wiley & Sons Ltd 3
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exercises included leg extension, leg curl or Romanian

deadlift, lat pull down, machine bench press, seated row,

back extension, prone hold or sit ups. In addition, a struc-

tured warm up included skill development of the deadlift

and barbell squat ensuring competency in movement pat-

terns for the commencement of programme 2. Programme

2 exercises included barbell squat, deadlift, free weight

barbell bench press, leg press, barbell bent over row and

assisted chin up. Exercises were substituted when deemed

necessary due to musculoskeletal limitations. On average,

participants performed six different exercises per session.

The control group was not advised to change habitual

activity levels, and both groups continued to receive usual

medical care. Participants randomised to the control con-

dition received no specific instructions regarding physical

activity or access to equipment during the initial 16-week

intervention period. Upon completion of week 17 testing,

the control group was offered the 16-week intervention.

The purpose of the waitlist control was to ensure that all

women were given an opportunity to participate in the RT

programme. All women continued to receive usual medi-

cal care from their health care practitioners throughout

the study.

Measurements

Functional assessment of chronic illness therapy –

fatigue

Perceptions of fatigue were assessed with the Functional

Assessment of Cancer Therapy – Fatigue scale (FACIT-

fatigue)(Yellen et al. 1997). The FACIT-fatigue scale is a

13-item scale encompassing scaled answers ranging from

0 to 4. The fatigue subscale has strong internal consis-

tency (coefficient alpha range = 0.93–0.95) and is a reliable

(test–retest correlations = 0.9) and valid measure of fati-

gue in the breast cancer cohort (Yellen et al. 1997). The

FACIT-fatigue scale scoring ranges from 0 to 52 with

higher scores indicating less fatigue.

Functional Assessment of Cancer Therapy – General

Disease-specific QOL was assessed by the Functional

Assessment of Cancer Therapy – General (FACT-G) Qual-

ity of Life Instrument (Cella et al. 1993). The FACT-G is a

28-item questionnaire encompassing the same scoring

system as the FACIT-fatigue scale, including four

domains of QOL: physical well-being (PWB), social/family

well-being (SWB), emotional well-being (EWB) and func-

tional well-being (FWB) (Cella et al. 1993). The FACT-G is

highly reliable with test–retest correlations 0.91–0.92

between baseline and follow-up (Cella et al. 2002b). The

FACT-G scoring ranges from 0 to 108 with higher scores

indicating better QOL. The PWB, SWB and FWB subscales

have seven items and are scored from 0 to 28. The EWB

subscale has six items and is scored from 0 to 24.

Godin Leisure-Time Exercise Questionnaire

The Godin Leisure-Time Exercise Questionnaire was

administered at week 0 and week 17 to monitor changes

in exercise behaviour in the control and experimental

group changes over the intervention period (Godin &

Shephard 1985). The Godin questionnaire separates lei-

sure time into three intensities – strenuous, moderate and

light – and questions the participant about how many

times during the last 7 days each level of physical activity

has been undertaken. A score is then calculated for total

leisure time based on the numerical values attributed to

each intensity (9 for strenuous, 5 for moderate and 3 for

light) multiplied by the frequency of the activity. The

exercise group recorded their RT sessions as part of their

leisure-time activity.

Strength testing measurements

Lower body muscular strength was assessed using a one-

repetition maximum (1-RM) leg press protocol (Marshall

et al. 2011). Maximum strength was defined as the load in

kilograms the participant was able to successfully lift

once. Standard 1-RM procedures were employed consist-

ing of an incremental warm-up of one set of 10 repetitions

at approximately 50% of 1-RM followed by 1 set of 2 repe-

titions at approximately 70% 1-RM. As these individuals

had no prior experience with 1-RM testing, initial loads

were set at approximately 50% of the participants body

mass. This load was chosen as the majority of women of

this age have the ability to leg press their body weight

(ACSM 2013). Rest periods of 3 min between 1-RM

attempts were given (Marshall et al. 2011). Maximum lifts

were usually established within three attempts; although

for some subjects a greater number of attempts were

required to establish maximum load.

