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Abstract

Purpose The purpose of this systematic review and meta-analysis is to determine the long-term effect of combined physi-
cal activity (PA) and behaviour change techniques (BCT) interventions in PA maintenance of colorectal cancer survivors
(CRCS) and identify the most frequent BCT implemented in them.

Methods PRISMA recommendations were followed. Databases were searched for randomized controlled trials up to October
2023. Studies in which CRCS completed a PA intervention based on any Theoretical Model of Behaviour Change (TMBC)
and a subsequent follow-up period were included. Between-group differences at baseline and after follow-up were pooled
for meta-analysis. BCT codification was performed using the BCT taxonomy v1. Methodological quality and evidence
certainty were also assessed.

Results Five studies involving 906 CRCS met the inclusion criteria. PA interventions applying BCT showed a significant
change with a small positive effect (pooled SMD =0.22 (0.09, 0.35)) on the PA after a follow-up period between 3 and
12 months. Twenty-two different BCTs were identified (mean 17.2, range 15-19) of which 12 were common across all
interventions.

Conclusions PA and BCT interventions have been found to be effective in improving the long-term maintenance of PA in
CRCS. Further studies with higher methodological quality are needed to confirm these findings.

Implications for Cancer Survivors Aerobic exercise, pedometers, PA diaries and educational materials seem to be important
aspects to achieve sustainable adherence to an active lifestyle over time. Supervision, access to fitness areas and applying
some BCT appear to be differentiating features to obtain more successful PA maintenance.

Keywords Physical activity - Colorectal cancer survivors - Behaviour change techniques - Maintenance - Adherence - Long term

Introduction

Cancer is a leading cause of death worldwide [1], ranking
second among non-communicable diseases [2], and with
growing incidence expected to increase by 50% in the next
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two decades [3]. Specifically, for colorectal cancer (CRC),
which is the third most common cancer in the world, the
incidence could increase by up to 63% between now and
2040 with 3.2 million new cases per year [4]. However,
the survival rate for cancer is increasing globally due to
advances in early diagnosis and treatments, so as a result,
there is an expected increase in the number of colorectal
cancer survivors (CRCS) in the coming years [1].

Usually, patients with CRC are treated with chemo-
therapy, sometimes in combination with radiotherapy and
surgery [5]. These treatments can result in long-term side
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effects, including fatigue, which may persist for up to 5 years
after completing treatment or even longer [6]. Depressive
symptoms are another of the most frequent effects, along
with reduced levels of physical condition and deficiencies
in social and occupational activities that can lead to a sig-
nificant deterioration in quality of life, which in turn, may
contribute to a higher recurrence of the disease [5, 7].

Against this background, physical activity (PA) has been
shown to be a safe and effective non-pharmacological and
non-invasive intervention [8] with benefits at physical, psy-
chological and social levels [9]. PA improves functional sta-
tus, reduces fatigue, increases quality of life and reduces the
probability of disease recurrence and mortality [5, 10, 11].
Nevertheless, approximately 50% of CRCS are not active
enough [12]. Among the reasons reported by the CRCS to
explain the physical inactivity, those related to the disease
and its symptoms, such as fatigue, as well as, time and avail-
ability difficulties, were the most common ones [13, 14]. In
the same way, socio-environmental factors, such as the lack
of family support and proximity to sports facilities, were
also perceived as barriers associated with lower levels of PA
[15] that can lead to poor adherence to an active lifestyle in
CRCS [16, 17].

In order to study PA adherence in this population, differ-
ent randomized controlled trials have been conducted with
favourable results for various types of interventions. On the
one hand, exercise-based interventions have been found to
be effective in producing PA changes in CRCS [18, 19]. On
the other hand, an increasing number of studies are now
implementing interventions based on theoretical models of
behavioural change (TMBC) or behavioural change tech-
niques (BCT), which have also been proven to be effective
in improving PA levels in other oncology populations [20].
According to different meta-analyses, both PA [21] and BCT
[22] appear to be useful in increasing PA in CRCS follow-
ing an intervention period. However, it is unclear whether
these improvements are sustained over time after the end
of the intervention and what their long-term effects on PA
behaviour are.

