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Abstract
Background Health outcome trials have provided strong
evidence that participating in regular physical activity can
improve the quality of life and health of post-treatment breast
cancer survivors. Focus is now needed on how to promote
changes in physical activity behaviour among this group.
Purpose This systematic review examines the efficacy of
behavioural interventions for promoting physical activity
among post-treatment breast cancer survivors.
Methods Behavioural intervention studies published up until
July 2012 were identified through a systematic search of two
databases: MEDLINE and CINAHL, and by searching reference lists of relevant publications and scanning citation
libraries of project staff.
Results Eight out of the ten identified studies reported positive
intervention effects on aerobic physical activity behaviour,
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ranging from during the intervention period to 6 months
post-intervention. Only two studies reported intervention effect
sizes. The identification of factors related to efficacy was not
possible because of the limited number and heterogeneity of
studies included, as well as the lack of effect sizes reported.
Nonetheless, an examination of the eight studies that did yield
significant intervention effects suggests that 12-week interventions employing behaviour change techniques (e.g., selfmonitoring and goal setting) derived from a variety of theories
and delivered in a variety of settings (i.e., one-on-one, group or
home) can be effective at changing the aerobic physical activity
behaviour of breast cancer survivors in the mid- to long terms.
Conclusions Behavioural interventions do hold promise for
effectively changing physical activity behaviour among
breast cancer survivors. However, future research is needed
to address the lack of studies exploring long-term intervention effects, mediators of intervention effects and interventions promoting resistance-training activity, and to address
issues impacting on validity, such as the limited use of
objective physical activity measures and the use of convenience samples.
Implications for Cancer Survivors Identifying effective ways
of assisting breast cancer survivors to adopt and maintain
physical activity is important for enhancing the well-being
and health outcomes of this group.
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Introduction
Due to earlier detection and advances in treatment, more and
more women are surviving breast cancer each year [1].
Whilst improved survival is duly welcomed, breast cancer
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survivors are faced with both short- and long-term health and
psychosocial sequelae [2]. To improve the quality of life of
breast cancer survivors and negate the associated health
burdens and risks, effective health promotion approaches
are required [3]. One promising cancer recovery approach
is the promotion of regular physical activity.
Evidence from dozens of health outcome trials suggests
that regular physical activity can address both the psychological and physiological burdens presented after breast cancer diagnosis and treatment [4–6]. Furthermore, observational research suggests that regular physical activity may also
have an impact on survival, with breast cancer survivors who
are active after treatment having a lower risk of cancer
recurrence, co-morbidities and death from all causes compared with those who are less active, regardless of cancer
stage [7–9]. In recognition of these benefits, detailed exercise prescription guidelines for cancer survivors have been
published by professional bodies internationally [10–14].
Despite these recommendations, the majority of breast cancer survivors are not sufficiently active to obtain health
benefits [15–18] and efforts to encourage regular physical
activity are not a routine part of the cancer rehabilitation
process in most centres [19–22].
Given that strong evidence now exists supporting the safety
and efficacy of physical activity interventions for enhancing
health outcomes [6, 23, 24], there is a need to direct attention
to physical activity promotion strategies that can be delivered
to survivors in an effective and sustainable way. Whilst supervised exercise programs of short duration were highly appropriate for establishing safety and assessing the impact of
regular physical activity on health outcomes (such as fatigue
and quality of life), interventions that promote sustainable
behaviour change are now required. To increase the likelihood
of success, interventions should be based on empirical research evidence and grounded in strong health behavioural
theory [25, 26]. To inform this process, a detailed synthesis of
the physical activity behaviour change literature specific to
breast cancer survivors is required. Two comprehensive reviews related to this topic have already been conducted [6,
27]. However, neither provides a synthesis of studies exploring the efficacy of behavioural intervention strategies for
promoting the adoption and maintenance of physical activity
among those in the post-treatment phase. Rather, White et al.
[6] examined the potential for physical activity interventions
to be translated into practice. Many of the studies included in
the White et al. review were highly controlled health outcome
trials, designed to demonstrate the impact of regular physical
activity on health outcomes, as opposed to behaviour change
trials designed to promote changes in physical activity behaviour. Whilst it is becoming a common practice to include
behavioural support in physical activity interventions, evaluations of such trials provides very little insight into how to
promote sustainable behaviour change if descriptions of
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behavioural strategies and behavioural outcomes are not reported or adequately described [28]. As such, it is not surprising
that White et al. concluded that many of the studies lacked
external validity, hindering the translation of the interventions into practice. The review conducted by Spark et al.
[27] did focus on behavioural interventions, but only maintenance of intervention effects were explored (studies not
reporting post-intervention follow-ups were excluded) and
furthermore, the included studies were not restricted to posttreatment breast cancer survivors (i.e. studies conducted on
mixed cancer samples and breast cancer patients undergoing
treatment were included in the review). Whilst physical activity is a recommended cancer control strategy across all cancerrelated time periods (i.e. pre-diagnosis to-end of life), physical
activity for recovery, rehabilitation and health promotion is
recommended among survivors in the period after treatment
and prior to the development of a recurrence of cancer or death
[29]. Therefore, it is important to review the specific literature
on the efficacy of behavioural interventions on both the adoption and maintenance of physical activity among post-treatment
breast cancer survivors [11, 29]. The primary purpose of this
review is to synthesise this literature and provide direction for
future research. Given the known heterogeneity of behaviour
change trials and the small number of studies conducted in this
field, a qualitative synthesis of the literature is provided in this
systematic review.

