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ABSTRACT
Background

Women with a diagnosis of breast cancer may experience short- and long-term disease and treatment-related adverse physiological and
psychosocial outcomes. These outcomes can negatively impact prognosis, health-related quality of life (HRQoL), and psychosocial and
physical function. Physical activity may help to improve prognosis and may alleviate the adverse effects of adjuvant therapy.

Objectives
To assess effects of physical activity interventions after adjuvant therapy for women with breast cancer.
Search methods

We searched the Cochrane Breast Cancer Group (CBCG) Specialised Registry, the Cochrane Central Register of Controlled Trials
(CENTRAL), MEDLINE, Embase, the Cumulative Index to Nursing and Allied Health Literature (CINAHL), the Physiotherapy
Evidence Database (PEDro), SPORTDiscus, PsycINFO, ClinicalTrials.gov, and the World Health Organization (WHO) International
Clinical Trials Registry Platform, on 18 September 2015. We also searched OpenGrey and Healthcare Management Information
Consortium databases.

Selection criteria

We searched for randomised and quasi-randomised trials comparing physical activity interventions versus control (e.g. usual or standard
care, no physical activity, no exercise, attention control, placebo) after adjuvant therapy (i.e. after completion of chemotherapy and/or
radiation therapy, but not hormone therapy) in women with breast cancer.

Data collection and analysis

Two review authors independently selected studies, assessed risk of bias, and extracted data. We contacted trial authors to ask for
additional information when needed. We calculated an overall effect size with 95% confidence intervals (Cls) for each outcome and
used GRADE to assess the quality of evidence for the most important outcomes.
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Main results

We included 63 trials that randomised 5761 women to a physical activity intervention (n = 3239) or to a control (n = 2524). The
duration of interventions ranged from 4 to 24 months, with most lasting 8 or 12 weeks (37 studies). Twenty-eight studies included
aerobic exercise only, 21 involved aerobic exercise and resistance training, and seven used resistance training only. Thirty studies described
the comparison group as usual or standard care, no intervention, or control. One-fifth of studies reported at least 20% intervention
attrition and the average physical activity adherence was approximately 77%.

No data were available on effects of physical activity on breast cancer-related and all-cause mortality, or on breast cancer recurrence.
Analysis of immediately postintervention follow-up values and change from baseline to end of intervention scores revealed that physical
activity interventions resulted in significant small-to-moderate improvements in HRQoL (standardised mean difference (SMD) 0.39,
95% CI 0.21 to 0.57, 22 studies, 1996 women; SMD 0.78, 95% CI 0.39 to 1.17, 14 studies, 1459 women, respectively; low-quality
evidence), emotional function (SMD 0.21, 95% CI 0.10 to 0.32, 26 studies, 2102 women, moderate-quality evidence; SMD 0.31,
95% CI 0.09 to 0.53, 15 studies, 1579 women, respectively; low-quality evidence), perceived physical function (SMD 0.33, 95% CI
0.18 to 0.49, 25 studies, 2129 women; SMD 0.60, 95% CI 0.23 to 0.97, 13 studies, 1433 women, respectively; moderate-quality
evidence), anxiety (SMD -0.57, 95% CI -0.95 to -0.19, 7 studies, 326 women; SMD -0.37, 95% CI -0.63 to -0.12, 4 studies, 235
women, respectively; low-quality evidence), and cardiorespiratory fitness (SMD 0.44, 95% CI 0.30 to 0.58, 23 studies, 1265 women,
moderate-quality evidence; SMD 0.83, 95% CI 0.40 to 1.27, 9 studies, 863 women, respectively; very low-quality evidence).

Investigators reported few minor adverse events.

Small improvements in physical activity interventions were sustained for three months or longer postintervention in fatigue (SMD -
0.43, 95% CI -0.60 to -0.26; SMD -0.47, 95% CI -0.84 to -0.11, respectively), cardiorespiratory fitness (SMD 0.36, 95% CI 0.03
to 0.69; SMD 0.42, 95% CI 0.05 to 0.79, respectively), and self-reported physical activity (SMD 0.44, 95% CI 0.17 to 0.72; SMD
0.51, 95% CI 0.08 to 0.93, respectively) for both follow-up values and change from baseline scores.

However, evidence of heterogeneity across trials was due to variation in intervention components (i.e. mode, frequency, intensity,
duration of intervention and sessions) and measures used to assess outcomes. All trials reviewed were at high risk of performance bias,
and most were also at high risk of detection, attrition, and selection bias. In light of the aforementioned issues, we determined that the
evidence was of very low, low, or moderate quality.

Authors’ conclusions

No conclusions regarding breast cancer-related and all-cause mortality or breast cancer recurrence were possible. However, physical
activity interventions may have small-to-moderate beneficial effects on HRQoL, and on emotional or perceived physical and social
function, anxiety, cardiorespiratory fitness, and self-reported and objectively measured physical activity. The positive results reported
in the current review must be interpreted cautiously owing to very low-to-moderate quality of evidence, heterogeneity of interventions
and outcome measures, imprecision of some estimates, and risk of bias in many trials. Future studies with low risk of bias are required
to determine the optimal combination of physical activity modes, frequencies, intensities, and durations needed to improve specific
outcomes among women who have undergone adjuvant therapy.

PLAIN LANGUAGE SUMMARY

Physical activity for women with breast cancer who have completed active cancer treatment

Review question

What effects do physical activity (PA) interventions have on women with breast cancer who have completed cancer treatment?
Background

After receiving breast cancer treatment, women may experience adverse mental and physical events caused by the cancer and by its
treatment. These adverse events can result in a shorter life after treatment and can have a negative impact on quality of life (QoL) and
on physical and mental health. Some studies suggest that being regularly physically active after treatment might lower the chance that
breast cancer may come back, or that women may die of breast cancer. Regular PA may lead to a wide range of other beneficial effects,
including improved QoL, mental health, and physical function. We wanted to determine whether PA has an effect on risk of recurrence
and dying from breast cancer, QoL, and other aspects of well-being in women who had breast cancer after treatment.
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Study characteristics

We included only studies consisting of women with breast cancer who had completed active cancer treatment. These studies compared
outcomes of women involved in PA interventions versus outcomes of those who were offered usual care or no PA. Participants must
have been assigned to a group in random or somewhat random fashion. The evidence is current to September 2015.

Key results

This review includes 63 trials involving 5761 participants. Most trials (28) consisted of aerobic exercise (e.g. walking, cycling, dance),
whereas seven trials included a resistance training-only group, and 21 trials included a combined aerobic exercise and resistance training
group. One in five participants placed in a PA intervention group dropped out before the end of the study, and on average one-quarter
of target PA sessions were missed by participants. We found no studies that looked at effects of PA after cancer treatment on risk of
recurrence or dying from breast cancer or any other cause. We found that participants performing PA had more favourable values by
the end of the intervention and experienced greater positive changes over the intervention period in terms of QoL, views on their
emotional health and physical ability, social function, feelings of worry, stamina, PA levels, body fat, and strength of muscles, compared
with usual care participants. Researchers found no effects on perceived health, ability to sleep, feelings of pain, sexual function, body
mass index, waist-to-hip girth ratio, and bone health of the upper and lower spine or hip. At least three months after completion of
the intervention, actual values and changes from the start of the intervention in feelings of tiredness, stamina, and self-reported PA
levels remained more favourable in participants given PA intervention than in those given usual care. Both acrobic exercise only and
combined aerobic and resistance training interventions improved QoL and stamina. Aerobic exercise improved views on perceived
emotional health and physical ability, as well as social function and self-reported PA levels, whereas resistance training resulted in greater
improvement in muscle strength. Combined aerobic and resistance training interventions led to reduced feelings of tiredness. Trialists
reported few minor adverse events among those given PA interventions.

Quality of the evidence

W rated the quality of evidence related to various aspects of health as very low, low, or moderate. We noted wide variation among the
interventions that we looked at in terms of types of PA, frequency of sessions per week, levels of effort among participants, and session
and intervention duration. Also, researchers measured aspects of health in many different ways. Other problems with eligible studies
included lack of information on how study authors placed participants in groups at random, whether researchers who were carrying
out the tests knew which group the person being tested belonged to, and how researchers dealt with data missing from their studies.
In many aspects, we could not rule out the chance that positive effects observed were small enough that they were not important. It
is also possible that smaller studies that have not found favourable effects of PA in women with breast cancer after treatment have not
been published, because study authors often find it difficult to publish studies that have not found beneficial effects.
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SUMMARY OF FINDINGS FOR THE MAIN COMPARISON [Explanation]

Physical activity versus control for women with breast cancer after adjuvant therapy

Patient or population: women with breast cancer after adjuvant therapy
Settings: home-based, facility-based, and combined home and facility-based
Intervention: physical activity

Comparison: control

Outcomes

Illustrative comparative risks* (95% Cl)

Assumed risk

Corresponding risk

Control

Physical activity

No. of participants
(studies)

Quality of the evidence
(GRADE)

Comments

HRQoL at end of interven-
tion follow-up

Follow-up:  median 12
weeks

Mean HRQoL at end of in-
tervention follow-up ranged
across control groups from
-2.70 to 2.72 standard de-
viation units

Mean HRQoL at end of in-
tervention follow-up in the
intervention groups was
0.39 standard deviations
higher

(0.21 to 0.57 higher)“

1996
(22 studies)

SBO0
low?:<

SMD 0.39 (0.21 to 0.57) re-
expressed using FACT-G (0
to 104 scale); the interven-
tion mean HRQoL was 5.9
(3.2 to 8.6) points higher
than control (MID 5 to 6
points)

Emotional function/mental
health at end of interven-

tion follow-up
Follow-up:  median 12
weeks

Mean emotional function/

mental health at end of in-

tervention follow-up ranged
across control groups from
-4.80 to 0.21 standard de-
viation units

Mean emotional function/
mental health at end of in-
tervention follow-up in the
intervention groups was
0.21 standard deviations
higher

(0.10 to 0.32 higher)“

2102
(26 studies)

SDDO
moderate?