Although both PA and BCT interventions have been
shown to be effective independently, the evidence is incon-
sistent when it comes from studies that apply both inter-
ventions together. In accordance with one meta-analysis,
PA applying BCT can achieve an increase in PA at least
3 months after the end of the intervention period [23]. In
contrast, a systematic review published recently indicated
that only five out of the 21 studies included (24%) showed
significant improvements in PA levels at least 6 months after
the combined PA and BCT intervention [24]. Furthermore,
these trials were conducted in samples with mixed cancer
types, in which the number of participants for each type of
cancer was uneven. In addition, the specific characteristics of
each type of cancer (location, treatment, severity, prognosis)
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and of the population itself that is mainly affected (gender,
age) could result in these interventions differing in their level
of effectiveness in increasing PA in the long term. According
with that, it has been observed that there are differences in
perceived barriers to PA practice according to cancer type
[17]. Particularly, for CRC, symptoms and specific treat-
ments are one of the main reasons why those who survive
are less likely to be physically active [13]. For these reasons,
it is important to determine the effectiveness of interventions
designed from a cancer-specific approach, and for CRCS, the
specific effect is still unknown.

While combined PA and BCT interventions could con-
tribute to better maintenance of PA levels, there is some
controversy about their sustainability after the intervention
period. Additionally, their applicability in CRCS is question-
able. Therefore, it is important to identify and collect data
from various studies to understand the long-term efficacy of
PA and BCT, and hence, to generate knowledge about the
relevance of this type of intervention to achieve sustainable
PA adherence in this population. The aim of this study is to
conduct a systematic review and meta-analysis (SRM) to
determine the durability of the effect of combined PA and
BCT interventions on long-term PA adherence in CRCS.
The secondary objective of this SRM is to identify the most
frequent BCT and analyse their application in the most effec-
tive interventions.

Material and methods

The SRM was conducted following the recommendations of
the Preferred Reporting Items for Systematic Reviews and
Meta-analysis (PRISMA) 2020 statement [25], and the pro-
tocol was registered in the International Prospective Register
of Systematic Review (PROSPERO): CRD42024492832.

Literature searching strategies

The search for relevant publications was replicated across
three electronic databases (PubMed, Web of Science and Sco-
pus) until October 2023. The search strategy used in each data-
base followed the PICOS principle (population, intervention,
comparison, outcome and study design), and both indexed
and free words were combined with Boolean operators to
conduct literature retrieval: ((“colorectal neoplasms”’[Mesh])
OR (“colorectal neoplasm™) OR (“colorectal cancer”)) AND
(“survivors”) AND ((“exercise”’[Mesh]) OR (‘“exercise’”) OR
(“physical activity”’) OR (“exercise intervention”) OR (“physi-
cal activity intervention”)) AND ((“adherence’) OR (“main-
tenance”) OR (“efficacy’”) OR (“physical activity level””) OR
(“physical activity change”) OR (“behavior change”) OR
(“behaviour change”)).
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The literature searching, studies selection and data extrac-
tion were carried out independently by two authors (SA
and AC), and disagreements were solved by consensus or
involving a third author (JF) when it was needed. All qual-
ity assessments and BCT codification were also replicated
by two authors (SA and AC), and a third author (JO) was
involved to clarify possible discrepancies.

Eligibility criteria

The criteria used to determine the inclusion and exclusion of
studies were also based on the PICOS question.

i) Population: clinically confirmed CRCS older than
18 years. CRCS was considered as those survivors who
had completed their primary treatment for CRC and
were in a control or revision period

ii) Intervention: any type of intervention aimed at PA that
also included a follow-up period after the intervention.
Interventions with specific goals for PA practice were
included irrespective of whether they were received
through exercise sessions, behavioural counselling,
supervised or unsupervised activities and regardless of
the intensity, volume or frequency. Similarly, the follow-
up period was not limited to any specific duration to
be included. The studies were also required to report
the implementation of any TMBC in addition to the PA
intervention

iii) Comparison: any control group that did not include PA
practice. Could include usual care interventions or edu-
cational materials.

iv) Outcomes: PA at the baseline and after the follow-up
period

v) Study design: randomized controlled trials

Studies were excluded if they did not meet all the above
criteria and if they were published in a language other than
English.

