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Abstract
Purpose  Physical activity is a well-established strategy to alleviate breast cancer-related adverse outcomes. To optimise 
health benefits, behaviour change theories provide frameworks to support women in improving their physical activity. This 
review aimed to evaluate (i) the effects of behaviour change theory-based physical activity interventions for women with 
breast cancer and (ii) the application of these theories.
Methods  Seven online databases were searched. Trials were included if randomised and controlled, involved physical activity 
interventions ≥ 12 weeks duration, used a behaviour change theory, and participants were < 3 years post-cancer treatment. 
Risk of bias and theory use were assessed. Data were synthesised narratively and meta-analysed.
Results  Forty articles describing 19 trials were included. Overall risk of bias was moderately high. Post-intervention pooled 
effect estimates were medium for self-reported (SMD = 0.57) and objectively measured physical activity (SMD = 0.52). 
Most trials cited the social cognitive theory (n = 10) and transtheoretical model (n = 9). Trials rarely applied theories in their 
entirety, expounded on behavioural mechanisms, or tailored interventions according to behavioural constructs. The most 
commonly used types of behavioural techniques were goals and planning (n = 18), shaping of knowledge (n = 18), feedback 
and monitoring (n = 17), and comparisons of outcomes (n = 17).
Conclusions  The included trials were effective for increasing physical activity in women with breast cancer. Theories were 
applied using a wide range of approaches and levels of rigour, although shared the use of common behavioural techniques.
Implications for Cancer Survivors  Future research may benefit breast cancer survivors by more comprehensively applying 
behaviour change theories, emphasising individual patient needs and goals.

Keywords  Cancer survivorship · Lifestyle intervention · Theory coding scheme · Behaviour change techniques · Social 
cognitive theory · Transtheoretical model

Background

Physical activity is a well-researched intervention to allevi-
ate health problems associated with breast cancer and reduce 
the risk of future comorbidities [1]. Improvements can be 
made in quality of life, fatigue, and physical function, coun-
teracting many commonly experienced symptoms and also 
lowering the overall risk of all-cause mortality [2, 3]. In 

the context of physical activity trials which provide profes-
sional instruction and/or facilities, it is standard to endeavour 
to offset inconveniences that come with participation, for 
example, by assisting with travel or employing experienced 
study personnel. Accordingly, the key predictors of adher-
ence to exercise interventions for people with cancer include 
convenience of participation and travel, the presence of pro-
fessional supervision, and a high frequency of contact with 
research staff [4, 5]. A recent systematic review of interven-
tions following adjuvant therapy for breast cancer showed 
that programs typically lasted 8 to 12 weeks, and many did 
not follow-up and reassess whether participants continued to 
be physically active after the conclusion of the intervention 
[6]. As adaptations due to physical activity require ongoing 
commitment to be maintained, the long-term effects of such 
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trials, once the provided guidance and facilities are removed, 
are unclear.

Behaviour change theories have been used in physical 
activity trials for a wide variety of populations to promote 
self-management and the continuing adoption of health 
behaviours. These theories outline numerous interconnected 
processes and factors that are present when changing behav-
iour, potentially creating a better intervention through iden-
tification of factors that may be of particular relevance [7]. 
Frequently cited behaviour change theories used in health 
research include the social cognitive theory [8], transtheoret-
ical model [9], and theory of planned behaviour [10]. These 
theories share some key behavioural constructs, including: 
self-efficacy i.e. one’s self-belief in their ability to achieve 
the behaviour change, barriers and enablers, education 
around the “how” and “why” of the behaviour change, and 
external social or environmental influences. Underpinned by 
these theories are behaviour change techniques, which are 
practical actions or strategies that facilitate change such as 
cognitive reframing, consideration of health outcomes, or 
monitoring and goal setting. Behaviour change theories are 
particularly relevant to programs for breast cancer survivors, 
due to both the physical and psychological burden of the 
disease presenting challenges when trying to lead a healthy 
lifestyle [11, 12].

Physical activity interventions that use behaviour change 
theories have been explored in women with breast cancer 
using a wide range of intervention settings and protocols. 
A previous systematic review, reporting on physical activ-
ity behaviour interventions up to 2013, has provided some 
insight into how the extent of theory use enhances interven-
tion efficacy, while also highlighting the need for further 
exploration [13]. Hence, this systematic review sought to 
investigate the benefits of using theory-based physical activ-
ity interventions for women with breast cancer by synthe-
sising and evaluating (i) the effects on physical activity and 
related health outcomes and (ii) the application of behaviour 
change theories.

Methods

Inclusion criteria and database search

This review was registered with the PROSPERO Register 
of Systematic Reviews (CRD42019121782). Trials were 
included if they (1) were a peer-reviewed journal article in 
English; (2) used a randomised or quasi-randomised study 
design with a control group; (3) involved women with 
breast cancer; (4) enrolled women in whom the majority 
were within three years of their last active treatment (i.e. 
not including hormone therapy); (5) reported an interven-
tion targeting physical activity, with a minimum duration of 

12 weeks; and (5) reported using a behaviour change the-
ory. The criteria for types of interventions were broad and 
could range from unsupervised lifestyle activity programs to 
centre-based structured exercise. Multimodal interventions 
involving health behaviours in addition to physical activity 
were not included. For studies that reported multiple inter-
vention arms, only arms that met the review criteria were 
included.

Database search

A search was conducted for published articles in MEDLINE, 
EMBASE, PsycINFO, the Cochrane Library, CINAHL, Web 
of Science, and Scopus online databases. Search strategies 
(Supplementary Material 1) encompassing the inclusion 
criteria were formulated with the assistance of an academic 
librarian and cross-referenced with a previous Cochrane 
review relating to physical activity for women with breast 
cancer [6]. As records may describe a behaviour change 
theory in its full text but not in the study title, abstract, or 
keywords, the search strategies did not include this criterion; 
instead, use of theory was screened for during the review of 
full texts. There were no restrictions on publication date. 
References of the final included papers were also searched. 
The initial search was undertaken in October 2018, with 
follow-up searches completed in November 2020 and July 
2021.

Selected outcomes

The primary outcome for this review was change in physical 
activity, measured with questionnaires or objective activ-
ity trackers. Secondary outcomes included quality of life, 
fatigue, and behaviour change variables (e.g., self-efficacy or 
social support) measured using questionnaires, and physical 
function, aerobic fitness, and muscular strength.

Trial screening and data extraction

All authors were involved in screening, full text review and 
data extraction, with each step completed independently by 
two authors and disagreements resolved by a third author. 
For publications in which the title and abstract appeared to 
meet the review criteria, the full text was then reviewed. 
Study characteristics extracted included aims, eligibility cri-
teria, recruitment methods, intervention and control group 
details, adherence, and outcome measurement methods. 
Immediate post-intervention and follow-up (> 12 weeks 
post-intervention) values were extracted for the selected 
outcomes, along with information about intervention adher-
ence, such as session attendance. For trials with multiple 
publications, we collated information across all articles 
and used the primary article (i.e. with the most complete, 
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relevant outcomes for the review) as the reference article in 
this review.

Assessment of risk of bias

The revised Cochrane Risk of Bias 2 (RoB 2) was used to 
assess study risk of bias [14]. The tool covers five domains 
in which bias may exist: (1) randomisation process, (2) 
deviations from the intended intervention, (3) missing out-
come data (> 5% missing for continuous outcomes), (4) the 
measurement of outcomes (physical activity), and (5) the 
selection of the reported results. The tool provides decision 
tree algorithms that suggest a judgement of either “low risk,” 
“some concerns,” or “high risk” for each of the 5 domains, 
and for the overall risk of bias. Risk of bias was assessed 
independently then discussed by two authors (ML, SK or 
JY).

Assessment of theory use

To evaluate the extent of behaviour change theory applica-
tion, items 1–11 of Michie and Prestwich’s Theory Cod-
ing Scheme were used [15]. The remaining items were 
not assessed as they address methodological issues rather 
than the application of a behaviour change theory. Items 
1–6 assess whether a specific behaviour change theory was 
mentioned, if the intervention was based on a single theory, 
and if a theory construct was used to inform inclusion cri-
teria (e.g. recruiting low-motivation participants assessed 
using a theory-based questionnaire), intervention develop-
ment, and/or the tailoring of the intervention to participants. 
Items 7–11 assess the link between intervention techniques 
and theory constructs or other behavioural predictors. The 
Theory Coding Scheme was scored by two authors (ML and 
JY).

In addition, the Behaviour Change Technique Taxonomy 
[16] was used as a means to systematically identify and cat-
egorise behaviour change-related intervention components.

Statistical analysis

All extracted continuous outcomes assessed in at least two 
studies were considered for meta-analyses. Analyses were 
performed on post-intervention and follow-up means and 
standard deviations (SD), with the most distal follow-up val-
ues selected to reflect the lasting effects of trials. For trials 
that did not report means or SDs, effect or variability values 
were imputed from the available data when feasible [17]. 
Cochrane’s guidelines [18] were followed when deciding 
what outcome data was appropriate for meta-analysis.