SMD 0.21 (0.10 to 0.32) re-
expressed using FACT-EBW
(0to 24 scale); the interven-
tion mean emotion function
was 0.7 (0.3 to 1.0) points
higher than control (MID 2
points)

Perceived physical func-
tion at end of intervention
follow-up
Follow-up:
weeks

median 12

Mean physical function at

end of intervention follow-

up ranged across control
groups from
-2.64 to 1.64 standard de-
viation units

Mean physical function at
end of intervention fol-
low-up in the intervention
groups was

0.33 standard deviations
higher

2129
(25 studies)

SEDO
moderatec-¢

SMD 0.33 (0.18 to 0.49) re-
expressed using FACT-PBW
(0to 28 scale); the interven-
tion mean physical function
was 1.7 (0.9 to 2.5) points
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(0.18 to 0.49 higher)“

higher than control (MID 2
points)

Anxiety at end of interven-

tion follow-up
Follow-up:  median 12
weeks

Mean anxiety at end of in-
tervention follow-up ranged
across control groups from
-1.33 to 1.19 standard de-
viation units

Mean anxiety at end of in-
tervention follow-up in the
intervention groups was
0.57 standard deviations
lower

(0.95t0 0.19 lower)*

326
(7 studies)

SO00
very lowe/

SMD -0.57 (-0.95 to -0.19)
re-expressed using PROMIS
(0 to 9 scale); the interven-
tion mean anxiety was 1.
9 (3.2 to 0.6) points lower
than control (MID 3 to 4.5
points)

Depression at end of inter-
vention follow-up
Follow-up:  median 12
weeks

Mean depression at end
of intervention follow-
up ranged across control
groups from
-0.79 to 2.84 standard de-
viation units

Mean depression at end of
intervention follow-up in the
intervention groups was
0.34 standard deviations
lower

(0.62to 0.05 lower)*

657
(12 studies)

DDOO
lows

SMD -0.34 (-0.62 to -0.05)
re-expressed using BDI-II (0
to 63 scale); the interven-
tion mean depression was
3.8(7.0t00.6) %lower than
control (MID 18%)

Fatigue at end of interven-

tion follow-up
Follow-up:  median 12
weeks

Mean fatigue at end of in-
tervention follow-up ranged
across control groups from
-1.83 to 1.69 standard de-
viation units

Mean fatigue at end of in-
tervention follow-up in the
intervention groups was
0.32 standard deviations
lower

(0.47 to 0.18 lower)®

2020
(26 studies)

SDDO
moderatec:”

SMD -0.32 (-0.47 to -0.18)
re-expressed using FACT-F
(0 to 52 scale); the inter-
vention mean fatigue was 2.
8 (4.1 to 1.6) points lower
than control (MID 3 points)

Cardiorespiratory fitness
at end of intervention fol-
low-up
Follow-up:
weeks

median 12

Mean cardiorespiratory fit-
ness at end of intervention
follow-up ranged across
control groups from

-0.51 to 3.59 standard de-
viation units

Mean cardiorespiratory fit-
ness at end of intervention
follow-up in the intervention
groups was

0.44 standard deviations
higher

(0.30 to 0.58 higher)!

1265
(23 studies)

SDDO
moderate’

SMD 0.44 (0.30 to 0.58)
re-expressed as VO:. max
(mL/kg/min); the interven-
tion mean was 2.1 (1.4 to
2.7) mL/kg/min higher than
control (MID 3.5 mL/kg/
min)

*The basis for the assumed risk (e.g. median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95%confidence interval) is based on

the assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).

BDI: Beck Depression Inventory; Cl: confidence interval; FACT-EBW: Functional Assessment of Cancer Therapy Emotional Wellbeing; FACT-F: Functional Assessment of Cancer
Therapy - Fatigue; FACT-G: Functional Assessment of Cancer Therapy-General; FACT-PBW: Functional Assessment of Cancer Therapy Physical Wellbeing; HRQoL: health-
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related quality of life; MID: minimal important difference; PROMIS: Patient Reported Outcomes Measurement Information System; SMD: standardised mean difference; VO
- max: maximal oxygen uptake

GRADE Working Group grades of evidence.

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

“As a rule of thumb, 0.2 SD represents a small effect, 0.5 SD a moderate effect, and 0.8 SD a large effect.

bWe downgraded by two levels due to evidence of inconsistency supported by presence of substantial heterogeneity (12 =
50%to 90%) and point estimates widely differed and 95% confidence intervals that did not overlap (P value Chi2 <0.01), and
suspected publication bias (Egger’s test, P < 0.05).

“All trials lacked blinding of participants (performance bias), and most trials lacked blinding of outcome assessors (detection
bias) and had incomplete outcome reporting and/or high attrition (attrition bias), but most were at a low risk of selection bias,
reporting bias, and other bias, and therefore, we did not downgraded based on risk of bias.

dWe downgraded by one level because all trials lacked blinding of participants (performance bias) and most trials lacked
blinding of outcome assessors (detection bias), had incomplete outcome reporting and/or high attrition (attrition bias), and
half of them had unclear or inadequate randomisation and/or allocation concealment procedures..

¢We downgraded by one level due to evidence of inconsistency supported by presence of substantial heterogeneity (12 = 50%
to 90%) and point estimates widely differed and 95% confidence intervals that did not overlap (P value Chi? <0.01).

fWe downgraded by three levels due to evidence of inconsistency supported by presence of substantial heterogeneity (12
=50%to 90%) and point estimates widely differed and 95% confidence intervals that did not overlap (P value Chi? < 0.01),
suspected publication bias (Egger’s test, P <0.05), and imprecision because the 95% confidence intervals included negligible
effects as well as an appreciable benefit (>0.5) and sample size did not meet the “rule of thumb” of approximately 400 (200
per group) participants.

8We downgraded by two levels due to evidence of inconsistency supported by presence of substantial heterogeneity (I? =
50% to 90%) and point estimates widely differed and 95% confidence intervals that did not overlap (P value Chi? < 0.01),
and imprecision because the 95% confidence intervals included negligible effects as well as an appreciable benefit (>0.5).
All trials lacked blinding of participants (performance bias), had incomplete outcome reporting and/or high attrition (attrition
bias), and unclear or inadequate randomisation and/or allocation concealment procedures (selection bias), but because most
were at a low risk of detection, reporting, and other bias, we did not downgraded based on risk of bias.

hWe downgraded by one level due to evidence of inconsistency supported by presence of substantial heterogeneity (12 = 50%
to 90%) and point estimates widely differed and 95% confidence intervals that did not overlap (P value Chi? <0.01).

iWe downgraded by one level because all trials lacked blinding of participants (performance bias) and most trials lacked
blinding of outcome assessors (detection bias), had incomplete outcome reporting and/or high attrition (attrition bias), and
had allocation concealment procedures that were inadequate or unclear (selection bias).



BACKGROUND

Description of the condition

Worldwide, breast cancer is the most frequently diagnosed cancer
among women, accounting for one in four of all new female can-
cer cases (1.7 million total cases) in 2012 (Ferlay 2013). Although
incidence rates vary markedly across world regions, breast cancer is
the most common cancer among women in both more developed
and less developed regions, with slightly more cases reported in
less developed (883,000 cases) than in more developed (794,000)
regions (Ferlay 2013). Breast cancer is the most common cause of
cancer death among women in less developed regions (324,000
deaths) and is the second most common cause of cancer death
among women in more developed regions (198,000 deaths). Glob-
ally, researchers reported a 20% increase and a 14% increase in
breast cancer incidence and mortality, respectively, from 2008 to
2012 (Ferlay 2013; Jemal 2011). Although incidence rates remain
highest in more developed regions, mortality rates are relatively
much higher in less developed countries - a fact that can be at-
tributed to lack of both early detection and access to treatment
facilities (IARC 2012).

In 2012, breast cancer was the most prevalent cancer worldwide
with approximately 6.3 million women alive who had received
a diagnosis of breast cancer in the previous five years, represent-
ing a 17% increase from 2008 figures (Bray 2013; Ferlay 2013).
Owing in particular to this rising prevalence, attention to tertiary
prevention among women with breast cancer has increased. In
addition to risk of cancer recurrence, women with breast cancer
often experience numerous short- and long-term disease- or treat-
ment-related adverse physiological and psychosocial outcomes,
such as cardiotoxicity, neurotoxicity, secondary leukaemia, lym-
phoedema, premature menopause, sexual dysfunction, infertility,
weight gain, difficulty sleeping, and fatigue (Azim 2011; Beisecker
1997; Bovelli 2010; de Jong 2002). These adverse effects would
be expected to have a negative impact on health-related quality of
life (HRQoL) and physical function. In addition, these unwanted
effects can be prolonged after completion of active treatment and
may hinder the woman’s return to normal life (Fong 2012).

Description of the intervention

Encouraging women with breast cancer after adjuvant therapy
to adopt a healthy lifestyle, such as low alcohol consumption,
greater fruit and vegetable consumption, and higher physical ac-
tivity levels, may be important for improving quality of life and the
health of survivors and, in turn, may reduce the healthcare burden
(Demark-Wahnefried 2005). In particular, higher levels of physi-
cal activity represent a modifiable health behaviour that could al-
leviate the sequelae related to breast cancer and assist women in

returning to the health status they had before receiving the diag-
nosis and treatment (Fong 2012). Physical activity is defined as
any bodily movement produced by contraction of skeletal muscle
that increases energy expenditure above a basal level, performed as
part of occupation, active transportation, household and garden-
ing chores, and recreational activities. Exercise, a subcategory of
physical activity, is defined as planned, structured, and repetitive
physical activity that is aimed at improving or maintaining one
or more components of physical fitness (Caspersen 1985; Physical
Activity Guidelines 2008). Current recommendations for breast
cancer survivors are to avoid inactivity, return to normal daily ac-
tivities as quickly as possible after surgery, continue these activi-
ties during and after non-surgical treatments, and engage in 150
minutes per week of moderate-intensity aerobic activity (e.g. any
activity, such as brisk walking, that requires a moderate amount
of effort and noticeably increases heart rate) (Schmitz 2010).

How the intervention might work

Evidence from observational data suggests that higher levels of
physical activity in breast cancer survivors or post diagnosis are as-
sociated with reduced risk of dying from breast cancer or from all
causes (Beasley 2012; Ibrahim 2011). Increased physical activity is
also associated with reduced exposure to oestrogen and androgens
and increased concentrations of sex hormone-binding globulin, as
well as improved insulin sensitivity and decreased concentrations
of insulin growth factor-1 and of adipokines and inflammatory
markers, with the exception of a beneficial elevation in adiponectin
concentrations (Lynch 2011). These effects of increased physical
activity may serve as the mechanisms that can explain associated
reductions in all-cause and breast cancer-related mortality. Fur-
thermore, lack of physical activity has been shown to be related
to weight gain post breast cancer diagnosis, which, in turn, has
been linked to poorer survival in some studies (Camoriano 1990;
Kroenke 2005). More active women have been found to possess a
lower body mass index (BMI) and to be less likely to gain weight
after diagnosis, thus improving their survival chances (Holmes
2005; Lahmann 2005).

Evidence suggests that physical activity can promote positive phys-
iological and psychological benefits among cancer survivors after
treatment (Brown 2012; Fong 2012; Galvao 2005; Ingram 2007;
Knols 2005; Speck 2010). A recent meta-analysis revealed that
physical activity was associated with important positive effects on
physical function, body weight and BMI, and quality of life, which
included physical and social functioning domains, among patients
who had completed cancer treatment (Fong 2012). Results re-
ported in a Cochrane review indicate that physical activity may
have beneficial effects on overall HRQoL and on certain HRQoL
domains, including cancer-specific concerns (e.g. breast cancer),
body image and self-esteem, emotional well-being, sexuality, sleep
disturbance, social functioning, anxiety, fatigue, and pain at vary-
ing follow-up periods (Mishra 2012a).
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Why it is important to do this review

Despite benefits derived through physical activity, consensus has
not been reached regarding the magnitude of benefit, the most
effective delivery mode, and prescription of physical activity in
breast cancer survivors. Physical activity interventions in this pop-
ulation typically are delivered under supervised - Courneya 2003;
Milne 2008 - or self-directed, home-based conditions (Pinto 2005;
Vallance 2008). They consist of, or serve as a way to compare,
aerobic exercise training (Cadmus 2009; Herrero 2006), walking
(Matthews 2007; Payne 2008), and resistance training (Schmitz
2009; Winters-Stone 2011). Their duration can vary from less
than 10 weeks - Daley 2007; Fillion 2008 - to six months or
longer (Schmitz 2009; Winters-Stone 2011). Previous systematic
reviews and meta-analyses have included studies involving patients
with all types of cancer (Brown 2012; Cramp 2010; Fong 2012;
Knols 2010; Mishra 2012a; Mishra 2012b; Speck 2010), rather
than focusing on patients with breast cancer; studies of patients
with cancer who received adjuvant therapy (Carayol 2013; Markes
2009; McNeely 2006; Mishra 2012b); studies that focused on a
particular physical activity mode, such as walking (Knols 2010),
yoga (Cramer 2013), dance (Bradt 2011), or resistance training
(Cheema 2014; Cheema 2008; Cramp 2010); or studies that in-
vestigated a particular outcome, such as quality of life - Cramp
2010; Mishra 2012a; Mishra 2012b - and upper limb dysfunction
(McNeely 2010). Therefore, a systematic review and meta-analy-
sis is needed to investigate effects of physical activity on the large
range of outcomes reported in trials including women who have
completed adjuvant therapy for breast cancer.

