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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

P4 Jasmine Yee
jasmine.yee @sydney.edu.au

Sydney School of Health Sciences, Faculty of Medicine &
Health, The University of Sydney, Camperdown, Australia

Centre for Medical Psychology & Evidence-Based
Decision-Making, School of Psychology, The University
of Sydney, Camperdown, Australia

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
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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
IY).

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 [=38%, stage
11=43%, stage 11l =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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Fig.1 PRISMA flow diagram
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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

@ Springer

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].



1131

Journal of Cancer Survivorship (2022) 16:1127-1148

[oA9] At

-AT)OR [ENSN UIBJUTBW O} PSY

SYJUOW 1Y) AI9AD UOT)
-LIJNU PUB JSI0IXA JNOqe uon
-BULIOJUT US)JLIM [IIM PIPIAOCI]

SJuapMIS [BI0)
-o0p yireay orqnd paurely, -
‘[ou
-uos1od AISAT[Op UOT)UIATU]
s30[ AJ1AT}OR pUE 19}oWOPo ] -
umr GJ—Q[ ‘Syoom 231y}
KI9A2 90UO 0} APYoom WOIf
Sursearoop A[renpeid Aouanb
-a13 “s[reo suoyd juonbasqng -
Uurur ()¢ ~ ‘uoIssas
Sur[esunod uosiad-ur fenmy -
:330ddns [eanoraeyag
payordwoo
SuoIssas paquiosaid Jo %98 -
Kysuayut y3ry/are
-~Iepowl JoO ulWl O—(O¢ 10} L/S
[OBAI 0] WIE YPIM ‘ANATNOR
K)ISUSIUT 9)LIIPOU/MO]
Jo urr Og 10§ L/€ Je 3RS -
9SII9X? J1QOIY
Jstuon
-UQAJIUI [RINOIARYQQ pUE
1s1Te19ads 9S1019%2 PaynNId) -
HEL
-uos1od AISAI[Op UOT)UIAINU]
suorssnoasip dnoi3

y10ddns [eanoraeyaq ATqIuorA -

LIy

K1IAT)OR Q)BIOPOW U ()&
woj1ed 03 paSemoouy -

K)1AT)O® 21qOIR
Paseq-owWoy :Z[— SYIUOIA

Tegpoun

Kouanbaiy yuowasIojural
[eINOIABYDQ [eNpIAIPU] -
SUOISSAS 0} doUBPUINE %]/ -

Sururen ooue

-)s1591 aA1ssa1301d Apoq-[nj

urw (jg ‘A3suaiur djeIopowr
18 Sumy[em Ut (¢ Jo //g -

9STOIAXA JUSLINOUOD

Paseq-anua)) :¢—] SYIUOA!

/S > SuISIoIoxy -

SOSBASIp
Je[NOSBAOIPILD PIPN[OXH -
Tesnedousunsod -

SYIUOW 7] ISB[ UTYIIM JUoW
-jean juean(pe pajordwo) -
I $93e18 -

popnjoxa ewopaydwAT -
JISIA 2AnRIddO

-3sod 3s1y Surmp poynIody -

I $93elS -

Arewrtuns dnois fonuo)

Arewrtuns dnoi3 uonyuoAIdIU]

RLINID ANIQIST[Q 9[qeloN  dn-mo[[oF ‘qISus] uonuaAIaIu]

G'9G :a93e uBdIN

0€/CE=N vsn

SYeoM T paseq-oaWoH [9¢€] (ST0T) wnreg
9°¢G 93k uBoOIN

syjuowr 81 pue 08/¥01 =N vsn

‘Z1 ‘6 e sdn-mo[[0} YIuow-g Paseq-awoy + aNud)) [82] (2107) uosiopuy
aoSe

sjurod  ‘(uonuaAIayur-jsod Je) paurelor

/paniooe syuedronaed ‘Sunjeg

Anunoo ‘1eak ‘(s)royny

sonsLR)oRIRYD ApN)S Jo Arewwuns | 3jqel

pringer

a's



Journal of Cancer Survivorship (2022) 16:1127-1148

1132

a1ed TENs)