All analyses were carried out using Review Manager 
(v5.4). Outcomes were combined using the inverse variance 
random-effects method because, in addition to the possibility 

of random error, differences were expected from the varia-
tion in intervention protocols and population characteristics 
between the trials (e.g. cancer stage and treatments) [19]. 
Pooled effect estimates and the corresponding 95% confi-
dence intervals (CI) for intervention versus control arms 
were calculated for each outcome. Effect size estimates 
were calculated as standardised mean differences (SMD) to 
allow synthesis of different measurement methods assessing 
one outcome (e.g. different self-reported physical activity 
questionnaires).

To examine the effect of different theories, subgroup anal-
ysis was conducted to compare trials according to the theory 
used. Sensitivity analyses were also performed to discern 
whether high risk of bias trials or outcomes that required 
data imputation significantly changed the pooled effect esti-
mates or statistical heterogeneity [20].

Results

Search results

A total of 13,288 records were identified across the data-
base searches (Fig. 1). After removing duplicates, 6593 titles 
and abstracts were screened, with 485 full texts proceeding 
to further review. We requested additional data via email 
from the corresponding authors of four studies; two authors 
responded, one confirming eligibility and one confirming 
ineligibility. From the evaluation of the full texts, 40 arti-
cles including protocols were identified as being suitable for 
inclusion in this review, reporting on 19 unique trials.

Participant characteristics

Details on participant characteristics across the included tri-
als are presented in Table 1. Sixteen trials reported average 
age of participants with an overall mean age of 52.7 years, 
with one study reporting no age information [21]. Six trials 
(32%) recruited women with breast cancer across all stages 
[22–27]. The other 13 trials (68%) recruited women with 
early-stage or non-metastatic cancer only. Fourteen trials 
reported cancer stage: stage 0 = 4%, stage I = 38%, stage 
II = 43%, stage III = 15%, and stage IV = 1%. Eight trials 
(47%) were conducted while participants were undergo-
ing active treatment [23, 26, 28–33], with the remaining 
trials conducted after completion of active treatment (not 
including hormone therapy). One trial specifically recruited 
women who were receiving hormone therapy [34]. Twelve 
trials (63%) limited inclusion into the trial based on par-
ticipants’ baseline physical activity level with the allowable 
level varying widely, ranging from < 5 days a week of exer-
cise to reporting no current physical activity.
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Intervention and control group characteristics

Details on the interventions are presented in Table  1. 
Intervention length ranged from 12 weeks to 8 months 
(mean = 16.5 ± 7.1 weeks). All trials included instruc-
tion on home-based physical activity, with six trials also 
including a centre-based exercise component [28, 30, 
32–35]. Nine trials involved phone calls [23–25, 27, 29, 
31, 36–38] and five trials involved group discussions [22, 
30, 32, 33, 35]. Other approaches included a combination 
of individual counselling sessions and group discussions 
(n = 2) [28, 34], online/email delivery (n = 2) [21, 27], 
written material alone (n = 2) [39], and training nurses to 
engage with participants during treatment visits (n = 1) 
[26]. All trials that involved regular contact between 

participants and study personnel reported information 
about the personnel delivering the intervention: nine trials 
reported using personnel that had expertise in delivering 
behaviour change interventions or were trained specifi-
cally for the trial [21, 23, 24, 26, 27, 33, 36–38], with the 
remaining trials reporting non-specific information such 
as research staff titles or allied health profession.

Control groups either received usual care were asked 
not to change their physical activity level, or were pro-
vided with limited breast cancer and physical activity 
information. Four trials used a contact control group in 
which control group participants received a comparable 
frequency of contact but without the primary intervention 
components (e.g. to administer a symptom questionnaire) 
[25, 31, 37, 38].

Fig. 1   PRISMA flow diagram

1130 Journal of Cancer Survivorship (2022) 16:1127–1148



1 3

Ta
bl

e 
1  

S
um

m
ar

y 
of

 st
ud

y 
ch

ar
ac

te
ris

tic
s

A
ut

ho
r(

s)
, y

ea
r, 

co
un

try
Se

tti
ng

, p
ar

tic
ip

an
ts

 a
cc

ru
ed

/
re

ta
in

ed
 (a

t p
os

t-i
nt

er
ve

nt
io

n)
, 

ag
e

In
te

rv
en

tio
n 

le
ng

th
, f

ol
lo

w
-u

p 
po

in
ts

N
ot

ab
le

 e
lig

ib
ili

ty
 c

rit
er

ia
In

te
rv

en
tio

n 
gr

ou
p 

su
m

m
ar

y
C

on
tro

l g
ro

up
 su

m
m

ar
y

A
nd

er
so

n 
(2

01
2)

 [2
8]

U
SA

C
en

tre
 +

 ho
m

e-
ba

se
d

N
 =

 10
4/

80
M

ea
n 

ag
e:

 5
3.

6

6-
m

on
th

 fo
llo

w
-u

ps
 a

t 9
, 1

2,
 

an
d 

18
 m

on
th

s
- S

ta
ge

s I
–I

II
- R

ec
ru

ite
d 

du
rin

g 
fir

st 
po

st-
op

er
at

iv
e 

vi
si

t
- L

ym
ph

ed
em

a 
ex

cl
ud

ed

M
on

th
s 1

–3
: C

en
tre

-b
as

ed
 

co
nc

ur
re

nt
 e

xe
rc

is
e

- 2
/7

 o
f 3

0 
m

in
 w

al
ki

ng
 a

t 
m

od
er

at
e 

in
te

ns
ity

, 2
0 

m
in

 
fu

ll-
bo

dy
 p

ro
gr

es
si

ve
 re

si
st-

an
ce

 tr
ai

ni
ng

- 7
1%

 a
tte

nd
an

ce
 to

 se
ss

io
ns

- I
nd

iv
id

ua
l b

eh
av

io
ur

al
 

re
in

fo
rc

em
en

t, 
fr

eq
ue

nc
y 

un
cl

ea
r

M
on

th
s 4

–1
2:

 H
om

e-
ba

se
d 

ae
ro

bi
c 

ac
tiv

ity
- E

nc
ou

ra
ge

d 
to

 p
er

fo
rm

 
30

 m
in

 m
od

er
at

e 
ac

tiv
ity

 
4/

7
- M

on
th

ly
 b

eh
av

io
ur

al
 su

pp
or

t 
gr

ou
p 

di
sc

us
si

on
s

In
te

rv
en

tio
n 

de
liv

er
y 

pe
rs

on
-

ne
l:

- C
er

tifi
ed

 e
xe

rc
is

e 
sp

ec
ia

lis
t 

an
d 

be
ha

vi
ou

ra
l i

nt
er

ve
n-

tio
ni

st

Pr
ov

id
ed

 w
ith

 w
rit

te
n 

in
fo

rm
a-

tio
n 

ab
ou

t e
xe

rc
is

e 
an

d 
nu

tri
-

tio
n 

ev
er

y 
th

re
e 

m
on

th
s

B
ar

ut
h 

(2
01

5)
 [3

6]
U

SA
H

om
e-

ba
se

d
N

 =
 32

/3
0

M
ea

n 
ag

e:
 5

6.
5

12
 w

ee
ks

- S
ta

ge
s I

–I
II

- C
om

pl
et

ed
 a

dj
uv

an
t t

re
at

-
m

en
t w

ith
in

 la
st 

12
 m

on
th

s
- P

os
tm

en
op

au
sa

l
- E

xc
lu

de
d 

ca
rd

io
va

sc
ul

ar
 

di
se

as
es

- E
xe

rc
is

in
g <

 5/
7

A
er

ob
ic

 e
xe

rc
is

e
- S

ta
rt 

at
 3

/7
 fo

r 2
0 

m
in

 o
f 

lo
w

/m
od

er
at

e 
in

te
ns

ity
 

ac
tiv

ity
, w

ith
 a

im
 to

 re
ac

h 
5/

7 
fo

r 3
0–

40
 m

in
 o

f m
od

er
-

at
e/

hi
gh

 in
te

ns
ity

- 8
6%

 o
f p

re
sc

rib
ed

 se
ss

io
ns

 
co

m
pl

et
ed

B
eh

av
io

ur
al

 su
pp

or
t:

- I
ni

tia
l i

n-
pe

rs
on

 c
ou

ns
el

lin
g 

se
ss

io
n,

 ~
 30

 m
in

- S
ub

se
qu

en
t p

ho
ne

 c
al

ls
, f

re
-

qu
en

cy
 g

ra
du

al
ly

 d
ec

re
as

in
g 

fro
m

 w
ee

kl
y 

to
 o

nc
e 

ev
er

y 
th

re
e 

w
ee

ks
, 1

0–
15

 m
in

- P
ed

om
et

er
 a

nd
 a

ct
iv

ity
 lo

gs
In

te
rv

en
tio

n 
de

liv
er

y 
pe

rs
on

-
ne

l:
- T

ra
in

ed
 p

ub
lic

 h
ea

lth
 d

oc
-

to
ra

l s
tu

de
nt

s

A
sk

ed
 to

 m
ai

nt
ai

n 
us

ua
l a

ct
iv

-
ity

 le
ve

l

1131Journal of Cancer Survivorship (2022) 16:1127–1148



1 3

Ta
bl

e 
1  

(c
on

tin
ue

d)

A
ut

ho
r(

s)
, y

ea
r, 

co
un

try
Se

tti
ng

, p
ar

tic
ip

an
ts

 a
cc

ru
ed

/
re

ta
in

ed
 (a

t p
os

t-i
nt

er
ve

nt
io

n)
, 

ag
e

In
te

rv
en

tio
n 

le
ng

th
, f

ol
lo

w
-u

p 
po

in
ts

N
ot

ab
le

 e
lig

ib
ili

ty
 c

rit
er

ia
In

te
rv

en
tio

n 
gr

ou
p 

su
m

m
ar

y
C

on
tro

l g
ro

up
 su

m
m

ar
y

B
as

en
-E

ng
qu

ist
 (2

00
6)

 [2
2]

, 
Sc

ru
gg

s (
20

18
) [

50
]

U
SA

C
en

tre
-b

as
ed

N
 =

 60
/5

1
M

ea
n 

ag
e:

 5
5.