Studies selection and data extraction

Studies selection was carried out by examining the title
and abstract first and by full-text assessment to determine
eligibility then. The selection of potentially eligible studies
and data extraction were recorded in an Excel file. The data
collected included the following: publication data (journal,
publication year, author(s) and title), study design, sample
size, mean age of participants, duration of the intervention
and follow-up, description of the intervention and control
conditions, measurement tool for the PA and the TMBC
employed. The possible outcome measures for PA in
this SRM were as follows: weekly minutes or times of
moderate-vigorous physical activity (MVPA) and weekly

metabolic equivalent task (MET) per hour. If additional
research information was required, the supplementary
online information was accessed, or, when it was needed,
the corresponding author was contacted by email to obtain
additional data.

Meta-analysis

A meta-analysis was performed using the “metafor” package
of R software (R Foundation for Statistical Computing,
Vienna, Austria). Furthermore, for those cases in which
more than one outcome measure per study was included to
evaluate PA changes, the “MAd” package was employed,
which reduces errors that affect the weight that the meta-
analysis attributes to each study [26]. Therefore, a single
estimation of the effect size was calculated [27] applying a
within-study correlation of 0.7 [28]. Baseline and follow-up
means in PA were used to obtain a weighted estimation of
standardized mean difference (SMD) as Hedges’G [29] and
were classified as trivial (<0.2), small (0.2-0.3), moderate
(0.4-0.8) or large (>0.8) according with Cohen’s criteria
[30]. Following the DerSimonian and Laird method [31],
the variance was calculated with the inverse variance
random-effects model and with a 0.7 correlation coefficient
[32]. Statistical significance was set at p <0.05 with a 95%
confidence interval (95% CI; (lower bound, upper bound)).

The heterogeneity assessment was based on the restricted
maximum-likelihood estimator of tau-square, and the
inconsistency between the studies included in the SRM was
evaluated with /? statistic. The inconsistency was considered
small when I was less than 25%, medium when it was
between 25 and 50% and large when it was greater than
50% [33].

The potential publication bias was visually evaluated in
the funnel plot asymmetry and also was assessed by Egger’s
regression test [34]. In the same way, to identify the missing
studies on either side of the funnel plot, Duval and Tweedie’s
trim and fill method was used [35].

Behaviour change techniques codification
and analysis

Following the “BCT taxonomy v1”, the BCT applied in
the intervention group (IG) of each study were identified.
The BCT taxonomy was validated to codify and classify
in a standardized way 93 different techniques for health
behaviour change [36]. The target behaviour of the
application of these BCT was PA. The techniques were
coded as informed or not informed, and a synthesis of the
most and least frequent techniques was subsequently carried
out. The total number of BCT applied in each intervention
was also summarized [37].
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In addition, following the results of the meta-analysis,
studies were classified as very promising (significant effect
in favour of intervention), promising (non-significant
effect in favour of intervention) or not promising (no effect
in favour of intervention) in order to identify and describe
which techniques could differentiate between successful
and unsuccessful interventions [38].

Risk of bias and evidence certainty assessments

Methodological quality and risk of bias were evaluated
using the standardized Cochrane Collaboration’s bias risk
tool [39]. The assessment criteria rated as “low risk”,
“some concerns” or “high risk” were employed in five
different aspects of individual studies: randomization
process, intervention blinding, missing outcome data,
measurement of the outcome and selection of the reported
results.

On the other hand, to assess the certainty of the evi-
dence, the system proposed by the Grading of Recom-
mendations Assessment, Development and Evaluation
(GRADE) guide was followed [40]. The grading of PA
outcome was assessed in terms of study design, risk of
bias, imprecision, inconsistency and indirectness. Follow-
ing these criteria, the evidence was considered as high,
moderate, low or very low certainty.

Results
Literature searching

A total of 525 studies were initially identified for the SRM.
An additional study was detected after reviewing the biblio-
graphic references of different reports. Subsequently, 207
studies were excluded as duplicates, and 319 articles were
screened by title and abstract, 280 of which did not meet the
inclusion criteria and were removed. As a result, 39 studies
remained for review in full-text.

After full-text review, 21 articles were excluded because
they reported combined data for different types of cancer
without providing information on individual outcomes for
CRC. In addition, five articles were excluded because they
did not include a follow-up period after the intervention,
other three because of outcome inconsistencies, two arti-
cles did not meet the intervention conditions, one study was
conducted with patients still on treatment and not with survi-
vors, one study did not provide statistical results because of
a small sample size, and one study did not follow the study
design specified in the inclusion criteria. Finally, the SRM
included five studies (Fig. 1).
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Demographic characteristics of the included studies

The main characteristics of the studies are shown in Table 1.
The five studies finally included in the SRM involved a total
of 906 CRCS. The range of participants varied between 42
and 347, with mean ages ranging from 55.6 to 67.8 years
old. Males were slightly more prevalent than females in
three of the studies [41-43], whereas the female sex was
slightly more prevalent in the other two [44, 45]. However,
both sexes were equally represented in all five studies, with
each comprising around 50% participation.