Upper body strength was assessed by measuring the

force output (N) during a unilateral isometric chest press

protocol. The participant was seated on an incline bench

with the shoulder joint placed in 45° of abduction with the

forearm in 45° of pronation. This protocol allowed accu-

rate inter-limb comparisons to be made. Force was mea-

sured using an AST-250 kg force transducer (PT Global,

Baulkham Hills, Australia) connected to a chain and grip

4 © 2015 John Wiley & Sons Ltd
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handle, secured to a power rack. Each participant had

three warm-up attempts at approximately 25%, 50% and

75% effort, followed by three maximal voluntary isomet-

ric contractions (MVIC). Three-minute rest was given

between trials. Once full contraction was obtained they

were encouraged to hold this tension for 2 s. The highest

value obtained from the force trace for the three MVICs

was recorded as the strength value (N). This unilateral pro-

tocol was selected over a traditional bilateral chest or

bench press protocol due to its ability to accurately distin-

guish inter-limb differences and therefore provide data to

examine correlations between individual limb strength,

changes in strength in lymphoedematous and non-treated

arms, and changes in QOL and fatigue.

Statistical analysis

This study was part of a larger study focused on immune

function and the sample size was based on immunological

outcomes. Primary analysis was via intention-to-treat and

included all participants regardless of dropout or level of

adherence. Missing data at week 17 were imputed using

the last observation carried forward method. Data were pre-

sented as the mean and SD with effect sizes (ES) where

appropriate. Baseline characteristics were compared

between groups using independent t-tests for continuous

variables and chi-square tests for categorical variables.

Relationships at baseline were explored using Pearson cor-

relation coefficients (r). Primary analysis compared changes

in FACT-G and FACIT using ANCOVA where the final

score was the dependent variable, and the baseline value of

the same variable was the covariate. An additional covari-

ate of BMI was included due to the know association

between body fat and immune function. A P value of <0.05

was considered indicative of statistical significance. Partial

Eta squared was used to measure ES where 0.01, 0.06 and

0.14 were considered small, medium and large respectively

(Pallant 2013). Associations between variables were anal-

ysed using Pearson correlation coefficients (r).

RESULTS

Fifty-nine women expressed interest in the study. Twenty

women were excluded based on failure to meet inclusion

criteria or declining interest. The major reason for not

meeting criteria was that of a current cancer diagnoses.

Recruitment took place between the 16 May 2012 and the

25 June 2013. Thirty-nine women enrolled in the study

and were randomised to either the strength training

(n = 20), or the control group (n = 19). Participant flow

through the trial is presented in Figure 1. There were no

significant between-group differences at baseline

(Table 1).

Pearsons correlations demonstrated significant relation-

ships at baseline between QOL (as measured by FACT-G)

and fatigue (measured by FACIT) (r = 0.68, P = 0.01), and

between leg strength and strength of both the surgical and

non-surgical arms (r = 0.51, P = 0.01; r = 0.44, P = 0.01).

There were no adverse events documented in this study.

Four participants (two per group) had current lym-

phoedema diagnoses at enrolment in the study. No new

lymphoedema diagnoses or exacerbations occurred during

the trial. Adherence rates averaged 85 � 15% in the exer-

cise group, with five people averaging below 75% adher-

ence. Dropout rate was 12.8%. Leisure-time physical

activity did not differ at baseline between groups

(P = 0.77) and did not change over the course of the inter-

vention period in the control group (P = 0.62). At the end

of the intervention the exercise group engaged in a signifi-

cantly greater amount of leisure-time activity, which is

probably due, at least in part, to the RT intervention

(P = 0.03).

At baseline, strength in the treated arm was 4.3 (12.5)%

lower than in the non-treated arm. After 16 weeks of RT,

strength increased by 19.1 (14.7)% in the treated arm, 23.6

(21.7)% in the non-treated arm and 37.3 (24.4)% in the

Figure 1. CONSORT diagram showing participant flow through
trial.

© 2015 John Wiley & Sons Ltd 5

RT improves fatigue and QOL in breast cancer survivors



lower extremities, all significantly different than the con-

trol group, in whom strength either decreased or improved

minimally (see Table 2). At the end of the trial, the differ-

ence in strength between treated and non-treated arms in

the RT group increased to 7 (9.4)% and 7.5 (15.1)% in the

control group. Strength gains were not related to age or

time since treatment.

The exercise intervention was associated with signifi-

cant improvements in fatigue (P = 0.006, ES = 0.20)

(Table 2).

The exercise intervention was also associated with sig-

nificant improvements in overall QOL as measured by the

FACT-G (P = 0.015, ES = 0.16). The change in the overall

FACT-G score was elicited by a combination of improve-

ments across the fours subscales. Mean change scores (SD)

in the exercise group for the specific subscales were 2.45

(2.5) for PWB, 1.12 (3.25) for SWB, 2.1 (3.25) for EWB and

1.45 (3.54) for FWB. In addition to the significant differ-

ence in global QOL between groups at the culmination of

the intervention, the specific PWB subscale was also sig-

nificantly different between groups (P = 0.002, ES = 0.23)

(Table 2).