OBJECTIVES

To assess effects of physical activity interventions after adjuvant
therapy for women with breast cancer.

METHODS

Criteria for considering studies for this review

Types of studies

We considered for inclusion in this review all randomised con-
trolled trials (RCTs), as well as quasi-randomised controlled trials,
investigating effects of physical activity interventions for women
with breast cancer after adjuvant therapy.

Types of participants

We sought trials that included women with a diagnosis of breast
cancer who had completed adjuvant therapy (radiotherapy or che-
motherapy).

We excluded studies including cancers other than breast cancer
unless separate data were available for the breast cancer subgroup.
We also excluded studies including only patients with metastatic
breast cancer (stage IV and above).

We excluded studies including women who were undergoing adju-
vant therapy (radiotherapy and chemotherapy but not endocrine
therapy) for breast cancer during the physical activity interven-
tion.

Types of interventions

We included all trials that reported and evaluated effects of in-
terventions such as physical activity (including exercise), as well
as studies comparing a physical activity group versus a group de-
scribed as receiving no physical activity and no exercise, and given
control, attention control, usual or standard care, or placebo.

We excluded studies that:

e included an additional treatment arm or combined
intervention arm (e.g. physical activity with diet modification)
for which effects of physical activity could not be isolated;

e provided single exercise sessions that measured acute effects;

e investigated effects of physiotherapy; and

e were restricted to stretching or local muscular endurance
(e.g. training of shoulders, back, or legs only) or therapeutic
exercise regimens that addressed only specific impairments
related to the shoulder, the arm, or both.

Types of outcome measures

For selected outcomes, we extracted:
e immediately postintervention follow-up values;
e three-month or longer postintervention follow-up values;
e change from baseline to end of intervention scores; and
e change from baseline to three-month or longer
postintervention scores.

Primary outcomes Breast cancer-related mortality, defined
as time from date randomised to date of death due to
primary breast cancerHRQoL domains, via a validated
questionnaire, including but not limited to physical function
(e.g. performance of self-care and everyday physical
activities), psychological function (e.g. emotional well-being,
anxiety, depression, self-esteem), social and economic role
function (e.g. performance of work or household
responsibilities, social interactions), pain, and fatigue or
vitality (e.g. energy)

Primary outcomes
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e Breast cancer-related mortality, defined as time from date
randomised to date of death due to primary breast cancer

e HRQoL domains, via a validated questionnaire, including
but not limited to physical function (e.g. performance of self-
care and everyday physical activities), psychological function
(e.g. emotional well-being, anxiety, depression, self-esteem),
social and economic role function (e.g. performance of work or
household responsibilities, social interactions), pain, and fatigue

or vitality (e.g. energy)

Secondary outcomes

e All-cause mortality, defined as time from date randomised
to date of death (any cause)

e Breast cancer recurrence, defined as time from date of
randomisation to emergence of local, regional, or distant
recurrence or metastasis

e Cardiorespiratory fitness, defined as ability to engage in
physical activities that rely on oxygen consumption as the
primary source of energy, and measured directly or indirectly to

obtain an individual’s maximal oxygen uptake (VO2 max)

e Dhysical activity assessed as an outcome measure, defined as
any bodily movement produced by contraction of skeletal muscle
that increases energy expenditure above a basal level, and
measured by self-report via questionnaires or objectively via
accelerometers

e Body mass, BMI, body composition (e.g. measures such as
body fat percentage, fat-free or lean mass, and fat mass) and
other anthropometric measurements (e.g. waist and hip
circumferences)

e Muscular strength, defined as maximal force (expressed in
Newtons, kilograms, or pounds) that can be generated by a
specific muscle or muscle group

e Bone health-related outcomes such as bone mineral density
and bone mineral content

e Adverse events such as musculoskeletal injuries,
lymphoedema, and illness (such as bronchitis and influenza)

Search methods for identification of studies

Electronic searches

We searched the following databases.

e Cochrane Breast Cancer Group (CBCG) Specialised
Register. Details of search strategies used by the CBCG for
identification of studies and procedures for coding of references
are outlined in the CBCG module (http://
onlinelibrary.wiley.com/o/cochrane/clabout/articles/
BREASTCA/frame.html). We considered for inclusion in the
review retrieved trials using the following terms: *breast cancer’,
’physical activity’, physical activity intervention’, *exercise’,

*walking’, ’resistance training’, "weight training’, 'weight lifting’
or 'fitness’.

e MEDLINE (via PubMed); see Appendix 1.

e Embase (via Embase.com); see Appendix 2.

e Cochrane Central Register of Controlled Trials
(CENTRAL; 2015, Issue 8) in the Cochrane Library; see
Appendix 3.

e World Health Organization (WHO) International Clinical
Trials Registry Platform (ICTRP) search portal (htep://
apps.who.int/trialsearch/Default.aspx) for all prospectively
registered and ongoing trials; see Appendix 4.

e Clinicaltrials.gov (http://clinicaltrials.gov/); see Appendix 5.

e Cumulative Index to Nursing and Allied Health Literature
(CINAHL) (via EBSCOhost.com); see Appendix 6.

e Physiotherapy Evidence Database (PEDro) (via
PEDro.org.au); see Appendix 7.

e SPORTDiscus (via EBSCOhost.com); see Appendix 8.

e DPsycINFO (via OvidSP); see Appendix 9.

Searching other resources

Bibliographic searching

We attempted to identify further studies by reviewing reference
lists of identified relevant trials or reviews. We obtained a copy of
the full article for each reference reporting a potentially eligible
trial. When this was not possible, we attempted to contact trial
authors to request additional information.

We conducted a search for relevant grey literature using OpenGrey
and Healthcare Management Information Consortium (HMIC)
databases.

Data collection and analysis

Selection of studies

We merged results of the searches described above and removed
duplicate records on the same study. We examined titles and ab-
stracts to remove obviously irrelevant reports. Two review authors
(IML and GSM) independently screened and assessed records for
eligibility. We resolved disagreements on study eligibility through
consensus, and, when necessary, we met with a third review au-
thor not involved in the particular assessment (AMN) for discus-
sion. We retrieved full-text articles of potentially relevant reports
and linked together multiple reports of the same study. We exam-
ined full-text reports for compliance of studies with the eligibility
criteria. We corresponded with investigators, when appropriate,
to clarify study eligibility or to seek further information, such as
missing data.
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We recorded in the Characteristics of excluded studies table a list
of studies that were close to inclusion but did not meet the criteria
after further inspection.

We included non-English language trials and translated them,
when necessary, so that we could assess eligibility and subsequently
extract study data.

Data extraction and management

We devised a checklist of items to be considered during data col-
lection. This checklist included the source of the report; confirma-
tion of eligibility or reason for exclusion; methods such as study
design, total duration, sequence generation, allocation sequence
concealment, blinding, and other sources of bias; participant in-
formation such as total numbers, diagnostic criteria, and demo-
graphic information; dates of the study; intervention details; for
each outcome of interest, the definition, unit of measurement and
scales, time points of assessment, results including numbers of par-
ticipants allocated to groups, sample size, missing data, summary
of data for each group, and effect estimates with confidence inter-
vals; and miscellaneous information such as funding sources, key
conclusions, and details of any correspondence.

IML and GSM independently extracted trial data, and AMN ar-
bitrated any conflicts not due to extractor error. We collated mul-
tiple publications for the same trial and used the most complete
report (i.e. the one with outcomes most relevant to the review or
with the most recent outcomes) as the primary reference.

Assessment of risk of bias in included studies

We summarised in the Characteristics of included studies table
data collected from these reports. We used the Cochrane ‘risk of
bias’ tool to assess possible sources of bias in the included reports
(Higgins 2011). Assessment of risk of bias was a two-part process
addressing specific domains such as sequence generation, alloca-
tion concealment, blinding, incomplete outcome data, selective
reporting bias, and ‘other issues’. The first part of the process de-
scribes what was reported to have happened in a study, and the sec-
ond part includes judgement related to the risk of bias for each do-
main in that study. Two review authors IML and GSM) assessed
risk of bias, and a third review author (AMN) arbitrated conflicts
not due to assessor error. If we found evidence of heterogeneity,
large risk of bias, or low quality of evidence, we interpreted trial
findings cautiously.

We have displayed our assessment of risk of bias in a ‘risk of bias’
table.

Measures of treatment effect

We performed a meta-analysis on an outcome only if at least two
studies assessed that outcome; we did not perform meta-analysis
if outcomes were too diverse, studies were at risk of serious bias,
or evidence suggested serious publication or reporting bias.

We combined continuous outcomes (such as cardiorespiratory
fitness, physical activity, anthropometric measures, muscular
strength, and bone health-related outcomes) using mean differ-
ence (MD) when trials measured an outcome by using the same
measurement method or scale to generate continuous data. We
used standardised mean difference (SMD) when trials used differ-
ent instruments to measure the same outcome.

For dichotomous outcomes (such as meeting physical activity
guidelines), we used risk ratios (RRs) with 95% confidence inter-
vals (CIs). We transformed data presented as odds ratios (ORs)
using the method outlined in Chapter 12 of the Cochrane Hand-
book for Systematic Reviews of Interventions (Higgins 2011).

For this review version, no outcomes were reported as time-to-
event. In future review versions, for time-to-event outcomes such
as mortality and recurrence, we will use hazard ratios (HRs) with
95% Cls. We will report the ratios of treatment effects for re-
sponses, so that HRs less than 1.0 will favour the physical ac-
tivity intervention and HRs greater than 1.0 will favour usual
care or control. To perform meta-analysis of time-to-event out-
comes, we will obtain the log HR (intervention relative to con-
trol) and its standard error (SE). As outlined in Chapter 7 of
the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011), the log hazard ratio is estimated by (O - E)/V,
which has an SE 1/,/V, where O represents the observed number
of events in the intervention group, E the log-rank expected num-
ber of events in the intervention group, O-E the log-rank statistic,
and V variance of the log-rank statistic. Alternatively, when trial
authors analyse data using a Cox proportional hazards model, they
directly report estimates of the log hazard ratio and its SE.

Unit of analysis issues

For trials that included more than one applicable physical activ-
ity group (Cormie 2014; Dolan 2016; Ergun 2013; Loh 2014;
Martin 2013; Musanti 2012; Portela 2008; Short 2014; Vallance
2007) and more than one relevant control group (Daley 2007),
we created, when possible, a single pair-wise comparison by com-
bining outcome data as recommended in the Cochrane Handbook
Jfor Systematic Reviews of Interventions (Higgins 2011).

