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Abstract
Purpose Little is known about how to improve and create
sustainable lifestyle behaviors of cancer survivors. Interven-
tions based on social cognitive theory (SCT) have shown
promise. This review examined the effect of SCT-based phys-
ical activity and nutrition interventions that target cancer
survivors and identified factors associated with their efficacy.
Methods A systematic search of seven databases identified
randomized controlled trials that (i) targeted adult cancer
survivors (any point from diagnosis); (ii) reported a primary
outcome of physical activity, diet, or weight management; and
(iii) included an SCT-based intervention targeting physical
activity or diet. Qualitative synthesis and meta-analysis were
conducted. Theoretical constructs and intervention

characteristics were examined to identify factors associated
with intervention efficacy.
Results Eighteen studies (reported in 33 publications) met
review inclusion criteria. Meta-analysis (n=12) revealed a
significant intervention effect for physical activity (standard-
ized mean difference (SMD)=0.33; P<0.01). Most studies
(six out of eight) that targeted dietary change reported signif-
icant improvements in at least one aspect of diet quality. No
SCT constructs were associated with intervention effects.
There were no consistent trends relating to intervention deliv-
ery method or whether the intervention targeted single or
multiple behaviors.
Conclusions SCT-based interventions demonstrate promise in
improving physical activity and diet behavior in cancer survi-
vors, using a range of intervention delivery modes. Further
work is required to understand how and why these interven-
tions offer promise for improving behavior.
Implications for Cancer Survivors SCT-based interventions
targeting diet or physical activity are safe and result in mean-
ingful changes to diet and physical activity behavior that can
result in health improvements.

Keywords Cancer . Physical activity . Nutrition . Systematic
review . Social cognitive theory

Background

Due to population growth and aging and improved cancer
detection and treatment, the number of cancer survivors is
increasing [1, 2]. Many cancer survivors experience side
effects from treatment and are at risk for secondary cancers
and other chronic diseases such as cardiovascular disease and
diabetes [3]. Several systematic reviews and meta-analyses
have synthesized the findings of physical activity (PA) inter-
ventions in cancer survivors [4–9]. These reviews concluded
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that being physically active improved fitness, strength, body
composition, fatigue, anxiety, depression, self-esteem, physical
function, bone health, and quality of life [5, 6, 8, 9] and reduced
risk of cancer recurrence and mortality among survivors of
breast, bowel, prostate, and ovarian cancer [9, 10]. Dietary
interventions report improved physical functioning [11, 12]
and weight loss [13], lower levels of depression [12], and a
reduction in new cancer events [13]. Diet and PA also play a
role in energy balance andweight management, an independent
predictor of cancer risk, and risk of recurrence and mortality
[14] and contribute to the development of other chronic dis-
eases, like diabetes and cardiovascular disease [15–17]. For
these reasons, guidelines recommend PA (both aerobic and
resistance), healthy diet, and healthy weight management for
improving the health and well-being [8, 9, 14, 18–21] of cancer
survivors across all phases of the cancer continuum [22]. While
weight management is not a lifestyle behavior, it is the key
target of lifestyle behavior strategies. Despite the potential
impact of behavior on improved health outcomes, cancer sur-
vivors’ compliance with health recommendations remains less
than optimal and is similar to the general population [23–25].

Effective diet and PA interventions have the potential to
improve cancer survivors’ health, but little is known about what
interventions work best. Interventions based on behavioral
theory are reported to be more effective than atheoretical ap-
proaches [26, 27]. Theory-based research provides a frame-
work for the development and evaluation of interventions
[28] and facilitates understanding of the factors that mediate
behavior change and the reasons why the intervention worked
or failed [29, 30]. Social cognitive theory (SCT) is one prom-
ising theory for use in behavior change interventions [31],
particularly as it provides a framework for understanding why
people make andmaintain health behaviors. The key constructs
of SCT include the following: (1) knowledge of health risks and
benefits; (2) perceived self-efficacy that a person can control
their own health habits; (3) the expected costs and benefits or
outcome expectations; (4) health goals, both proximal and
distal intentions to engage in the behavior; (5) perceived facil-
itators and social support; and (6) barriers to making changes
[31]. In 2004, Bandura reported a framework that specified the
key determinants and the interplay between the key constructs
(known as “reciprocal determinism”). Knowledge of health
risks and benefits sets the scene for possible behavior change;
however, it is not enough to prompt behavior change alone
[31]. Self-efficacy influences outcome expectations and bar-
riers/facilitators, and all constructs influence goals [31]. All
constructs influence behavior and motivation and are influ-
enced by the environment [31]. Self-efficacy is the central
construct in SCT because it influences behavior directly,
through belief in their ability to apply skills effectively in
difficult situations, and indirectly, through influence on goals,
outcome expectations, and barriers and facilitators [31, 32].
Self-efficacy is a major influence on motivation by determining