Outcome measures

Regarding the assessment of PA (Table 1), both objective
measurement tools, such as ActiGraph accelerometer [43],
and subjective or self-reported tools, such as the “Godin
Leisure-Time Physical Activity Questionnaire (GLTPAQ)”
[42, 44], the “Total Physical Activity Questionnaire
(TPAQ)” [41] or the “7-Days Physical Activity Recall (7D-
PAR)” [45], were used. As defined in the inclusion criteria,
outcome measures were reported in minutes [42, 43, 45]
and times [44] per week of MVPA and in MET-hour per
week [41].

Intervention effect between groups

The results about the effect of the interventions on PA
across different timepoints are shown in Table 1. All studies
included in the SRM reported improvements in PA levels
from baseline to post-follow-up; however, only two of them
found statistically significant differences between groups
with increases in MVPA of 23.7 min/week (p =0.007) [42]
and 10 MET-h/week (p=0.02) [41] over the control group
(CG).

In addition, four of the included studies also reported on
post-intervention PA outcomes, although only three of them
performed statistical analysis to study between-group differ-
ences [42, 44, 45]. From baseline to post-intervention, PA
increased in all three studies, even though the changes were
only statistically significant in two of them with between-
group differences of 5.91 times/w (p=0.045) [44] and
117 min/w (p=0.021) [45] of MVPA in favour of IG. In
contrast, Hawkes et al. [42] did not find between-group sta-
tistically significant differences from baseline to post-inter-
vention (p =0.172). In the case of Lee et al. [43], despite
the fact that an increase in PA levels post-intervention was
also observed, its effectiveness was not statistically analysed.

Regarding changes between post-intervention and post-
follow-up, all studies that informed on these measures
observed a decrease in CG PA levels [42, 45], with the
exception of one that increased [43], and another that was
unchanged [44]. Similarly, in all but one IG [43], PA levels
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decreased from post-intervention to post-follow-up [44,
45], and in another, they were maintained [42]. However,
IG PA levels remained higher than CG levels after the fol-
low-up, although three of the studies did not report whether
that between-group difference was statistically significant
[42-44], and in the other, it was not (p =0.149 at 3 months
post-follow-up timepoint and p=0.223 at 6 months post-
follow-up timepoint) [45].

Meta-analysis

Following meta-analysis results (Fig. 2), PA interventions
applying BCT showed a significant (p <0.01) and small
(pooled SMD =0.22 (0.09, 0.35)) effect on the PA. Further-
more, the heterogeneity analysis indicated a small inconsist-
ency (I? 15.4%; p=0.32). After observing the funnel plot
asymmetry (Fig. 3) and performing Egger’s regression test
(df=3, p=0.52), no possible publication bias was identified.
The Duval and Tweedie trim and fill test suggested that two
studies are missing on the right side of the plot.

Intervention and control conditions

The main characteristics of the intervention and control con-
ditions are detailed in Table 2. PA and BCT interventions
comprised a duration between 3 [45] and 12 months [43]
although most were carried out over a 6-month period [41,
42, 44]. In the same way, the length of follow-up periods
also ranged from 3 [44, 45] to 12 months [43]. Furthermore,
two studies had more than one follow-up period after the
end of the intervention: at 3 and 6 months [45] and at 6 and
12 months [43].

The intervention goals were primarily to increase the
duration and frequency of aerobic PA and to sustain that
change over time. To this purpose, participants were
provided with pedometers, PA diaries and educational
materials on healthy lifestyle habits and cancer [41-45].
Moreover, one of the studies established an intervention
of 12 supervised exercise sessions in which access to
fitness spaces was also facilitated [41]. Additionally,
the interventions included motivational face-to-face
interviews [43], messages [44] or written materials [42],
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Fig.2 Forest plot of included
studies
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Fig. 3 Funnel plot of the included studies

telephone consultations [42, 43, 45] and exercise videos
[44]. One of the studies created a smartphone application
that provided all these resources across different PA
promotion and registration services, social support and
tools for adjusting to life after cancer [44]. In terms of
the TMBC followed in the design of each intervention,
five different theoretical models were used: the Theory
of Planned Behaviour [41], which in one instance was
applied together with the Health Action Process Approach
[43]; the Acceptance Commitment Therapy [42]; the
Self-Determination Theory [44] and the Transtheoretical
Model of Behaviour Change [45].