2

6 
m

on
th

s
- A

ny
 st

ag
e

- <
 7 

ye
ar

s s
in

ce
 d

ia
gn

os
is

- N
ot

 re
ce

iv
in

g 
tre

at
m

en
t, 

no
t 

in
cl

ud
in

g 
ho

rm
on

e 
th

er
ap

y
- E

xe
rc

is
in

g <
 4/

7,
 3

0 
m

in
, 

m
od

er
at

e 
in

te
ns

ity

G
ro

up
 e

du
ca

tio
n 

se
ss

io
ns

:
- 9

0 
m

in
 se

ss
io

ns
, w

ee
kl

y 
fo

r m
on

th
s 1

 to
 4

 w
ith

 
fr

eq
ue

nc
y 

de
cr

ea
si

ng
 to

 
fo

rtn
ig

ht
ly

 fo
r m

on
th

s 5
 to

 6
- P

hy
si

ca
l a

ct
iv

ity
 b

eh
av

io
ur

al
 

ad
vi

ce
 a

nd
 o

th
er

 b
re

as
t 

ca
nc

er
 to

pi
cs

- P
ed

om
et

er
 a

nd
 e

du
ca

tio
na

l 
m

at
er

ia
l

- 7
0%

 a
tte

nd
an

ce
 to

 se
ss

io
ns

Re
ce

iv
ed

 tw
o 

m
ai

lin
gs

 o
f 

ed
uc

at
io

na
l m

at
er

ia
l o

n 
br

ea
st 

ca
nc

er
 su

rv
iv

or
sh

ip
 o

nl
y

C
ad

m
us

 (2
00

9)
 [2

9]
(I

M
PA

C
T 

stu
dy

 o
nl

y)
U

SA

H
om

e-
ba

se
d

N
 =

 50
/4

5
M

ea
n 

ag
e:

 5
4.

3

6 
m

on
th

s
- S

ta
ge

s 0
–I

II
a

- R
ec

ru
ite

d 
at

 th
e 

st
ar

t o
f 

ad
ju

va
nt

 th
er

ap
y

- E
xc

lu
de

d 
sm

ok
er

s
- 3

5 +
 ye

ar
s o

ld

A
er

ob
ic

 e
xe

rc
is

e:
- G

oa
l o

f a
ch

ie
vi

ng
 o

f 3
0 

m
in

 
of

 m
od

er
at

e/
vi

go
ro

us
 in

te
n-

si
ty

 a
ct

iv
ity

 5
/7

- 6
4%

 o
f p

ar
tic

ip
an

ts
 a

ch
ie

ve
d 

ae
ro

bi
c 

go
al

B
eh

av
io

ur
al

 su
pp

or
t:

- W
ee

kl
y 

ph
on

e 
ca

lls
, a

pp
ro

xi
-

m
at

el
y 

20
 m

in
- W

rit
te

n 
m

at
er

ia
l

A
sk

ed
 to

 m
ai

nt
ai

n 
us

ua
l a

ct
iv

-
ity

 le
ve

l a
nd

 d
ie

t

C
am

pb
el

l (
20

05
) [

30
]

U
K

C
en

tre
-b

as
ed

N
 =

 22
/1

9
M

ea
n 

ag
e:

 4
7.

5

12
 w

ee
ks

- E
ar

ly
 st

ag
e 

ca
nc

er
- R

ec
ru

ite
d 

at
 st

ar
t o

f a
dj

uv
an

t 
th

er
ap

y
- E

xe
rc

is
in

g <
 3/

7,
 2

0 
m

in
, 

vi
go

ro
us

 in
te

ns
ity

C
en

tre
-b

as
ed

 e
xe

rc
is

e:
- 2

/7
, 1

0–
20

 m
in

 o
f v

ar
ie

d 
ex

er
ci

se
, i

nc
lu

di
ng

 w
al

ki
ng

, 
cy

cl
in

g,
 a

er
ob

ic
s, 

str
en

gt
h 

ex
er

ci
se

s a
nd

 c
irc

ui
ts

- 7
0%

 a
tte

nd
an

ce
 to

 se
ss

io
ns

B
eh

av
io

ur
al

 su
pp

or
t:

- W
ee

kl
y 

gr
ou

p 
di

sc
us

si
on

s

U
su

al
 c

ar
e

1132 Journal of Cancer Survivorship (2022) 16:1127–1148



1 3

Ta
bl

e 
1  

(c
on

tin
ue

d)

A
ut

ho
r(

s)
, y

ea
r, 

co
un

try
Se

tti
ng

, p
ar

tic
ip

an
ts

 a
cc

ru
ed

/
re

ta
in

ed
 (a

t p
os

t-i
nt

er
ve

nt
io

n)
, 

ag
e

In
te

rv
en

tio
n 

le
ng

th
, f

ol
lo

w
-u

p 
po

in
ts

N
ot

ab
le

 e
lig

ib
ili

ty
 c

rit
er

ia
In

te
rv

en
tio

n 
gr

ou
p 

su
m

m
ar

y
C

on
tro

l g
ro

up
 su

m
m

ar
y

D
em

ar
k-

W
ah

ne
fr

ie
d 

(2
00

8)
 

[3
1]

(E
xe

rc
is

e 
ar

m
 o

nl
y)

U
SA

H
om

e-
ba

se
d

N
 =

 58
/5

3
M

ea
n 

ag
e:

 4
1.

5

6 
m

on
th

s
- S

ta
ge

 I–
II

Ia
- N

ew
ly

 d
ia

gn
os

ed
, s

ch
ed

ul
ed

 
fo

r a
dj

uv
an

t c
he

m
ot

he
ra

py
- P

re
m

en
op

au
sa

l

H
om

e-
ba

se
d 

ex
er

ci
se

:
- E

nc
ou

ra
ge

d 
to

 a
ch

ie
ve

 a
t 

le
as

t 3
/7

 o
f 3

0 
m

in
 a

er
ob

ic
 

ex
er

ci
se

- L
ow

er
 b

od
y 

re
si

st
an

ce
 

ex
er

ci
se

s u
si

ng
 b

od
yw

ei
gh

t, 
re

si
st

an
ce

 b
an

ds
 o

r a
nk

le
 

w
ei

gh
ts

, p
er

fo
rm

ed
 e

ve
ry

 
se

co
nd

 d
ay

- 4
3%

 a
ch

ie
ve

d 
ae

ro
bi

c 
go

al
- 6

3%
 o

f r
es

ist
an

ce
 e

xe
rc

is
es

 
co

m
pl

et
ed

B
eh

av
io

ur
al

 su
pp

or
t:

- W
ee

kl
y 

ph
on

e 
ca

lls
 fo

r fi
rs

t 
m

on
th

, f
or

tn
ig

ht
ly

 fo
r t

he
 

re
m

ai
nd

er
 o

f t
he

 st
ud

y,
 

10
–3

0 
m

in
- S

tu
dy

 in
fo

rm
at

io
na

l w
or

k-
bo

ok
In

te
rv

en
tio

n 
de

liv
er

y 
pe

rs
on

-
ne

l:
- C

ou
ns

el
lo

r w
ith

 m
as

te
r’s

 
de

gr
ee

s i
n 

nu
tri

tio
n 

an
d 

ki
ne

si
ol

og
y

Sa
m

e 
nu

m
be

r o
f p

ho
ne

 c
al

ls
 

an
d 

w
rit

te
n 

m
at

er
ia

l, 
fo

cu
se

d 
on

 a
ch

ie
vi

ng
 a

 c
al

ci
um

-r
ic

h 
di

et

Ea
ki

n 
(2

01
2)

 [2
3]

, (
Pr

ot
oc

ol
: 

H
ay

es
 (2

01
1)

 [5
1]

)
A

us
tra

lia

H
om

e-
ba

se
d

N
 =

 14
3/

13
0

M
ea

n 
ag

e:
 5

2.
9

8 
m

on
th

s, 
da

ta
 c

ol
le

ct
io

n 
at

 
6 

m
on

th
s a

nd
 1

2 
m

on
th

s 
po

st-
su

rg
er

y 
(a

pp
ro

x.
 m

id
 

an
d 

2 
m

on
th

s p
os

t-i
nt

er
-

ve
nt

io
n)