the goals people set for themselves, the strength of commitment
to them, and the outcomes they expect for their efforts [32].
Self-efficacy allows the individual to gain knowledge and
develop skills, and as self-efficacy increases, people expect
positive outcomes, overcome barriers, and show motivation
and commitment to goals [32]. SCT constructs explain 40–
71 % of the variance in PA behavior in adults [33–37] and
have been shown to explain dietary behavior in adults,
explaining 14–35, 22–53, and 36–61 % of the variance in fat,
fiber, and fruit and vegetable intake [37, 38]. SCT also offers
principles on how to motivate people to make positive behavior
change [31]. Previous meta-analysis of health outcomes trials
with cancer survivors concluded that SCT-based interventions
resulted in improvements in global affect, depression, social
outcomes, objective physical outcomes, and specific quality of
life outcomes [39]. However, little is known about whether
interventions based on SCT can positively impact on PA and
diet behaviors, and what constructs and intervention character-
istics are associated with increased behavior change.

There are currently no systematic reviews including multi-
ple cancer types that synthesize both PA and diet behavior
change interventions. While there is significant evidence
supporting the impact of diet and PA behavior on health
outcomes, there is a need to move to interventions that test
how to motivate cancer survivors to make positive sustainable
behavior change. Current evidence suggests that cancer sur-
vivors do not maintain PA behavior after participating in a
supervised PA intervention [40, 41]. This review examined PA
and diet behavior change interventions based on SCT in
cancer survivors with mixed diagnoses both during and after
completion of cancer treatment [42].

Aim

This systematic review and meta-analysis aimed to (1) syn-
thesize randomized controlled trials (RCTs) evaluating the
efficacy of SCT-based behavior change interventions on PA
and/or diet behaviors for cancer survivors of mixed diagnoses
and (2) identify successful strategies for behavior change that
can be used to guide intervention development. Of importance
for a reviewwith this aim is the definition of what constitutes a
behavior change trial. We have used the reference defined by
Courneya [43], that is, trials where the primary outcome is
behavior (as opposed to a health outcomes trial where the
primary outcome is quality of life, fatigue, etc.).

Method

Search strategy

The review was guided by the PRISMA statement [44].
Studies were identified by structured database search from
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inception until September 2014, in PsycINFO, CINAHL,
Cochrane Central Register of Controlled Trials, Embase,
Medline, SportDiscus, and Web of Science using the follow-
ing search strings:

1. (Cancer survivor) or (cancer patient) or cancer.
2. Nutrition or diet or food or fruit or vegetable.
3. (Physical activity) or exercise or weight or aerobic or

(strength training) or (resistance training) or walking.
4. (Social cognitive theory) or (social cognitive) or (social

learning theory) or (behavio#r change theor*). Strings
were made up of 1+(2 or 3) +4.

A sample search strategy is listed in the Appendix 1.
Searches were limited to English language articles and those
that targeted humans. Study titles were screened for eligibility
by a single reviewer (FS). Full text of the remaining titles was
obtained and screened in hierarchical order with studies ex-
cluded at the first reason for exclusion (FS).

1. Participants: adults aged 18 years or older, diagnosed with
any cancer (at any point from diagnosis)

2. Outcomes: primary outcome of PA or diet or body weight
(loss, or maintenance)

3. Intervention:

(a) Any intervention designed to influence any type of
PA or diet quality

(b) Based on Bandura’s SCT [31], or explicitly de-
scribed and referenced any SCT component (such
as “self-efficacy”)

4. Comparator: any parallel control group
5. Study design: RCTs

Data extraction

Data extraction was conducted by one author (FS), and the
extracted data was independently checked by a second author
(EJ, DL, or KC). Disagreements were resolved by consensus.
Data extraction forms were developed, piloted with one trial,
and amended (FS). The following data were extracted: study
population and eligibility, behavior change outcomes and
follow-up periods, intervention characteristics, and how the
theory constructs were operationalized and assessed. Where
authors indicated a trial protocol number, the protocol was
retrieved, but no other attempt was made to obtain unpub-
lished trial information.