J9Ip pue [oA9] A1
-AT)O® [eNSn UTRJUTRW 0} PAYSY

A[uo dIySIOATAINS IQOURD
JSBAIq UO [BLI9)EW [BUONEINP
JO S3uI[TeW 0M) PIAIINY

suorssnosip dnoi3 Aeom -
:10ddns [eoraeyag
SUOISSAS 0} dOUBPUANIE %()/ -
S}INOIID PUE SISIOIIXD
y13uams ‘sorqoIoe ‘Jurohd
‘Jun[em SuTpnouI ‘9sIdIOX
PpaLIeA JO UIW 0701 “L/CT -
19SI0IOXd PAsEq-anua))
[eLIoYeW UONIIM -
uru (g A[erewt
-1xoIdde ‘sqreo auoyd Apyoom -
:330ddns [eoraeyeg
[eo3 o1qoioe
paaamyoe syuedionred Jo 949 -
L/S Knanoe Ayis
-UQJUI SNOJOJIA/a1eISpOU JO
ur ()¢ Jo SuIAaIyoE JO [e0r) -
19S10J9X 01QOIAY
SUOISSAS 0] dOUBPUNIL %()L -
[eLIoYeW
[eUOT}EONPS PUE IJOWOPSJ -
so1doy Jooued
JSB2Iq JOYJO pue DIAPE
[eIno1Aeyaq ANANOR [BIISAY{ -
9 0} G syjuow JIoJ A[3Y3Tu}Io]
0) Sursearoap Kouanbary
UM 4 0} | Syjuow Joy
AP{o9m ‘SUOISSAS UL ()G -
:SuoISSas uoneonpa dnoin

Ky1suojur snoJo31A
‘urur (g ‘L/¢ > SuIsIoIexy -
Aderoy
jueAn(pe Jo 11e)s Je pAINIAY -
I90ued 93e)s Apreq -

PIO s1eaK +G¢ -

SIOOWS Papn[oxy -
Aderayy juean(pe

JO 1IB)S 9y} & PANIOTY -

BII[-( SITEIS -

K)Isuojur djeIopow
‘utw (¢ ¢/ /> 3ursiorexy -
Kdexoyy suourroy Surpnjout
10U ‘Juouyea1) SUIATOIAI JON -
SISOUSEIp 0UIls s1eK / > -
agess Auy -

G' Ly :93e ueo

61/CC=N
SY9M ] Paseq-onud)

€' G :93e UBIN
SYI0S=N
SYIUOW g Paseq-oWoH

7'GG a3k ueoly
1S/09=N
SYIUOW  PAseq-o1ua))

SN
[0€] (S002) 11qdwe)

vsn
(Aquo Kpmis LOVAINI)
[62] (6007) snwpe)

vsn
[0s] (8107) s38ni1og
‘[cz] (9007) 3smbSug-uoseg

Arewrtuns dnois fonuo)

Arewrtuns dnoi3 uonuoAIdIU]

a8e
syutod  ‘(uonuaAIdiuI-)sod je) poure)dr

RLINIO ANTIQIST[R o[qeioN  dn-mof[oj ‘qiSus] uonusaIou]  /paniode sjuedronted ‘Furjeg

Anunoo ‘1eak ‘(s)royny

(ponunuoo) | sjqey

pringer

Qs



1133

Journal of Cancer Survivorship (2022) 16:1127-1148

QJed [ens)

191p

[OLI-WNIO[Ed € SUTASIYO. UO

PasSNo0J ‘TeLIN)eWw USPLIM pue
s[1es auoyd jo Joquinu suwreg

Sururen oyroads-Apnys
ym sisiSoforsAyd asroroxy -
‘[ou
-u0s1ad AISAT[Op UOTUIAINU]
KIe1p 9S10I0X9
puE JOOqYIOM [EUOTIBULIOJU] -
urw Og—G “A[yuowr o)
Sursearoop Aqrenpeis Kouanb
-o13 ‘s[reo ouoyd Apyoop -
:10ddns [einoraeyeg
L/ Suturen Ayiqr
-X9[j JO UOTEPUSUIOINY -
K1IAnOR SNOIOTIA 0} RIS
-POW JO UIW G °/ /{7 <IANI®
3ureq Jo 1951e) USAIL) -
19S10I9X 0101y