Dealing with missing data

We requested missing data from trial authors. If variability was pre-
sented by measures other than standard deviation, we obtained an
estimate of the standard deviation (SD) using standard approaches
for transforming data. We transformed ClIs, t values, and P values
to estimate SD using methods described in the Cochrane Hand-
book for Systematic Reviews of Interventions (Higgins 2011); if F-
statistics were reported for comparisons of two groups, we trans-
formed F-statistics into T-statistics using the following formula:
T = \/E then estimated SD from the T-statistic.
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Assessment of heterogeneity

For each outcome, we first assessed study heterogeneity using
Cochran’s x 2 (Chi?) test (Cochran 1954), with P < 0.10 indicating
evidence of heterogeneity.

We evaluated inconsistency of results across studies by using the
I2 statistic. 12 describes the percentage of variability in point esti-
mates that is due to heterogeneity rather than to sampling error
(Higgins 2003). In accordance with Higgins 2011, we interpreted
12 values of 0% to 40% as ‘might not be important’, 30% to 60%
as ‘may represent moderate heterogeneity’, 50% to 90% as ‘may
represent substantial heterogeneity’, and 75% to 100% as show-
ing ’considerable heterogeneity’. However, the importance of the
observed value of 12 depends on the magnitude and direction of
effects and the strength of evidence of heterogeneity (e.g. P value
from the Chi? test, CI for 12).

We used a random-effects model to determine the average effect
of physical activity because, in addition to the presence of random
error (i.e. chance), differences between physical studies after ad-
juvant breast cancer treatment can result from real differences be-
tween study populations, types of adjuvant breast cancer treatment
received, and the training stimulus. The random-effects model
considers these additional sources of between-study variability, as
well as within-study variability. We presented pooled intervention
effect estimates and their 95% Cls for each outcome.

Assessment of reporting biases

To investigate publication bias, we prepared funnel plots and vi-
sually examined them for signs of asymmetry. We followed rec-
ommendations provided in the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins 2011) regarding statistical test-
ing for funnel plot asymmetry. For example, if a sufficient num-
ber of trials were available in a particular analysis, we examined
publication bias using Egger’s linear regression method, with P <
0.10 taken as an indication of publication bias (Egger 1997). If
we noted evidence of statistically significant asymmetry, we con-
sidered interpretations other than publication bias.

Data synthesis

We have presented pooled intervention effect estimates and their
95% Cls.

For continuous outcomes, we combined data using the inverse
variance random-effects method (DerSimonian 1986).

For dichotomous outcomes, we applied the random-effects model
(DerSimonian 1986), along with the Mantel-Haenszel method
(Mantel 1959; Greenland 1985), to combine data.

For time-to-event outcomes, we combined study results using the
generic inverse variance method. We carried out all analyses using
Review Manager 5 (version 5.3) (RevMan).

IML and GSM assessed the quality of the evidence by using the
GRADE system (Guyatt 2008); we have presented these results in
the ’Summary of findings’ tables.

Subgroup analysis and investigation of heterogeneity

We considered the following important methodological factors,
physical activity programme design components, and participant
characteristics as potential sources of heterogeneity: removal of the
most extreme values; study quality based on risk of bias (low risk
of bias vs moderate unclear/high risk of bias); menopausal status
of participants (premenopausal vs postmenopausal); duration of
intervention (shorter duration, i.e. < 12 weeks, vs longer duration,
i.e. > 12 weeks); measurement type (instrument/method used, e.g.
direct vs indirect, subjective vs objective measurement); and mode
of physical activity (acrobic exercise vs resistance training vs com-
bination of acrobic and resistance exercise vs yoga, tai chi, gigong,
and pilates interventions). When it was possible to inform physi-
cal activity prescription for patients with breast cancer post adju-
vant therapy, we conducted subgroup analyses of treatment effect
based on intervention mode (aerobic exercise vs resistance train-
ing vs combination of aerobic and resistance exercise vs yoga, tai
chi, gigong, and pilates interventions), intensity (light and light-
moderate vs moderate-high and high), duration of intervention
(< 12 weeks vs > 12 weeks), format (individual vs group vs com-
bined individual and group), setting (home-based vs facility-based
vs home and facility-based combined), participants’ menopausal
status (premenopausal vs postmenopausal), and treatment regi-
men (chemotherapy vs no chemotherapy).

Sensitivity analysis

We conducted sensitivity analyses to assess the robustness of review
results by removing studies with high or unclear risk of bias.

RESULTS

Description of studies

Results of the search

Through a comprehensive literature search, we identified 8454
potentially relevant references and screened them for retrieval. Af-
ter removing duplicates, we excluded a total of 5955 references
upon title and abstract review and retrieved 211 references for
more detailed evaluation. From these, we excluded 86 trials as
they did not meet the inclusion criteria, and identified 63 trials
as appropriate for inclusion in the current review (Figure 1). In
addition, we identified 10 ongoing trials (Deli-Conwright 2014;
Galiano-Castillo 2013; IRCT2014042117379N1; Kllbreath

2011; NCT02057536; NCT02235051; NCT02332876;

NCT02420249; NCT02433067; NCT02527889), as well as
three trials that were awaiting classification (Lahart 2016; Lohrisch
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2011; Luu 2014). We did not include these latter trials in the analy-
sis presented below but will consider them in future updates of this
review. See Characteristics of included studies; Characteristics of
excluded studies; Characteristics of studies awaiting classification;
and Characteristics of ongoing studies.
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Included studies

Final selection resulted in inclusion of 63 trials in this review
(Banasik 2011; Baruth 2013; Basen-Enquist 2006; Blank 2005;
Bower 2011; Cadmus 2009; Cantarero-Villanueva 2013; Carson
2009; Cerulli 2014; Cormie 2014; Courneya 2003; Cuesta-Vargas
2014; Daley 2007; DeNysschen 20115 Do 2015; Dolan 2016;
Duijits 2012; Ergun 2013; Fillion 2008; Guinan 2013; Hatchett
2013; Heim 2007; Herrero 2006; Irwin 2015; Kaltsatou 2011;
Kiecolt-Glaser 2014; Kim 2015; Ligibel 2008; Littman 2012;
Loh 2014; Loudon 2014; Malicka 2011; Martin 2013; Matthews
2007; McKenzie 2003; Mehnert 2011; Milne 2008; Murtezani
2014; Musanti 2012; Mustian 2004; Naumann 2012; Nieman
1995; Nikander 2007; Payne 2008; Peppone 2015; Pinto 2003;
Pinto 2005; Pinto 2015; Portela 2008; Rahnama 2010; Rogers
2009; Rogers 2013; Rogers 2014; Rogers 2015; Saarto 2012;
Schmitz 2005; Schmitz 2009; Segar 1998; Short 2014; Taleghani
2012; Vallance 2007; Waltman 2010; Winters-Stone 2011) (we
used the earliest main publication of each trial as the trial ref-
erence). We reviewed and included information on trial charac-
teristics and outcome-related data from an additional 125 pub-
lications that were secondary publications of these 63 trials. We
corresponded with, and requested additional data from, nine trial
authors (Baruth 2013; Carson 2009; Daley 2007; Heim 2007;
Loh 2014; McKenzie 2003; Payne 2008; Peppone 2015; Vallance
2007), and four of these trial authors replied to requests for addi-
tional data (Daley 2007; Loh 2014; Payne 2008; Vallance 2007).
Full descriptions of the included studies can be found under
Characteristics of included studies.

Study design

Of the 63 included trials, 60 (95%) were RCTs, and three studies
used a quasi-randomised design to allocate participants to treat-
ment(s) (Cuesta-Vargas 2014; Heim 2007; Segar 1998). Twelve
trials (19%) consisted of more than one exercise intervention
group (Cormie 2014; DeNysschen 2011; Dolan 2016; Duijits
2012; Ergun 2013; Loh 2014; Martin 2013; Musanti 2012;
Naumann 2012; Portela 2008; Short 2014; Vallance 2007). One
study consisted of two comparison arms (usual care and exer-
cise-placebo control in the form of stretching) (Daley 2007), and
Duijits 2012 included a non-exercise cognitive-behaviour therapy
group, while Naumann 2012 included a non-exercise counselling
group. In all, investigators allocated 5761 participants (mean 91,
range 14 to 573) to a physical activity intervention group (n of
participants = 3239, mean 51, range 7 to 302) or a control group
(n = 2524, mean 40, range 8 to 271).

Study participants

Forty trials (63%) reported numbers of participants at each can-
cer stage (Baruth 2013; Basen-Enquist 2006; Cadmus 2009;
Cantarero-Villanueva 2013; Carson 2009; Cerulli 2014; Cormie
2014; Courneya 2003; DeNysschen 20115 Do 2015; Dolan 2016;
Fillion 2008; Guinan 2013; Hatchett 2013; Herrero 2006; Irwin
2015; Kiecolt-Glaser 2014; Ligibel 2008; Littman 2012; Loh
2014; Loudon 2014; Matthews 2007; Mehnert2011; Milne 2008;
Murtezani 2014; Musanti 2012; Peppone 2015; Pinto 2003; Pinto
2005; Pinto 2015; Portela 2008; Rogers 2009; Rogers 2013;
Rogers 2014; Rogers 2015; Schmitz 2005; Schmitz 2009; Short
2014; Vallance 2007; Winters-Stone 2011). Of these 40, 18 re-
ported numbers of participants with stage 0 breast cancer (total
n = 173, mean 6, range 1 to 28) (Baruth 2013; Basen-Enquist
2006; Cadmus 2009; Dolan 2016; Fillion 2008; Irwin 2015;
Kiecolt-Glaser 2014; Littman 2012; Loudon 2014; Pinto 2003;
Pinto 2005; Pinto 2015; Rogers 2014; Rogers 2015; Schmitz
2005; Schmitz 2009; Short 2014; Winters-Stone 2011), all 40
trials reported numbers of participants with stage I-II breast can-
cer (n = 1334, mean 33, range 5 to 194, and n = 753, mean
32, range 3 to 161, respectively), and 34 trials reported num-
bers of patients with stage III breast cancer (n = 413, mean
12, range 1 to 69) (Baruth 2013; Basen-Enquist 2006; Cadmus
2009; Cantarero-Villanueva 2013; Cerulli 2014; Cormie 2014;
Courneya 2003; DeNysschen 2011; Do 2015; Dolan 2016; Fillion
2008; Guinan 2013; Hatchett 2013; Irwin 2015; Kiecolt-Glaser
2014; Ligibel 2008; Littman 2012; Loudon 2014; Matthews
2007; Mehnert 2011; Milne 2008; Murtezani 2014; Musanti
2012; Peppone 2015; Pinto 2015; Portela 2008; Rogers 2009;
Rogers 2013; Rogers 2015; Schmitz 2005; Schmitz 2009; Short
2014; Vallance 2007; Winters-Stone 2011). Kim 2015 reported
the numbers of participants with stage 0-I (n = 19) and stage II-I1I
(n = 28) breast cancer. Five trials included a small number of pa-
tients with metastatic breast cancer (Banasik 2011; Basen-Enquist
2006; Hatchett 2013; Portela 2008; Short 2014).