Synthesis of results

Separate meta-analyses were planned for PA and dietary out-
comes. However, due to heterogeneity in dietary outcomes,

meta-analyses were conducted only for studies that reported
the effect of the intervention on total PA using RevMan
version 5.1 [45]. As recommended by the Cochrane Collabo-
ration, posttest means and their standard deviations were used
in the analysis. Intention-to-treat data was extracted from
papers. When studies compared multiple treatment groups
with a single control group (n=2), the sample size of the
control group was divided to avoid double counting. All data
were considered continuous, but as PA was measured using
various methods, we report the standardized mean difference
(SMD) and their 95 % confidence intervals. Statistical hetero-
geneity was examined using chi-squared and the I2 index tests.
A guide to the interpretation of heterogeneity based on the I2

index is as follows: 0–40 % might not be important; 30–60 %
may represent moderate heterogeneity; 50–90 % may repre-
sent substantial heterogeneity; and 75–100 % considerable
heterogeneity [46].

Subgroup analyses comparing the number of behaviors
targeted (multiple behaviors compared to one only), cancer
type, and number of theoretical constructs operationalized
(self-efficacy compared to multiple theoretical constructs)
were planned. However, the limited number of studies and
heterogeneity of included trials did not allow for subgroup
analyses.

Risk of bias

Risk of bias was assessed using the McMaster Quality As-
sessment Tool [47], with a score of “strong,” “moderate,” or
“weak” methodological quality assigned to each of six sec-
tions (1. selection bias; 2. study design; 3. confounders; 4.
blinding; 5. data collection methods; 6. withdrawals and drop-
outs). A global rating was made based on the ratings from
each of the six sections. As recommended, papers with no
“weak” ratings were “strong” methodological quality; those
with one “weak” rating were “moderate”; and those with two
or more “weak” ratings were “weak” [47]. Risk of bias was
undertaken by two independent reviewers (FS and EJ, or DL,
or KC), with disagreements resolved by consensus (FS and
EJ).

Results

Study selection

Figure 1 shows the flow of studies through the review process
and the reasons for exclusion. Database searches resulted in
2020 potentially relevant titles. The full text of 110 articles
was assessed for eligibility, and 18 studies (reported in 33
publications) met inclusion for the review (Table 1). Studies
were grouped and reported by intervention topic: PA only (ten
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trials), diet only (one trial), or multiple health behavior (PA
and diet) (seven trials).

Risk of bias assessment

There was initially 75 % agreement between authors on the
study assessment criteria and full consensus was achieved
after discussion. Risk of bias results are reported in Table 2.
Of the ten PA-only studies, five were classified as strong
methodological quality [48–52], three as moderate [53–56],
and two as weak [57, 58]. The diet-only trial was classified as
moderate [59]. In the sevenmultiple behavior studies, one was
classified as strong [60], four were moderate [61–65], and two

weak [66, 67]. Three trials were excluded from the meta-
analysis [57, 58, 67] due to being weak.

The most common areas with a high risk of bias were
selection bias, confounders, and blinding. Eleven studies
[53, 54, 56–58, 61–67] were rated as weak in selection bias
category with less than 60 % of potentially eligible partici-
pants recruited. Two studies [59, 66] were rated as weak as the
control of confounders was not described. No studies received
a strong rating for blinding as (understandably given they are
behavior change trials), all participants were aware of the
research question, and if the outcome assessor was also aware
of the intervention status of participants, studies were rated as
weak methodological quality [57, 58, 67].

Fig. 1 PRISMA flow diagram
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Physical activity trials

There were ten trials that targeted PA alone [48–54, 56–58].

Participants

Ten PA trials reported a total of 960 participants (range
36–330). Six trials targeted breast cancer survivors [48,
50–52, 54, 58, 68–72], one targeted colorectal cancer
survivors [53], one targeted both breast and bowel can-
cer survivors [49], and two included cancers of mixed
diagnoses [56, 57]. Mean time since diagnosis was
3.1 years (range 0.9–4.9 years) [50, 51, 53, 54,
56–58]. Time since diagnosis was not reported in two
studies [49, 52]; however, one trial reported participants
were scheduled to begin chemotherapy [52]. All other
trial participants had completed active cancer treatment
(excluding hormone treatment). In five studies, only
cancer survivors who were inactive or insufficiently
active were eligible to participate [48–50, 57, 58]. Three
trials used a wait-list control group design [48, 51, 58],
three had attention control groups [50, 56, 57], and
three had usual care control groups [49, 52, 54]. One
trial used an attention control design, with the control
group offered a limited intervention (written materials
only) at the end of the study [53].