Method
Eligibility criteria
Studies were eligible for inclusion in this review if they: (a)
examined the efficacy of at least one behaviour modification
intervention designed to promote physical activity (i.e. aerobic activity and/or resistance training) among adult posttreatment (not including hormone therapy) breast-cancer
survivors; (b) if they included either self-reported or objectively assessed physical activity behaviour change as a study
outcome; and (c) used an individual or cluster randomised
controlled design. Interventions were considered to be a
‘behaviour modification intervention’ if they included at
least one behaviour change strategy (e.g. goal-setting, selfmonitoring, problem solving and health education; see
Michie et al. [29] for taxonomy of behaviour change techniques relating to changing physical activity and healthy
eating behaviours) aimed at promoting enhanced physical
activity behaviour [29]. Studies testing the efficacy of interventions targeting multiple behaviours (including physical
activity) were included.
Studies were excluded if they: (a) were published in a
language other than English, (b) reported the efficacy of a
physical activity intervention that did not involve behaviour
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change techniques (for example, a supervised exercise program
with no intervention component targeting increased knowledge
or skills), (c) included mixed samples of cancer survivors
(including breast cancer survivors) and did not report intervention effects specifically by cancer type, (d) included breast
cancer survivors still undergoing active treatment (defined as:
surgery, chemotherapy and radiotherapy) or (e) were available
as a conference abstract only.
Initially, articles were assessed for eligibility by a single
reviewer based on the study title and abstract. After this
initial screening, one third of full-text articles (selected alphabetically in ascending order) were assessed for eligibility
independently by two reviewers using a purpose-designed
screening tool (applying inclusion criteria hierarchically).
Findings were compared and disagreements between reviewers were resolved by consensus. The remaining two
thirds were screened by one reviewer using the screening
tool.
Search strategy
Studies were identified through a structured electronic database search of all publication years (until July 2012) in
MEDLINE, and CINAHL. The following search terms were
used: exercise (or physical activity or motor activity) and
cancer (or neoplasms) and randomised controlled trial(s)
(or controlled clinical trial, intervention studies or clinical
trial). Results were limited to articles published in the
English language and studies conducted among humans.
Reference lists of relevant articles, identified reviews and
files of project staff were also scanned to check for studies
not identified via the electronic search process.
Data extraction
The abstraction form for the Guide to Community Preventive
Services [30] was used as a template for article abstraction.
This tool includes questions about study design and execution, number and characteristics of participants, participant
recruitment, and details of the intervention (such as theoretical underpinning, dose of physical activity and non-physical
activity components). Tables of study descriptions and outcomes were developed and reviewed by a second study
investigator for completeness and accuracy.
Follow-up periods were divided into three categories:
short (<3 months post-intervention), medium (3–6 months
post-intervention) and long terms (>6 months post-intervention).
Key methodological quality of each study was assessed independently by two reviewers using the McMaster quality assessment tool for quantitative studies developed by the
Effective Public Health Practice, Canada [31]. Findings were
compared and disagreements between reviewers were resolved by consensus.
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Results
Study selection
The initial search of the electronic database yielded 1,397
publications, which were reduced to 347 following the review
of study titles and abstracts. After removing duplicates and
reviewing full-text articles, nine trials [32–49] (published in
17 articles) met the eligibility criteria. Checking project staff
files identified one additional paper [50]. Reference checking
did not yield any additional papers (see Fig. 1 for PRISMA
diagram summarising the selection process).
Trial characteristics
An overview of the studies included is provided in Table 1.
Five of the ten included studies specified physical activity
behaviour change as a primary outcome [37, 39–41, 50].
Primary outcomes in the remaining studies were physical
performance [33], quality of life [35], feasibility [36] and
weight loss [38]. Most studies focused on promoting regular
participation in moderate-vigorous aerobic physical activity
and only one study focused on promoting resistance training
[34]. Seven studies focused on the promotion of physical
activity alone [33, 35, 37, 39–41, 50], whilst the remainder
promoted physical activity and at least one other behaviour
(e.g. diet) [34, 36, 38]. Self-report measures were used in all
studies, but four studies also included an objective measure of
aerobic activity (three utilising accelerometers [37, 39, 40] and
one utilising pedometers [41]). Trial participants were predominately recruited via advertisements, and invitations sent via
cancer care centres or treating oncologists/surgeons. Two studies recruited participants via cancer registry [34, 41]. Eligibility
criteria differed between studies in regards to time since active
treatment and cancer stage. Three studies targeted survivors
who had recently completed treatment [35–37] (ranging from
treatment completed within the last year to 3 years); three
studies restricted participation to those within a certain number
of years from diagnosis (i.e. within 5 years from diagnosis
[39], within 7 years from diagnosis [33] and within 14 years
from diagnosis [38]), and one study focused on survivors who
were at the five-year survival mark [34]. The remaining studies
did not restrict participation based on time since active treatment [40, 41, 50]. Four studies excluded breast cancer survivors diagnosed with stage 0 breast cancer [37, 38, 40, 41], two
studies included these survivors [36, 39], and four studies did
not specify if stage 0 breast cancer survivors were included
[33–35, 50]. Seven [33, 35–37, 39, 40, 50] of the ten studies
identified excluded participants that were already active (although the criteria for ‘active’ differed between studies). With
few exceptions [34, 41], study samples (N’s ranged between 36
and 404) were generally small and mainly consisted of middleaged, overweight participants.