Twenty-four (38%) trials reported participants’ average time since
cancer diagnosis (range 3.5 to 62.5 months) (Basen-Enquist
2006; Cadmus 2009; Carson 2009; Dolan 2016; Ergun 2013;
Fillion 2008; Guinan 2013; Irwin 2015; Kiecolt-Glaser 2014; Kim
2015; Ligibel 2008; Littman 2012; Matthews 2007; Pinto 2003;
Pinto 2005; Pinto 2015; Rogers 2013; Rogers 2015; Schmitz
2005; Schmitz 2009; Segar 1998; Vallance 2007; Waltman 2010;
Winters-Stone 2011). In Hatchett 2013, 60% and 40% of par-
ticipants were less than 30 months and 30 to 70 months post di-
agnosis, respectively, and Loh 2014 reported that 14 and 71 par-
ticipants were within one year and two to five years post diagno-
sis, respectively. Eighteen (29%) trials reported average time be-
yond active treatment (range 3 months to 7.1 years) (Baruth 2013;
Bower 2011; Cerulli 2014; Cormie 2014; Courneya 2003; Guinan
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2013; Herrero 2006; Kaltsatou 2011; Kiecolt-Glaser 2014; Milne
2008; Naumann 2012; Nieman 1995; Peppone 2015; Pinto 2003;
Rogers 2009; Schmitz 2005; Short 2014; Waltman 2010). Other
studies reported that all participants were between two weeks and
30 months (Mustian 2004), two months and five years (Portela
2008), six months and four years (Irwin 2015), and 12 and 36
months (Daley 2007) post treatment; within four weeks (post
surgery, Rogers 2015), six months (Cuesta-Vargas 2014; Martin
2013; Nikander 2007), one year (Cadmus 2009; Matthews 2007
Mehnert 2011), 1.5 years (Heim 2007), and two years post treat-
ment (Musanti 2012); or at least four weeks (Saarto 2012), eight
weeks (Banasik 2011; Blank 2005; Rogers 2015), three months
(Kim 2015; Ligibel 2008; Littman 2012), six months (McKenzie
2003), one year (Winters-Stone 2011), and two years post treat-
ment (Fillion 2008). Cantarero-Villanueva 2013 and Duijits 2012
reported that 48.3% and 80% of participants were 12 months and
less post treatment, respectively.

Forty-eight (76%) trials reported the numbers of participants who
had received chemotherapy (mean 68%, range 20% to 100%)
(Baruth 2013; Basen-Enquist 2006; Bower 2011; Cadmus 2009;
Cantarero-Villanueva 2013; Carson 2009; Cerulli 2014; Cormie
2014; Courneya 2003; Daley 2007; DeNysschen 2011; Do 2015;
Dolan 2016; Duijits 2012; Ergun 2013; Fillion 2008; Guinan
2013; Hatchett 2013; Heim 2007; Herrero 2006; Irwin 2015;
Kiecolt-Glaser 2014; Kim 2015; Ligibel 2008; Loh 2014; Loudon
2014; Malicka 2011; Matthews 2007; Milne 2008; Murtezani
2014; Musanti 2012; Mustian 2004; Naumann 2012; Nikander
2007; Peppone 2015; Pinto 2003; Pinto 2005; Pinto 2015;
Rahnama 2010; Rogers 2009; Rogers 2015; Saarto 2012; Schmitz
2005; Schmitz 2009; Short 2014; Vallance 2007; Waltman 2010;
Winters-Stone 2011). Five trials consisted entirely of participants
who had received chemotherapy (Cerulli 2014; Ergun 2013;
Guinan 2013; Herrero 2006; Rahnama 2010).

Forty-six (73%) of the 63 trials reported participants’ hormone
therapy details (Baruth 2013; Blank 2005; Bower 2011; Cadmus
2009; Cantarero-Villanueva 2013; Carson 2009; Cerulli 2014;
Cormie 2014; Courneya 2003; Daley 2007; Do 2015; Dolan
2016; Duijits 2012; Fillion 2008; Guinan 2013; Hatchett 2013;
Heim 2007; Irwin 2015; Kiecolt-Glaser 2014; Kim 2015; Ligibel
2008; Malicka 2011; Matthews 2007; Milne 2008; Murtezani
2014; Musanti 2012; Mustian 2004; Naumann 2012; Nikander
2007; Payne 2008; Peppone 2015; Pinto 2003; Pinto 2005; Pinto
2015; Rahnama 2010; Rogers 2009; Rogers 2013; Rogers 2014;
Rogers 2015; Saarto 2012; Schmitz 2005; Schmitz 2009; Short
2014; Vallance 2007; Waltman 2010; Winters-Stone 2011). The
total number of participants who had received hormone therapy in
these 46 trials was 3161 (mean n per study 69, range 9 to 442). Sev-
enteen trials reported use of both selective oestrogen receptor mod-
ulators (SORMs) and aromatase inhibitors (Als) (Cadmus 2009;
Cantarero-Villanueva 2013; Carson 2009; Dolan 2016; Guinan
2013; Kim 2015; Ligibel 2008; Naumann 2012; Rogers 2009;
Rogers 2013; Rogers 2014; Rogers 2015; Schmitz 2005; Schmitz

2009; Vallance 2007; Waltman 2010; Winters-Stone 2011). One
study specifically investigated only women receiving Als (Irwin
2015), and another reported only the number of participants re-
ceiving SORMs (Matthews 2007). A total of 690 participants
(mean 38, range 5 to 182) had taken SORMs, and a total of 456
had taken Als (mean 25, range 2 to 121).

The mean average age of participants in the 58 (92%) trials that
reported this characteristic was 54 (mean age range 46 to 63) years.
Heim 2007 reported the number of participants 30 to 50 years
(n = 32) and 51 to 70 years (n = 31), and Blank 2005 reported
the age range of participants (range 48 to 69 years). Two studies
reported no age data (Hatchett 2013; Taleghani 2012). Twenty-
seven trials (43%) reported the percentage of postmenopausal
participants (Cadmus 2009; Cantarero-Villanueva 2013; Carson
2009; Courneya 2003; DeNysschen 2011; Dolan 2016; Ergun
2013; Fillion 2008; Guinan 2013; Irwin 2015; Kiecolt-Glaser
2014; Kim 2015; Ligibel 2008; Loh 2014; Matthews 2007; Milne
2008; Payne 2008; Pinto 2003; Rogers 2009; Rogers 2013; Rogers
2014; Rogers 2015; Saarto 2012; Schmitz 2005; Vallance 2007;
Waltman 2010; Winters-Stone 2011). The mean percentage of
postmenopausal participants in these trials was 78% (range 0 to
100%). Eleven (18%) trials included exclusively postmenopausal
participants (Cadmus 2009; Courneya 2003; Dolan 2016; Ergun
2013; Irwin 2015; Kim 2015; Matthews 2007; Payne 2008;
Rogers 2014; Waltman 2010; Winters-Stone 2011); Bower 2011
consisted of only premenopausal and perimenopausal participants,
and Heim 2007 stated the percentage of participants who reported
symptoms of menopause (n = 64%), rather than menopausal sta-
tus.

Thirty trials (48%) reported the ethnicity of participants (Banasik
2011; Baruth 2013; Basen-Enquist 2006; Bower 2011; Cadmus
2009; Carson 2009; Daley 2007; DeNysschen 2011; Dolan
2016; Guinan 2013; Hatchett 2013; Irwin 2015; Kiecolt-Glaser
2014; Littman 2012; Loh 2014; Matthews 2007; Musanti 2012;
Mustian 2004; Payne 2008; Peppone 2015; Pinto 2005; Pinto
2015; Rogers 2009; Rogers 2013; Rogers 2014; Rogers 2015;
Schmitz 2005; Schmitz 2009; Segar 1998; Waltman 2010). Most
participants were white (mean % participants = 83%). Black par-
ticipants were the next largest ethnic group (n studies = 18; mean
% participants = 11%). Loh 2014 consisted of Chinese (64%),
Malay (25%), and Indian (11%) participants.

Thirty-two (51%) trials reported the education level of partici-
pants (Baruth 2013; Basen-Enquist 2006; Bower 2011; Cadmus
2009; Cantarero-Villanueva 2013; Carson 2009; Courneya 2003;
Cuesta-Vargas 2014; Daley 2007; DeNysschen 2011; Do 2015;
Duijits 2012; Ergun 2013; Fillion 2008; Hatchett 2013; Irwin
2015; Kiecolt-Glaser 2014; Kim 2015; Littman 2012; Loh 2014;
Mehnert 2011; Murtezani 2014; Mustian 2004; Payne 2008;
Pinto 2003; Pinto 2005; Pinto 2015; Schmitz 2005; Schmitz
2009; Segar 1998; Short 2014; Vallance 2007), with an aver-
age of 47% (range 22% to 70%) of participants reporting ed-
ucational attainment of a university degree or higher. In addi-
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tion, six trials reported the number of years in education (mean
15 years, mean range 14 to 16 years) (Matthews 2007; Rogers
2009; Rogers 2013; Rogers 2014; Rogers 2015; Saarto 2012).
Twenty trials (37%) reported the sociodemographic status (i.e.
earnings per week, month, or year) of participants (Banasik 2011;
Bower 2011; Courneya 2003; DeNysschen 2011; Do 2015; Fillion
2008; Kiecolt-Glaser 2014; Kim 2015; Littman 2012; Loh 2014;
Mustian 2004; Payne 2008; Pinto 2003; Pinto 2005; Rogers 2009;
Rogers 2013; Rogers 2014; Rogers 2015; Short 2014; Vallance
2007). Three studies reported the percentage of participants earn-
ing > USD 40K (mean 61%, range 50% to 70%) (Mustian 2004;
Payne 2008; Pinto 2005), eight studies reported the percentage
earning > USD 50K (mean 61%, range 39% to 76%) (Banasik
2011; Kiecolt-Glaser 2014; Pinto 2003; Pinto 2005; Rogers 2009;
Rogers 2013; Rogers 2014; Rogers 2015), three studies reported
the percentage earning > USD 60K (mean 46%, range 30% to
65%) (Courneya 2003; Littman 2012; Payne 2008), one study re-
ported that 56% of participants earned > USD 70K (DeNysschen
2011), three studies reported the percentage earning > USD 75K
(mean 429%, range 17% to 55%) (Banasik 2011; Bower 2011;
Kiecolt-Glaser 2014), and two studies reported participants earn-
ing > USD 80K (mean 28%, range 26% to 29%) (Littman 2012;
Vallance 2007). Short 2014 reported that 39% of participants
earned > USD 1K per week, and Kim 2015 noted that 42% of
participants earned > USD 2K per month. One study reported
the percentage of participants at low (8%), medium (81%), and
high (11%) income status (no definition of income categories were
given) (Do 2015).

Fourteen (22%) trials reported comorbidity data for participants
(Cadmus 2009; Daley 2007; Do 2015; Irwin 2015; Kim 2015;
Peppone 2015; Rogers 2013; Rogers 2014; Rogers 2015; Saarto
2012; Short 2014; Vallance 2007; Waltman 2010; Winters-Stone
2011). Five of these 14 studies reported a comorbidity index
score (mean 2.2, range 1.8 to 2.7) (Rogers 2009; Rogers 2013;
Rogers 2014; Rogers 2015; Winters-Stone 2011). In three studies
all participants had lymphoedema (Cormie 2014; Loudon 2014;
McKenzie 2003), and another study included an arm of partic-
ipants with lymphoedema and an arm at risk of lymphoedema
(Schmitz 2009). Kim 2015 consisted entirely of participants with
a diagnosis of osteopenia, and Irwin 2015 included participants
reporting arthralgia.