Improvements in fatigue and strength in the treated

limb and changes in QOL and strength of treated limb

were related to each other in the RT group, but not in the

control group (Table 3). Specifically, there was a signifi-

cant correlation between improvements in fatigue and

Table 1. Baseline characteristics (mean or n)

Overall Control Exercise P

Age (years) 51.9 � 8.8 52.7 � 9.4 51.2 � 8.5 0.61
Weight (kg) 76.2 � 13.8 80.2 � 16.8 72.4 � 9.2 0.08
BMI (kg/m2) 28.7 � 5.5 29.9 � 6.5 27.6 � 4.2 0.20
TST (months) (range) 11.6 � 13.2 (1–44) 13 � 14.8 (1–44) 10.3 � 11.7 (1–44) 0.53
Radiotherapy (n) 33 16 18 0.65
Chemotherapy (n) 33 16 17 0.55
Tamoxifen or Arimidex use (n) 29 13 16 0.38
Lymphoedema 4 2 2 0.68

BMI, body mass index; TST, time since treatment.

Table 2. A comparison of measurements of quality of life and
fatigue between groups following the intervention

Variable
Week 0
(mean � SD)

Week 17
(mean � SD) P

Effect
size
(partial
eta
squared)

FACT-G
Exercise 89.07 � 11.66 95.98 � 8.66 0.015* 0.16
Control 90.00 � 9.99 91.63 � 9.81

EWB
Exercise 19.25 � 3.7 21.35 � 1.89 0.11 0.07
Control 20.42 � 1.39 20.31 � 2.70

FWB
Exercise 23.1 � 4.68 24.7 � 3.54 0.31 0.03
Control 23.95 � 3.26 23.37 � 3.21

SWB
Exercise 23.49 � 4.25 24.61 � 4.22 0.44 0.17
Control 22.99 � 0.73 23.72 � 4.21

PWB
Exercise 23.1 � 4.68 25.55 � 3.21 0.002* 0.23
Control 23.95 � 3.26 24.15 � 3.73

FACIT
Exercise 39.05 � 10.02 45.70 � 7.57 0.006* 0.20
Control 38.26 � 10.51 39.79 � 10.36

Lower body strength (kg)
Exercise 117.94 � 41.63 157.98 � 45.61 <0.001* 0.51
Control 130.30 � 45.42 134.38 � 42.24

Treated arm strength (N)
Exercise 143.27 � 24.08 170.80 � 37.25 <0.001* 0.40
Control 163.25 � 39.74 158.05 � 40.59

Non-treated arm strength (N)
Exercise 151.56 � 31.47 184.33 � 37.45 <0.001* 0.32
Control 169.94 � 26.11 139.73 � 28.4

FACT-G, Functional Assessment of Cancer Therapy – General;
EWB, emotional well-being; PWB, physical well-being; SWB,
social well-being; FWB, functional well-being; FACIT, Func-
tional Assessment of Chronic Illness Therapy – Fatigue; SD,
standard deviation.
P values relate to the differences between groups at the end of
the intervention.
*Statistical significance of P < 0.05.

Table 3. Correlations between change scores for outcome
measures in the control (x-axis) and exercise group (y-axis)

Exercise

group

Control group

FACT-G FACIT

Strength

treatment

arm (N)

Strength

non-

treatment

arm (N)

Leg

press

(kg)

FACT-G 0.41 0.22 0.27 0.01

FACIT 0.61** 0.27 0.39 0.15

Strength

treatment

arm (N)

0.46* 0.34 0.53* 0.26

Strength

non-

treatment

arm (N)

0.41 0.32 0.63** �0.09

Leg press

(kg)

�0.09 �0.001 �0.03 0.22

FACT-G, Functional Assessment of Cancer Therapy – General;
EWB, emotional well-being; PWB, physical well-being; SWB,
social well-being; FWB, functional well-being; FACIT, Func-
tional Assessment of Chronic Illness Therapy – Fatigue.
*Correlation is significant at the 0.05 level.
**Correlation is significant at the 0.01 level.

6 © 2015 John Wiley & Sons Ltd
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improvements in overall QOL in the exercise group

(r = 0.61, P = 0.004). There were also significant correla-

tions between fatigue and the PWB (r = 0.61, P = 0.004)

and FWB subscales in the exercise group (r = 0.61,

P = 0.005). In addition there was a significant correlation

between improvements in strength of the treated limb and

improvements in global QOL in the exercise group

(r = 0.46, P = 0.004) (Fig. 2). There were no significant cor-

relations between changes in QOL subscales and changes

in muscular strength measures. There was no association

between changes in fatigue and changes in strength of the

treated limb or any muscle group.