- A
ny

 st
ag

e
- R

ec
ru

ite
d 

fro
m

 n
on

-u
rb

an
 

ho
sp

ita
ls

- 3
–4

 w
ee

ks
 p

os
t-s

ur
ge

ry

A
er

ob
ic

 e
xe

rc
is

e:
- G

iv
en

 ta
rg

et
 o

f b
ei

ng
 

ac
tiv

e >
 4/

7,
 4

5 
m

in
 o

f m
od

-
er

at
e 

to
 v

ig
or

ou
s a

ct
iv

ity
- R

ec
om

m
en

da
tio

n 
of

 fl
ex

-
ib

ili
ty

 tr
ai

ni
ng

 2
/7

B
eh

av
io

ur
al

 su
pp

or
t:

- W
ee

kl
y 

ph
on

e 
ca

lls
, f

re
-

qu
en

cy
 g

ra
du

al
ly

 d
ec

re
as

in
g 

to
 m

on
th

ly
, 1

5–
30

 m
in

- I
nf

or
m

at
io

na
l w

or
kb

oo
k 

an
d 

ex
er

ci
se

 d
ia

ry
In

te
rv

en
tio

n 
de

liv
er

y 
pe

rs
on

-
ne

l:
- E

xe
rc

is
e 

ph
ys

io
lo

gi
sts

 w
ith

 
stu

dy
-s

pe
ci

fic
 tr

ai
ni

ng

U
su

al
 c

ar
e

1133Journal of Cancer Survivorship (2022) 16:1127–1148



1 3

Ta
bl

e 
1  

(c
on

tin
ue

d)

A
ut

ho
r(

s)
, y

ea
r, 

co
un

try
Se

tti
ng

, p
ar

tic
ip

an
ts

 a
cc

ru
ed

/
re

ta
in

ed
 (a

t p
os

t-i
nt

er
ve

nt
io

n)
, 

ag
e

In
te

rv
en

tio
n 

le
ng

th
, f

ol
lo

w
-u

p 
po

in
ts

N
ot

ab
le

 e
lig

ib
ili

ty
 c

rit
er

ia
In

te
rv

en
tio

n 
gr

ou
p 

su
m

m
ar

y
C

on
tro

l g
ro

up
 su

m
m

ar
y

H
ar

tm
an

 (2
01

8 
[2

7]
, (

20
19

 
[5

2]
)

(P
ro

to
co

l: 
H

ar
tm

an
 2

01
5 

[5
3]

)
U

SA

H
om

e-
ba

se
d

N
 =

 87
/8

5
M

ea
n 

ag
e:

 5
7.

2

12
 w

ee
ks

- A
ny

 st
ag

e
- C

om
pl

et
ed

 c
he

m
ot

he
ra

py
 o

r 
ra

di
ot

he
ra

py
 tr

ea
tm

en
t

- E
xe

rc
is

in
g <

 60
 m

in
/w

ee
k 

m
od

er
at

e 
or

 v
ig

or
ou

s 
in

te
ns

ity

A
er

ob
ic

 e
xe

rc
is

e
- G

oa
l o

f a
ch

ie
vi

ng
 1

50
 m

in
/

w
ee

k 
at

 m
od

er
at

e 
to

 v
ig

or
-

ou
s i

nt
en

si
ty

B
eh

av
io

ur
al

 su
pp

or
t:

- I
ni

tia
l i

n-
pe

rs
on

 c
ou

ns
el

lin
g 

se
ss

io
n

- P
ho

ne
 c

al
ls

 to
 re

vi
se

 g
oa

ls
 a

t 
w

ee
ks

 2
 a

nd
 6

- 2
/7

 g
en

er
al

 b
eh

av
io

ur
al

 
ad

vi
ce

 e
m

ai
ls

- M
on

th
ly

 e
m

ai
ls

 p
ro

vi
di

ng
 

sp
ec

ifi
c 

fe
ed

ba
ck

 re
po

rts
In

te
rv

en
tio

n 
de

liv
er

y 
pe

rs
on

-
ne

l:
- B

eh
av

io
ur

 c
ha

ng
e 

ps
y-

ch
ol

og
ist

 a
nd

 tr
ai

ne
d 

st
aff

 
m

em
be

r

Re
ce

iv
ed

 sa
m

e 
em

ai
l s

ch
ed

ul
e 

w
ith

 n
on

-e
xe

rc
is

e 
re

la
te

d 
su

rv
iv

or
sh

ip
 a

dv
ic

e

H
at

ch
et

t (
20

13
) [

21
]

U
SA

H
om

e-
ba

se
d

N
 =

 85
/7

4
N

o 
ag

e 
in

fo
rm

at
io

n

12
 w

ee
ks

- A
ny

 st
ag

e
- C

om
pl

et
io

n 
of

 tr
ea

tm
en

t
- R

ep
or

t n
o 

cu
rr

en
t p

hy
si

ca
l 

ac
tiv

ity

B
eh

av
io

ur
al

 su
pp

or
t:

- W
ee

kl
y 

em
ai

ls
 fo

r t
he

 fi
rs

t 
si

x 
w

ee
ks

, f
or

tn
ig

ht
ly

 fo
r t

he
 

re
m

ai
ni

ng
 si

x 
w

ee
ks

- E
-c

ou
ns

el
lin

g 
av

ai
la

bl
e 

fo
r a

dv
ic

e 
an

d 
pa

rti
ci

pa
nt

 
en

ga
ge

m
en

t
In

te
rv

en
tio

n 
de

liv
er

y 
pe

rs
on

-
ne

l:
- E

xe
rc

is
e 

ph
ys

io
lo

gi
st 

w
ith

 
ex

pe
rie

nc
e 

w
or

ki
ng

 w
ith

 
ca

nc
er

 su
rv

iv
or

s

U
su

al
 c

ar
e

1134 Journal of Cancer Survivorship (2022) 16:1127–1148



1 3

Ta
bl

e 
1  

(c
on

tin
ue

d)

A
ut

ho
r(

s)
, y

ea
r, 

co
un

try
Se

tti
ng

, p
ar

tic
ip

an
ts

 a
cc

ru
ed

/
re

ta
in

ed
 (a

t p
os

t-i
nt

er
ve

nt
io

n)
, 

ag
e

In
te

rv
en

tio
n 

le
ng

th
, f

ol
lo

w
-u

p 
po

in
ts

N
ot

ab
le

 e
lig

ib
ili

ty
 c

rit
er

ia
In

te
rv

en
tio

n 
gr

ou
p 

su
m

m
ar

y
C

on
tro

l g
ro

up
 su

m
m

ar
y

K
im

 (2
02

0 
[3

5]
, 2

02
0b

 [5
4]

)
(P

ro
to

co
l: 

K
im

 2
01

9 
[5

5]
)

K
or

ea

C
en

tre
 +

 ho
m

e-
ba

se
d

N
 =

 50
/4

8
M

ea
n 

ag
e:

 4
9.

2

12
 w

ee
ks

, f
ol

lo
w

-u
ps

 a
t 4

 a
nd

 
9 

m
on

th
s

- S
ta

ge
s I

–I
II

- C
om

pl
et

ed
 su

rg
er

y 
an

d 
ch

em
ot

he
ra

py
- >

 M
od

er
at

e 
fa

tig
ue

- N
ot

 c
ur

re
nt

ly
 e

xe
rc

is
in

g 
re

gu
la

rly

W
ee

ks
 1

–6
: C

en
tre

-b
as

ed
- E

xe
rc

is
e 

pr
og

ra
m

 w
ith

 
fo

cu
s o

n 
up

pe
r l

im
b 

an
d 

ly
m

ph
ed

em
a 

re
ha

bi
lit

at
io

n,
 

pr
og

re
ss

in
g 

fro
m

 lo
w

 to
 

hi
gh

 in
te

ns
ity

- W
ee

kl
y 

12
0 

m
in

, i
nc

lu
di

ng
 

be
ha

vi
ou

ra
l s

up
po

rt 
gr

ou
p 

se
ss

io
ns

W
ee

ks
 7

–1
2:

 H
om

e-
ba

se
d

- S
am

e 
pr

og
ra

m
, 2

/7
- 2

 fu
rth

er
 b

eh
av

io
ur

al
 su

p-
po

rt 
gr

ou
p 

se
ss

io
ns

- M
ea

n 
ov

er
al

l p
ar

tic
ip

at
io

n 
ra

te
 >

 90
%

W
rit

te
n 

in
fo

rm
at

io
n 

on
 e

xe
rc

is
e 

al
on

e

M
at

th
ew

s (
20

07
) [

24
]

U
SA

H
om

e-
ba

se
d

N
 =

 36
/3

4
M

ea
n 

ag
e:

 5
3.