Intervention characteristics

One intervention was delivered by email [48], one de-
livered by mail [54, 55], and one delivered using
Facebook [56], and all others used a combination of
delivery formats, including telephone [49, 50, 52, 53,
57, 58], mail [50, 53], and face-to-face counseling
[51–53, 57, 58]. The majority were home-based, with
only one intervention reporting supervised PA sessions
[51]. Three were walking interventions [51, 52, 58], and
four had PA goals that were based on duration [49, 54,
56, 57] and/or moderate intensity [50, 53, 54, 56, 57].
One targeted resistance training [54].

Interventions were commonly 12 weeks in duration [48,
50, 51, 53, 54, 56, 58] and ranged from 6 [52] to 18 weeks
[57]. The average number of intervention contacts was 15, and
ranged from 1 [54] to 52 [56]. Intervention adherence was
high, ranging from 94 % compliance with home exercise logs
[58] to 99 % of total contacts completed [51]. Telephone
counseling adherence was also high with a median of 9 (of
11) calls completed [49] and a mean of 11 (of 12) calls
completed [50, 53]. The intervention delivered using
Facebook reported lower adherence, with 81% of intervention
participants who reported receiving ten or more messages
from Facebook, and 49 % had made two or more Facebook
posts [56].

Outcome assessment

Two trials used an objective measure (accelerometer) to assess
PA behavior change [50, 51]. All others relied on self-report
measures [48, 49, 52–54, 56–58] or used an objective measure
in a subsample only [58]. Effect sizes for PA behavior change
were reported in four studies (d=0.55–1.93) [51, 53, 54, 57].
Three home-based walking interventions reported significant
improvements postintervention (6–12 weeks) to total PA (d=
1.02; P=0.004) [51] and walking [52, 58]. Three moderate
intensity interventions reported significant postintervention
increases in PA (d=0.55; P<0.05) (d=1.93; P=0.02) [50,
53, 57], and two reported nonsignificant increases to aerobic
and moderate-vigorous PA [54, 56]. One trial that targeted
resistance training reported significant improvements and that
the odds of meeting the resistance training guidelines had
increased by 3.38 in the tailored intervention group [54].

Of the four trials that reported follow-up assessments of
6 months or longer [51, 53, 57, 68], only two reported behav-
ior change 3 months after intervention completion [53, 68].
One trial reported that accelerometer-assessed behavior was
maintained [68], and one reported that there were significant
postintervention changes that were not maintained at 6 and
12 month follow-ups [53]. Study retention was high, with a
mean retention rate of 86 % (range 71 % [57] to 95 % [50,
53]). One trial [52] reported adverse events involving two
participants that experienced anemia, shortness of breath,
and dizziness. Participants in this trial were undergoing active
treatment at the time of intervention.

Meta-analysis of SCT intervention effects on physical activity

Meta-analysis was conducted with 12 trials, which reported
PA outcomes [48–54, 56–58, 60, 63–65] in Fig. 2. Six trials
were not included in the meta-analysis [57–59, 61, 66, 67].
Reasons for exclusion were as follows: diet-only study [59];
did not report adequate information from the modified PA
recall [61]; and did not report duration of PA [66]; or had a
high risk of bias [57, 58, 67].

Two trials consisted of three study arms, which compared
two PA interventions to a standard recommendation control
[54, 55], and a PA intervention to a PA and diet intervention,
compared to an attention control group [60]. The results for
each intervention compared to the control group are reported
separately in the meta-analysis. Results were pooled to estab-
lish the effects of interventions on total PA at intervention
completion. As there was moderate heterogeneity among
interventions (χ2=22.71, df=13 [P=0.05]; I2=43 %), the
random effects models were used. The impact of interventions
on PA immediately postintervention was significant (SMD=
0.33 [0.23, 0.44], Z=6.34 [P<0.00001]) (Fig. 2). Sensitivity
analysis was undertaken that compared this analysis to a meta-
analysis which included the three trials with high risk of bias
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[57, 58, 67]. There was no change to the impact of interven-
tions on total PA (SMD=0.34 [0.24, 0.44]). However, there
was an increase in heterogeneity (χ2=30.31, df=16 [P=0.02];
I2=47 %).

Diet-only trial

One trial reported dietary outcomes only [59]. The trial
targeted men receiving active surveillance for prostate cancer,
with a dietary counseling intervention delivered by telephone
over 6 months. Men completed self-report measures and
provided blood samples for objective assessment of caroten-
oid intake at completion of the intervention. Retention rate
was 97 %, with significant increases to vegetable consump-
tion. There was no change to fruit, whole grains, beans, or fat
consumption [59].