Records identified through
database searching
(n = 1379)

Additional records identified
through other sources
(n = 1)

Records after title and abstract reviewed and
duplicates removed
(n =347)

Screening

Fig. 1 PRISMA flow diagram
summarising selection process
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Identification
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Eligibility

Full-text articles assessed
for eligibility
(n =347)

Included

Studies included in
quantitative synthesis
(n =10)

Targeting physical activity
alone
(n =7)

Intervention characteristics
Delivery mode
Six of the identified interventions included a face-to-face
component [33–35, 37, 38, 40], consisting of either group
sessions [33, 34, 38], individual sessions [35, 37] or a combination of the two [40]. Three of these interventions also
included a home-based component (i.e. telephone counselling sessions [37, 38]; exercise prescription for home-based
activity [40]). Four interventions were entirely home-based
interventions delivered via distance [36, 39, 41, 50]. Two of
these provided telephone counselling to participants
complemented with print materials [36, 39], one of which
also provided a heart rate monitor in Ref. [36], one was email-based and provided participants with access to an ecounsellor [50] and one provided participants with targeted
print materials, a pedometer or both of these materials [41].

Full-text articles excluded,
with reasons
(n =337)
Conference abstract: 12
Review article: 30
Protocol only 1
Comparison group: 6
Participants: 145
Outcome: 113
Design: 8
Intervention: 20
Language: 2

Targeting physical activity
plus at least one other
outcome
(n =3)

was operationalised in four interventions [33, 35, 36, 39],
Social Cognitive Theory [52] was operationalised in three interventions [37, 39, 50] and the Theory of Planned behaviour
[53] was operationalised in one intervention [41]. Of the
two remaining interventions, one was guided by a theoretical construct (i.e. social support) [34] and one was
atheoretical [38].
Behaviour change techniques
The most commonly employed behaviour change techniques
were self-monitoring and goal-setting [33, 35, 37, 39, 41,
50], eliciting social support [34, 35, 37, 40, 50] and positive
reinforcement [33, 36, 39, 41]. Time management [40, 50],
providing instruction [34, 41], cognitive reappraisal and
consciousness raising [35, 36] and positive role models
[40] were also used in some studies.
Comparison groups