5

12
 w

ee
ks

- S
ta

ge
 I-

II
I

- C
om

pl
et

ed
 a

dj
uv

an
t t

re
at

-
m

en
t w

ith
in

 p
as

t 1
2 

m
on

th
s

- P
os

tm
en

op
au

sa
l

- E
xe

rc
is

in
g <

 5/
7

A
er

ob
ic

 e
xe

rc
is

e:
- C

om
m

en
ce

 3
/7

 fo
r 

20
–3

0 
m

in
 a

t R
PE

 1
1,

 w
ith

 
go

al
 o

f p
ro

gr
es

si
ng

 to
 5

/7
 

fo
r 3

0–
40

 m
in

 a
t R

PE
 1

3
- 9

4%
 o

f p
re

sc
rib

ed
 se

ss
io

ns
 

co
m

pl
et

ed
B

eh
av

io
ur

al
 su

pp
or

t:
- W

ee
kl

y 
ph

on
e 

ca
lls

, f
re

-
qu

en
cy

 g
ra

du
al

ly
 d

ec
re

as
in

g 
to

 o
nc

e 
ev

er
y 

th
re

e 
w

ee
ks

, 
15

–3
0 

m
in

- P
ed

om
et

er
In

te
rv

en
tio

n 
de

liv
er

y 
pe

rs
on

-
ne

l:
- T

ra
in

ed
 h

ea
lth

 c
ou

ns
el

lo
rs

A
sk

ed
 to

 m
ai

nt
ai

n 
cu

rr
en

t 
ac

tiv
ity

 le
ve

l

1135Journal of Cancer Survivorship (2022) 16:1127–1148



1 3

Ta
bl

e 
1  

(c
on

tin
ue

d)

A
ut

ho
r(

s)
, y

ea
r, 

co
un

try
Se

tti
ng

, p
ar

tic
ip

an
ts

 a
cc

ru
ed

/
re

ta
in

ed
 (a

t p
os

t-i
nt

er
ve

nt
io

n)
, 

ag
e

In
te

rv
en

tio
n 

le
ng

th
, f

ol
lo

w
-u

p 
po

in
ts

N
ot

ab
le

 e
lig

ib
ili

ty
 c

rit
er

ia
In

te
rv

en
tio

n 
gr

ou
p 

su
m

m
ar

y
C

on
tro

l g
ro

up
 su

m
m

ar
y

M
ut

rie
 (2

00
7 

[3
3]

, 2
01

2 
[5

6]
(, 

Tr
in

h 
(2

01
4 

[5
7]

)
U

K

C
en

tre
 +

 ho
m

e-
ba

se
d

N
 =

 20
3/

17
4

M
ea

n 
ag

e:
 5

1.
6

12
 w

ee
ks

, f
ol

lo
w

-u
ps

 a
t 6

, 
18

 m
on

th
s a

nd
 5

 y
ea

rs
- S

ta
ge

s 0
–I

II
- R

ec
ru

ite
d 

du
rin

g 
ch

em
o-

th
er

ap
y 

or
 ra

di
ot

he
ra

py
 

tre
at

m
en

t
- E

xe
rc

is
in

g <
 3/

7,
 2

0 
m

in
, 

vi
go

ro
us

 in
te

ns
ity

C
en

tre
-b

as
ed

 e
xe

rc
is

e:
- 2

/7
, 2

0 
m

in
 o

f v
ar

ie
d 

ex
er

ci
se

, i
nc

lu
di

ng
 a

er
ob

ic
 

tra
in

in
g,

 m
us

cl
e 

str
en

gt
he

n-
in

g 
an

d 
ci

rc
ui

ts
- M

od
er

at
e 

in
te

ns
ity

, 5
0–

75
%

 
ag

e-
pr

ed
ic

te
d 

H
R

 m
ax

H
om

e-
ba

se
d 

ex
er

ci
se

:
- W

ee
kl

y,
 n

o 
ot

he
r d

et
ai

ls
B

eh
av

io
ur

al
 su

pp
or

t:
- W

ee
kl

y 
gr

ou
p 

di
sc

us
si

on
s

In
te

rv
en

tio
n 

de
liv

er
y 

pe
rs

on
-

ne
l:

- T
ra

in
ed

 e
xe

rc
is

e 
sp

ec
ia

lis
ts

Re
ce

iv
ed

 le
afl

et
 p

ro
vi

di
ng

 sa
fe

 
gu

id
el

in
es

 fo
r e

xe
rc

is
in

g 
af

te
r 

ca
nc

er
 d

ia
gn

os
is

Pi
nt

o 
(2

00
5 

[3
7]

, 2
00

8 
[5

8]
), 

R
ab

in
 (2

00
6 

[5
9]

)
U

SA

H
om

e-
ba

se
d

N
 =

 86
/8

2
M

ea
n 

ag
e:

 5
3.

1

12
 w

ee
ks

, f
ol

lo
w

-u
ps

 a
t 6

 a
nd

 
9 

m
on

th
s

- S
ta

ge
s 0

–I
I

- D
ia

gn
os

is
 w

ith
in

 p
as

t 
5 

ye
ar

s
- C

om
pl

et
ed

 su
rg

er
y,

 c
he

m
o-

th
er

ap
y 

an
d/

or
 ra

di
ot

he
ra

py
- E

xe
rc

is
in

g  <
 2/

7,
 3

0 
m

in
, 

m
od

er
at

e 
in

te
ns

ity
 o

r  <
 1/

7,
 

20
 m

in
, v

ig
or

ou
s i

nt
en

si
ty

A
er

ob
ic

 e
xe

rc
is

e:
- E

nc
ou

ra
ge

d 
to

 b
e 

ac
tiv

e 
2/

7 
fo

r 1
0 

m
in

, w
ith

 g
oa

l o
f p

ro
-

gr
es

si
ng

 to
 5

/7
 fo

r 3
0 

m
in

- M
od

er
at

e 
in

te
ns

ity
, 5

5–
65

%
 

H
R

 m
ax

B
eh

av
io

ur
al

 su
pp

or
t:

- W
ee

kl
y 

ph
on

e 
ca

lls
, m

ea
n 

14
 m

in
- W

ee
kl

y 
ph

ys
ic

al
 a

ct
iv

ity
 

an
d 

ca
nc

er
 su

rv
iv

or
sh

ip
 ti

p 
sh

ee
ts

- P
ed

om
et

er
- F

ee
db

ac
k 

re
po

rts
 a

t w
ee

ks
 2

, 
4,

 8
, a

nd
 1

2
In

te
rv

en
tio

n 
de

liv
er

y 
pe

rs
on

-
ne

l:
- R

es
ea

rc
h 

st
aff

 tr
ai

ne
d 

in
 

ex
er

ci
se

 c
ou

ns
el

lin
g

A
sk

ed
 to

 n
ot

 c
ha

ng
e 

cu
r-

re
nt

 a
ct

iv
ity

 le
ve

l, 
re

ce
iv

ed
 

w
ee

kl
y 

no
n-

be
ha

vi
ou

ra
l 

ca
lls

 to
 a

dm
in

ist
er

 sy
m

pt
om

 
qu

es
tio

nn
ai

re

1136 Journal of Cancer Survivorship (2022) 16:1127–1148



1 3

Ta
bl

e 
1  

(c
on

tin
ue

d)

A
ut

ho
r(

s)
, y

ea
r, 

co
un

try
Se

tti
ng

, p
ar

tic
ip

an
ts

 a
cc

ru
ed

/
re

ta
in

ed
 (a

t p
os

t-i
nt

er
ve

nt
io

n)
, 

ag
e

In
te

rv
en

tio
n 

le
ng

th
, f

ol
lo

w
-u

p 
po

in
ts

N
ot

ab
le

 e
lig

ib
ili

ty
 c

rit
er

ia
In

te
rv

en
tio

n 
gr

ou
p 

su
m

m
ar

y
C

on
tro

l g
ro

up
 su

m
m

ar
y

Pi
nt

o 
(2

01
3 

[2
5]

, 2
01

3b
 [6

0]
)

U
SA

H
om

e-
ba

se
d

N
 =

 19
2/

17
3

M
ea

n 
ag

e:
 5

6.
0

12
 w

ee
ks

, f
ol

lo
w

-u
ps

 a
t 6

 a
nd

 
12

 m
on

th
s

- A
ny

 st
ag

e
- D

ia
gn

os
is

 w
ith

in
 p

as
t 

5 
ye

ar
s

- C
om

pl
et

ed
 tr

ea
tm

en
t, 

no
t 

in
cl

ud
in

g 
ho

rm
on

e 
tre

at
-

m
en

t
- E

xe
rc

is
in

g <
 90

 m
in

/
w

ee
k,

 m
od

er
at

e 
in

te
ns

ity
 

or
 <

 30
 m

in
/w

ee
k 

vi
go

ro
us

, 
in

te
ns

ity

H
ea

lth
ca

re
 p

ro
vi

de
r a

dv
ic

e:
- B

rie
f m

es
sa

ge
 a

bo
ut

 b
en

efi
ts

 
of

 p
hy

si
ca

l a
ct

iv
ity

 a
nd

 re
c-

om
m

en
da

tio
n 

to
 b

e 
ac

tiv
e 

4/
7 

fo
r 3

0 
m

in
A

er
ob

ic
 e

xe
rc

is
e:

- E
nc

ou
ra

ge
d 

to
 b

e 
ac

tiv
e 

2/
7 

fo
r 1

0 
m

in
, w

ith
 g

oa
l o

f p
ro

-
gr

es
si

ng
 to

 5
/7

 fo
r 3

0 
m

in
- M

od
er

at
e 

in
te

ns
ity

, 5
5–

65
%

 
H

R
 m

ax
B

eh
av

io
ur

al
 su

pp
or

t:
- W

ee
kl

y 
ph

on
e 

ca
lls

 fo
r 

fir
st 

4 
w

ee
ks

 o
f t

he
 st

ud
y,

 
fo

rtn
ig

ht
ly

 fo
r r

em
ai

ni
ng

 
8 

w
ee

ks
, m

on
th

ly
 fr

om
 

12
 w

ee
ks

 to
 th

e 
6-

m
on

th
 

fo
llo

w
-u

p,
 m

ea
n 

15
 m

in
- P

ed
om

et
er

s

Sa
m

e 
in

iti
al

 h
ea

lth
ca

re
 p

ro
-

vi
de

r a
dv

ic
e 

gi
ve

n,
 re

ce
iv

ed
 

no
n-

be
ha

vi
ou

ra
l c

al
ls

 a
t 

sa
m

e 
fr

eq
ue

nc
y 

to
 a

dm
in

ist
er

 
sy

m
pt

om
 q

ue
sti

on
na

ire

Pi
nt

o 
(2

01
5 

[3
8]

, 2
01

5b
 [6

1]
)

U
SA

H
om

e-
ba

se
d

N
 =

 76
/6

8
M

ea
n 

ag
e:

 5
5.

2

12
 w

ee
ks

, f
ol

lo
w

-u
p 

at
 

24
 w

ee
ks

- S
ta

ge
 I-

II
I

- D
ia

gn
os

is
 w

ith
in

 p
as

t 
5 

ye
ar

s
- C

om
pl

et
ed

 su
rg

er
y

- E
xe

rc
is

in
g <

 90
 m

in
/

w
ee

k,
 m

od
er

at
e 

in
te

ns
ity

 
or

 <
 30

 m
in

/w
ee

k,
 v

ig
or

ou
s 

in
te

ns
ity

A
er

ob
ic

 e
xe

rc
is

e:
- A

sk
ed

 to
 in

cr
ea

se
 p

hy
si

-
ca

l a
ct

iv
ity

 w
ith

 g
oa

l o
f 

ac
hi

ev
in

g >
 4/

7 
fo

r 3
0 

m
in

 a
t 

m
od

er
at

e 
in

te
ns

ity
B

eh
av

io
ur

al
 su

pp
or

t:
- W

ee
kl

y 
ph

on
e 

ca
lls

, m
ea

n 
18

 m
in

- P
ed

om
et

er
 a

nd
 H

R
 m

on
ito

r
- F

ee
db

ac
k 

re
po

rts
 a

t w
ee

ks
 2

, 
4,

 8
, a

nd
 1

2
In

te
rv

en
tio

n 
de

liv
er

y 
pe

rs
on

-
ne

l:
- V

ol
un

te
er

 b
re

as
t c

an
ce

r s
ur

-
vi

vo
rs

 tr
ai

ne
d 

in
 c

ou
ns

el
lin

g 
te

ch
ni

qu
es

 b
y 

re
se

ar
ch

 te
am

A
sk

ed
 n

ot
 to

 jo
in

 a
 st

ru
ct

ur
ed

 
ex

er
ci

se
 p

ro
gr

am
, r

ec
ei

ve
d 

w
ee

kl
y 

no
n-

be
ha

vi
ou

ra
l c

al
ls

 
fro

m
 v

ol
un

te
er

 c
oa

ch
es

 to
 

ad
m

in
ist

er
 sy

m
pt

om
 q

ue
s-

tio
nn

ai
re

1137Journal of Cancer Survivorship (2022) 16:1127–1148



1 3

Ta
bl

e 
1  

(c
on

tin
ue

d)

A
ut

ho
r(

s)
, y

ea
r, 

co
un

try
Se

tti
ng

, p
ar

tic
ip

an
ts

 a
cc

ru
ed

/
re

ta
in

ed
 (a

t p
os

t-i
nt

er
ve

nt
io

n)
, 

ag
e

In
te

rv
en

tio
n 

le
ng

th
, f

ol
lo

w
-u

p 
po

in
ts

N
ot

ab
le

 e
lig

ib
ili

ty
 c

rit
er

ia
In

te
rv

en
tio

n 
gr

ou
p 

su
m

m
ar

y
C

on
tro

l g
ro

up
 su

m
m

ar
y

Ro
ge

rs
 (2

00
9 

[3
4]

, 2
00

9b
 

[6
2]

, 2
01

1 
[6

3]
)

U
SA

C
en

tre
 +

 ho
m

e-
ba

se
d

N
 =

 41
/3

8
M

ea
n 

ag
e:

 5
3

12
 w

ee
ks

, f
ol

lo
w

-u
p 

at
 

6 
m

on
th

s
- S

ta
ge

s I
–I

II
A

- R
ec

ei
vi

ng
 h

or
m

on
e 

th
er

ap
y 

fo
r t

he
 d

ur
at

io
n 

of
 th

e 
stu

dy
- E

xe
rc

is
in

g <
 15

0 
m

in
/

w
ee

k,
 m

od
er

at
e 

in
te

ns
ity

 
or

 <
 60

 m
in

/w
ee

k,
 v

ig
or

ou
s 

in
te

ns
ity

A
er

ob
ic

 e
xe

rc
is

e:
- G

oa
l o

f i
nc

re
as

in
g 

ac
tiv

ity
 

to
 1

50
 m

in
/w

ee
k 

at
 m

od
er

-
at

e 
in

te
ns

ity
- C

om
m

en
ce

d 
w

ith
 w

ee
kl

y 
ce

nt
re

-b
as

ed
 e

xe
rc

is
e 

on
ly

, 
tra

ns
iti

on
in

g 
to

 h
om

e-
ba

se
d 

ex
er

ci
se

 o
nl

y 
at

 st
ud

y 
m

id
po

in
t

- H
om

e-
ba

se
d 

ex
er

ci
se

 c
om

-
m

en
ce

d 
at

 2
/7

, p
ro

gr
es

si
ng

 
to

 5
/7

 a
fte

r s
tu

dy
 m

id
po

in
t

- 1
00

%
 a

tte
nd

an
ce

 to
 c

en
tre

-
ba

se
d 

se
ss

io
ns

B
eh

av
io

ur
al

 su
pp

or
t:

- F
or

tn
ig

ht
ly

 g
ro

up
 d

is
cu

s-
si

on
s f

or
 fi

rs
t 8

 w
ee

ks
, i

nd
i-

vi
du

al
 fa

ce
-to

-fa
ce

 se
ss

io
ns

 
fo

r r
em

ai
ni

ng
 4

 w
ee

ks
- E

nc
ou

ra
ge

d 
to

 se
lf-

m
on

ito
r 

to
ta

l a
ct

iv
ity

 p
er

fo
rm

ed
 d

ur
-

in
g 

th
e 

stu
dy

In
te

rv
en

tio
n 

de
liv

er
y 

pe
rs

on
-

ne
l:

- C
an

ce
r-c

er
tifi

ed
 e

xe
rc

is
e 

sp
ec

ia
lis

ts

Pr
ov

id
ed

 w
ith

 a
 p

hy
si

ca
l a

ct
iv

-
ity

 a
nd

 c
an

ce
r p

am
ph

le
t, 

no
 

sp
ec

ifi
c 

in
str

uc
tio

ns
 g

iv
en

1138 Journal of Cancer Survivorship (2022) 16:1127–1148



1 3

Ta
bl

e 
1  

(c
on

tin
ue

d)

A
ut

ho
r(

s)
, y

ea
r, 

co
un

try
Se

tti
ng

, p
ar

tic
ip

an
ts

 a
cc

ru
ed

/
re

ta
in

ed
 (a

t p
os

t-i
nt

er
ve

nt
io

n)
, 

ag
e

In
te

rv
en

tio
n 

le
ng

th
, f

ol
lo

w
-u

p 
po

in
ts

N
ot

ab
le

 e
lig

ib
ili

ty
 c

rit
er

ia
In

te
rv

en
tio

n 
gr

ou
p 

su
m

m
ar

y
C

on
tro

l g
ro

up
 su

m
m

ar
y

Tr
av

ie
r (

20
15

 [3
2]

, W
itl

ox
 

20
18

 [6
4]

)
(P

ro
to

co
l: 

Ve
lth

ui
s 2

01
0 

[6
5]