The control conditions of all studies were characterized
by the provision of general health and cancer education
materials, although one study also provided pedometers
[44], and another conducted weekly calls to maintain par-
ticipant retention [45].

Favours Control

Favours Intervention

100.00% 0.22[0.09, 0.35]

| I | | I |
0 1 2 3

Effect Size (Hedges'G)

Behaviour change techniques codification
and analysis

The BCT identified are listed in Table 3. The interventions
included at least 15 [44] of the possible 93 techniques and
a maximum of 19 [41] (mean=17.2 BCT). Considering
the set of interventions, 22 different BCT were applied, of
which 12 were common: 1.1. goal setting (behaviour), 1.3.
goal setting (outcome), 1.4. action planning, 1.5. review of
behavioural goal(s), 2.2. feedback on behaviour, 2.3. self-
monitoring of behaviour, 4.1. instructions on how to perform
the behaviour, 5.1. information about health consequences,
7.1. prompts/cues, 8.1. practice/rehearsal of the behaviour,
9.1. credible source, 12.5. adding objects to the environment
and 15.1. verbal persuasion about ability.

Contrasting the studies according to the effect of the
interventions, it was observed that the techniques 6.1.
demonstration of the behaviour and 12.1. restructuring the
physical environment were used only in very promising [41] or
promising [43, 44] interventions and not in studies classified
as not promising. In contrast, the 13.2. framing/reframing
technique was exclusively implemented in studies grouped as
not promising [45]. It should be noted that techniques number
12.1 (very promising) and /3.2 (non-promising) were only
used once, in the same way that technique 5.3. information
about social and environmental consequences, that was only
reported once and in a study with non-significant effects in
favour of the intervention [43].

Risk of bias and evidence quality assessments

The results of the risk of bias assessment are shown in
Fig. 4. The evaluation of “some concerns” with respect to
randomization process derived from the fact that three studies
only reported that the allocation was randomized, but did
not describe the procedure used or whether it was done in
a blinded way [41, 44, 45]. While the majority of studies
suggested that the outcome measures were conducted by staff
member who was blinded to group allocation, most measures

@ Springer
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Measurement of the outcome

Courneya et al., 2016 [41]

-~

Hawkes et al., 2013 [42]

Legend

Lee et al., 2018 [43]

Low risk

Mayer et al., 2018 [44]

?
Some concerns

= | ‘. o Randomization process

‘ ‘ ‘ ‘ ‘ Intervention blinding
' ' ‘ ‘ ‘ Missing outcome data

Pinto et al., 2013 [45]

-~
. . ‘ ' ‘ Selection of the reported results

. High risk

Fig.4 Cochrane collaboration’s risk of bias assessment of included studies

were self-reported and therefore susceptible to potential
desirability bias [41, 42, 44, 45]. Concerning blinding of the
intervention to participants and instructors was assessed as
“high risk” because of the challenge in enforcing blinding
given the nature of the interventions. In addition, the selection
of reported findings criterion was rated “high risk”, as it could
lead to insufficient or inappropriate interpretation of the
results, even if the description of the methodological section
for the analysis was followed [43].

Regarding the quality of the evidence (Table 4), despite
starting from “high quality” due to the randomized controlled
trial design of the included studies, the PA outcome was
downgraded one level to “moderate quality” because of the
serious risk bias previously described.

Discussion
The primary aim of this SRM was to investigate the long-term

impact of PA and BCT interventions in PA maintenance of
CRCS. Five randomized controlled trials with a total of 906

Table 4 Evidence quality assessment following GRADE guidelines

CRCS met the criteria for inclusion in the SRM, where a sig-
nificant change with a small positive effect (SDM =0.22, (0.09,
0.35); P=15.4%) was found after completing a PA interven-
tion combined with the use of different BCT and a follow-up
period ranging from 3 to 12 months. This finding was consistent
with previous meta-analyses conducted on both healthy inactive
individuals [46] and cancer patients [20] or survivors [23] who
completed PA and BCT interventions and a subsequent follow-
up of at least 3 months with similar SMD not higher than 0.26.