Operationalisation of theory
Eight of the ten interventions were fully informed by a
behaviour change theory and employed techniques related to the theory used. The Transtheoretical Model [51]

Five studies compared the efficacy of the intervention to a no
intervention control [34, 36–38, 50], four studies compared
the efficacy of the behaviour change intervention to a
standard/usual care condition [33, 35, 40, 41], and one study

60

404

108

74

45

Basen-Engquist
(2006) [33]

Bloom (2008) [34]

Daley (2007) [35]

Hatchett (2012)
[50]

Kim (2011) [36]

Sedentary breast
cancer survivors;
within two years
of diagnosis of
stages 0–III
breast cancer the
week or poor diet

Sedentary breast
cancer survivors

Sedentary breast
cancer survivors;
completed
treatment within
the last 12–
36 months

Breast cancer
survivors under
50 years old,
5 years from
diagnosis

Sedentary breast
cancer survivors;
within 7 years
of diagnosis

Number Sample

First author
(date)

PA

Group

Group

One on one

6 months

12 weeks

8 weeks

Telephone
Aerobic PA diet
and print

12 weeks

PA

E-mail

12 weeks

PA

Knowledge aerobic
PA resistancetraining diet
communication
with family

Outcomes
targeted

Intervention Delivery
length
mode

Table 1 Overview of trials included in review

Control group

Control group

Social cognitive
theory

Transtheoretical
Exercise and diet
model
prescription,
customised by stage of
change, given weekly by
trained nurses during
30-min telephone
counselling session.
Complemented with
workbook based on stage
of change and a portable
heart rate monitor

Weekly e-mail message
for the first 5 weeks
of the intervention
followed by e-mail
messages every other
week for the next
6 weeks
In addition, participants
were offered access
to an e-counselor (EP)

Usual care
control

Not specified

Days of moderate
physical activity
(lasting 30 min)
Days of vigorous
physical activity
(lasting 30 min)

6 months
Amount of PA was
measured by
indicating on a scale
from 0 (never) to 4
(frequently) how
often in the past
month, while not
on the job,
participants
engaged in certain
aerobic, flexibility
and strength training
activities. Sum of
items, weighted by
METS to obtain a
total
1− item, assessing how 8 and 24 weeks
often they participate
in 1+ physical
activities for 20–
30 min/sessions in
free time over last
3 months
Wait-list
control group

Conceptual
framework
based on
theoretical
construct—
social
support

12 weeks

6 weeks
12 weeks

6 months

Minutes per week
MVPA

Standard care
condition

Postbaseline
follow-up

Transtheoretical
model

PA outcome

Comparison
group

Theoretical
models

Transtheoretical
model

One-to-one sessions
with an exercise
specialist
Participants exercised
3 times/week for
8 weeks. Cognitive
behavioural, techniques
used with participants
during sessions

90-min group meetings
each week for 16
weeks and every
other week for 8
weeks (21 sessions)
3 monthly workshops
conducted on
Saturdays and
lasting for 6 h,
including exercise
demonstrations
Topics: importance
of weight-bearing
physical activity,
physical activity
prescription,
overcoming
barriers, and 30-min
session with stretch
bands

Intervention intensity

Immediate: trend in favour
of the intervention but
no significant difference
between groups
(p=0.08)

Immediate: Significant
intervention effect
of the email group
compared with the
control group at 12
weeks for moderate
(p<0.01) and vigorous
intensity activity
(p<0.01)

Immediate: Significant
intervention effect
of the exercise therapy
group compared with
the usual care control
(p>0.01). Mid-term:
intervention effect
maintained

Mid-term: significant
intervention effect
on total physical
activity (p=0.04)

Immediate: no significant
difference between
groups (p=0.73)
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36

68

86

41

Mathews (2007)
[37]

Pakiz (2011)
[38]

Pinto (2005)
[39]

Rogers (2009)
[40]

Sedentary breast
cancer survivors;
diagnosed with
stages I–IIIA
breast cancer

Sedentary breast
cancer survivors;
diagnosed with
stages 0 to II
breast cancer
over the last
5 years

Sedentary breast
cancer survivors;
diagnosed with
stages I–III
breast cancer;
completed
treatment within
the last
12 months
Overweight breast
cancer survivors,
diagnosed with
stages 1–III
breast cancer
within the last
14 years