K3oforsoury
pue uonIINU ur $99I39p
S J9)SBW (M JO[[2SUNO)) -
‘[ou
-u0s1ad AISAT[Op UOT)UIAINU]
3ooq
-Iom TeUOTIeULIOJUT KPS -
urr 0g=01
‘Apmys 2} JO Jopurewal
9y 10§ ApySTulIoj ‘yruonr
351y 10§ s[[eo auoyd APeom -
:1130ddns [eanoraeyag
payordwod
SOSIOIOXD OUR)SISAI JO 9% €0 -
[20S 01qOIoR PAAIYOR % ¢t -
Kep puodos
K19A9 pawrtojrad ‘sjysrom
S[UE JO SpUBQq 90UBISISAI
9y3romApoq 3ursn SISIOIOX
90ur)SISAI APOq JomorT -
ISIOIOXD
91qOJok UIW ()¢ JO / /€ ISe9]
Je 9AQIYOR 0) pageInoouy -
19SI0IOXA PIsLq-oWOH

(uonuaa

-19)ur-)sod syjuour g pue
pru “xoxdde) A108ms-isod
SYIuOW 7| pue syjuow 9

A1931ns-1sod syoom 4—¢ -
sreadsoy

UeqQIN-UOU WOIJ PAININFY -

a3e)s Auy -

resnedouswal -

Kdexayowayd juean(pe 10y
pa[npayos ‘pasouderp A[moN -
eII-] 23e1S -

6°CS o3k ueol
Ocl/EvI =N

J& UOTIOJ[0D BIEP ‘SYIUOW § PISLq-SWOF]

G' 1§ :93e ueo
€S/8S=N

SUIUOW g paseq-oWoH

eI[RISNY
([161 (1102) sokeH
;[od03014) ‘[€Z] (Z10T) unjeq

vsn
(ATuo wire 9s1019XH)
(1€l
(8007) patjauyep-jrewaq

Arewrtuns dnois fonuo)

Arewrtuns dnoi3 uonuoAIdIU]

a8e

sjurod  ‘(uonuaAIaiur-jsod Je) paurelor

RLINID ANTIQIST[Q 9[qeloN  dn-mo[[oJ ‘qISus] uoruaAIaIu]

/paniooe syuedronaed ‘Sunjeg

Anunoo ‘1eak ‘(s)royny

(ponunuoo) | sjqey

pringer

a's



Journal of Cancer Survivorship (2022) 16:1127-1148

1134

SIOATAINS IOOUBD
ym Junpom doudrradxo
yim 3s13o1015Ayd ISTOIXH -
‘[ou
-uosiad KI9AT[9p uOnUAAIIU]
Juowadesud
juedronred pue 901ApE 10§
J[qe[reAe 3ur[[esunod-4 -
Syoom XIs Sururewar
) 10 APYSTUIIOJ ‘SYooM XIS
18I 9Y) JOJ S[Tewd Ao -

QIed TRNS) 110ddns [enoraeyag

Joquiowr
Jyels paureny pue JsiSo[joyo
-Ksd o3ueyo Imoraeyeg -
‘[ou
-u0s1ad AISAI[Op UOT)UIATINU]
sy10dar yorqpagy oyroads
Surpraoxd s[rews A[qjuoA -
S[TEW 9OIAPE
[eInOIARYQq [eIQUAT £/ -
9 pue 7 syoom
Je S[eoS 9S1AAI 0 S[[eD duoy{ -
UoISsas
Sur[esunod uosrad-ur fenmy -
:10ddns [einoraeyeg
Kyrsuayut sno

2o1Ape drysioarans
PIB[OI ISIOTOXA-UOU YIIM
AINPAYDS [TEWD SWES PIATIINY

-1031A 0} QJRISPOW JB Joom
JUT )G SUIASIYIE JO [e0D) -
JSI0IOXA J1QOIY

Kyanoe
[eorsAyd juarmd ou j10doy] -
jusuear jo uonadwo) -
agess Auy -

Kysuojur

SnoIoSIA 10 dJeIopow
Noam/ur ()9 > SUISIIOXH -

juowjean Aderoyjorper
1o Aderoyjowayd pojedwo)) -
agess Auy -

UOTJRWLIOJUT 938 ON
YLIS§=N

S)oM 7] paseq-owoy

T'LS 93k ueoly
G8/L8=N

SYoM 7] poseq-owoy

vsSn
[12] (€102) neyoreH

vSsn
([gs]