Small effect sizes are common in these types of stud-
ies because improvements in PA can be observed not only
between-groups, but also within the IG and, even more,
within the CG. Grimmet et al. [23] conducted a meta-anal-
ysis to test the effectiveness of these interventions in dif-
ferent types of cancer (most of them in breast cancer), with
follow-up periods starting at 3 months. The results showed
significant increases in PA in both the IG (SMD =0.49,
95% CI (0.32, 0.66)) and the CG (SMD=0.21, 95% CI
(0.08, 0.35)), as well as between-groups (SMD =0.25, 95%
CI (0.16, 0.35)). These results suggest that the effect of
interventions on PA behaviour may be underestimated. On

Studies (design) Risk of bias Inconsistency Indirectness Imprecision Publication bias Overall sample

Effect SMD (95% Certainty
size CD

Five (RCT) Serious® Not serious Not serious

Not serious

Undetected 906 0.22(0.09,035) @

Moderate

“Lack of blinding and some concerns for allocation and measurement of outcome

CI confidence interval, RCT randomized controlled trial, SMD standardized mean difference

@ Springer
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several occasions, it has been defined as “contamination”
and is commonly found in randomized controlled trials of
PA and dietary behaviour change [47], since participation in
the study could be influenced by a highly biased behaviour
change, irrespective of group allocation. Therefore, pooling
these data in a meta-analysis may magnify type II errors,
leading to an intervention being incorrectly considered inef-
fective because important changes in CG are ignored [48].
A possible solution to address this problem in future studies
may be to offer the CG the possibility of performing the
intervention after the study is completed. In this way, it may
be possible to avoid the early predisposition of the CG to
change their PA behaviour and comply with the indication
not to change their usual PA level during the study. In addi-
tion, a larger sample size could also help minimize these
type II errors.

This SRM also revealed very similar results to those pre-
sented by Mbous et al. [21] indicating the potential effec-
tiveness of such interventions in CRCS. However, it did not
consider the specific long-term effectiveness of these inter-
ventions, as studies without a subsequent follow-up period
were also included. In contrast, our SRM suggested that PA
changes in CRCS could be sustained for at least 3 months
after the intervention and up to 12 months thereafter.

When the included trials were examined in more detail
through descriptive analysis, although four studies also
reported post-intervention results indicating higher levels of
PA compared with those obtained at baseline, these increases
were only statistically significant in two of them [44, 45]. By
contrast, these same interventions were not effective during
post-follow-up. Thus, no intervention that was effective
post-intervention was effective post-follow-up. On the other
side, there was one intervention that was not effective to
increase PA significantly post-intervention but it was after
the follow-up period [42]. This could be explained, on the
one hand, by the contamination during the intervention
period, and on the other hand, by the greater durability of the
effect in the IG subjects. The fact that both groups increased
PA levels during the intervention could have contributed
to the non-statistically significant differences between
groups. However, during the follow-up period, between-
group differences became significant possibly because the
IG maintained their increased levels while the CG decreased
to almost their initial values.

Following on from the above, an indicator of maintenance
could be that the level of PA did not decrease significantly
from the post-intervention to the post-follow-up period in the
IG. This implies that, while significant differences between-
groups are to be expected, it is also important to consider
what happens within each group. This fact reflects one of
the limitations found in the scientific literature to identify
the most effective interventions for the maintenance of PA.
Therefore, it is necessary to consider those interventions

that manage to maintain the increase in PA achieved during
the intervention in the IG, without necessarily continuing to
increase during follow-up, as successful.

Regarding measurement tools, despite the fact that self-
reported PA is a valid and widely used tool to assess changes
in PA with acceptable correlations to accelerometer meas-
urement in CRCS [49, 50], the results should be interpreted
with caution. In all but one of the studies included in the
SRM [43], changes in PA were reported using self-report
questionnaires. This could lead to an assumption of social
desirability bias, which could overestimate the effectiveness
of the intervention [21, 51]. Conversely, some studies have
also identified an underestimation of PA measured by self-
reported questionnaires compared to that indicated by an
accelerometer [52]. Specifically, this was observed in one of
the studies included in this SRM, where the GLTPAQ was
used to assess participant eligibility and resulted in substan-
tially lower PA levels compared to those obtained at baseline
using accelerometer measurements [43]. It has been argued
that the high walkability of the intervention environment
could have contributed.