)
N

et
he

rla
nd

s

C
en

tre
 +

 ho
m

e-
ba

se
d

N
 =

 20
4/

18
2

M
ea

n 
ag

e:
 4

9.
6

18
 w

ee
ks

, f
ol

lo
w

-u
p 

at
 

36
 w

ee
ks

 a
nd

 4
 y

ea
rs

- N
o 

di
st

an
t m

et
as

ta
se

s
- D

ia
gn

os
is

 <
 6 

w
ee

ks
 b

ef
or

e 
re

cr
ui

tm
en

t
- K

ar
no

fs
ky

 S
ta

tu
s >

 60

C
en

tre
-b

as
ed

 e
xe

rc
is

e:
- 2

/7
, 2

5 
m

in
 e

ac
h 

of
 a

er
ob

ic
 

an
d 

re
si

st
an

ce
 tr

ai
ni

ng
- P

ro
gr

es
si

ve
 a

er
ob

ic
 in

te
n-

si
ty

 b
as

ed
 o

n 
ve

nt
ila

to
ry

 
th

re
sh

ol
d

- P
ro

gr
es

si
ve

 re
si

st
an

ce
 

tra
in

in
g 

ta
rg

et
in

g 
al

l m
aj

or
 

m
us

cl
e 

gr
ou

ps
, 6

5 
to

 7
5%

 
on

e-
re

pe
tit

io
n 

m
ax

- 8
3%

 a
tte

nd
an

ce
 to

 se
ss

io
ns

H
om

e-
ba

se
d 

ex
er

ci
se

:
- E

nc
ou

ra
ge

d 
to

 b
e 

ph
ys

ic
al

ly
 

ac
tiv

e 
at

 le
as

t 3
/7

 fo
r 3

0 
m

in
 

at
 m

od
er

at
e 

in
te

ns
ity

- A
ch

ie
ve

d 
go

al
 fo

r m
ea

n 
11

/1
8 

w
ee

ks
 (6

–1
4 

IQ
R

)
B

eh
av

io
ur

al
 su

pp
or

t:
- S

el
f-

m
on

ito
rin

g 
of

 e
xe

rc
is

e,
 

ch
ec

ke
d 

by
 st

ud
y 

pe
rs

on
ne

l
- W

at
ch

ed
 v

id
eo

s o
f o

th
er

 
ca

nc
er

 p
at

ie
nt

s d
es

cr
ib

-
in

g 
th

ei
r e

xp
er

ie
nc

e 
w

ith
 

ex
er

ci
se

- B
ud

dy
 sy

ste
m

 b
et

w
ee

n 
ne

w
er

 a
nd

 m
or

e 
se

ni
or

 
pa

rti
ci

pa
nt

s
- W

rit
te

n 
in

fo
rm

at
io

n
In

te
rv

en
tio

n 
de

liv
er

y 
pe

rs
on

-
ne

l:
- P

hy
si

ot
he

ra
pi

sts

A
sk

ed
 to

 m
ai

nt
ai

n 
ha

bi
tu

al
 

ph
ys

ic
al

 a
ct

iv
ity

Va
lla

nc
e 

(2
00

7 
[3

9]
, 2

00
8a

 
[6

6]
, 2

00
8b

 [6
7]

, 2
01

0 
[6

8]
)

(C
O

M
 a

rm
 o

nl
y)

C
an

ad
a

H
om

e-
ba

se
d

N
 =

 18
9/

16
9

M
ea

n 
ag

e:
 5

7.
5

12
 w

ee
ks

, f
ol

lo
w

-u
p 

at
 

6 
m

on
th

s
- S

ta
ge

s I
–I

II
A

- C
om

pl
et

ed
 a

dj
uv

an
t t

he
ra

py
, 

no
t i

nc
lu

di
ng

 h
or

m
on

e 
th

er
ap

y

A
er

ob
ic

 e
xe

rc
is

e:
- R

ec
om

m
en

de
d 

to
 b

e 
ac

tiv
e 

5/
7 

fo
r 3

0 
m

in
 a

t m
od

er
at

e 
to

 v
ig

or
ou

s i
nt

en
si

ty
B

eh
av

io
ur

al
 su

pp
or

t:
- P

hy
si

ca
l a

ct
iv

ity
 b

eh
av

io
ur

al
 

gu
id

eb
oo

k,
 p

ed
om

et
er

 a
nd

 
ste

p 
di

ar
y

Re
ce

iv
ed

 p
hy

si
ca

l a
ct

iv
ity

 
re

co
m

m
en

da
tio

n 
al

on
e

1139Journal of Cancer Survivorship (2022) 16:1127–1148



1 3

Group allocation and retention

In total, 1966 participants (mean n per study = 103, 
range = 22–204) were allocated either to an intervention 
(n = 1054, mean = 55, range = 12–106) or a control group 
(n = 912, mean per study = 48, range = 10–102). Fifteen tri-
als allocated participants equally between groups, while four 
trials allocated more participants to the intervention group 
due to time, financial, and/or recruitment constraints [22, 24, 
25, 36]. Post-intervention, 1756 participants were retained, 
with similar levels of dropout from the intervention (n = 121, 
12%) and control arms (n = 89, 10%). In 10 trials (53%), 
participants were reassessed at follow-up timepoints after 
the intervention ended, with the final timepoints ranging 
from 24 weeks to 5 years after baseline (mean = 18 months) 
(n = 923; intervention groups n = 471, control groups 
n = 452).

Adherence

Trial adherence was reported in ten trials (53%) and pre-
sented in Table 1. Adherence to scheduled sessions was 
reported in five of the six centre-based trials, with all ≥ 70% 
[28, 30, 32, 34, 35]. Adherence to home-based physi-
cal activity was reported in different formats: three trials 
reported adherence as the achievement of an activity level 
goal (ranging from 90 [31, 32] to 150 min a week [26, 29]), 
and three trials reported the percentage of prescribed ses-
sions completed [24, 31, 36].

Risk of bias

Risk of bias across the included trials is presented in Fig. 2. 
Notably, 10 trials (53%) were classified as high risk of bias 
due to insufficient evidence that missing outcome data from 
participant dropout would not bias the results (Domain 
3, > 5% missing for continuous outcomes). Eighteen trials 
had at least some concern for risk of bias due to having no 
participant blinding (Domain 4), of which 11 trials (29%) 
were at high risk due to the nature of the outcomes being 
likely influenced by knowing the group allocation. Minimal 
issues were identified relating to randomisation (Domain 1) 
and deviations from the intended intervention (Domain 2). 
All trials had at least some concern for risk of bias due to 
reporting of results, as a-priori analysis plans were not avail-
able or sufficiently detailed (Domain 5).

The overall risk of bias judgement decisions were modi-
fied from the original Cochrane RoB 2 Tool guidance to 
account for unavoidable characteristics with physical activ-
ity trials, such as lack of blinding and the patient-reported 
nature of outcome measures. Accordingly, eight trials were 
graded as having overall low risk of bias and one trial was 
graded as having some concerns for risk of bias because of Ta
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1 3

its insufficient reporting on the randomisation process. The 
remaining 10 trials were considered as having high risk of 
bias due to missing > 5% of participants’ outcome data.

Behaviour change theory use

Coding of the Theory Coding Scheme is shown in Table 2. 
Most trials specified the behaviour change theories used; 
the exceptions were two trials that indirectly referenced 
a theory [33, 39], and one trial that reported being the-
ory-based but with no reference or further information 
[28]. The theories used were the social cognitive theory 
(n = 10), transtheoretical model (n = 9), and theory of 
planned behaviour (n = 2). Four trials referred to more than 
one theory [25, 27, 29, 38], and one referenced a wide 
assortment of both behavioural and psychological theories 

[35]. No trials screened or selected participants based on 
theory-related constructs. Twelve (63%) trials reported 
using theory to develop the intervention, and eight trials 
(42%) reported using theory to tailor the intervention to 
participants. Items 7, 8, 9, and 11 were scored as one item 
due to generally ambiguous reporting around theoretical 
constructs or predictors of physical activity; only four tri-
als did not link intervention techniques to theoretical con-
structs or predictors of physical activity [24, 26, 28, 32].

Coding of interventions using the Behaviour Change 
Technique Taxonomy is summarised by category in 
Table 3. The most frequently applied techniques included 
those associated with goals and planning (n = 18), shap-
ing of knowledge (i.e. education and instruction) (n = 18), 
feedback and monitoring (n = 17), comparisons of out-
comes (e.g. pros and cons) (n = 17), repetition and substi-
tution (n = 14), social support (n = 11), and associations 
(e.g. prompts and cues) (n = 10).

Synthesis of intervention effects

Outcome measures and corresponding timepoints included 
in analyses are presented in Supplementary Material 
2. Pooled post-intervention effect estimates showed 
medium improvements in self-reported physical activ-
ity (SMD = 0.57, CI = 0.33, 0.80) (Fig.  3), objectively 
measured physical activity (SMD = 0.52, CI = 0.14, 
0.89) (Fig.  4) and physical function (SMD = 0.66, 
CI = 0.33, 0.98), and small improvements in quality of 
life (SMD = 0.18, CI = 0.08, 0.29), fatigue (SMD = 0.26, 
CI = 0.14, 0.37), aerobic fitness (0.30, CI = 0.10, 0.50), 
and muscular strength (SMD = 0.20, CI =  − 0.01, 0.41) 
(Supplementary Material 3). At follow-up assessments, 
small improvements were made for self-reported physi-
cal activity, quality of life, fatigue, and physical function. 
Forest plots for the meta-analysis of secondary outcomes 
are presented in Supplementary Material 3. Statistical 
heterogeneity (assessed using I2, where values > 50% may 
represent substantial heterogeneity) may be substantial for 
self-reported (I2 = 67%) and objectively measured physical 
activity (I2 = 75%).