10T ueunaey :[02001J)
([zs]

6102) ‘[LT] 8107) ueuniey

Arewrtuns dnois fonuo)

Arewrtuns dnoi3 uonuoAIdIU]

110110 ANIQIST[S 9[qeION

aSe

sjurod  ‘(uonuaAIajur-jsod Je) paurelor

dn-mof[oj ‘yISus[ uonyUAAIIUY

/paniooe syuedronaed ‘Sunjeg

Anunoo ‘1eak ‘(s)royny

(ponunuoo) | sjqey

pringer

Qs



1135

Journal of Cancer Survivorship (2022) 16:1127-1148

SIO[[OSUNOD Y)[eay paurely, -
‘[ou
-uo0s1ad AISAT[Op UOT)UIAINU]
19)oWopa -
i 0g—¢1
‘S0aMm 9211} AI9AD 9OUO 0}
Sursearoop A[renpeis Kouanb
-o13 ‘s[Teo ouoyd Apjoop -
:10ddns [einoraeyeg
pajerdwoo
SuoISsas paqriosaid Jo %46 -
€1 3d¥y e Ui Oy—0¢ 10§
1/S 01 Sutssar3oid jo Teo3
P “TT 4y e Ul 0¢—0¢
10§ //€ 90UWIWO)) -
19SI1019XA J1qOIAY

%06 <°1el
uonedronred [[BIAO UBSIA] -
suorssas dnoi3 j10d
-dns TeInorAeyeq I9YIINJ 7 -
1/ ‘weagord sweg -
PIseq-oWoH 71—/ SYPM
SUOISSOS
dnoi3 j10ddns [einoraeyaq
Surpnpour ‘urw 07 APIM -
Kysuojut y3rg
0} mo[ woiy urssaroxd
‘uonelITIqeyal ewopaydwA|
pue quij Joddn uo snooj
s werdord asrorexy -

Paseq-anua)) 19— SO

[oA9] A11Aanoe
JUALIND UTBJUTRW O} PAYSY

Juofe
9SI0IOXd UO UOTJRULIOJUT USILIA

/S > SuISIoIoXy -
resnedousunsod -

syjuowt g1 ised uny)im jusw
-1ean juean(pe pajordwo) -
II1-1 2581 -

G €6 oFe uBoN
YEOE=N
SYooMm 7] POseq-owo

Apren3ax
SuISI0I9X9 A[JUL1INd JON -
on3nej 91eIOpPOIN < -
Aderoypowrayd
pue A1931ns pajodwo)) -

I1I-1 se3e3§ -

76t :93e ueoly
syuout 6 8V/0S=N

pue 4 e sdn-mo[[o] ‘S)eam 7] paseq-owioy +anua))

vsn
[+2] (L00T) smoyneN

BOIOY]

([sS1 610T wry :[od01014)
([¥s1aozoz ‘[s€] 0207) wry

Arewrtuns dnoid onuo)  Arewrtuns dnoiS uonuoAIIU]

o3e
syutod  ‘(uonuoalajur-isod je) paurejar
RLINIO ANTIQIST[R o[qeioN  dn-mof[oj ‘qiSus] uonusaIou]  /paniode sjuedronted ‘Furjeg

