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Abstract

Background: Physical activity can improve health and wellbeing after cancer and may reduce cancer recurrence
and mortality. To achieve such long-term benefits cancer survivors must be habitually active. This review evaluates
the effectiveness of interventions in supporting maintenance of physical activity behaviour change among adults
diagnosed with cancer and explores which intervention components and contextual features are associated with
effectiveness.

Methods: Relevant randomised controlled trials (RCTs) were identified by a search of Ovid Medline, Ovid Embase and
PsychINFO. Trials including adults diagnosed with cancer, assessed an intervention targeting physical activity and
reported physical activity behaviour at baseline and = 3 months post-intervention were included. The behaviour
change technique (BCT) taxonomy was used to identify intervention components and the Template for Intervention
Description and Replication to capture contextual features. Random effect meta-analysis explored between and within
group differences in physical activity behaviour. Standardised mean differences (SMD) describe effect size.

Results: Twenty seven RCTs were included, 19 were pooled in meta-analyses. Interventions were effective at
changing long-term behaviour; SMD in moderate to vigorous physical activity (MVPA) between groups 0.25; 95%
Cl=0.16-0.35. Within-group pre-post intervention analysis yielded a mean increase of 27.48 (95% Cl = 11.48-43.
49) mins/wk. of MVPA in control groups and 65.30 (95% Cl =45.59-85.01) mins/wk. of MVPA in intervention
groups. Ineffective interventions tended to include older populations with existing physical limitations, had fewer
contacts with participants, were less likely to include a supervised element or the BCTs of ‘action planning’,
‘graded tasks’ and ‘social support (unspecified)’. Included studies were biased towards inclusion of younger,
female, well-educated and white populations who were already engaging in some physical activity.

Conclusions: Existing interventions are effective in achieving modest increases in physical activity at least 3
months post-intervention completion. Small improvements were also evident in control groups suggesting low-
intensity interventions may be sufficient in promoting small changes in behaviour that last beyond intervention
completion. However, study samples are not representative of typical cancer populations. Interventions should
consider a stepped-care approach, providing more intensive support for older people with physical limitations
and others less likely to engage in these interventions.
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Background

The incidence of cancer is increasing worldwide with an
estimated 14.1 million diagnoses in 2012 and projections
of 23.6 million new cases each year by 2030 [1]. With
advances in early diagnosis and treatments survival rates
are increasing. Thirty-two million people globally were
alive at least 5years following a diagnosis in 2012 [2].
Such advances are applauded, but the disease and its
treatment can have long-term impact on a person’s
physical and psychological health, including declines in
physical function, cancer-related fatigue and poor quality
of life [3].

There is good evidence that regular physical activity
can improve many negative consequences reported by
adults diagnosed with cancer [4, 5]. It is also well estab-
lished that regular physical activity reduces the risk of
developing comorbid disease, and delays decline in phys-
ical and mental functioning associated with aging [6].
Furthermore, accumulating observational evidence sug-
gests regular physical activity may reduce cancer recur-
rence and mortality and prolong disease-free survival
[7-10].

Consequently, adult cancer survivors have much to
gain from being regularly active and it is recommended
that they meet physical activity guidelines, that is to
avoid inactivity and participate in at least 150 min of
moderate intensity physical activity (or equivalent of vig-
orous activity) and two sessions of resistance exercise
each week [11, 12]. Perhaps unsurprisingly, few cancer
survivors meet these recommendations [13, 14] and
they are less active than those without a history of
the disease [15, 16].

Researchers in behavioural science are endeavouring
to design interventions that promote regular physical ac-
tivity among this population. Empirical evidence from a
growing number of randomised controlled trials (RCT)
suggests successful increases in physical activity on com-
pletion of interventions. In a meta-analysis of 12 inter-
ventions based on social cognitive theory, Stacey et al.
[17] report a significant intervention effect for physical
activity (SMD = 0.33; p < 0.01). Similarly, a systematic re-
view and meta-analysis of 14 interventions designed to
promote physical activity behaviour change in breast
cancer survivors concluded that many interventions
were effective in producing short-term improvements in
physical activity [18].

However, to achieve long-term health benefits, behav-
iour change must be sustained and we know much less
about effectiveness of interventions for promoting
long-term change. For example, in a review of the main-
tenance of outcomes following physical activity and/or
dietary interventions in breast cancer survivors only 10
(16%) of the 63 trials identified assessed outcomes at
least 3 months after the intervention had ended. The
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majority of outcomes were physical or psychosocial vari-
ables, such as functional status, cancer-related fatigue
and quality of life rather than measures of physical activ-
ity [19]. Jankowski et al. [20] synthesised the evidence of
maintenance of outcomes, albeit not limited to physical
activity behaviour, following physical activity interven-
tions among cancer survivors in the hope of informing
translation of research into practice within community
settings. Only 12 RCTs reporting maintenance of inter-
vention outcomes were identified, four included data on
minutes of physical activity with two achieving signifi-
cant improvements in behaviour.

Additionally, little is known about intervention com-
ponents that might facilitate long-term behaviour
change. Behaviour change interventions are frequently
complex, consisting of numerous interacting compo-
nents that are often poorly described [21]. This makes
synthesising the evidence for effectiveness to inform fu-
ture interventions challenging. In order to advance be-
havioural medicine by promoting precise and consistent
reporting of complex interventions, Michie and col-
leagues [22] developed The Behaviour Change Tech-
nique Taxonomy (version 1). Based on expert consensus,
this hierarchical classification system has been used in
numerous systematic reviews to reliably identify behav-
iour change techniques associated with the most suc-
cessful interventions (e.g. [23-25]. Coding the functions
of existing interventions and the behaviour change tech-
niques employed, and comparing these components
across effective and ineffective interventions may help to
identify the successful ‘active ingredients’ of interven-
tions [26].