DISCUSSION

The aim of this study was to evaluate the benefits of RT

on QOL and fatigue in breast cancer survivors as an

adjunct to usual care. We hypothesised that those who

were randomised to the RT group would have significant

improvements in QOL and fatigue compared to control

participants receiving usual care. A secondary objective of

this study was to examine the relationships between

QOL, fatigue and muscular strength. We have demon-

strated that 16 weeks of high intensity RT significantly

improved upper and lower body strength, and reduced per-

ceived fatigue as measured by the FACIT-fatigue scale,

and improved QOL as measured by the FACT-G, as com-

pared to the wait list control group. In addition, changes in

strength in the treated upper limb were significantly

related to improvements in global QOL, highlighting a

specific benefit of RT that may not be achieved with tradi-

tional aerobic exercise prescription.

Aerobic and mixed modality exercise elicits a reduction

in fatigue in cancer survivors (Turner et al. 2004; Mock

et al. 2005; Milne et al. 2008); however, prior to this

study, the effects of RT on fatigue were unclear. At base-

line our cohort reported much greater levels of fatigue

(combined group average 38.7 � 10.1; general population

norms of 43.6 � 9.4; Cella et al. 2002c) than that experi-

enced by healthy populations (Cella et al. 2002c) and simi-

lar levels of fatigue to previous research in cancer

survivors (Cella et al. 2002c). Following the intervention,

our exercise group improved their fatigue scores by 6.65

points to an average of 45.7 � 7.6 (a change of 3 points or

more is considered clinically meaningful; Cella et al.

2002a), to become similar to that of the general popula-

tion. Comparisons of effect with previous interventions

are difficult due to the use of multiple fatigue scales

(Turner et al. 2004; Mock et al. 2005; Milne et al. 2008).

However, the present study adds to the previous research

in that it provides the first evidence that isolated RT

improves perceptions of fatigue in breast cancer survivors

to become similar to levels experienced in the healthy

general population.

Breast cancer survivors often have reduced QOL

(Epplein et al. 2011; Sehl et al. 2013), which has fre-

quently been improved via aerobic exercise training

(Segal et al. 2001; Courneya et al. 2003; Campbell et al.

2005), with less consistent results following RT training

(Ohira et al. 2006; Courneya et al. 2007; Kim Do et al.

2010; Speck et al. 2010; Winters-Stone et al. 2012; Cor-

mie et al. 2013). In this study, RT improved breast can-

cer survivors QOL to such a large magnitude that it

reached levels higher than that experienced in the gen-

eral population (FACT-G general population norms of

80.1 � 18.1; Brucker et al. 2005; average final score in

the exercise group 95 � 9.9). In this study, the average

magnitude of change in overall QOL in the exercise

group was 7 points. Notably, a change score of 4–7 points

is considered to be clinically meaningful (Cella et al.

2002a,b), and change scores ranging from 5.7 to 11.9 have

been observed following aerobic interventions (Courneya

et al. 2003; Campbell et al. 2005; Daley et al. 2007).

These results are somewhat surprising given that at base-

line, our cohort already scored above average when com-

pared to other cancer survivors (Cella et al. 2002b) and

healthy women of a similar age (Brucker et al. 2005).

These large improvements may have been more easily

observed due to the use of a cancer-specific QOL tool, or

perhaps the training intensity in the current study was

sufficient to continue to elicit QOL gains to become

superior to the levels of QOL that are seen in the general

non-exercising population.

Figure 2. The relationship between change in quality of life and
change in strength of the treated arm. FACT-G, Functional
Assessment of Cancer Therapy – General. Correlations were sig-
nificant when groups were combined, and in the exercise group
alone (r = 0.52, P = 0.001, and r = 0.46, P = 0.041 respectively).
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Although our study demonstrated a significant improve-

ment in overall QOL, as measured by the FACT-G, and

improvements across all subdomains, only one of the four

separate domains showed significant improvement. The

PWB domain changes were both clinically and statistically

significant over time in the exercise group (Cella et al.

2002b). The PWB subscale specifically questions partici-

pants on feelings of energy, nausea, family needs, pain,

side effects of treatment, feelings of illness and time spent

in bed (Cella et al. 1993). Given the wide degree of physi-

cal capabilities examined by this subscale, it is not surpris-

ing that improvements were observed in these areas due to

the physical nature and associated strength improvements

following the intervention. At baseline, the SWB subscale

was an average of 4 points higher, and the FWB subscale

an average of 4.6 points higher than healthy population

normative data (Brucker et al. 2005). Hence, it is not sur-

prising that these two subscales did not demonstrate a sig-

nificant improvement given that they were already above

average levels. However, while three of the subscales were

not-significant, each of these subscales contributed to eli-

cit the significant improvement in overall global QOL.