Anunoo ‘1eak ‘(s)royny

(ponunuoo) | sjqey

pringer

a's



Journal of Cancer Survivorship (2022) 16:1127-1148

1136

a1reuuornsanb

woydwAs 19)sTUTWIpE 0) S[[8d

[BINOTARYSQ-UOU A[[oom

POAIOOAI ‘[9AJ] AJIATIOR JUQL
-1 3ueyd J0U 0) PAYSY

sIsouSerp 190ued
191je SUISTOIAX? 10§ sauljopIng
9yes Jurpraoid Jogea] PAATOOIY

SuI[Tesunod 9SI0IAXd
U paurer) Jjels yoreasay -
HEl
-uos1ad AIQAT[ap UOT)USAIU]
TIpUR gy
7 SYoam Je s310dar Yoeqpao ] -
I9JoWOpa -
SERIN
dn diys1oATAINS 190URD pue
Kyanoe TeorsAyd Apjeop -
uru 1
ueow ‘s[[ed auoyd APjoop -
:330ddns [enoraeyeg
xew JH
%G9—GG ‘AISUUI 2JRIPOIA -
urw ()¢ 10j //S 03 Surssaid
-o1d jo [e03 YA ‘Urw ()] JoJ
/T 2A119B 9q 0} pagemoouy -
19S10JOX0 01OIAY

sIs1[e1oads 9S1010X9 pauTel], -
‘[ou
-uos1od AISAT[Op UOT)USAINU]
suo1ssnosip dnoi3 Ao -
:130ddns [eanoraeyag
S[Te1op 1910 OU ‘AP[OM -
19SI0IX Paseq-owoH
Xew YH parorpaid-ode
9%G/—0S ‘KIISuUaIUT 9)LIOPOIA -
S)INOIID pue Jur
-uoSuamns sposnuw ‘Sururen
01qOIoB SUIPN[OUT ‘9SI0IOX
PALIRA JO UIW O °L/T -
19SI0IOXA PaAsLq-anua))

K)Isuayut SNOIOSTA “UTW ()7,

‘1/1 > 10 Ayisuojur d)eIapowr
‘urur ()¢ “//g > SuIsIoroxy -

Kdexoyorper 1o/pue Aderayy
-owayd ‘A1a31ns pajerdwo) -

sIeoAk ¢ 1°€G :o3e U\
jsed uryyim srsouser(y - syjuour ¢ 78/98 =N
II-0 so5e1S - pue 9 Je sdn-mo[[o] ‘Syoom 7] PIseq-owoy

Ky1suoyut snoIoJ1A
‘urur (g “L/€ > SuIsIoroxy -

juouIEaI)

Kdexoyorper 1o Aderoyy
-OWAYD FULINP PAYINIOY -
TI1-0 So3eIS -

9°'1G 93 UBdN

sIedf ¢ pue syjuow g| YLI/EOT=N
‘g e Sdn-Mo[[O] ‘Sy[oom 7T Paseq-owoy + d1ua))

vsn
([6S1 9007) urqey
‘([861 800¢ ‘[L£] S002) owid

p: 10}
([£S1¥102) yuiiL, )
[9¢1 10T “[£€] L0OT) QLN

Arewrtuns dnois fonuo)

Arewrtuns dnoi3 uonuoAIdIU]

o3e
syutod  ‘(uonuoalajur-isod je) paurejar
RLINIO ANTIQIST[R o[qeioN  dn-mof[oj ‘qiSus] uonusaIou]  /paniode sjuedronted ‘Furjeg

Anunoo ‘1eak ‘(s)royny

(ponunuoo) | sjqey

pringer

Qs



1137

Journal of Cancer Survivorship (2022) 16:1127-1148

aIreuuon
-sonb woydwAs 19)sturpe
0) SOUOL0D JIIUN[OA WOIJ
S[[e9 [BINOIABYSQ-UOU AP{oom
PaAra0ar ‘urerdoid as1010X9
parmonis e urol 0) Jou paysy

arreuuonsanb woydwAs
I9)sturwpe o) Aouanbaiy owes
Je S[[e0 [eINOTABYSQ-UOU
PIATOOAI ‘USAIS 9OTADR JOPIA
-o1d areoy[eay [eniur Swes