In addition to the contribution of Michie et al’s [22]
theory-based BCT taxonomy, guidelines have been de-
veloped to improve reporting of interventions. The Tem-
plate for Intervention Description and Replication
(TIDieR) checklist highlights numerous contextual fac-
tors of intervention delivery which may impact interven-
tion efficacy that the BCT taxonomy does not capture.
Examples include mode of intervention delivery, such as
home-based programs verses on-site supervised activity
sessions, the intensity and duration of the intervention,
and fidelity assessment [27]. Synthesis of both interven-
tion components (through coding of BCTs) and interven-
tion context (through the TIDieR checklist) and their
association with longer-term physical activity behaviour
could help inform development of future programmes.

When attempting to understand the optimal methods
to support physical behaviour change, examination of
RCTs has limitations. By only evaluating an intervention
as ‘successful’ if there are statistically significant differ-
ences between intervention and control/comparison
groups at follow-up we may ignore important changes in
the control groups. It is well established that



Grimmett et al. International Journal of Behavioral Nutrition and Physical Activity

‘contamination’ by control participants is common in tri-
als of physical activity and dietary behaviour change
[28]. Those who agree to participate are often highly
motivated to make positive change, and thus may modify
their behaviour irrespective of group allocation. This can
lead to type II error, that is, an intervention being per-
ceived as ineffective even when large increases in behav-
iour are achieved in the intervention group. This issue is
then magnified by pooling such data in meta-analysis of
RCTs. Furthermore, by relying on between group differ-
ences as a marker of success and then exploring inter-
vention components and sample characteristics in order
to explain the superiority of these interventions, we risk
reaching erroneous conclusions as to what components
might contribute to the most effective interventions. Tri-
als of behaviour change often include ‘attention control’
designs and/or provide readily available printed materials
promoting engagement in regular physical activity. By
quantifying change in long-term behaviour in control
groups, we get a sense of the amount of behaviour
change elicited by these processes and by the act of con-
senting to a trial of physical activity in the context of
cancer and recovery.

In this paper we describe the first reported systematic
review and meta-analysis of RCTs in adults affected by
any type of cancer, evaluating the efficacy of interven-
tions on maintenance of physical activity behaviour
change. Using the BCT taxonomy (vl) and TIDieR
checklist, we attempt to identify both intervention com-
ponents and contextual features that are associated with
successful, post-intervention behaviour change to inform
future intervention development. Meta-analysis of
long-term change in physical activity behaviour in con-
trol groups is also presented and discussed.

Methods

Guidance from the Centre for Reviews and Dissemination
[29] and the Preferred Reporting Items for Systematic Re-
views and Meta-analysis (PRISMA) [30] informed the
methods for conducting and reporting this review. This re-
view was registered with PROSPERO; CRD42017068924.

Literature searching

The following databases were systematically searched
from inception to August 2018: Ovid Medline, Epub
ahead of print, In Process & Other non—indexed cita-
tions, Ovid Embase and Ebsco PsycINFO. Conference
proceedings were searched from 2015 to August 2018
via the Web of Science platform Science Citation Index
& Social Science Citation Index & Conference Proceed-
ings Citation Index. The strategy is a balanced combin-
ation of index and free text synonym terms, representing
cancer survivor, exercise, physical activity, and lifestyle
interventions. A clinical trial search filter was applied to
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the strategy to identify randomized or controlled trials
or validation or evaluation studies. The search was lim-
ited to studies published in English. Reference lists of all
included articles were hand searched for other relevant
papers. The search results were screened on title and ab-
stract against the inclusion criteria by two researchers
(CG and TC). Full texts were obtained for publications
identified to be potentially relevant and were screened
independently by two reviewers (CG and TC); disagree-
ments were discussed until a consensus was reached.
Search hit returns can be referred to in the PRISMA
chart (Fig. 1.). An example search strategy (Medline) is
listed in Additional file 1.

Study selection

The eligibility criteria for study inclusion were; 1) trials
including adults (> 18 years) with a diagnosis of cancer,
2) trials that assessed an intervention that targeted aer-
obic physical activity (interventions limited to exercises
for specific areas of the body, such as arm exercises for
lymphoedema or pelvic floor exercises were excluded),
3) participants were randomised to an intervention and
a control/comparison group, 4) reported outcomes data
on physical activity behaviour (this could be expressed
as an estimate of total energy expenditure (e.g. calories
per kilogram per week (kcal/kg/week), METs per week
(METs/wk) or minutes per week (mins/wk) of moderate
to vigorous physical activity (MVPA) at the end of inter-
vention measured directly or indirectly, and at least 3
months post-intervention completion with no interven-
tion contact between the end of intervention and
post-intervention follow-up. With no clear consensus on
the definition of ‘maintenance’ of a behavioural out-
come, the criterion of at least 3 months was selected as
per previous systematic reviews of physical activity
among cancer populations [31, 32]. The original proto-
col specified inclusion of pre-post studies however this
was modified to include RCTs only to ensure optimal
methodological rigour.

Data extraction and risk of bias assessment

A data extraction form capturing study details and phys-
ical activity behaviour data was developed and iteratively
refined by CG to ensure comprehensive data capture.
One author (CG) extracted data on author, country of
study, study design, sample size, population studied (in-
cluding cancer type, age, comorbidities, ethnicity and
level of education), intervention type (i.e. physical activ-
ity only or lifestyle intervention that was not restricted
to physical activity), study duration, attrition rate, phys-
ical activity outcome measure and physical activity data.
Features of the intervention were extracted based on the
TIDieR checklist for reporting of interventions. Theoret-
ical basis was also captured. The BCT taxonomy (v1)
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was used to code BCTs based on information presented
in the included papers, as well as any published protocol
papers. Two authors (CG, TC) independently coded
BCTs for all included studies. Discrepancies were re-
solved through discussion.