Twenty (32%) studies included physical activity-specific eligibil-
ity criteria to recruit only ‘sedentary’, ‘inactive’, or those per-
forming ‘no activity’ or ‘not meeting recommended physical ac-
tivity guidelines’ (i.e. > 75 minutes of vigorous physical activ-
ity and > 150 minutes of moderate physical activity per week)
(Baruth 2013; Basen-Enquist 2006; Cadmus 2009; Cerulli 2014;
Ergun 2013; Herrero 2006; Ligibel 2008; Matthews 2007; Milne
2008; Mustian 2004; Naumann 2012; Pinto 2003; Pinto 2005;
Pinto 2015; Rahnama 2010; Rogers 2009; Rogers 2013; Schmitz
2005; Segar 1998; Taleghani 2012). Twelve studies reported the
mean baseline minutes of total, walking, moderate, or moder-

ate-to-vigorous physical activity per week (mean + SD min/week
108 + 109 minutes, range 13 to 378 minutes) (Cadmus 2009;
Cantarero-Villanueva 2013; Courneya 2003; Guinan 2013; Irwin
2015; Kiecolt-Glaser 2014; Pinto 2005; Pinto 2015; Rogers 2009;
Rogers 2014; Rogers 2015; Vallance 2007). Six studies expressed
baseline physical activity in Met-h/week™! (mean + SD 19.5 +
14.1 metabolic equivalent (MET)-h/week ™!, range 4 to 40 MET-
h/week™!) (Baruth 2013; Littman 2012; Matthews 2007; Musanti
2012; Saarto 2012; Schmitz 2009). Eleven studies categorised
baseline physical activity to report the proportion of participants
engaged in given amounts of physical activity (Daley 2007; Do
2015; Dolan 2016; Duijits 2012; Fillion 2008; Hatchett 2013;
Heim 2007; Loh 2014; Mehnert 2011; Saarto 2012; Waltman
2010). A single study noted each of the following: participants’
baseline walking steps/d (Nikander 20077), energy expenditure
(Winters-Stone 2011), leisure score and sport physical activity
score (Schmitz 2005), and self-selected levels of fitness (Loudon
2014). Four trials excluded participants who engaged in any/reg-
ular prior resistance exercise at the time of enrolment (Kim 2015;
Schmitz 2005; Schmitz 2009; Winters-Stone 2011), two studies
excluded participants performing regular yoga practice (Carson
2009; Peppone 2015), and one study recruited only participants
with no prior practice or experience in traditional Greek dances
(Kaltsatou 2011).

Twenty-eight trials (44%) reported the mean body mass of par-
ticipants (Cadmus 2009; Cerulli 2014; Cormie 2014; Courneya
2003; Daley 2007; DeNysschen 2011; Dolan 2016; Duijits
2012; Heim 2007; Herrero 2006; Irwin 2015; Ligibel 2008;
Littman 2012; Malicka 2011; Martin 2013; Matthews 2007;
McKenzie 2003; Murtezani 2014; Musanti 2012; Naumann
2012; Nieman 1995; Nikander 2007; Pinto 2003; Rahnama 2010;
Saarto 2012; Schmitz 2009; Vallance 2007; Winters-Stone 2011),
and 38 (60%) trials reported mean BMI scores of participants
(Baruth 2013; Basen-Enquist 2006; Bower 2011; Cadmus 2009;
Cerulli 2014; Cormie 2014; Courneya 2003; Daley 2007; Dolan
2016; Duijits 2012; Ergun 2013; Herrero 2006; Irwin 2015;
Kiecolt-Glaser 2014; Kim 2015; Ligibel 2008; Littman 2012;
Loudon 2014; Matthews 2007; McKenzie 2003; Milne 2008;
Murtezani 2014; Mustian 2004; Naumann 2012; Nikander 2007;
Pinto 2003; Pinto 2005; Portela 2008; Rahnama 2010; Rogers
2009; Rogers 2013; Rogers 2014; Saarto 2012; Schmitz 2009;
Short 2014; Vallance 2007; Waltman 2010; Winters-Stone 2011).
Average mean body mass in these trials was 74 kg (SD 4.4 kg, range
65.5 to 84.7 kg), and average mean BMI was 28 kg/m2 (SD 2.1
kg/mz, range 23.4 to 32.1 kg/ m?). Two additional trials reported
the numbers of participants who fell into particular BMI ranges
(Do 2015; Heim 2007).

Intervention characteristics

Intervention length ranged from four weeks to 24 months.
Most studies provided interventions lasting eight (Banasik 2011;
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Blank 2005; Cantarero-Villanueva 2013; Carson 2009; Cuesta-
Vargas 2014; Daley 2007; Guinan 2013; Herrero 2006; Loh
2014; Loudon 2014; Malicka 2011; Martin 2013; McKenzie
2003; Naumann 2012; Nieman 1995; Taleghani 2012) or 12
weeks (three months) (Baruth 2013; Bower 2011; Cormie 2014;
Duijits 2012; Ergun 2013; Hatchett 2013; Kiecolt-Glaser 2014;
Matthews 2007; Milne 2008; Musanti 2012; Mustian 2004;
Nikander 2007; Pinto 2003; Pinto 2005; Pinto 2015; Rogers
2009; Rogers 2013; Rogers 2014; Rogers 2015; Short 2014;
Vallance 2007). Four (6%) studies conducted year-long interven-
tions (Irwin 2015; Saarto 2012; Schmitz 2009; Winters-Stone
2011). Seventeen (27%) trials had a follow-up period that ex-
tended beyond completion of the intervention (Bower 2011;
Cantarero-Villanueva 2013; Carson 2009; Daley 2007; Duijits
2012; Fillion 2008; Guinan 2013; Kiecolt-Glaser 2014; Loudon
2014; Pinto 2005; Pinto 2015; Rogers 2009; Rogers 2015; Segar
1998; Short 2014; Vallance 2007; Waltman 2010). Follow-up du-
ration ranged from two weeks in Carson 2009 and Segar 1998 to
12 months in Waltman 2010; the most common follow-up dura-
tion was three months (n = 8; Bower 2011; Duijits 2012; Fillion
2008; Guinan 2013; Kiecolt-Glaser 2014; Pinto 2015; Rogers
2009; Rogers 2015). Two trials provided follow-up only to inter-
vention groups (Do 2015; Dolan 2016).

Physical activity modes differed across trials. Only seven (11%)
trials included a separate resistance training condition with no
form of aerobic activity (i.e. any activity that uses large muscle
groups, can be maintained continuously, and is rhythmical in na-
ture) (Cormie 2014; Martin 2013; Musanti 2012; Schmitz 2005;
Schmitz 2009; Waltman 2010; Winters-Stone 2011). Twenty-one
(33%) trials involved an intervention arm that combined aero-
bic activity and resistance training (Cantarero-Villanueva 2013;
Cuesta-Vargas 2014; Do 2015; Ergun 2013; Heim 2007; Herrero
2006; Irwin 2015; Kaltsatou 2011; Ligibel 2008; McKenzie 2003;
Milne 2008; Musanti 2012; Naumann 2012; Nieman 1995; Pinto
2003; Portela 2008; Rahnama 2010; Rogers 2013; Rogers 2014;
Short 2014; Taleghani 2012). Twenty-eight (44%) trials consisted
of an aerobic activity-only condition (Baruth 2013; Basen-Enquist
2006; Cadmus 2009; Cerulli 2014; Courneya 2003; Daley 2007;
DeNysschen 2011; Dolan 2016; Duijits 2012; Ergun 2013; Fillion
2008; Guinan 2013; Hatchett 2013; Loh 2014; Malicka 2011;
Matthews 2007; Mehnert 2011; Murtezani 2014; Musanti 2012;
Nikander 2007; Payne 2008; Pinto 2005; Pinto 2015; Rogers
2009; Rogers 2015; Saarto 2012; Segar 1998; Vallance 2007).
Eight studies (13%) included a yoga-only arm (Banasik 2011;
Blank 2005; Bower 2011; Carson 2009; Kiecolt-Glaser 2014;
Littman 2012; Loudon 2014; Peppone 2015), and one study pro-
vided each of the following intervention arms: pilates only (Martin
2013), tai chi only (Mustian 2004), and qigong (similar to tai chi)
only (Loh 2014).

Frequency (number of days per week) of physical activity ranged
from two days to seven days per week, with most studies pro-
viding physical activity at least three days per week (n = 44;

Baruth 2013; Blank 2005; Cadmus 2009; Cantarero-Villanueva
2013; Carson 2009; Courneya 2003; Cuesta-Vargas 2014; Daley
2007; DeNysschen 2011; Do 2015; Dolan 2016; Ergun 2013;
Fillion 2008; Guinan 2013; Heim 2007; Herrero 2006; Kaltsatou
2011; Littman 2012; Loh 2014; Loudon 2014; Martin 2013;
Matthews 2007; McKenzie 2003; Milne 2008; Murtezani 2014;
Musanti 2012; Mustian 2004; Naumann 2012; Nieman 1995;
Nikander 2007; Payne 2008; Pinto 2003; Pinto 2005; Pinto 2015;
Portela 2008; Rahnama 2010; Rogers 2014; Rogers 2015; Saarto
2012; Segar 1998; Short 2014; Taleghani 2012; Vallance 2007;
Winters-Stone 2011). Duration of sessions ranged from 15 min-
utes to longer than 95 minutes, with a modal duration of 60 min-
utes (n = 16; Cantarero-Villanueva 2013; Cerulli 2014; Cormie
2014; Cuesta-Vargas 2014; Fillion 2008; Kaltsatou 2011; Malicka
2011; Milne 2008; Mustian 2004; Naumann 2012; Nieman 1995;
Nikander 2007; Saarto 2012; Schmitz 2005; Taleghani 2012;
Winters-Stone 2011). Five studies gave participants a goal to-
tal number of minutes of physical activity to achieve each week
(90 minutes/week, Ligibel 2008; 150 minutes/week, Irwin 2015;
Rogers 2009; Rogers 2015; 150 to 180 minutes/week, Duijits
2012). The total number of sessions for physical activity interven-
tions ranged between 12 and 260.

Among 48 (76%) trials that consisted of aerobic physical activ-
ity, 13 provided walking only (Baruth 2013; Ergun 2013; Fillion
2008; Heim 2007; Matthews 2007; Musanti 2012; Nieman
1995; Payne 2008; Portela 2008; Rahnama 2010; Rogers 2009;
Rogers 2014; Rogers 2015), four involved primarily walking
(Basen-Enquist 2006; Cadmus 2009; Irwin 2015; Vallance 2007),
one involved Nordic walking (Malicka 2011), and one pro-
vided walking with gymnastics (Mehnert 2011). Other aerobic
intervention modes involved arm ergometer exercise (McKenzie
2003), cycling only (Courneya 2003; Herrero 2006), deep wa-
ter running (Cuesta-Vargas 2014), deep water aquatic exercise
(Cantarero-Villanueva 2013), Greek dance (Kaltsatou 2011),
horse riding (Cerulli 2014), line dancing and qigong (Loh 2014),
and step aerobics and circuit training (involving steps, hops, and
jumps) (Nikander 2007; Saarto 2012). In all other trials, partici-
pants performed the prescribed physical activity using a range of
modes (e.g. treadmill, rowing ergometer, stair climbing).