Multiple behavior trials

Seven studies focused on multiple behaviors (PA and diet)
[60, 61, 63–66].

Participants

A total of 1107 participants were randomized (range 40–543).
Three studies recruited newly diagnosed patients [60, 62–64],
and patients were diagnosed with breast [60, 62–64, 66],
prostate [62, 63], colorectal [61], or endometrial [65, 67, 73]
cancer. Only three trials reported time since diagnosis, which
varied from a mean of 3.8 months [63], to a mean of
20.6 months [65, 67]. In two trials, participants were sched-
uled to start chemotherapy [60, 64]. Three trials were aimed
exclusively at overweight or obese breast [66] or endometrial
cancer survivors [65, 67], with the aim of achieving weight
loss through changing PA and diet behaviors. Two trials
reported PA [66] or PA and diet [64] outcomes for the purpose
of intervention adherence.

Three trials had a usual care control group [65–67], and one
used a usual care comparison group with tailored newsletters
at study completion [61]. Two had attention control groups
[60, 63], and one used attention control with the same written
materials and pedometer as the intervention group [64].

Intervention characteristics

All of the interventions were home-based and did not include
any supervised PA. All trials targeted both PA and diet behav-
iors. Four of these targeted weight loss [60, 64–67], or pre-
vention of weight gain [60, 64–66], through changing PA and
diet behaviors [60, 64–66]. Four trials were aimed at increas-
ing fruit and vegetables and reducing fat [60, 61, 63, 65, 67],
one targeted only energy and fat [66], two included both
aerobic and strength activity [60, 67], two targeted moderate

or moderate-to-vigorous PA [64, 66], and the remaining three
targeted PA [61, 63, 65].

Interventions were delivered using telephone counseling
[60, 61, 64–67], written materials [60–62, 64, 65, 67], or face
to face [65–67]. Most trials used multiple delivery modes,
with one that used tailored newsletters [63]. Intervention
duration was 6 months [60, 65], 9 months [61], 10 months
[62], or 12 months [64, 66, 67]. The average number of
contacts was 27 (ranging from 4 [61] to 88 [66]). Studies
reported high adherence with all intervention components
ranging from 73 to 100 %, with no difference between deliv-
ery modes.

Outcome assessment

Objectively assessed weight or body fat was reported as the
primary outcome in five studies [60, 64–67]. All trials
assessed diet using a range of self-reported measures [60,
61, 63–67]. Only one trial used an objective measure of PA
(accelerometer) [60], and the remaining trials assessed PA by
self-report only [61, 62, 64–67].

Follow-up periods were 6 months in one study [60],
12 months [61, 64–67], or 2 years [62]. However, only two
studies reported follow-up beyond postintervention time point
[63, 65]. At 12 months, one trial reported significant differ-
ences in PA levels, with no difference in diet [65]. After 2 years
of follow-up, both study groups hadmaintained increased fruit
and vegetable consumption, decreased saturated fat, and im-
proved overall diet quality [74]. The mean retention rate was
84 % (range 75 % [64] to 96 %[63]). No adverse events were
reported in two studies [60, 61, 63, 64]. In two studies that
reported adverse events, 10–13% (n=4; n=74) [63, 64] of the
total sample reported serious adverse events that led to
withdrawal.

Five of the seven studies [60, 61, 63, 64, 67] reported
significant improvements in one or more aspects of diet qual-
ity, as assessed by self-report, over the medium to long term
(6 months to 2 years). The remaining two studies reported
nonsignificant decreases in energy [65, 66] and fat intake in
the intervention groups [66]. Inconsistent improvements in
fruit and vegetable consumption were reported using a two-
item screening question; however, these improvements were
not found when using the comprehensive Food Frequency
Questionnaire results [61]. At 6 months, significant improve-
ments were reported for vegetables [60], fruit [60], combined
fruit and vegetables [67], and decreased fat [60]; however,
there was no change for energy [60]. At 12months, significant
improvements were reported for fruit and vegetables, by a
mean of 0.5 [63], 0.9 [67] to 3.1 serves per day [64]. There
was also a significant reduction by 2.3 % in the proportion of
energy from fat [63], which is supported by similar reductions
in other trials [64–66]. There were two trials that reported no
effect on PA at 3, 6, or 12 months [60, 61]. At 12 months, four
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trials reported improvements in PA, ranging from 20 min per
week (P=0.02) [63] to 89 min per week [67] to 117 min per
week [64], and a difference of 17.8 (P=0.002) on the Leisure
Score Index [65].