The risk of bias of the studies included in the
meta-analysis was assessed by CG and TC using the
Cochrane Collaboration’s risk of bias tool [33]. Six
different sources of bias were considered: selection
bias, performance bias, detection bias, attrition bias,
reporting bias, and other bias. Risk of bias was de-
scribed as ‘low; ‘high’ or ‘unclear’. Scoring conflicts
were discussed and resolved by three authors (CG,
TC, JS).

Statistical methods

Between group differences in physical activity

Studies reporting total minutes of MVPA per week for
control and experimental groups at baseline and
post-intervention follow-up were included in a
meta-analysis using Cochrane Review Manager 5.3
software [34]. Guidance for pooling data for
meta-analysis recommends combining data that are as

similar as possible, therefore trials reporting physical
activity by other means (e.g. METs/wk., kcal/kg/day,
walking time and kcal/week) were not included. The
difference in MVPA mins/wk. between the control and
intervention groups at the last post-intervention
follow-up assessment were used to calculate effect size,
and intention-to-treat data were used when available.
When insufficient data were available for the purposes
of meta-analysis (e.g. no standard deviation (SD) or
unadjusted baseline data presented), authors were con-
tacted to provide the data required. If standard errors
or confidence intervals were presented instead of SD,
we calculated the SDs. The vast majority of studies in-
cluded a self-report measure of MVPA, therefore these
data were used. Data from objective measures of phys-
ical activity were included if they were available. For
studies reporting moderate and vigorous activity separ-
ately, combined MVPA and SDs were calculated using
the following formula, as per [35]:

XMVPA = Xmoderate PA + xvigorous PA

To combine SDs, the following formula was used
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— 2 2
OMVPA = \/( (gmoderate PA) + (Uvigarous PA) )

A random effects model was used to calculate stan-
dardized mean difference (SMD) with 95% confidence
intervals. A random effects model was chosen as inter-
ventions and outcome measures of physical activity var-
ied widely and this type of model is recommended
where heterogeneity is suspected.

Post-hoc sensitivity analysis was performed to include
only those studies with > 6 month follow-up data (a more
conservative definition of maintenance of behaviour).

Pre-post change in physical activity within control group
and intervention group

The change from baseline to post-intervention follow-up
in minutes of MVPA per week within control and inter-
vention groups was estimated separately in meta-analysis.
As above, random effects models were used due to hetero-
geneity in interventions and outcomes measures.

Random effects models were also used to calculate
mean difference with 95% confidence intervals for be-
tween and within group analysis to provide mean differ-
ence/change in MVPA mins/wk. to aid clinical
interpretation.

Statistical approaches to explore associations between
study population and intervention characteristics (includ-
ing BCTs) and intervention effects e.g. meta-analysis, such
as meta-regression, were considered. However, due to the
relatively small number of included studies, these were
not deemed feasible. Therefore, a narrative synthesis of
these factors is presented using a similar categorisation
methodology to Gardner et al. [36]. Trials were cate-
gorised as ‘very promising, ‘quite promising’ or ‘not prom-
ising’. Category allocation was dependent on within or
between group differences in physical activity behaviour at
post-intervention follow-up. ‘Very promising’ trials in-
cluded those with statistically significant between group
differences in MVPA mins/wk. at post-intervention
follow-up. ‘Quite promising’ were trials reporting
within-group differences in the intervention group at
post-intervention follow-up and ‘not promising’ were
those that reported neither within nor between group dif-
ferences at post-intervention follow-up. These categories
are mutually exclusive. This categorisation enabled data
interpretation and narrative synthesis of intervention and
context, associated with the most and least promising in-
terventions. In order to recognise intervention compo-
nents that were associated with effectiveness, we identified
BCTs that were common, defined as appearing in at least
half, of the ‘very promising’ and ‘quite promising’ studies,
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and were uncommon, defined as appearing in less than
half, of the ‘not promising’ studies.

Results

Figure 1 shows the flow of studies for this review.
Twenty seven studies met the inclusion criteria and were
included in this review.

Figure 2 presents the risk of bias assessment of studies
included in the meta-analyses. Random sequence gener-
ation and allocation concealment was reasonably well re-
ported however the majority of studies did not
demonstrate blinding of outcome assessments and a
number were limited by attrition bias. Most studies were
also judged as ‘high risk’ for other sources of bias with
many using self-reported physical activity measures
which is prone to bias.

Table 1 presents the characteristics of the populations
from each study. Studies were published between 2006 and
2018 and more than half (15/27) were conducted in the
USA and Canada. Sample sizes ranged from 41 [37] — 641
participants [38]. Most studies (18/27) included women di-
agnosed with breast cancer and participants were relatively
young (average age 58.2years) and well educated with
69.7% participating in some higher education. Number of
comorbidities was infrequently reported and where data
were available considerable variation was evident, ranging
from more than 90% of participants reporting at least one
comorbidity [39], to less than 30% reporting at least one
comorbidity [40]. Table 2 provides data on intervention
characteristics and context. Intervention modality varied
from ‘light touch’ approaches such as providing printed
materials only to more intensive designs including super-
vised exercise sessions and regular follow-ups, predomin-
antly by telephone. The length of the interventions varied
from a single contact [41] to 10 months of regular interac-
tions [38]. Length of post-intervention follow-up ranged
from 3 months to 5 years.

After obtaining data from authors of 7 of the included
studies [42—-48] 19 studies were eligible to be included in
the between group meta-analysis; of these, 12 studies ex-
cluded participants who were already meeting physically
active guidelines, however the median baseline levels of
physical activity in the intervention groups was 86 mins/
wk. of MVPA, range 23.5 (44)-879 [48].