we9) Yoreasar Aq senbruyosy
SuI[[osuNod Ul paures} SIOAIA
-INS I90UED ISBAIQ JOAJUNJOA -
‘[ou
-uo0s1ad AISAT[Op UOTUIAINU]
T pue gy
‘7 Soom Je s310dar Yorqpao ] -
JOJIUOW JYH PUe JJAWOPd -
urar 81
ueow ‘s[[ed auoyd AP[eom -
:10ddns [eanoraeyeg
Kyrsuojur oyeIopowt
JB UIW ()¢ J10j £/ < SuradIyoe
JO Te03 M AJIATIOR [BD
-1sAyd oseaI1our 0} paysy -
19S10J9X9 01OIAY
SI9)oWopP{ -
urw G1 ueowr ‘dn-moyoy
JIuow-9 9y} 03 YoM 7|
wolj A[Iuou ‘Syoom §
Sururewar 10§ A)y3muyIof
‘Apms 9y} JO S 4 1SIY
10§ sTred auoyd APjoom -
:330ddns [eanoraeyeg
xew JH
%G9—GG ‘AISUUI 2JRIOPOIA -
urw ()¢ 10§ //S 03 Jurssaid
-o1d jo [e03 yYIm ‘urw ()| JoJ
/T 2A19B 9q 0} pagernoouyq -
19S10JOX 01QOIAY
utu g 10} Ly
9AT}OE 9q 0} UOTJEPUWIO
-021 pue A)1an)oe [ed1sAyd jo
s)youaq Inoqe dfessow joug -
:901ApE Jopraoid areoy)jesy

Kyisuojur

SNOJOTIA Yoom/ur ()¢ > J0

K)ISUQIUT AJRIOPOUT YoM
JUTW ()6 > SUISTOIOXH -
K1331ns pajodwo)) -

sIeak ¢ 7'S6 :aSe uvol
jsed uryyim sisouder(y - SyoaMm T 89/9L=N
111-1 98®)S - e dn-mo[[o] ‘Syoom 7 paseq-owoH
Aysuojur

‘SNOIOSTA YoM /UIW ()¢ > IO

K)ISUDIUT AJBIOPOU YoM
JUT ()6 > SUISIoIoX -

Juow

-Jea1) suouwLIoy Jurpnjour
10U ‘quaunjean) pajerdwo) -

vSn
([19] ag107 ‘[8€] $102) Ol d

vsn
([o9] agtoz ‘[sT] €107) ouid

Arewrtuns dnois fonuo)

Arewrtuns dnoi3 uonuoAIdIU]

SIeak G 096G :93e UBdN

Ised urpim sisouSel( - syqauowr 71 ELIITOI =N
a3es Auy - pue 9 je sdn-mo[oJ ‘sjeam 7] Paseq-owoy

o3e

syutod  ‘(uonuoalajur-isod je) paurejar
RLINIO ANTIQIST[R o[qeioN  dn-mof[oj ‘qiSus] uonusaIou]  /paniode sjuedronted ‘Furjeg

Anunoo ‘1eak ‘(s)royny

(ponunuoo) | sjqey

pringer

a's



Journal of Cancer Survivorship (2022) 16:1127-1148

1138

sysieroads
ISIOIOXI PAYIID-19OUR)) -
‘[ou
-uos1od AISAT[Op UOT)UIAIU]
Apms oy} Sur
-mp pauriojrad K11anoe [e10)
J10JIUOW-J[3s 0) pageInoduy -
S)99M 1 SulurRWIAI 10J
SUOISSAS 90BJ-01-90B] [eNpIA
-IpUI ‘S)99M § JSIIJ I0J SUOIS
-snosip dnoi3 Apy3ruyioy -
:330ddns [enoraeyeg
SUOISSas Paseq
-o1udd 0] AdUBPUANR %((] -
jutodprwr Apnjs 19)5€ //G O}
Surssar3oad ¢/ /g 1e poousw
-WO0D ISIOIIXS PISBQ-OWOY -
jutodpru
Apmis Je A[UO 9SIOIOX
paseq-owoy 0} SuruonIsuen
‘A[UO 9SIOIIXS PISBQ-d1UID
AP[oom YIIM PadudWo)) -
Kyisuayut 91

Kyisuojur

SNOJOTIA “Yoom/url ()9 > I0

K)ISUQUI JeIOpOW “Yoom
/Ut (oG 1 > SulsIoIexy -

UQAIS suononysur oyroads
ou ‘yorydured 1eoued pue A1
-AT)oR [eo1sAyd © yatm papraoig