Earlier research indicated that breast cancer survivors

are often limited in lifting, carrying and reaching (Karki

et al. 2005), and that these impairments in activities of

daily living may have an impact on QOL. Supporting this

notion is research showing that greater shoulder muscle

strength is significantly associated with increased func-

tional well-being in breast cancer survivors (Fong et al.

2013). At baseline, our group of women were on average

4.3%weaker in their treated limb. Following the interven-

tion only two participants did not have a significant

improvement in the strength of their treated limb. Nota-

bly, these participants adherence to the exercise pro-

gramme was lower than the group average. We have

shown an association between improvement in QOL and

improvement in strength of the treated upper extremity,

which was part of our rationale for the design of this trial.

An important finding from this study was the significant

(r = 0.46) correlation found between improvements in

strength in the treated limb and improvements in QOL,

highlighting a potential contributor to the observed

improvement in QOL, and strengthening the rationale for

the inclusion of upper limb RT into rehabilitation proto-

cols. Furthermore, while the exercise group significantly

improved strength, the control group experienced a reduc-

tion in strength. This could have large clinical implica-

tions in the future, including the reduced capacity for

activities of daily living, if this trend were to continue.

Notably, in comparison to previous research, this study

demonstrated significantly large muscular strength gains

in a comparatively short time frame. These gains were

similar in magnitude to multiple studies ranging in dura-

tion from 6 to 24 months (Ahmed et al. 2006; Schwartz

et al. 2007; Schmitz et al. 2009; Waltman et al. 2010;

Winters-Stone et al. 2012) but were achieved in a much

lesser time frame. Additional strengths include the RCT

design and the use of intention-to-treat statistics. The

waitlist control group was also a strength of the study as it

may have reduced attrition rates in the control group, and

helped with overall recruitment. Another interesting find-

ing from this research is that our cohort, who were an

average of 1 year following treatment, still showed signifi-

cant improvements in QOL, fatigue and strength. From

this it can be presumed that time alone is insufficient for

the return of normal physiological functioning, and sur-

vivors may benefit from an exercise intervention at an ear-

lier time point in the survivorship continuum.

Limitations of this study include that the participants

were unable to be blinded in the receipt or assessment of

the exercise programme. Due to the investigators time

constraints in this trial, recruitment criteria were broad in

some aspects. Survivors were recruited who ranged from 1

to 44 months post-treatment, accounting for the large

standard deviation in time since diagnosis. As such, it is

impossible to establish the effect of this treatment at a

specific time point on the survivorship continuum. In

addition, as this study was designed around an immuno-

logical primary outcome, no power calculations for these

secondary outcomes were conducted. However, the large

ESs and statistically significant outcomes for fatigue, glo-

bal QOL and strength indicate that the study was ade-

quately powered. Another potential limitation of this

study is the inability to determine all of the contributants

to the alteration in QOL, beyond the observed relation-

ships with improvements in fatigue and treated limb

strength. Participants undertaking a group exercise pro-

gramme for health maintenance, rehabilitation or chronic

disease management, have greater gains in QOL than indi-

vidual exercise participants (Gillison et al. 2009). Hence,

due to the social group nature of the current exercise pro-

gramme, we are unable to determine whether social inter-

action provided additional benefits beyond that

attributable to exercise itself. Due to the nature of the sta-

tistical analysis, there is a small possibility that a type 1

error may have occurred, however, as these variables had

moderate and large ESs, it is unlikely that a type 1 error

has taken place. Long-term follow-up was outside the

scope of this study, however, it would be beneficial for

future research to examine these changes over an extended

period of time to see whether the benefits of RT on fatigue

and QOL are long-lasting.
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In conclusion, the findings of this study contribute to a

growing body of evidence supporting the application of RT

as a safe and efficacious adjunctive treatment in breast

cancer survivors. We provide the first evidence that iso-

lated RT is as beneficial as aerobic and combined modality

exercise in eliciting reductions in perceived fatigue in this

cohort. In addition, we have shown that deficits in upper

body strength in the treated arm are related to reduced

QOL, and most importantly, robustly addressing this

strength deficit over 16 weeks is directly related to

improvements in global QOL. Providing evidence of the

benefits of alternative modalities of exercise such as RT is

important to ensure a greater uptake of exercise by indi-

viduals with differing preferences and limitations, as well

as to address physiological domains not targeted by aero-

bic exercise, such as muscle wasting and its clinical seque-

lae.
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