Of the 45 studies providing an aerobic activity intervention, 39
reported frequency of aerobic activity ranging from two to seven
days per week. In 33 (53%) studies, the number of acrobic ac-
tivity sessions per week ranged between three and five (Baruth
2013; Cadmus 2009; Cantarero-Villanueva 2013; Cerulli 2014;
Courneya 2003; Cuesta-Vargas 2014; Daley 2007; DeNysschen
2011; Do 2015; Dolan 2016; Ergun 2013; Fillion 2008; Herrero
2006; Kaltsatou 2011; Kim 2015; Littman 2012; Loh 2014;
Matthews 2007; McKenzie 2003; Milne 2008; Murtezani 2014;
Musanti 2012; Nieman 1995; Nikander 2007; Payne 2008; Pinto
2003; Pinto 2015; Portela 2008; Rogers 2014; Saarto 2012; Segar
1998; Taleghani 2012; Vallance 2007). Duration of aerobic activ-
ity ranged between 10 and 90 minutes. Twenty-four (38%) trials
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included aerobic activity sessions with duration of 30 minutes or
greater (Baruth 2013; Cadmus 2009; Cantarero-Villanueva 2013;
Cerulli 2014; Daley 2007; DeNysschen 2011; Do 2015; Ergun
2013; Fillion 2008; Heim 2007; Herrero 2006; Ligibel 2008; Loh
2014; Malicka 2011; Mehnert 2011; Nieman 1995; Nikander
2007; Pinto 2003; Pinto 2015; Portela 2008; Rogers 2014; Saarto
2012; Segar 1998; Vallance 2007).

Intensity of acrobic activity varied substantially between trials, as
did methods used to measure and monitor intensity. Seventeen
(27%) trials set intensity according to percentage of maximum
heart rate (%HRmax range 40% to 80%) (Cadmus 2009; Cerulli
2014; Daley 2007; Herrero 2006; Irwin 2015; Kaltsatou 20115
Ligibel 2008; Malicka 2011; Milne 2008; Musanti 2012; Nieman
1995; Pinto 2003; Pinto 2005; Portela 2008; Rahnama 2010;
Segar 1998; Taleghani 2012), four (6%) set percentage of target
heart rate using the Karvonen method (Karvonen target heart rate
range 35% to 80%) (Duijits 2012; Guinan 2013; Murtezani 2014;
Rogers 2014), one (2%) study set intensity as heart rate at the
intensity of activity that elicits a blood lactate concentration of 2
to 3 mmol, three (5%) studies used percentage of directly mea-

sured maximal oxygen uptake (% VO2 max range 45% to 75%)
(Courneya 2003; Do 2015; Mehnert 2011), seven (11%) stud-
ies used rate of perceived exertion (RPE; range 10 to 16) (Baruth
2013; Daley 2007; DeNysschen 2011; Kim 2015; Matthews
2007; Nikander 2007; Saarto 2012), and 12 (19%) trials reported
subjective intensity of the intervention (low to moderate, mod-
erate, or moderate-to-vigorous intensity) (Basen-Enquist 2006;
Cantarero-Villanueva 2013; Dolan 2016; Ergun 2013; Naumann
2012; Payne 2008; Pinto 2015; Rogers 2009; Rogers 2013; Rogers
2015; Short 2014; Vallance 2007). Two (3%) trials did not pro-
vide the intensity at which aerobic activity was performed (Fillion
2008; Heim 2007).

Frequency of interventions with resistance training ranged be-
tween two and five days, with a modal frequency of three days (n =
14; Ergun 2013; Heim 2007; Herrero 2006; Kaltsatou 2011; Kim
2015; Martin 2013; McKenzie 2003; Milne 2008; Musanti 2012;
Naumann 2012; Nieman 1995; Pinto 2003; Taleghani 2012;
Winters-Stone 2011). Cuesta-Vargas 2014 did not report resis-
tance training frequency. Duration of resistance training sessions
ranged between 15 and 90 minutes, with 11 studies reporting du-
ration of 30 to 60 minutes (Cormie 2014; Ergun 2013; Herrero
2006; Ligibel 2008; Martin 2013; Milne 2008; Nieman 1995;
Rahnama 2010; Schmitz 2005; Waltman 2010; Winters-Stone
2011). Eleven (17%) studies did not report the duration of sessions
(Heim 2007; Irwin 2015; Kim 2015; McKenzie 2003; Musanti
2012; Pinto 2003; Portela 2008; Rogers 2013; Rogers 2014; Short
2014; Taleghani 2012). The number of resistance exercises ranged
between four and 12, with a modal exercise number of nine (n = 6;
Do 2015; Heim 2007; Kim 2015; Rahnama 2010; Schmitz 2005;
Schmitz 2009). Seventeen (27%) trials provided resistance training
exercises for both upper and lower body (Cormie 2014; Do 2015;

Ergun 2013; Herrero 2006; Irwin 2015; Kim 2015; Martin 2013;
Milne 2008; Musanti 2012; Portela 2008; Rahnama 2010; Rogers
2013; Rogers 2014; Schmitz 2005; Schmitz 2009; Waltman 2010;
Winters-Stone 2011), one targeted the lower body and abdomi-
nals (Ligibel 2008), one targeted the upper body and abdominals
(Pinto 2003), one described the programme as general strength-
ening (Cuesta-Vargas 2014), and four targeted the upper body
only (Kaltsatou 2011; McKenzie 2003; Naumann 2012; Taleghani
2012). Remaining studies did not report areas of the body targeted
by exercise (Heim 2007; Nieman 1995; Short 2014). One study
combined resistance training with jump exercises with added re-
sistance up to 10% of body weight (Winters-Stone 2011).

Ten (16%) trials used resistance machines (Irwin 2015; Kaltsatou
2011; Ligibel 2008; Portela 2008; Rahnama 2010; Schmitz 2005;
Schmitz 2009; Segar 1998; Taleghani 2012; Waltman 2010),
eight (13%) used free weights (i.e. dumbbells and barbells)
(Cormie 2014; Pinto 2003; Portela 2008; Rahnama 2010; Schmitz
2005; Schmitz 2009; Waltman 2010; Winters-Stone 2011), and
seven (11%) used resistance (Thera) bands (Ergun 2013; Kim
2015; Musanti 2012; Portela 2008; Rogers 2013; Rogers 2014;
Winters-Stone 2011). The number of sets per resistance exercise
ranged from one to four (mode 2 sets; Cuesta-Vargas 2014; Kim
2015; Milne 2008; Nieman 1995; Portela 2008; Rogers 2014;
Taleghani 2012; Waltman 2010), and the number of repetitions
per set ranged from 6 to 20, with the modal repetition range
of 8 to 12 (n = 4; Irwin 2015; Taleghani 2012; Waltman 2010;
Winters-Stone 2011). Intensity of resistance exercises was set ac-
cording to the percentage of maximum weight a participant could
lift in one repetition (%1RM range 65% to 85%) in four (6%) tri-
als (Cormie 2014; Do 2015; Ligibel 2008; Winters-Stone 2011),
with 12 to 15 repetition maximum in one trial (Herrero 2006), and
with RPE in three (5%) trials (Martin 2013; Musanti 2012; Portela
2008); participants lifted “as much as they could” in Rahnama
2010, and as much as they could achieve “with good form” in
Milne 2008.

Most of the eight yoga studies employed a form of Hatha yoga
(n = 6; Hatha: Kiecolt-Glaser 2014; Peppone 2015; Iyengar:
Banasik 2011; Blank 2005; Bower 2011; Viniyoga: Littman
2012); Loudon 2014 included a Satyananda yoga intervention
arm, and Carson 2009 a Yoga of Awareness intervention arm. Yoga
studies ranged between 4 and 24 weeks in duration, with four stud-
ies lasting eight weeks (Banasik 2011; Blank 2005; Carson 2009;
Loudon 2014). Frequency of yoga practice ranged between two
and seven sessions per week (mode 2 sessions/week; Banasik 20115
Bower 2011; Kiecolt-Glaser 2014; Peppone 2015), and yoga ses-
sion duration ranged between 20 and 90 minutes (mode 90 min-
utes; Banasik 2011; Bower 2011; Kiecolt-Glaser 2014; Loudon
2014). Investigators in these studies described the intensity of all
yoga interventions as moderate, apart from Carson 2009, which
referred to gentle intensity, and Peppone 2015, which described
light intensity. Light-to-moderate-intensity qigong and tai chi in-
terventions in Loh 2014 and Mustian 2004, respectively, had a
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duration of 8 weeks and 12 weeks, a frequency of three sessions
per week, and session duration of 30 minutes (twice a week at
home) or 90 minutes (once a week supervised) and 60 minutes,
respectively. Martin 2013 provided the only pilates intervention,
which consisted of three 50-minute sessions per week performed
within an RPE intensity range of 9 to 14 for eight weeks.

In 24 (38%) trials, the intervention arm involved a psychobe-
havioural component designed to promote physical activity be-
haviour change (Baruth 2013; Basen-Enquist 2006; Carson 2009;
Courneya 2003; Cuesta-Vargas 2014; Daley 2007; DeNysschen
2011; Duijits 2012; Ergun 2013; Fillion 2008; Hatchett 2013;
Matthews 2007; Musanti 2012; Pinto 2005; Pinto 2015; Portela
2008; Rogers 2009; Rogers 2013; Rogers 2014; Rogers 2015;
Segar 1998; Short 2014; Vallance 2007; Waltman 2010). Seven
studies delivered the psychobehavioural component via group dis-
cussions (Basen-Enquist 2006; Carson 2009; Fillion 2008; Rogers
2009; Rogers 2013; Rogers 2014; Rogers 2015); some trials em-
ployed face-to-face counselling in a single session at the begin-
ning of the intervention (Baruth 2013; Matthews 2007); oth-
ers scheduled multiple sessions during the intervention period
(Rogers 2009; Rogers 2013; Rogers 2015), mailed or emailed sup-
port (Hatchett 2013; Pinto 2005; Short 2014), or provided in-
formation booklets promoting physical activity behaviour change
(Musanti 2012; Short 2014; Vallance 2007). Two studies applied
cognitive-behavioural theories (Cuesta-Vargas 2014; Daley 2007),
and one study utilised self-efficacy theory during supervised ex-
ercise sessions with participants (Waltman 2010). Segar 1998 in-
cluded a study arm that applied self-awarded rewards to serve
as reinforcements to induce physical activity behaviour change.
Courneya 2003 incorporated into the intervention individual
or small group meetings designed to outline goals and provide
feedback on participants’ progress. Eleven studies (17%) imple-
mented weekly or fortnightly telephone counselling or monitoring
throughout the intervention period (Baruth 2013; DeNysschen
2011; Duijits 2012; Ergun 2013; Fillion 2008; Matthews 2007;
Musanti 2012; Pinto 2005; Pinto 2015; Portela 2008; Waltman
2010). The number of telephone counselling sessions ranged be-
tween 4 and 26, and their duration ranged from 5 to 15 minutes.
Topics covered in the psychobehavioural component included goal
setting, barriers to and benefits of physical activity, physical activity
adherence monitoring and safety, behaviour reinforcement, and
symptom management. Several studies included an educational
component at baseline that was deemed not to promote physi-
cal activity behaviour change (Heim 2007; Irwin 2015; Mehnert
2011; Schmitz 2009). Two of these studies provided participants
with education related to lymphoedema and other cancer-related
topics (Irwin 2015; Schmitz 2009), one study provided education
on how to perform specific exercises (Mehnert 2011), and another
trial provided an educational programme, physical therapy, group
exercise, and psycho-oncological interventions for both interven-
tion and control groups (Heim 2007).