Number Sample

First author
(date)

Table 1 (continued)

Group and
one-onone

Aerobic PA

6 discussion group sessions, Social cognitive
theory
12 individual-supervised
exercise sessions, and 3
individual ‘face to-face
update counselling
sessions
with an exercise
specialist
that tapered to a homebased
program at the end of
the intervention

Usual
care—
provided
publically
available
written
materials

Contact-control

12 weeks

Transtheoretical
model

Telephone
Aerobic PA
and print

12 weeks

Weekly telephone
counselling
and a tip sheet every
week
for 12 weeks, as well as
feedback letters
summarising
participant progress sent
at weeks 2, 4, 8 and 12

Wait-list control

Group meetings weekly for None
4 months and follow-up
monthly sessions
through
12 months
Telephone counselling calls,
weekly for the first
month,
fortnightly for the next
2 months and once a
month thereafter

Group and
telephone

1 year

Aerobic PA diet

Wait-list control

Social cognitive
Single face-to-face
theory
counselling
visit (30 min) followed
by 5
short (10–15 min/call)
telephone-counselling
calls
in weeks 1, 2, 4, 7 and 10

Aerobic PA

One-on-one
and
telephone

Comparison
group

12 weeks

Theoretical
models

Intervention intensity

Outcomes
targeted

Intervention Delivery
length
mode

Immediate: significant
intervention effect
on MVPA (p=<0.05)
and meeting the physical
activity guidelines
(p=<0.001). No sig
intervention effect on
Caltrac, Kcal (p=0.36).
Mid-to long terms:
significant reduction
in the intervention
effect on MVPA 3
months after the
intervention; effects
at 6 months follow-up
maintained
Immediate: significant
intervention effect on
activity counts
(d=1.02, p=<0.01) and
meeting the physical
activity guidelines
(p=0.06).
No significant intervention
effect for self-reported
physical activity (d=0.16,
p=0.63). Mid-term:
improvements in
objectively
measured PA sustained. No

12 weeks
6 months
Meeting PA
guidelines. Minute
per week MVPA.
Activity counts
(accelerometer)

Early mid-intervention:
significant intervention
effect of intervention
on hours of PA a week
(p<0.05). PA not assessed
post-intervention

Immediate: Significant
intervention effect
on Ct min−1 day−1
(p=0.01). No
intervention effect
on MVPA

Results

12 weeks,
6 months,
and
9 months

16 weeks

12 weeks

Postbaseline
follow-up

Minutes per week
MVPA Caltrac, Kcal
(accelerometer)

Hours/week MVPA

MET h−1 week−1 and
Ct min−1 day−1
(accelerometer)

PA outcome

J Cancer Surviv (2013) 7:570–581
575

Immediate: significant
intervention effect of
pedometer only
intervention
group (p=0.01) and
combined pedometer print
material intervention group
(p=0.02) on MVPA
compared
with the SR control group.
Long term: intervention
effect
not maintained

compared the efficacy of the intervention to a contact control
condition [39].
Methodological quality

12 weeks and
9 months

Findings from the methodological review are presented in
Table 2. Based on the assessments by two reviewers (CS and
FS) using a standardised tool [32], two of the studies were
rated as ‘strong’ [39, 41], five of the studies were rated as
‘moderate’ [33, 36, 38, 40, 50] and three were rated as
‘weak’ [34, 35, 37]. Issues relating to selection bias (due to
low consent rate and/or recruitment method) were considered a methodological limitation in eight studies, failure to
report withdrawal and dropout information was an issue in
one study, and the reliability and validity of the measurement
tool for assessing physical activity was considered an issue
in two studies.

Standard
Minutes per week
recommendation
MVPA step-counts
control (SR)
(pedometer)

Intervention effects on self-report and objectively assessed
physical activity

Group 3 received all
intervention materials

Self-reported physical activity

PA physical activity, MVPA moderate to vigorous physical activity

Aerobic PA
377
Vallance (2007)
[41]

Breast cancer
survivors
diagnosed with
stages I–IIIa
breast cancer

Print and
pedometer
12 weeks

Group 1 received a theory- Theory of
planned
based exercise guide for
behaviour
breast cancer survivors
and the standard
recommendation
Group 2 received a DigiWalker SW-200
pedometer and a
12-week step calendar
and a
standardrecommendation