-I3pOU J& oom /Ul ()G 0}
K1anoe 3ursearoul Jo [eom -
19SI0IOX O1QOIAY

Apmis oy Jo uoneInp ayj Ioj
Kde1oy) suowrIoy SUTATROY -
VIII-T 893018 -

€6 :93e uBo
syuowr 9 8e/IY=N

je dn-mo[[oJ ‘Syoom 7] paseq-awoy + anud)

vSn
([£91 T10T “[29]
a600¢ ‘(€] 6007) s1930y

Arewrtuns dnois fonuo)

Arewrtuns dnoi3 uonuoAIdIU]

RLINID ATIQIST[Q 9[qeloN  dn-mo[[oF ‘qISus] uonuaAIaIu]

a3e
syutod  ‘(uonuoalajur-isod je) paurejar
/paniooe syuedronaed ‘Sunjeg

Anunoo ‘1eak ‘(s)royny

(ponunuoo) | sjqey

pringer

Qs



1139

Journal of Cancer Survivorship (2022) 16:1127-1148

Kxerp days
pue 1ojowopad “jooqopin3
[eInorAeyaq A1IAnNde [BIISAY{ -

:130ddns [eanoraeyag
Kyisuojut snoIoJia 0)
9)eIapow Je U (¢ IoJ //S
QATIOB 9q 0] PIPUSUIIOITY -
19S10J9X9 01OIAY

QUOTE UOT)EPUSWIIOIAT
Kyanoe 1eo1sAyd peareday
sysideroyjorsAyd -

‘[ou
-uos1od AISAT[Op UOT)USAINU]
UONRULIOJUT USYILIA -

syuedronred

JOTUQS 9JOW PUE JoMAU
u2aM)aq WASAs Appng -

ISIOIOXD

s oouaradxa 1oy Jur

-qQUIosap syuaned Jooued
IOUJO JO SOOPTA PAYIIBA -

[ouuosiad Apnis Aq paxyooyd
‘9SI019X? JO FULIONUOW-J[S -
:330ddns [eanoraeyeg

(401 +1-9) s3oam 8I/11
UBOUI 10J [0S PAANDIY -

Kyisuojur ayeropour Je

urw ()¢ IoJ / /¢ ISe9] Je AR
AreorsAyd oq 03 paSeinoouy -
19SI0I0X Paseq-oWoH
SUOISSAS 0] JOUBPUINIL %€ -

xew uonnedar-auo

%GL 01 69 ‘sdnoi3 aposnwt

Jolew [Te Sunedre) Sururen
QOUB)SISAT DAISSAITOI] -

ploysaiy

KI0JB[IIUQA UO Paseq AIIS
-UQ)UI J1qOIoE JAISSAIS0I -

Jururen ooue)sIsal pue

Kyanoe TeorsAyd
[en)iqey urejuTew o) paysy

91qOIdR JO YOBd UIW GT “//T -
19SI0I9X9 PaAseq-anua))

Aderoy

Quourioy Surpnjout jou
‘Kdeory yuean(pe pajordwo) -
VIII-1 s35eS -

09 < smeis Aysjourey| -
JUAUIINIODT

910J0q Soom 9 > sisouTel(] -

S9sBISEIOW JUBISIP ON] -

syjuowr 9
je dn-mof[oJ ‘s)jeam 7 paseq-owoy

epeue))
G'LG 193 uBIN (ATuo wre NOD)

691/681=N ([89] 010T [L9] a800T ‘[99]
©800¢ ‘[6€] L00T) 9ouB[[eA

SpUBIayIoN
961 932 U ([S9] 10T SINYIA :[090101d)
s1v9K  puE SY99M OF IH0T=N ([¥9] 810C

je dn-mo[[oJ ‘Syoom §] paseq-awoy + anud)

xomm ‘[z€] STOT) 101ARI],

Arewrtuns dnois fonuo)

Arewrtuns dnoi3 uonuoAIdIU]

RLINID ANTIQIST[Q 9[qeloN  dn-mo[[oJ ‘qISus] uoruaAIaIu]

o3e
syutod  ‘(uonuoalajur-isod je) paurejar
/paniooe syuedronaed ‘Sunjeg

Anunoo ‘1eak ‘(s)royny

(ponunuoo) | sjqey

pringer

a's



1140

Journal of Cancer Survivorship (2022) 16:1127-1148

Table 1 (continued)