Theoretical framework

Recent development of behavior change taxonomies [28, 75,
76] has encouraged consistent reporting of behavior change
techniques. We have mapped the SCT constructs to identify
the behavior change techniques that align with each construct,
using the taxonomy designed to change PA and eating behav-
iors [75] in Table 3.

Self-efficacy was the most commonly assessed construct
[48–50, 52, 55–57], with four PA studies that assessed other
SCTconstructs [48, 51, 53, 55] (Table 4). Two studies [52, 57]
reported that the study was based on Bandura’s self-efficacy
theory, and the only construct operationalized was self-effica-
cy. Four PA interventions that used telephone or face-to-face
counseling reported that the counseling principles were based
on SCT [49, 51, 53, 58]. Five studies reported that the study
was based on SCT and the transtheoretical model (TTM), or
elements of TTM, such as stages of change [50, 53, 57, 61,

62]. Stage of change was assessed in four studies [50, 51, 53,
57] with reference to both the TTM and social cognitive
theories. However, one trial assessed stage of change, despite
not providing any reference to TTM or rationale for why stage
of change was assessed [51]. Most studies reported using goal
setting [48, 51–54, 56–58, 77]; however, few specifically
reported action plans [54] or review of goals [56–58]. The
most common strategy to increase self-efficacy was to provide
a pedometer [49, 50, 52, 53, 56, 57] and/or a log sheet for self-
monitoring of PA behavior [49–53]. Social support or social
comparison was the most common outcome expectancy
targeted [48, 51, 54, 56, 58], and two trials reported strategies
targeting environment [51, 54] or relapse prevention [49, 53].
Five trials incorporated identification and discussion of bar-
riers and how to overcome them [50, 51, 53, 57, 58], but only
one prompted a focus on past successful strategies [49].

In PA-only trials, improvements in self-efficacy were asso-
ciated with increased PA in three studies [49, 50, 52]. Moder-
ation analyses identified that intervention participants with
high self-efficacy increased their PA levels faster over the
6 month assessment period compared to intervention partici-
pants with low self-efficacy [57]. Mediation analyses identi-
fied that improvements in barrier interference and barrier self-

Table 2 Risk of bias (assessed using McMaster Quality Assessment Tool) [47]

Study (a)
Selection
bias

(b)
Study
design

(c)
Confounders

(d)
Blinding

(e) Data collection
method

(f)
Withdrawals
and dropouts

Global
rating

PA-only studies

Short et al. [54, 55] Weak Strong Strong Moderate Strong Strong Moderate

Valle et al. [56] Weak Strong Strong Moderate Strong Moderate Moderate

Rogers et al. [51, 68] Moderate Strong Moderate Moderate Strong Strong Strong

Pinto et al. [50, 71, 72] Moderate Strong Strong Moderate Strong Strong Strong

Bennett et al. [57] Weak Strong Strong Weak Strong Moderate Weak

Matthews et al. [58] Weak Strong Strong Weak Moderate Weak Weak

Ligibel et al. [49] Moderate Strong Strong Moderate Strong Moderate Strong

Wang et al. [52] Moderate Strong Strong Moderate Strong Strong Strong

Pinto et al. [53] Weak Strong Strong Moderate Strong Strong Moderate

Hatchett et al. [48] Moderate Strong Strong Moderate Strong Strong Strong

Diet only

Parsons et al. [59] Moderate Strong Weak Moderate Strong Strong Moderate

Multiple behavior studies

Demark-Wahnefried et al.—
STRENGTH [60]

Strong Strong Strong Moderate Strong Strong Strong

Campbell et al. [61] Weak Strong Strong Moderate Strong Strong Moderate

Von Gruenigen et al. [65, 73] Weak Strong Strong Moderate Strong Moderate Moderate

Von Gruenigen et al. [67] Weak Strong Strong Weak Strong Moderate Weak

Demark-Wahnefried et al.—FRESH START
[62, 63, 78]

Weak Strong Strong Moderate Strong Strong Moderate

Djuric et al. [64] Weak Strong Strong Moderate Strong Moderate Moderate

Djuric et al. [66] Weak Strong Weak Moderate Strong Strong Weak
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efficacymediated 39 and 19% of the intervention effect on PA
maintenance 3 months after the intervention [70]. There were
no significant changes in decisional balance pros, cons, or
experiential processes of change [71, 72], or task self-efficacy,
social support, outcome expectations, or fear of exercise [70].
Two trials assessed but did not report results for self-regula-
tion, outcome expectancy values, exercise self-efficacy, exer-
cise role identity, behavioral capability, or social support [48,

54, 55]. Intervention effects on stage of change results were
mixed, with one trial that reported a medium-to-large effect
[51], one reported significant postintervention improvements
that declined over subsequent follow-ups [53], and one re-
ported no effect on stage of change [71].