Two of the included studies presented physical activity
data on a subsample of participants. Ottenbacher et al.
[44] presented analysis for participants in the FRESH
START trial who failed to meet physical activity guide-
lines (< 150 mins MVPA/wk) on study entry: 400 of the
543 breast and prostate cancer survivors enrolled in this
home-based lifestyle intervention. Belanger et al. [40]
provided data for the 96 of the 212 young adult cancer
survivors who were engaging in <300 min of physical
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activity at baseline. These data were included in the
meta-analysis.

Behaviour change outcomes

Nineteen of the 27 included studies provided PA data as
MVPA mins/wk. data for the experimental and control
groups at the post-intervention follow-up and were in-
cluded in the meta-analysis. All but three studies pre-
sented data on self-reported levels of physical activity,
Rogers et al. [37], O'Neil et al. [49] and Lee et al. [50] re-
ported only objectively measured physical activity using
accelerometry. Two studies included more than one
intervention group [51, 52]. In both instances the most
intensive intervention was compared to the control
group in meta-analyses. Figure 3 presents a forest plot de-
tailing the SMD with 95% confidence intervals (Cls) for
the post-intervention MVPA mins/wk. data. The SMD be-
tween groups favoured the intervention group with a small
estimated effect (0.25; (95% CI = 0.16—0.35)) and moderate
statistical heterogeneity (I*=36%). The mean difference
between the intervention and controls groups was 39.88
(95% CI = 22.78-56.97) MVPA mins/wk., p < 0.01.

Post-hoc sensitivity analysis

Post-hoc sensitivity analysis was conducted with the
10 studies that presented data on MVPA mins/wk. a
minimum of 6 months after intervention completion
[39, 44, 45, 48, 50, 53-57]. A very similar SMD was
found; 0.21; 95% CI =0.12-0.29, p <0.01, I* = 13%.

Within group meta-analysis

Within group pre-post intervention analyses of physical
activity behaviour in control groups reveals a small
SMD: 0.21 (95% CI = 0.08-0.35), P < 0.01, I* = 70%. See
Fig. 4. Mean difference = 27.48 (95% CI = 11.48-43.49)
mins/wk. of MVPA, p < 0.01.

Within group analyses of physical activity behaviour in
the intervention groups revealed a moderate SMD 0.49
(95% = CI 0.32-0.66), p<0.01, with high heterogeneity
(I = 83%) as shown in Fig. 5. The mean difference be-
tween baseline and post-intervention follow-up was
65.30 (95% CI=45.59-85.01) mins/wk. of MVPA. Of
note, one additional trial was included in this analysis
[38]. Demark-Wahnefried et al. (2012) provided baseline
and post-intervention (2year) follow-up for the inter-
vention group. The comparison group were offered the
intervention at 1year and were therefore excluded from
all other meta-analyses.

As the correlation between objective and
self-reported physical activity levels is often poor, all
meta-analyses were re-run in a post-hoc sensitivity
analysis removing the 3 studies that used objective
measures of physical activity; this had negligible im-
pact on the results: between group SMD: 0.27 (95%
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P
Intervention Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD_ Total Weight IV, Random, 95% ClI IV, Random, 95% CI
James 2015 (43) 79.2 1045 33 1331 2257 36 3.3% -0.30 [-0.77, 0.18] I
Ottenbacher 2012 (44) 107.58 125.53 171 103.63 143.05 253 9.8% 0.03[-0.17, 0.22] T
O'Neill 2018 (49) 165 145 20 148 198 19 2.0% 0.10[-0.53, 0.72] -1
Galvao 2017 (53) 126.2 1875 194 108.2 1784 184 9.5% 0.10 [-0.10, 0.30] T
Witlox 2018 (48) 678 702.7 70 579 5341 58 5.2% 0.16 [-0.19, 0.50] T
Rogers 2015 (53) 216 131 110 192 136 112 7.3% 0.18 [-0.08, 0.44] T
Hawkes 2013 (39) 85.2 181 205 54.3 120 205 9.8% 0.20[0.01, 0.39] —
Vallance 2007 (52) 175 182 93 142 126 96 6.7% 0.21 [-0.08, 0.50] T
Sandler 2017 (47) 455 61.09 18 30.46 54.88 22 2.1% 0.26 [-0.37, 0.88] -
Pinto 2013 (56) 107.62 110.41 86 80.03 82.96 76 6.1% 0.28 [-0.03, 0.59] T
Lee 2018 (50) 705 324 111 6133 3214 112 7.3% 0.28 [0.02, 0.55] —
Kanera 2017 (54) 688.1 570.6 162 5122 4521 206 9.3% 0.35[0.14, 0.55] -
Pinto 2013 (45) 148.6 209.8 20 86.6 103.4 26 2.3% 0.38 [-0.20, 0.97] -
Pinto 2015 (68) 98.4 83.2 39 63.9 82.9 37 3.5% 0.41[-0.04, 0.87] I
Adams 2018 (42) 3079 2518 29 2055 2216 22 25% 0.42[-0.14, 0.98] T
Belanger 2014 (40) 164 1048 48 118 934 48  42% 0.46 [0.05, 0.87] e
Mutrie 2012 (55) 648 347 43 462 263 41 3.7% 0.60 [0.16, 1.03] -
Rogers 2009 (37) 1749 104.8 20 92 9412 19 1.9% 0.81[0.16, 1.47] -
Pinto 2008 (46) 193.85 161.68 39 781 91.34 39 3.4% 0.87 [0.41, 1.34] I
Total (95% CI) 1511 1611 100.0% 0.25[0.16, 0.35] ‘
Heterogeneity: Tau? = 0.01; Chiz = 28.19, df = 18 (P = 0.06); I = 36% 1 0 1 2
Test for overall effect: Z = 5.20 (P < 0.00001) Favours control  Favours intervention
Fig. 3 Between group difference in MVPA mins/wk. at post-intervention

CI 0.15-0.38) I> = 46%, within group pre-post ana-
lysis for control groups SMD: 0.23 (95% CI 0.09-
0.38) I*> = 70%, within group pre-post analysis for
intervention groups SMD: 0.48 (95% CI 0.29-0.67) I*
= 85%.