&

Control group summary

Intervention group summary

Intervention length, follow-up Notable eligibility criteria

retained (at post-intervention), points

Setting, participants accrued/
age

Author(s), year, country

Springer

- Any stage Aerobic exercise: Varied, but did not include

Home-based Duration of chemo-

van Waart (2015 [26])

(Onco-Move only)

routine exercise

- Encouraged to be active 5/7

therapy course (mean: - Recruited while scheduled

154/135

N=

for 30 min, at Borg Scale

12-14
- 55% followed recommenda-

to undergo adjuvant chemo-

therapy

118 days) + 3 weeks, follow-
up after a further 6 months

Mean age: 50.1

(Protocol: van Waart 2010

[69])
Netherlands

tions 75% of the time
Behavioural support:

- Activity diary and written

behavioural information
- Discussed with nurse during

chemotherapy visits
Intervention delivery person-

nel:
- Specially trained nurses

X/7 days per week, RPE rate of perceived exertion (scale of 6-20)

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=289, 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
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Anderson 2012
Baruth 2015
Basen-Engquist 2006
Cadmus 2009
Campbell 2005
Demark-Wahnefried 2008
Eakin 2012
Hartman 2018
Hatchet 2013
Kim 2020
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Mutrie 2007
Pinto 2005
Pinto 2013
Pinto 2015
Rogers 2009
Travier 2015
Vallance 2007

van Waart 2015 Green: low risk
Yellow: some concerns

Red: high risk

Fig.2 Risk of Bias 2.0

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 I, where values > 50% may
represent substantial heterogeneity) may be substantial for
self-reported (I>=67%) and objectively measured physical
activity (I*=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 ClIs. 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.

@ Springer
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Table2 Theory Coding Scheme

1. Theory 2. Targeted 3. Theory used 4. Theory 5. Theory 6. Theory 10. All 7/8/9/11. Some
mentioned predictor(s)  Single used to select used to used to tailor theory con-  theory con-
of behaviour theory participants  develop intervention  structs linked structs linked
intervention to interven-  to intervention
tion
Anderson Unclear
(2012)
Baruth v v v SCT v v
(2015)
Basen- v v v TT™M v v
Engquist
(2006)
Cadmus v v TPB, TTM v v
(2009)
Campbell v v v TTM v v
(2005)
Demark- v v SCT v
Wahnefried
(2008)
Eakin (2012) Vv v v SCT 4 v v
Hartman v SCT, TTM v v
(2018)
Hatchet v v v SCT v v v v
(2013)
Kim (2020) Vv v Assorted v v
Matthews v v v SCT v
(2007)
Mutrie v TTM v v
(2007)
Pinto (2005) Vv 4 v TT™ v v v
Pinto (2013) Vv v SCT, TTM v v v
Pinto (2015) Vv SCT, TTM v v v
Rogers v v v SCT v v v
(2009)
Travier v v SCT
(2015)
Vallance v TPB v v v
(2007)
van Waart v v TTM
(2015)

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

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

@ Springer

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
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Post-intervention
Rogers 2009 121.4 73.2 20 114.3 131.5 18 6.9% 0.07 [-0.57,0.70) —_——
Basen-Engquist 2006 428 22753 28 404 25418 23 79% 0.10 [-0.45, 0.65) ——
Pinto 2013 1026  128.36 88 7762 13322 83 11.2% 0.19[-0.11,0.49] i e
Demark-Wahnefried 2008 26.5 22 26 215 237 27 8.0% 0.22[-0.32,0.76) —
Vallance 2007 21 169 84 163 121 85 11.1% 0.33[0.02, 0.63] Tk
Mutrie 2007 585 385 82 416 405 92 11.2% 0.43[0.12,0.73] —
Kim 2020 484957 3139.27 23 3,332.56 2,323.68 25  76% 0.54 [-0.03,1.12)
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Fig. 3 Physical activity (self-reported) pooled post-intervention and follow-up effect estimates

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

@ Springer

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
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Fig.4 Physical activity (objective measure) pooled post-intervention and follow-up effect estimates

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
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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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