The diet-only trial reported that the telephone counseling
protocol “used strategies adopted from SCT”; however, no
further detail was provided [59]. In multiple behavior studies,

Fig. 2 Meta-analysis examining
the effects of SCT-based inter-
ventions on physical activity im-
mediately postintervention

Table 3 SCT constructs mapped
to behavior change techniques
using the CALO-RE taxonomy
[75]

SCT construct Behavior change technique
number

Behavior change technique description

Knowledge 1 Provide information on consequences of behavior in
general

2 Provide information on consequences of behavior to the
individual

Self-efficacy 16 Prompt self-monitoring of behavior

17 Prompt self-monitoring of behavioral outcome

21 Provide instruction on how to perform the behavior

22 Model/demonstrate the behavior

26 Prompt practice

27 Use of follow-up prompts

Goals 5 Goal setting (behavior)

6 Goal setting (outcome)

7 Action planning

10 Prompt review of behavioral goals

11 Prompt review of outcome goals

Outcome
expectations

16 Prompt self-monitoring of behavior

17 Prompt self-monitoring of behavioral outcome

23 Teach to use prompts/cues

24 Environmental restructuring

28 Facilitate social comparison

29 Plan social support/social change

31 Prompt anticipated regret

35 Relapse prevention/coping planning

Facilitators/
impediments

8 Barrier identification/problem solving

18 Prompting focus on past success

29 Plan social support/social change
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ts
o
as
to
bu
ild

se
lf-
ef
fic
ac
y
fo
r
ex
er
ci
se

be
ha
vi
or
s,

w
hi
le
la
te
rc
al
ls
co
nc
en
tra
te
d
up
on

th
e

ad
eq
ua
cy

of
pl
an
s
fo
r
re
la
ps
e
pr
e-

ve
nt
io
n.
E
ac
h
ca
ll
re
vi
ew

ed
pe
rf
or
-

m
an
ce

on
th
e
be
ha
vi
or
s
pr
ev
io
us
ly

di
sc
us
se
d
an
d
en
co
ur
ag
ed

th
e
pa
rti
ci
-

pa
nt
to
ke
ep

us
in
g
se
lf-
re
gu
la
to
ry

sk
ill
s
to
ac
hi
ev
e
ch
an
ge
.T

he
te
le
-

ph
on
e
ca
lls

w
er
e
su
pp
le
m
en
te
d
by

a
Pa
rti
ci
pa
nt
W
or
kb
oo
k,
w
hi
ch

in
cl
ud
-

ed
ad
di
tio
na
li
nf
or
m
at
io
n
re
ga
rd
in
g

th
e
im
po
rta
nc
e
of

ex
er
ci
se

in
ca
nc
er

po
pu
la
tio
ns
,g
ui
de
lin
es

fo
r
ex
er
ci
se

sa
fe
ty
,a
nd

jo
ur
na
lp
ag
es

to
tra
ck

w
ee
kl
y
ex
er
ci
se
.P
ar
tic
ip
an
ts
w
er
e

pr
ov
id
ed

w
ith

a
pe
do
m
et
er
.I
ns
tru
c-

tio
ns

fo
r
us
in
g
th
e
pe
do
m
et
er
w
er
e

in
cl
ud
ed

in
th
e
Pa
rti
ci
pa
nt
W
or
kb
oo
k

an
d
w
er
e
re
vi
ew

ed
du
rin
g
th
e
fir
st

co
un
se
lin
g
se
ss
io
n.
Pa
rti
ci
pa
nt
s
w
er
e

as
ke
d
to
re
co
rd

th
e
nu
m
be
r
of

m
i-

nu
te
s
of

ex
er
ci
se

th
ey

pe
rf
or
m
ed

an
d

st
ep
s
th
ey

co
m
pl
et
ed

ea
ch

da
y
in

jo
ur
na
ls
,w

hi
ch

w
er
e
re
vi
ew

ed
du
rin
g

th
e
te
le
ph
on
e
co
un
se
lin
g
ca
lls

Se
lf
-e
ff
ic
ac
y
(5

ite
m
s)

In
te
rv
en
tio

n
pa
rt
ic
ip
an
ts
re
po
rt
ed

tr
en
ds

to
w
ar
d
im

pr
ov
em

en
ti
n

ex
er
ci
se

se
lf
-e
ff
ic
ac
y
(0
.1
±
1.
2
vs

−0
.3
(±

0.
8)

(P
=
0.
06
),
as

co
m
pa
re
d

w
ith

co
nt
ro
ls

W
an
g
et
al
.