BCTs and physical activity outcomes

Studies included an average of 10.3 BCTs (range 2-
20), goal setting (n=25), self-monitoring (n=22), in-
struction on how to perform a behaviour (7 =19) and

problem solving (n=18) were most frequently re-
ported (see Table 3). There were few notable differ-
ences in the BCTs identified within studies when
comparing across the classifications ‘very promising;
‘quite promising’ or ‘not promising’. The BCTs of
‘goal setting, ‘problem solving, ‘self-monitoring’ and
‘instruction on how to perform a behaviour’ were
used often, irrespective of study effectiveness. Add-
itionally the BCTs ‘action planning) ‘graded tasks’ and
‘social support (unspecified)’” were present in the ‘very

Post-intervention Pre-intervention Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD _Total Mean SD_Total Weight 1V, Random, 95% CI 1V, Random, 95% CI

Witlox 2018 (48) 579 534.1 58 853 770 118 5.8% -0.39 [-0.71, -0.07] -

Rogers 2009 (37) 92 102 19 1134 97.36 20  3.0% -0.21 [-0.84, 0.42] —

Kanera 2017 (54) 5122 4251 206 526.5 546.5 226 7.3% -0.03 [-0.22, 0.16] -1

Pinto 2008 (46) 78.1 91.34 39 76.98 97.23 43 4.6% 0.01[-0.42, 0.45] -

Galvao 2017 (53) 108.2 178.4 184 105.1 1849 231 7.3% 0.02[-0.18, 0.21] T

Hawkes 2013 (39) 54.3 120 163 52 1125 205 7.2% 0.02[-0.19, 0.23] T

James 2015 (43) 133.1 2257 36 120.9 201.3 46 4.6% 0.06 [-0.38, 0.49] N

Vallance 2007 (52) 142 126 96 133 144 96  6.2% 0.07 [-0.22, 0.35] 1T

O'Neill 2018 (49) 148 198 19 136 136.8 22 31% 0.07 [-0.54, 0.68] I —

Sandler 2017 (47) 30.46 54.88 33 216 70.73 24 3.8% 0.14 [-0.39, 0.67] 1

Rogers 2015 (53) 192 136 108 168 88 112  6.5% 0.21[-0.06, 0.47] T

Mutrie 2012 (55) 462 263 41 365 288 99 53% 0.34 [-0.02, 0.71] —

Pinto 2013 (56) 80.03 82.96 76 51.78 69.65 86 5.9% 0.37[0.06, 0.68] I

Lee 2018 (50) 613.3 3214 112 485.1 290.7 112 6.5% 0.42[0.15, 0.68] -

Ottenbacher 2012 (44) 103.63 143.05 253 4291 89.97 253 7.5% 0.51[0.33, 0.68] -

Belanger 2014 (40) 118 77 48 77 71.59 48  4.8% 0.55[0.14, 0.95] -

Pinto 2013 (45) 86.6 103.4 23 287 315 26 3.3% 0.77[0.18, 1.35] -

Adams 2018 (42) 205.2 2216 22 796 887 28 3.4% 0.77 [0.19, 1.35] -

Pinto 2015 (68) 63.9 82.9 31 171 234 37 4.0% 0.791[0.29, 1.29] -

Total (95% CI) 1567 1832 100.0% 0.21 [0.08, 0.35] ’

Heterogeneity: Tau? = 0.06; Chi2 = 60.41, df = 18 (P < 0.00001); I2 = 70% 2 1 5 1 2

Test for overall effect: Z = 3.08 (P = 0.002) Decrease in PA Increase in PA
Fig. 4 Control group change in MVPA mins/wk. from baseline to post-intervention
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Post-intervention Pre-intervention Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Witlox 2018 (48) 678 702.7 70 879 1,1086 119 55% -0.20 [-0.50, 0.09] /T

James 2015 (43) 79.2 1045 33 841 95.2 55 4.7% -0.05[-0.48, 0.38] - 1

Galvao 2017 (53) 126.2 187.54 184 1259 1651 232 6.1% 0.00 [-0.19, 0.20] T

O'Neill 2018 (49) 165 145 20 132 280.5 21 3.6% 0.14 [-0.47, 0.76] - 1

Kanera 2017 (54) 688.1 570.6 162 595.9 6205 225 6.1% 0.15 [-0.05, 0.36] —

Hawkes 2013 (39) 85.2 181 159 589 1329 205 6.0% 0.17 [-0.04, 0.38] I

Rogers 2015 (53) 216 131 105 178 124 110  57% 0.30[0.03, 0.57] —

Sandler 2017 (47) 455 61.09 18 2947 4143 22 3.5% 0.31[-0.32, 0.93] ]

Vallance 2007 (52) 175 182 93 119 163 93 5.6% 0.32[0.03, 0.61] -

Pinto 2013 (56) 107.62 110.41 86 49.32 7072 106 5.6% 0.64 [0.35, 0.93] I

Lee 2018 (50) 705 324 95 498.2 298.8 111 5.6% 0.66 [0.38, 0.94] -

Pinto 2013 (45) 148.6 209.8 19 376 725 20 3.4% 0.70 [0.05, 1.35]

Demark-W 2012 (38) 100.9 129.38 243 333 51.8 319 6.2% 0.72[0.55, 0.89] -

Rogers 2009 (37) 1749 97.38 20 962 99.19 21 3.5% 0.79[0.15, 1.42]