Subgroup analyses comparing the effectiveness of tri-
als according to each specific theory were performed but 
were not significant and produced wide and overlapping 
subgroup CIs. Sensitivity analysis for trials at high risk of 
bias revealed that for objectively measured physical activ-
ity and quality of life, the effect estimate for low-risk trials 
alone was not significant, but when high-risk trials were 
included, the overall effect estimate became significant. 
Sensitivity analysis for trials that required imputation of 
means or SD values showed negligible differences.
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Discussion

Nineteen physical activity interventions for women 
with breast cancer based on behaviour change theories 
were identified, their results synthesised, and applica-
tion of behaviour change theories appraised. Intervention 
groups had small to medium improvements in physical 
activity and related health outcomes when compared to 
control groups. Risk of bias was present in all trials to var-
ious extents, with missing data from participant dropout 
being the primary source. However, the overall risk of bias 
judgements were made with consideration of unavoidable 

factors in physical activity studies, as is the inability to 
blind participants allocated to the intervention. The most 
referenced behaviour change theories were the Social Cog-
nitive Theory and the Transtheoretical Model. Although 
different theories were used with varying degrees of appli-
cation, trials reported sharing the use of some common 
behaviour change techniques, for example goal setting and 
planning, and the shaping of knowledge. This corresponds 
with recent research that proposes shifting the focus away 
from established behaviour change theories, to instead 
analysing the effectiveness and psychosocial mechanisms 

Table 2   Theory Coding Scheme

SCT social cognitive theory, TTM transtheoretical model, TPB theory of planned behaviour

1. Theory 
mentioned

2. Targeted 
predictor(s) 
of behaviour

3. 
Single 
theory

Theory used 4. Theory 
used to select 
participants

5. Theory 
used to 
develop 
intervention

6. Theory 
used to tailor 
intervention

10. All 
theory con-
structs linked 
to interven-
tion

7/8/9/11. Some 
theory con-
structs linked 
to intervention

Anderson 
(2012)

Unclear

Baruth 
(2015)

✓ ✓ ✓ SCT ✓ ✓

Basen-
Engquist 
(2006)

✓ ✓ ✓ TTM ✓ ✓

Cadmus 
(2009)

✓ ✓ TPB, TTM ✓ ✓

Campbell 
(2005)

✓ ✓ ✓ TTM ✓ ✓

Demark-
Wahnefried 
(2008)

✓ ✓ SCT ✓

Eakin (2012) ✓ ✓ ✓ SCT ✓ ✓ ✓
Hartman 

(2018)
✓ SCT, TTM ✓ ✓

Hatchet 
(2013)

✓ ✓ ✓ SCT ✓ ✓ ✓ ✓

Kim (2020) ✓ ✓ Assorted ✓ ✓
Matthews 

(2007)
✓ ✓ ✓ SCT ✓

Mutrie 
(2007)

✓ TTM ✓ ✓

Pinto (2005) ✓ ✓ ✓ TTM ✓ ✓ ✓
Pinto (2013) ✓ ✓ SCT, TTM ✓ ✓ ✓
Pinto (2015) ✓ SCT, TTM ✓ ✓ ✓
Rogers 

(2009)
✓ ✓ ✓ SCT ✓ ✓ ✓

Travier 
(2015)

✓ ✓ SCT

Vallance 
(2007)

✓ TPB ✓ ✓ ✓

van Waart 
(2015)

✓ ✓ TTM
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of action for the behaviour change techniques themselves 
[40].

Included trials mostly evaluated interventions against 
control groups that involved minimal to no instructions to 
participants. It was therefore unsurprising that between-
group comparisons usually favoured the intervention arm, 
and were consistent with findings from a broader meta-ana-
lytic review for general physical activity trials in breast can-
cer [6] (which included this review’s trials). Only two trial 
designs used control groups that resembled the interven-
tion arm but without the theory-based components [25, 39]; 
although the findings favoured the theory-based arm, their 
results did not vary distinctively from the other included 
trials.

The development and application of theoretical prac-
tices for physical activity behaviour are intended to pro-
mote both long-term and autonomous change, through in-
depth deliberation of individuals’ intrinsic and extrinsic 
context, such as personal goals, preferences, and underly-
ing attitudes towards the behaviour [7]. As outlined in the 
Theory Coding Scheme, trials using behaviour change the-
ories should aim to incorporate them in their entirety, and 
also effectively assess any changes in the behaviour. The 
results from this review indicate that theory application, 
although varied, was not incorporated in its entirety. Sev-
eral trials mentioned a theoretical construct as a predictor 
of the behaviour, used theory to select or develop interven-
tion techniques, and used theory to tailor the intervention 

to participants, but descriptions were typically concise 
and the use of theory appeared to be secondary to other 
intervention components, namely the instructed exercise 
parameters. In some cases, the prescribed intervention will 
serve participants’ preferences and needs, but not all per-
sonal and unique contexts will be accommodated if the 
support they require is not offered within the program [41]. 
Although no included trials screened participants based 
on theory-relevant outcomes, 59% of trials selectively 
recruited participants who were not regularly physically 
active. Such inclusion criteria should be of priority, akin 
to how behaviour change interventions for other lifestyle 
health behaviours would naturally concentrate on relevant 
participants, for example smoking cessation interventions. 
In many cases, the reporting around theory application was 
clear in the introduction but diminished in the methods and 
results, as demonstrated by how few trials linked theory 
constructs to the intervention, such that links between the 
theory constructs, intervention components and interpre-
tation of the results were ambiguous or lacking. This is 
aligned with the continuing discourse on the delineation 
between interventions that are merely “theory-informed” 
versus truly “theory-based” [42]; a more comprehensive 
implementation of theory has been suggested to enhance 
the effectiveness of an intervention in producing behaviour 
change [13]. The Theory Coding Scheme ratings from this 
review were similar to behaviour change trials in other 
populations [43], indicating that health behaviour studies 

Fig. 3   Physical activity (self-reported) pooled post-intervention and follow-up effect estimates
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generally do not fulfil all the items and hence are not max-
imising their potential.

Behaviour change techniques known to be pertinent to 
physical activity behaviour, namely the monitoring of the 
behaviour, goal setting and goal revision, and receiving 
feedback [44], were used in the majority of included trials. 
Despite being an important component of behaviour change 
for people with cancer [45], the use of social support, both 
practically (e.g. accompanying during physical activity) 
or emotionally (e.g. encouragement), was less commonly 
reported. In particular, none of the trials that cited the Tran-
stheoretical Model reported the involvement of social sup-
port, despite it being a discrete concept within the model. 
Variability of behaviour change techniques across trials may 
be due to trials placing differing levels of priority on behav-
iour change within the intervention, ranging from using the 
theory as a core component for the study aims [22] to a sup-
plementary means to enhance participant adherence to the 
overall intervention [26].

More generally, this review also reaffirms known chal-
lenges when delivering interventions in physical activity 
and behavioural research. The potential for discrepancies 
between a trial protocol and how it is delivered in practice 
is somewhat unavoidable, which has particular implications 
for any attempts to identify causal or correlational associa-
tions between use of theory, the intervention content, and its 
effects [46]. Use of evaluative tools like the Theory Coding 
Scheme relies on the information reported in manuscripts, 
and it is possible that interventions were extensively theory-
based but details were not reported in the published article 
[47]. In addition, where intervention staff are trained behav-
ioural coaches, behaviour change techniques may also be 
inadvertently implemented, when not part of the intended 
protocol. Similarly, contamination of the control, where 

control group participants independently increase physi-
cal activity despite being requested at baseline to not make 
changes, is acknowledged to potentially be a common occur-
rence and difficult to account for when making between-
group comparisons [48]. Fidelity between the reporting 
of protocols and practice thus should be considered when 
evaluating intervention delivery and drawing conclusions 
on a trial’s findings.

The findings of this review are constrained by some limi-
tations. First, the year of publication for the included trials 
extended to as early as 2005, and as a body of research, 
behaviour change for physical activity has been continually 
evolving and recommendations around the use and report-
ing of behaviour change theories are still being established. 
Therefore, the appraisal of earlier trials in comparison to 
more recent ones may not be equitable. Second, the most 
used measures of physical activity level in the included trials 
were self-reported, for which validity is debated [49]. How-
ever, this is less important when evaluating between-group 
differences as opposed to pre/post-intervention values alone. 
Third, there was marked heterogeneity between the behav-
iour change variables which were meta-analysed, along with 
lacking information about the development, validity, or reli-
ability of the outcome measures, which together reduces the 
validity of the analysis. However, a meta-analysis was con-
ducted to provide an approximate effect estimate.

Conclusions

The current research around the use of behaviour change 
theories in physical activity interventions for women with 
breast cancer was appraised. Although effective in increasing 
physical activity, the application and reporting of theories in 

Fig. 4   Physical activity (objective measure) pooled post-intervention and follow-up effect estimates
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the included trials was mixed, with many studies lacking in 
detail. To better understand the value of adopting behaviour 
change theories to increase physical activity, evaluation of 
the effectiveness of defined behavioural constructs and tech-
niques is required.
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