Intervention and control conditions

Among the intervention conditions of the included studies,
four common features were identified: aerobic activity, use
of pedometers, PA diaries and educational materials about
healthy habits and cancer. In contrast, the control condi-
tions were characterized by the use of the same educational
materials, whereas, in two of the included studies, they also
provided pedometers [44] and made calls [45]. These are
important aspects to consider as neither of these two studies
found statistically significant differences between groups,
but CG significantly increased their PA levels during the
intervention. This point may suggest that providing pedom-
eters or making calls to maintain participant retention could
be enough features to produce increases in PA levels of
CRCS immediately after the end of the intervention period,
but insufficient to maintain or increase PA in the long term.

Regarding the intervention characteristics, it is important
to mention that the inclusion criteria for this SRM were
not limited to aerobic activities alone. However, previous
reviews have not studied strength training as a potential
intervention to increase PA [1, 5, 53]. As a result, it
is unclear whether strength training can be useful as a
strategy to improve adherence to PA. Insufficient adherence
rates to strength programmes may be a reason why it is
not commonly used as an intervention to improve PA
behaviour, let alone expected to do so in the long term. A
recent study implemented strength training in frail CRC
patients over 70 years old and found a low adherence rate to
the programme [54]. In addition, as previous studies have
shown, there are difficulties in monitoring strength training

@ Springer
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in a way that reflects changes in PA levels [24]. Therefore,
studies are necessary to determine the effectiveness of this
type of training in changing PA behaviour and maintaining
the changes over time. Nevertheless, evidence suggests that
combining both types of activities could be an effective
intervention that improves fatigue, depression, health-
related physical fitness, body composition, quality of life
and survival in CRCS [5, 55, 56], as well as producing short-
term positive changes in PA levels [18, 57].

Supervision is another important component of the
interventions. It is worth noting that the scientific literature
reports higher adherence percentages in supervised activities
[5]. However, only one of the studies in this SRM carried out
the exercise in a supervised way [41], which resulted in the
largest effect size for increasing levels of PA post-follow-up.
Furthermore, it differed from the other interventions by
facilitating access to fitness areas. This result confirms
previous studies on the effectiveness of supervised exercise
interventions in increasing PA in CRC patients [58]. Although
other studies included in this SRM also maintained contact
with participants through phone calls [42, 43, 45], text
messages [44] or face-to-face meetings [43], it is unclear
whether these methods alone are sufficient. A recent review
suggested that supervision during the intervention could be
necessary to sustain PA changes in the long term, but it could
not be sufficient on its own [24]. One reason for this could
be the implementation of additional BCT that supervised
exercise entails. In accordance with that review and following
BCT results of this SRM, some of the additional techniques
that could be involved were as follows: instructions on how
to perform the behaviour, demonstration of the behaviour
or instantly applied feedback on behaviour. Furthermore,
supervision could even include the use of other BCT that were
not explicitly mentioned in the methodology of the studies
but could be applied indirectly, for instance, social support,
information about consequences, positive reinforcement as a
form of reward or verbal persuasion about capability.

Behaviour change techniques

As a secondary objective of the SRM, the aim was to identify
the BCT applied in the interventions of the included studies.
On average, 17.2 BCT were detected, which is higher than
the average found in other reviews, between 7.6 [24] and 10.3
BCT [23]. Studies with lower means obtained wider ranges
(2-13 BCT [23], 2-20 BCT [24]) than those found in this
SRM (15-19 BCT) with a higher mean. The reason could be
that this SRM only included studies that incorporated the use
of some TMBC for the design of their interventions, resulting
in a higher number of implemented BCT. Our finding was
consistent with the review by Avery et al. [S9] who suggested
that interventions supported by TMBC and using more than
10 BCT could positively affect PA behaviour.

@ Springer

Although the interventions were designed on the basis of
5 different TMBC, 12 common BCT were found, of which 8
coincide with techniques reported more frequently in other
studies [20, 21, 23, 24]: goal setting, action planning, review
of behavioural goal(s), feedback on behaviour, instructions
on how to perform the behaviour, information about health
consequences, practice/rehearsal of the behaviour and self-
monitoring. In contrast, the same studies mentioned that
other techniques such as problem-solving, social support,
graded tasks and behaviour modelling were also frequently
used. While the latter BCT were not common in all studies
of this SRM, they are detected in at least one of the studies
classified as “very promising”, with the exception of behav-
iour modelling, which was not applied in any of them.