Interventions in 32 (51%) trials involved a supervised compo-

nent (Banasik 2011; Bower 2011; Cantarero-Villanueva 2013;
Cerulli 2014; Cormie 2014; Courneya 2003; Cuesta-Vargas 2014;
Daley 2007; Do 2015; Dolan 2016; Ergun 2013; Herrero 2006;
Kaltsatou 2011; Kiecolt-Glaser 2014; Littman 2012; Loudon
2014; Malicka 2011; Martin 2013; McKenzie 2003; Mehnert
2011; Milne 2008; Murtezani 2014; Mustian 2004; Naumann
2012; Nieman 1995; Peppone 2015; Portela 2008; Rahnama
2010; Schmitz 2005; Schmitz 2009; Segar 1998; Taleghani 2012);
16 (25%) trials included a home-based physical activity com-
ponent (Baruth 2013; Basen-Enquist 2006; DeNysschen 20115
Duijits 2012; Ergun 2013; Hatchett 2013; Heim 2007; Kim 2015;
Matthews 2007; Musanti 2012; Payne 2008; Pinto 2005; Pinto
2015; Portela 2008; Short 2014; Vallance 2007), and 17 (27%)
studies provided an intervention that included both supervised and
home-based physical activity (Blank 2005; Cadmus 2009; Carson
2009; Fillion 2008; Guinan 2013; Irwin 2015; Ligibel 2008;
Loh 2014; Nikander 2007; Pinto 2003; Rogers 2009; Rogers
2013; Rogers 2014; Rogers 2015; Saarto 2012; Waltman 2010;
Winters-Stone 2011). With regards to the format of physical ac-
tivity interventions, 27 (43%) studies consisted of an individ-
ual physical activity format (Baruth 2013; Basen-Enquist 2006;
Cerulli 2014; Courneya 2003; Daley 2007; DeNysschen 2011;
Duijits 2012; Ergun 2013; Hatchett 2013; Heim 2007; Kim 2015;
Matthews 2007; McKenzie 2003; Musanti 2012; Naumann 2012;
Payne 2008; Pinto 2003; Pinto 2005; Pinto 2015; Portela 2008;
Rogers 2013; Rogers 2014; Schmitz 2005; Short 2014; Taleghani
2012; Vallance 2007; Waltman 2010), 15 (24%) studies incor-
porated a group physical activity format (Banasik 2011; Bower
2011; Cantarero-Villanueva 2013; Cormie 2014; Cuesta-Vargas
2014; Fillion 2008; Herrero 2006; Kaltsatou 2011; Malicka 2011;
Mehnert 2011; Milne 2008; Murtezani 2014; Mustian 2004;
Peppone 2015; Schmitz 2009), and 14 (25%) studies used a com-
bination of group and individual physical activity interventions
(Blank 2005; Cadmus 2009; Carson 2009; Guinan 2013; Irwin
2015; Kiecolt-Glaser 2014; Ligibel 2008; Littman 2012; Loh
2014; Loudon 2014; Nikander 2007; Rogers 2009; Saarto 2012;
Winters-Stone 2011). The format employed in the intervention
was unclear in seven studies (Do 2015; Dolan 2016; Martin 2013;
Nieman 1995; Rahnama 2010; Rogers 2015; Segar 1998).

Most trials enlisted the services of doctorate students, exercise
physiologists, exercise/sports trainers/specialists, fitness/exercise
instructors, health counsellors, kinesiologists, physical and sports
therapists, physiotherapists, nurses, yoga instructors, or other pro-
fessionals to lead the exercise programme (n = 46, 73%; Banasik
2011; Blank 2005; Bower 2011; Cadmus 2009; Cantarero-
Villanueva 2013; Carson 2009; Cerulli 2014; Cormie 2014;
Courneya 2003; Cuesta-Vargas 2014; Daley 2007; DeNysschen
2011; Do 2015; Duijits 2012; Ergun 2013; Fillion 2008; Hatchett
2013; Heim 2007; Herrero 2006; Irwin 2015; Kaltsatou 2011;
Kiecolt-Glaser 2014; Kim 2015; Ligibel 2008; Littman 2012;
Loh 2014; Loudon 2014; Matthews 2007; Mehnert 2011; Milne
2008; Mustian 2004; Naumann 2012; Peppone 2015; Pinto 2003;
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Portela 2008; Rogers 2009; Rogers 2013; Rogers 2014; Rogers
2015; Saarto 2012; Schmitz 2005; Schmitz 2009; Short 2014;
Taleghani 2012; Waltman 2010; Winters-Stone 2011). Pinto
2015 trained breast cancer survivors to deliver the physical activ-
ity intervention; Baruth 2013 utilised doctorate students, Martin
2013 used sport and exercise science students, and Musanti 2012,
Payne 2008, and Segar 1998 used research staff.

Most trials (n = 30; 48%) described the comparison arm as “usual”
or “standard” care, “no intervention”, “sedentary control”, or “con-
trol”, and 24 (38%) studies included a comparison arm that was
a “waiting list” or “delayed exercise” control, wherein partici-
pants were offered a portion of or the full exercise programme
at completion of the trial (Blank 2005; Cadmus 2009; Carson
2009; Cormie 2014; Courneya 2003; Cuesta-Vargas 2014; Do
2015; Dolan 2016; Duijits 2012; Hatchett 2013; Kiecolt-Glaser
2014; Ligibel 2008; Littman 2012; Loh 2014; Loudon 2014;
Matthews 2007; Milne 2008; Peppone 2015; Pinto 2003; Pinto
2005; Rogers 2009; Rogers 2013; Schmitz 2005; Schmitz 2009).
Baruth 2013 offered counselling to the usual care group at the
end of the intervention period. In eight (13%) trials, the com-
parison group received an intervention that included health ed-
ucation (Bower 2011); phone calls (DeNysschen 2011); an edu-
cational programme, physical therapy, group discussion exercises,
and psycho-oncological interventions (Heim 2007); psychosocial
support therapy (Mustian 2004); light-intensity body condition-
ing/stretching exercises (e.g. flexibility, passive stretching) (Daley
2007; Musanti 2012; Winters-Stone 2011); and an attention con-
trol (Milne 2008; Pinto 2005).

Trial attrition and adherence

Fifty-five (87%) of the included trials reported attrition data. Nine
trials (16%) reported no dropouts at postintervention follow-up
in both intervention and control groups (Cerulli 2014; Cuesta-
Vargas 2014; DeNysschen 2011; Ergun 2013; Malicka 2011;
Martin 2013; Milne 2008; Nikander 2007; Segar 1998), and four
additional trials (7%) reported no dropouts in the control group
only (Baruth 2013; Mehnert 2011; Pinto 2005; Portela 2008).
Twelve trials (22%) - Basen-Enquist 2006; Carson 2009; Do 2015;
Herrero 2006; Ligibel 2008; Loh 2014; Loudon 2014; Mustian
2004; Nieman 1995; Pinto 2003; Portela 2008; Rogers 2013 - and
eight trials (15%) - Do 2015; Guinan 2013; Herrero 2006; Loh
2014; Mustian 2004; Nieman 1995; Pinto 2003; Rogers 2013 -
reported attrition of at least 20% in the intervention and control
groups, respectively. Most trials that included a postintervention
follow-up period reported greater attrition at least three months
post intervention than immediately post intervention.

Fifty-two trials (83%) reported adherence data in several different
ways, including average, median, range, number, or percentage of
participants completing all or a certain percentage or number of
sessions, numbers meeting physical activity guidelines, and min-
utes of physical activity achieved per week. Furthermore, some

trials provided adherence data for completers only. Among trials
that reported the percentage of completed aerobic exercise and re-
sistance training sessions, average adherence was 79% (range 36%
to 163% of targeted session) and 75% (range 26% to 98%), re-
spectively. Most trials that included postintervention follow-up
adherence data showed considerable reductions, for example, one
trial reported that only 50% of intervention participants met the
recommended physical activity guideline of 150 minutes of mod-
erate-to-vigorous physical activity per week (Vallance 2007), and
another trial observed a decrease in moderate-to-vigorous physical
activity from 130 minutes per week at the end of intervention to
98 minutes three months later (Pinto 2015).

Outcome measures

Health-related quality of life outcomes

Investigators performed HRQoL assessment using the Cancer Re-
habilitation Evaluation System Short Form (CARES-SF) (Schmitz
2005), the European Organization for Research and Treatment
of Cancer (EORTC) Quality of Life Questionnaire-C30 (QLQ-
C30) (Do 2015; Duijits 2012; Ergun 2013; Herrero 2006;
Mehnert 2011; Saarto 2012), Functional Assessment of Can-
cer Therapy (FACT) - Fatigue (FACT-F) (Mustian 2004), Eu-
roQol-five dimensions (EQ-5D) and EQ Visual Analogue Scale
(Cuesta-Vargas 2014), Functional Assessment of Cancer Ther-
apy - General (FACT-G) (Cadmus 2009; Cerulli 2014; Courneya
2003; Daley 2007; Heim 2007; Litctman 2012; Loh 2014; Milne
2008; Murtezani 2014; Rogers 2009; Rogers 2015; Vallance
2007), Functional Assessment of Cancer Therapy-Breast (FACT-
B) (Courneya 2003; Daley 2007; Heim 2007; Littman 2012; Loh
2014; Milne 2008; Murtezani 2014; Naumann 2012; Pinto 2015;
Portela 2008; Rogers 2009; Rogers 2015; Short 2014; Vallance
2007), International Breast Cancer Study Group (IBCSG) Quality
of Life Core Questionnaire (Baruth 2013), Lymphoedema Qual-
ity of Life Tool (LYMQOL) (Loudon 2014), Medical Outcomes
Study Short Form-12 (MOS SF-12) (Cuesta-Vargas 2014; Fillion
2008), Medical Outcomes Study Short Form-36 (MOS SE-36)
(Baruth 2013; Basen-Enquist 2006; Cadmus 2009; Cormie 2014;
Duijits 2012; Kiecolt-Glaser 2014; McKenzie 2003; Mehnert
2011; Mustian 2004; Pinto 2015; Schmitz 2009; Winters-Stone
2011), National Medical Center and Beckman Research Institute
Standard Instrument of Quality of Life Breast Cancer Survivors
(Taleghani 2012), and Perceived General Health (Rogers 2009).
We have provided in Table 1 details of HRQoL subscales (cogni-
tive function, emotional function/metal health, general health per-
spective, perceived physical function, role function, sexual func-
tion, sleep, social function) and other psychological outcomes
(anxiety, depression, fatigue and vitality, pain/disability, and self-
esteem/body image) as provided in eligible studies.
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