Belanger 2014 (40) 164 104 48 86 76 48 4.8% 0.85[0.43, 1.27]

Pinto 2008 (46) 193.85 161.68 39 81.56 94.8 43 45% 0.85[0.40, 1.30]

Mutrie 2012 (55) 648 347 43 367 306 96 5.0% 0.88 [0.50, 1.25] -

Ottenbacher 2012 (44)  107.58 125.53 171 235 4039 171 6.0% 0.90 [0.68, 1.12] -

Adams 2018 (42) 307.9 251.8 29 1247 1133 35  41% 0.96 [0.44, 1.48]

Pinto 2015 (68) 98.4 83.2 36 318 33.9 39 4.3% 1.05[0.57, 1.54]

Total (95% Cl) 1673 2091 100.0% 0.49 [0.32, 0.66] L 4

Heterogeneity: Tau? = 0.12; Chiz = 114.45, df = 19 (P < 0.00001); I = 83% _=2 1 0 1 2

Test for overall effect: Z = 5.55 (P < 0.00001) Decrease in PA Increase in PA
Fig. 5 Intervention group change in MVPA mins/wk. from baseline to post-intervention

promising’ and ‘quite promising’ studies but most
often absent from the ‘not promising’ studies. When
considering the study populations and characteristics
as described in Table 1, participants in the studies
classified as ‘not promising’ tended to be older (mean
age 63 yrs. versus 57 yrs. in the ‘very promising’ and
‘quite promising’ studies). Also, supervised physical
activity tended not to be provided as part of the
intervention in the former studies. There were also
fewer contacts with participants during the interven-
tion. Moreover, two of the studies [41, 47] purpose-
fully recruited participants with limitations, pain and
fatigue respectively, and two included exclusively
prostate cancer patients, many of whom were still
undergoing treatment.

When considering physical activity behaviour change
in the control groups, four of the eight studies describ-
ing significant increases in physical activity from baseline
to post intervention follow-up included ‘attention con-
trol’ compared, to only one study that used attention
control but did not find any significant change.

Discussion

This is the first systematic review and meta-analysis to
synthesise the evidence from RCTs examining long-term
physical activity behaviour change following intervention
in cancer populations. With a significant overall SMD
(0.25; 95% CI=0.16—0.35) in MVPA mins/wk. we can
conclude interventions achieved a small effect, compared
with controls, on long-term physical activity behaviour de-
fined as a minimum 3 month follow-up. Results were

similar for studies presenting a minimum 6 month
follow-up period. Also unique to this review is the synthe-
sis of evidence of physical activity behaviour change in the
control groups with an average increase of approximately
30 mins/wk. MVPA from baseline to post intervention
follow-up. This suggests that the standard mean differ-
ences between the intervention and control groups may
underestimate the impact of the interventions on physical
activity behaviour. Indeed, when considering data only
from the intervention groups, we saw an average increase
of 65.30 (95% CI = 45.59-85.01) mins/wk. of MVPA at the
last follow-up point. Such a change, especially in the inter-
vention groups, may be clinically meaningful. There is evi-
dence that older men who move from being sedentary to
engaging in at least light activity have significantly lower
risk of all-cause mortality than those who remain seden-
tary [58]. Furthermore, there is data showing that women
with breast cancer who engage in 3-8.9 MET-hrs/wk. of
physical activity, had a relative risk of death from breast
cancer of 0.50 (95% CI, 0.31-0.82) compared to 0.80 (CI
0.60-1.06) for those doing less that 3 MET-hours per
week, with 3 MET hours equivalent to walking at an aver-
age pace of 2 to 2.9 mph for 1 h [59].

The notion of contamination in control groups in
lifestyle interventions is a widely acknowledged limita-
tion of such trials. Steins Bisschop et al. [28] con-
ducted a systematic review of control group design,
contamination and drop out in oncology trials. They
found that 75% of studies in their review reported
control group contamination. Furthermore, Waters
and colleagues [60] found that 28% of physical



Page 15 of 20

37

(2019) 16

Grimmett et al. International Journal of Behavioral Nutrition and Physical Activity

syuedpiued |je 0} d|qejieAe USQ dARY PINOM S]1Dg e 30U 0s Apnls ay3 Huunp uonuaAIRUl 3y} 0} sabueyd 1odal “je 19 Jakepy

A 6 6 Ll 9l Sl Sl 6 9l 4t 0c €l 4 S15d ON [e10L
1 l 1 | | | eded Jnoge uoisensiad [egiap 16l
| Buiwelal/buiuiely el
L L l L L l L JUSWUOIIAUD 3y} 01 $193[qo bulppy STl
| | | suonow aAnebau axnpay Tl
L L piemal [eIdOS 70l
L | SUOD pue soid 6
L L L L L L L L L 32IN0S 3|qIpald 1'6
L L L l L L SYse} papels L8
| | | | InolAeyaq 19b1e1 e Jo uonesijessusn 98
| | | |esieatjal/aonoeld [einoiAeyag '8
| | | | sand/s1dwiold 1’/
| | | | INOIARYS( JO UOIRIISUOWS( 1'9
| $95USNb3ISUOD [PUONOWS INOGR UONRWIOU| 95
| | $3OUSNDISUOD [LIUSWIUOIIAUS PUB [B1D0S INOCR UOIRWIOJ| €5
L | | $30USNb3SUOD JO dUljes s
L L L L L L L L $30USND3SUOD Lf1e3Y INOCe UOHPULIO]| 1's
| S1USPadaIUL INOQR UOIRULIOJU| Ty
| | L | | L ! L L L ! ! InojAeyaq e wiopad 01 MOy UO uoRINAsU| 'y
| ye1s (jeonoesd) poddns [enos e
L | | L | L L L | L | L (paydadsun) uoddns [eos e
INOIARYS( JO (S)SUWIODINO UO 32egpPas Yard
L %PEQPe9j0ig 9t
L L L L L L L L L | | INOIABYS] JO BULIONUOW-}|SS €T
L L L L L INOIARYSQ UO YDeqpas4 a4
L 1USUWIWWOD 61
l |eob pue UnolAeyaq 1Ua1INd Usamiag Aduedaidsiqg 91
L | L L L L (5)[e0b InoIneyRG MINSY Sl
! L ! L L ! L L L L ! Buiuueid uopdy vl
1 | | (3wodINo) bumas [eon €l
L L L L L L L L L L Buinjos wajqoid 'l
L L L L L L L L L L L L (inoineyaq) bumas [eoo 'L
(ov) e (v) e @v) e ©Ov) e 02) e (99) e (S9) e (69) I° (69) e (9 e vs)yre (L) ew
10 s9buRlRg 19 A9]|0IS D XOPIM R OUd R UoIyg D oWld  (/€) s1oboy 19 amnpy 19 soymeH 19 0l 19 si9boy 19 essuey  uuewneg [9ge| D9 ou 1Og