Postbaseline
follow-up
PA outcome
Comparison
group
Theoretical
models
Intervention intensity
Outcomes
targeted
Intervention Delivery
length
mode
Number Sample
First author
(date)

Table 1 (continued)

intervention effect for selfreport PA
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Significant intervention effects on self-reported physical activity behaviour change were reported in eight [34, 35,
37–41, 50] out of the ten included trials, ranging from halfway through a 12-week intervention [38] to a 9-month
follow-up [39] (see Table 1). Of the five studies [34, 35,
39–41] that assessed self-reported behaviour change at a
post-intervention follow-up, three reported maintenance of
the intervention effect (two mid- [34, 35] and one long terms
[39, 42]), whilst two reported that the intervention effect was
not sustained (mid- [40] and long terms [41]). Of the two
studies that did not find a significant intervention effect on
physical activity behaviour change [33, 36], one study found
a positive intervention trend at post-intervention (p=0.086)
and both reported positive changes in motivational readiness
for exercise, as well as significant positive changes in other
outcomes targeted (i.e. physical performance and bodily pain
[33]; diet, emotional functioning, fatigue, and depression
[36]). Both of these studies were pilot studies with small
sample sizes (n=60 [33]; n=45 [36]) and may have been
underpowered.
Objective measures
Significant intervention effects on objectively assessed physical activity behaviour change were reported in two [37, 40]
out of the four studies that utilised an objective measure,
ranging from the short midterm. Interestingly, there was
incongruence between the objective and self-report measures
employed in all four studies. Namely, those that found significant intervention effects on objectively assessed physical
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Table 2 Methodological quality of the included studies rated by two reviews
First author (date)

Selection bias

Study design

Confounders

Blinding

PA outcome
assessment

Withdrawals
and drop outs

Global
rating

Basen-Engquist (2006) [33]
Pinto (2005) [39]
Rogers (2009) [40]
Mathews (2007) [37]

Weak
Moderate
Weak
Weak

Strong
Strong
Strong
Strong

Strong
Strong
Strong
Strong

–
–
–
–

Strong
Strong
Strong
Strong

Strong
Strong
Strong
Weak

Moderate
Strong
Moderate
Weak

Vallance (2007 [41])
Hatchett (2012) [50]
Daley (2007) [35]
Kim (2011) [36]
Bloom (2008) [34]
Pakiz (2011) [38]

Strong
Weak
Weak
Weak
Weak
Weak

Strong
Strong
Strong
Strong
Strong
Strong

Strong
Strong
Strong
Strong
Strong
Strong

–
–
–
–
–
–

Strong
Strong
Weak
Strong
Weak
Strong

Strong
Strong
Strong
Strong
Strong
Strong

Strong
Moderate
Weak
Moderate
Weak
Moderate

activity (using accelerometers in both cases) [37, 40] did not
report significant intervention effects on self-reported physical activity. Whereas, those that did not report significant intervention effects for objectively assessed (via pedometers [41]; or accelerometers [39]) physical activity, did
report intervention effects for moderate-vigorous self-reported
physical activity.

terms. Furthermore, as there were few differences between the
two studies that did not achieve significant changes in physical
activity versus those that did, it may be likely that differences in
effect were due to power issues rather than differences in
intervention characteristics, especially in the trial that found a
positive trend (n=45) [36].
Mediators of intervention effects

Effect sizes
Only two studies reported intervention effect sizes. At the
immediate post-intervention follow-up, effect sizes ranged
from small to large, and were highest for objectively measured physical activity (large effect size reported for accelerometer assessed physical activity, d = 1.02, [40]; medium
effect size reported for pedometer assessed physical activity,
d =0.62 [39]; small-medium effect sizes reported for selfreported physical activity, d = 0.16 [40]; d = 38[41] ). Effect
sizes were not reported for post-intervention follow-ups in
either of these studies.
Evaluation of factors impacting on intervention efficacy
The ability to identify and evaluate factors relating to intervention efficacy is limited due to the relatively small number
of studies conducted, the heterogeneity of the studies included in terms of the interventions delivered and methodological characteristics, and the absence of effect sizes measures
in all but two studies. Nonetheless, an examination of the eight
studies that did yield significant intervention effects suggests
that 12 week interventions employing behaviour change techniques (e.g., self-monitoring, encouraging social support, goalsetting, providing instruction) derived from a variety of theories
and delivered in a variety of settings (i.e., one-on-one, group,
home) can be effective at changing the physical activity behaviour of breast cancer survivors immediately after the intervention, with some evidence of maintenance in the mid- to long