It should be noted that the differential techniques demon-
stration of behaviour and restructuring the physical environ-
ment found between the “very promising” or “promising”
and “not promising” studies did not coincide with those
reported in the literature, which corresponded to action
planning, social support and graded task [21, 23]. How-
ever, this result could have been highly influenced by the
small number of studies included in this SRM. Furthermore,
the discovery of two BCT that were not typically found in
previous studies suggests a potential area for future research
into the applicability of these techniques, which could be
previously unknown but could have influenced our results.

Despite only BCT applied in the IG were identified, the
provision of educational materials, pedometers or phone
calls to maintain CG participants retention also could impli-
cate the use of some BCT that were not being considered.
Even in some studies [41], BCT were maintained during the
follow-up period. Studies on inactive healthy adults have
reported that an average of 5 BCT were applied in the CG
leading to some change in PA behaviour in subjects who
did not receive the intervention [46]. For this reason, future
research should aim to identify the BCT used not only in the
IG but also in the CG and during follow-up periods. This
may explain why both groups experienced an improvement
in PA levels, making it difficult to find significant differences
between the groups. Additionally, analysing the BCT used
in both groups could aid in understanding which techniques
are crucial in generating increases in PA when behavioural
improvement is observed in both the IG and CG.

Limitations, strengths and future research lines

The primary limitation of this review is the small number of
studies available on the effectiveness of combined PA and
BCT interventions in promoting long-term PA behaviour
among CRCS. The current evidence is reduced, with concerns
regarding blinding, randomization and outcome measures.
Further studies with higher methodological quality are
required to gain a better understanding of the efficacy of
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these interventions. In addition, the clustering of PA measures
collected at various points throughout the follow-up period
in the meta-analysis may have introduced another potential
source of limitation in the study. On the other hand, we were
not able to compare baseline and follow-up outcomes with
post-intervention ones in the meta-analysis because there was
not enough data to do so. If we had been able to analyse this,
we would have been able to see whether the improvements
in PA up to post-intervention were maintained, increased or
decreased compared to those achieved post-follow-up, and
therefore, whether people were benefiting from optimal PA
adherence or whether it was lost over time. For this reason,
it is necessary to conduct more randomized controlled trials
that not only examine improvements in PA after interventions
but also investigate the maintenance of these changes over
time. Furthermore, trials comparing PA interventions,
BCT interventions and the combination of both are needed
to determine whether long-term adherence to PA in this
population is determined by the specific PA intervention, by
BCT or by the need of both.

This SRM has also important strengths. Firstly, it is
the first SRM to bring together evidence on PA and BCT
interventions with a follow-up of 3—12 months in CRCS.
Secondly, the SRM has a moderate certainty of evidence
due to low inconsistency, indirectness and imprecision.
Finally, the detailed analysis of the intervention and control
conditions and the BCT implemented allowed us to identify
possible key characteristics for PA adherence in CRCS.

Conclusions

In conclusion, interventions that combine PA and BCT have
been found to be effective in improving the maintenance of
PA in CRCS after a follow-up period of 3—12 months. In
order to identify, on the one hand, the possible minimum
requirements to achieve increases in PA levels in the long
term and, on the other hand, the discriminating characteris-
tics between the most and least effective interventions, the
common and differentiating characteristics of PA and BCT
interventions have been extracted. In terms of PA, all inter-
ventions performed aerobic exercise and provided partici-
pants with pedometers, PA diaries and educational materi-
als. However, among the included studies, the one with the
largest effect size had distinctive features such as supervised
exercise and facilitating access to fitness areas. Regarding
applied BCT, all interventions were based on any TMBC and
12 common techniques have been identified. Nevertheless,
comparing the studies according to their effect size, it was
observed that the technique demonstration of the behaviour
was only used in “very promising” or “promising” interven-
tions and not in studies classified as “not promising”. In
addition, restructuring the physical environment technique

was exclusively applied in the intervention with the largest
effect size. Thus, these techniques are suggested as possible
discriminators between the most and least effective interven-
tions. Further studies with higher methodological quality are
needed to confirm these findings.
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