(dn-mojjo4 uonuaaRIUl 350d 18 aduaRyIp dnolb usamiag Juedyubis) Buisiwold A1ap

UOIIUDAISIUL DB Ul Pajuapl sanbiuydsy abueyd inoineysg € ajqeL



(2019) 16:37 Page 16 of 20

Grimmett et al. International Journal of Behavioral Nutrition and Physical Activity

6 S 14 8l 9 6 €l ol € A ¥ 4 €l cl
ol L L L L I'sl
4 L cel
Ll L L L L L L L L L l Sl
9 L L L [an
9 L L L L 0L
€ L 6
6l L L L L L l l L L L I'6
7l L L L L L L L L L8
S L 98
¥ L '8
3 L L L L I’z
L L L L 19
4 L 99
4 €S
€ 4
9l L L L L L L L L I's
l (474
6l L L L L L L L L'y
4 L [43
8l L L L L L L L L L I'e
L L LT
L 9¢C
[44 L L L L L L L L L L L €cC
Ll L L L L L L [44
L 6'l
€ L L 9l
8 L L Sl
Sl L L L L vl
€ €l
8l l L l L L L L L [
SC L L L L L L L L L L L L L [
109 bBuisn saipnis Jo (lv) e (Lv) e (6v) e (1) e (ev) e (€9) e (Sb) |e (€4) e 1R (ev) e 1R (05) e (AN =RE] (¢9) e1w (¥b) e 1 (8€) paujsuyem

JECTIVET:iteTR 12 doJAN 12 J9|pues 12 |I3N,O 19 yeulied) 19 sawer 19 OAleD) 19 ould JEVEI swepy 19 997 IERE]] I JEIVRLEIe[VESITe) spewsq ‘ou ]0g

(s90uasaylp dnoub uiyum Jo usamiaq uedyiubis ou) Buisiwoid 10N

(dn-mojjoj uonuaazul 350d 01 Buljeseq woly abueyd Juedyubis) buisiwoid aunD

(PanuIU0D) UOIIUSAISIUL YoeD Ul papiluspl sanbjuydal abueyd Inolaeysg € ajqel



Grimmett et al. International Journal of Behavioral Nutrition and Physical Activity

activity interventions reviewed (n =28, which are not
limited to cancer populations) reported meaningful
improvements in physical activity levels of the control
groups. However the current review is the first to
quantify the degree of this change across cancer trials.
Notably, we showed that 7 of the 19 studies (35%)
showed statistically significant improvements in phys-
ical activity in control groups at follow-up.

By identifying the BCTs included within the studies we
hoped to unpick the key ingredients that may lead to
successful, long-term behaviour change in cancer popu-
lations. ‘Goal setting (behaviour); ‘self-monitoring of be-
haviour, ‘problem solving’ and ‘instruction on how to
perform a behaviour’ were frequently reported across
studies, irrespective of effectiveness. There were few
clear differences in BCTs identified in the ‘very promis-
ing’ and ‘quite promising’ verses the ‘not promising’
studies. The exceptions were; 1) ‘graded tasks; setting
easy tasks and make them increasingly difficult but
achievable. 2) ‘social support (unspecified), that is, pro-
viding or arranging social support or non-contingent
praise or reward for performance of the behaviour; this
includes studies that used motivational interviewing
techniques. 3) ‘action planning, encourage detailed plan-
ning of the behaviour e.g. where and when you plan to
exercise. A recent review of maintenance of weight loss
after cancer report similar findings [61]. Specifically,
Hoedjes et al. found that the BCTs of ‘goal setting) ‘ac-
tion planning; ‘social support’ and ‘instruction of how to
perform the behaviour’ were present in interventions
that effectively promoted sustained weight loss. However
the authors did not describe the BCTs used in the un-
successful interventions and therefore no comparisons
are made. Similarities can also be seen in a recent review
of maintenance of physical activity behaviour change in
inactive healthy adults, with a small effect on physical
activity behaviour at six months follow-up (d = 0.21, 95%
CI =0.12-0.30). Effectiveness was associated with ‘action
planning; ‘instruction on how to perform the behaviour;,
‘prompts/cues;, ‘behaviour practice/rehearsal, ‘graded
tasks’ and ‘self-reward’ [62].

It appears that inclusion of certain BCTs may increase
the likelihood of intervention success, however the strik-
ing similarities of BCTs across ‘very promising, ‘quite
promising’ and ‘not promising’ studies in the current re-
view suggests there are other population or context
characteristics that impact on effectiveness.