Only three studies conducted mediation analyses [47–49] to
examine the effect of the intervention on the theoreticallyderived predictors of behaviour change, and to determine if
PA was mediated by changes in these variables. Pinto and
colleagues [39] found that the positive intervention effect for
their home-based intervention, based on the Transtheoretical
Model [51], was not mediated by changes in Transtheoretical
construct variables [47]. Whereas, positive intervention effects in Rogers and colleagues [40, 48] Social Cognitive
Theory-based intervention and Vallance and colleagues [41,
49] Theory of Planned behaviour-based intervention were
mediated by changes in the associated theory-based predictors.
Namely, in Rogers et al. study [40, 48] barriers interference
mediated 39 % (p=0.004) of the intervention effect on PA
3 months post-intervention; and in Vallance et al. study [41, 49,
54] planning and intention were found to partially mediate the
effects of the intervention on PA immediately following the 3month intervention, as well as at 3 months post-intervention.

Discussion
The primary purpose of this review was to synthesise the
existing literature relating to the efficacy of behaviour
change interventions for promoting physical activity among
post-treatment breast cancer survivors and to provide direction for future research. The review shows that while very
few trials have been conducted in this domain, behavioural
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interventions of various intensities and delivery modes do
hold promise for effectively changing aerobic physical activity behaviour among breast cancer survivors. Of interest to
public health researchers and practitioners, one can envisage
that several of the efficacious interventions described here could
potentially be disseminated in a sustainable way to the increasingly growing population of breast cancer survivors [55].
However, there are gaps in the research to date that need to be
addressed to fully inform public health approaches in this area.
First, empirical evidence regarding the ability of these
interventions to be adopted, implemented and maintained
at an individual and community level is required [55, 56].
Our findings mirror those of Spark and colleagues [27] who
concluded that the majority of studies targeting physical
activity among breast cancer survivors do not report maintenance outcomes of the intervention, and few report sustained
intervention effects. Furthermore, the majority of studies do
not include objective measures of behaviour change. Our
findings also mirror those of White and colleagues [6] who
concluded that studies targeting physical activity amongst
breast cancer survivors often report outcomes at an individual level (e.g. physical activity outcomes) but not at a setting
or organisational level (e.g. adoption, implementation and
maintenance of intervention by study staff and key stakeholders). This lack of information at both an individual and
settings level hinders the validity of the interventions and must
be addressed to progress the translation of research into practice. A well-regarded framework for evaluating the external
validity and public health impact of health promotion interventions is the RE-AIM framework [57]. The framework
consists of five dimensions (i.e., reach, efficacy, adoption,
implementation, and maintenance) that occur at multiple levels
(e.g., individuals, organisation, and community) and interact to
determine the public health impact of the intervention. The
guiding premise is that failure to adequately evaluate programs
on all five dimensions can lead to a waste of resources, discontinuities between stages of research, and failure to improve
public health [55–57]. This would suggest that one direction
for future research is to evaluate these interventions at the
organisational or community level, using objective measures
where possible.
Second, whilst the majority of studies included in this
review were theory-based, only three tested the mediating role
of the theoretical constructs (targeted by the intervention) on
physical activity behaviour. Such analyses are needed to provide insight into ‘why’ interventions work, and hence accelerate the identification of effective behaviour change techniques and the development of evidence-based practice in
the field applied [58]. Interestingly, Spark et al. [27] reported
that interventions relying less heavily on a theoretical model
for intervention development and reporting the use of fewer
behavioural intervention strategies seemed to be more likely
to achieve successful maintenance of intervention effects. This
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was not observed in the current review, and furthermore is in
direct contrast to current wisdom regarding the necessity of
using theory in the development and evaluation of behavioural
interventions [25, 26, 30, 59] and a growing body of evidence
suggesting that theory-based interventions are more effective
than a-theoretical interventions [60]. As such, we concur with
the authors that this finding should be interpreted with caution.
One possible explanation is that the results were skewed by
the inclusion of health outcome trials that have a behavioural
component. Such trials tend to be less reliant on theory than
traditional behaviour change trials but in turn are more highly
controlled and highly resourced, which may promote greater
maintenance of intervention effects [28]. Hence, it is recommended that the development and evaluation of future interventions continue to be based on sound behavioural theory.
Without such understanding, the development of effective
interventions targeted at this population is likely to be hindered by ‘wheels’ being reinvented rather than re-applied [58].
Third, information regarding the efficacy of computermediated physical activity interventions in this population
group requires further investigation [61]. Only one study included in this review evaluated the efficacy of a computermediated intervention and no mid- or long-term follow-up
occurred [50]. Computer-mediated interventions have shown
promise in other population groups [61, 62] and may be
particularly translatable in chronic disease setting [63], where
several stakeholders already have a strong online presence (e.g.
The American Breast Cancer Foundation, The Breast Cancer
Network, and The Cancer Council). In line with this, a review
of chronic illness management interventions using the REAIM framework [55] concluded that whilst traditional faceto-face intervention modalities are often efficacious they may
have limited impact if they cannot be delivered consistently to
large segments of the target population. Whereas, interventions
using new information technologies may have greater reach,
adoption, implementation and maintenance, and thereby greater public health impact. Exploring this research avenue further
in the breast cancer population may enhance our ability to
provide cost effective and sustainable supportive cancer care.
Fourth, only one of the trials included in this review
focused on promoting behavioural changes in resistancetraining and the efficacy of the intervention for changing this
behaviour was not reported [34]. This is of concern, given
that resistance-training is a recommended exercise for breast
cancer survivors [10–12], and levels of resistance-training
tend to be low among the breast cancer population [64].
There is also evidence that targeting prolonged sedentary
behaviour (e.g. sitting) may be an important component of
overall daily activity that should also be addressed in behaviour interventions targeted at breast cancer survivors [9, 16].
One study using an objective measure of physical activity
and sitting time showed that reducing sitting time among
breast cancer survivors may assist with weight management
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and improve other metabolic outcomes [16]. In addition, a
recent systematic review concluded that sedentary behaviour
was associated with increased cancer risk for some cancers
and cancer mortality among women [9]. To our knowledge,
only one study has targeted aerobic and resistance training as
well as sedentary behaviour among breast cancer survivors
[65]. The results from this study are forthcoming and may
provide some useful information. Whilst studies exploring the
efficacy of interventions for changing resistance-based activity
and sedentary behaviour are needed, whether or not interventions should focus on multiple aspects of a physical activity
behaviour (e.g. diet and resistance training), or indeed multiple
behaviours is still unclear in the behaviour change field at large
[66]. There is a growing recognition that such interventions
have a greater potential to impact public health, but there is
uncertainty as to whether targeting multiple behaviouurs may
be overwhelming for participants [66]. Because of the small
number of studies in the current review, it was not possible to
examine if efficacy for changing physical activity differed
based on whether the intervention was a single or multiple
behaviour change intervention. Research examining the relative efficacy of interventions targeting multiple behaviours
(e.g. nutrition and physical activity) and multiple aspects of
behaviour (e.g. resistance training and aerobic activity and
sedentary behaviour ) compared with those targeting single
behaviours or single aspects of behaviour are needed to inform
future public health practice.
Although this is a comprehensive review of the published
literature, there are some limitations that may impact on the
generalisability of the findings. Namely, the small number of
studies included, the lack of quantitative synthesis, the exclusion of papers not published in English, the methodological
weaknesses identified in the included studies (most commonly
selection bias) and the possibility of publication bias since
grey literature (i.e. unpublished studies) were not examined.
However, it should be noted that protocol papers were screened
in an attempt to identify grey literature and reduce publication
bias, and only one protocol paper fitting eligibility criteria was
identified and authors were still at the data collection stage [65];
a qualitative synthesis of the literature was a more appropriate
approach under these circumstances than a quantitative approach (i.e. a meta-analysis) because of the heterogeneity and
small number of studies conducted in this field [67], and the
samples in the included studies reflected the heterogeneity of
the breast cancer survivor population. Despite the aforementioned limitations, this review provides insight into the state of
the evidence, highlights gaps and limitations in the literature
and provides key directions for future research.
In conclusion, although few studies have been conducted
examining the efficacy of behavioural interventions for promoting physical activity behaviour change, the majority of
studies conducted to date have been of fair methodological
quality, have produced changes in physical activity behaviour
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and may be translatable into sustainable and cost-effective
public health approaches. Hence, whilst the field is still in its
infancy [3] the results of this review are promising and hope to
guide future research.
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