In general, across all included studies, participants
were relatively young, female, well-educated and pre-
dominantly white. Recruitment rates were variable
but typically low, suggesting an amotivated popula-
tion and/or strict inclusion/exclusion criteria. It ap-
pears therefore that current interventions reflect and
reinforce structural societal inequalities. Participants
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in the studies that did not produce any notable
change in behaviour tended to be older, two com-
prised exclusively prostate cancer populations and
two included those with pain and clinically signifi-
cant fatigue. As such, it may be that a stepped care
approach to behaviour change is needed. This find-
ing is supported by Morey and colleagues [63] who
performed group trajectory analysis for patients par-
ticipating in the RENEW study, a distanced-based
multimodal lifestyle interventions in older long-term
cancer survivors. They found that patients who
remained inactive throughout the study had low
levels of physical function at baseline which contin-
ued to decline over time. This is in contrast to those
who achieved marked improvement in physical activ-
ity throughout the 12-month intervention and
12-month follow-up periods who reported consider-
ably higher levels of physical function on study
entry. By providing stratified support, offering more
intensive interventions and one-to-one support to
those who need it most, a more representative popu-
lation of cancer patients may be encouraged to en-
gage in positive behaviour change which will be
more likely to affect change. Such an approach is
supported by a recent Individual Patient Data
meta-analysis examining the moderator effect of
baseline values on the exercise outcomes of fatigue,
aerobic fitness, muscle strength, quality of life and
physical function [64]. Moreover, Buffart and col-
leagues found that for patients who had completed
cancer treatment, those with worst baseline QoL, fa-
tigue and physical function experienced the largest
improvements following exercise intervention, sug-
gesting the greatest impact of interventions may be
seen by targeting those most in need.

Evidence presented here suggests that motivated,
well-educated, younger and white patients may achieve a
clinically important increase in their long-term physical
activity behaviour with a relatively low-intensity inter-
vention. This is supported by the observation of in-
creases in physical activity in the control groups who
were typically provided with brief written information.
Nonetheless, inclusion of a supervised component and
frequent contact with participants may further increase
intervention effectiveness. This is corroborated by the
finding that four of the eight studies that found signifi-
cant improvements in physical activity within the con-
trol group’s used a contact control study design, so
frequent contact may have prompted participants to be-
come active. Similar conclusions were drawn in a recent
review by Bluethmann et al. [18]. In their synthesis of 14
RCTs aimed at increasing physical activity in breast can-
cer survivors they explored the effect of intervention in-
tensity (i.e. number of intervention sessions) on
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behaviour change. They found that higher intensity in-
terventions tended to produce larger effects, but some
of the largest effects came from interventions they had
categorised as ‘medium’ intensity, including home-based
programmes with telephone support. This is supported
by an earlier review of broad reach interventions, con-
cluding telephone, print and web-based interventions
were effective in initiating behaviour change [31]. How-
ever, both reviews found limited evidence for mainten-
ance of change. Finally, in a review of maintenance of
behaviour change, although not limited to cancer popu-
lations, Fjeldsoe et al. reported that physical activity and
dietary interventions with more intervention contacts
were more likely to achieve maintenance of behaviour
change.

Another important consideration is that participants
choosing to enrol in the physical activity interventions
tended to already be engaging in some physical activity.
Of the 19 studies included in the between groups
meta-analysis, 12 excluded participants who were
already meeting physically active guidelines; however the
median baseline levels of physical activity in the inter-
vention groups was 86 mins/wk. of MVPA. It is likely
that mechanisms of behaviour change are different for
those who are engaging in no physical activity at all ver-
sus those who are somewhat active. As such alternative
intervention methods may be required if targeting the
more inactive and sedentary populations. This is of ut-
most importance given that population health benefits
may be achieved by supporting those who are sedentary
to becoming moderately active [65]. Also, the dose re-
sponse relationship between physical activity and
health benefits, particularly in cardiovascular disease,
supports the message that ‘some physical activity is
better than none’ [66] and older adults who partici-
pate in any amount of physical activity will see some
health benefits [67].

It is important that the results of this paper are inter-
preted with some caution. The meta-analysis relied al-
most exclusively on data collected from self-reported
physical activity measures, which are known to have
poor correlation with objective measures of physical ac-
tivity. There was also considerable variation in outcome
measures used across studies. This may explain in part
the wide range in baseline levels of physical activity and
high heterogeneity reported in the within-group
meta-analysis. When considering conclusions regarding
BCTs associated with effectiveness, these findings are
limited by the incomplete reporting of interventions and
their components. Furthermore, the guidelines for cod-
ing of BCTs are very stringent so it is possible that BCTs
embedded in interventions are not always captured by
the coding if descriptions are not sufficiently precise.
When describing interventions in future studies, we
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suggest authors refer to Michie et al's [22] coding
scheme to ensure BCTs are appropriately documented
and thus accurately coded in future efforts of data syn-
thesis. Finally, it is possible that our method of trial clas-
sification as ‘very promising, ‘quite promising’ or ‘not
promising’ may result in false negatives if studies are not
powered to detect statistical differences in physical
activity.

Conclusions

This is the first systematic review and meta-analysis of
physical activity maintenance across cancer types. When
considering differences between intervention and com-
parison groups, small differences are evident in favour of
intervention groups. Improvements in physical activity
behaviour in control groups suggest these between
group analysis may underestimate intervention effect.
Meta-analysis of change in activity levels in intervention
groups indicates a clinically significant mean increase of
over 1h per week at post intervention follow-up. Ana-
lysis of intervention components and context suggests
reasonably low-intensity interventions may be sufficient
in prompting lasting behaviour change in motivated,
young, well educated and white populations but that
more intensive support is likely to be required for other
populations, especially for older people and those with
physical limitations. Future interventions should seek to
encourage engagement from more representative sam-
ples including older adults, those from ethnic minorities
and less educated backgrounds. A stepped care approach
to intervention design and delivery may enable effective
use of limited resources with additional support pro-
vided to those most in need.
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