[5
2]

B
an
du
ra
’s
se
lf
-e
ff
ic
ac
y
th
eo
ry

Se
lf
-e
ff
ic
ac
y

D
is
cu
ss

pr
og
ra
m

w
ith

w
om

en
an
d

m
ak
e
th
ei
r
ow

n
w
ee
kl
y
w
al
ki
ng

go
al
fo
r
ex
er
ci
se
;e
nc
ou
ra
ge

w
om

en
to

do
cu
m
en
tw

ee
kl
y

w
al
ki
ng

lo
gs

so
th
ey

ca
n
se
e
th
ei
r

ow
n
pr
og
re
ss

du
ri
ng

th
e
pr
og
ra
m
;

st
or
y
te
lli
ng
/r
ol
e
m
od
el
st
or
y
in

bo
ok
le
t;
th
e
re
se
ar
ch
er

w
ill

m
ak
e

w
ee
kl
y
ph
on
e
ca
lls

to
un
de
rs
ta
nd

w
om

en
’s
fe
el
in
gs
,t
he

ef
fe
ct
s,
an
d

th
e
co
un
te
re
ff
ec
ts
of

ex
er
ci
se
,a
nd

w
ill

pr
ai
se

w
om

en
’s
pe
rf
or
m
an
ce

an
d
en
co
ur
ag
e
w
om

en
to

ke
ep

pr
og
re
ss
in
g
in
th
e
pr
og
ra
m
fo
r
th
ei
r

pe
rs
on
al
go
al
s;
se
lf
-m

on
ito
ri
ng

w
ith

th
e
he
ar
tr
at
e
ri
ng

an
d
pe
do
m
-

et
er

du
ri
ng

ex
er
ci
se
;i
nt
ro
du
ce

th
e

w
al
ki
ng

pr
og
ra
m

w
ith

w
ri
tte
n

E
xe
rc
is
e
se
lf
-e
ff
ic
ac
y
sc
al
e
(1
8
ite
m
s)

Su
bj
ec
ts
in

th
e
ex
er
ci
se

gr
ou
p
ha
d

si
gn
if
ic
an
tly

be
tte
r
ex
er
ci
se

se
lf
-

ef
fi
ca
cy

th
an

th
os
e
in
th
e
us
ua
lc
ar
e

gr
ou
p
ov
er

th
e
in
te
rv
en
tio
n
pe
ri
od
.

A
tb

as
el
in
e,
th
e
in
te
rv
en
tio

n
gr
ou
p

w
as
+
13
.5
po
in
ts
hi
gh
er
,a
nd

at
tim

e
4,
th
e
di
ff
er
en
ce

ha
d
in
cr
ea
se
d
to

+
31
.3
(P
<
0.
00
1)
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m
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,
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ol

do
w
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an
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og
re
ss
iv
el
y
in
-
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ea
si
ng

in
te
ns
ity
,f
re
qu
en
cy
,a
nd

du
ra
tio
n
ov
er

tim
e

Pi
nt
o
et
al
.[
53
]

T
ra
ns
th
eo
re
tic
al
m
od
el
an
d
th
e

SC
T

Se
lf
-e
ff
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y,
ou
tc
om

e
ex
pe
ct
at
io
ns
,

st
im

ul
us

co
nt
ro
l,
re
in
fo
rc
em

en
t

m
an
ag
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en
t,
se
lf
-m

on
ito

ri
ng
,

go
al
s,
pl
an
ni
ng

Pa
rt
ic
ip
an
ts
re
ce
iv
ed

in
-p
er
so
n
in
-

st
ru
ct
io
ns

on
ho
w
to

ex
er
ci
se

at
a

m
od
er
at
e
in
te
ns
ity

le
ve
l,
ho
w
to

m
on
ito

r
he
ar
tr
at
e,
an
d
ho
w
to

w
ar
m

up
be
fo
re

ex
er
ci
se

an
d
co
ol

do
w
n
af
te
r
ex
er
ci
se
.T

he
y
w
er
e

gi
ve
n
ho
m
e
lo
gs

to
m
on
ito
r
PA

pa
rt
ic
ip
at
io
n
an
d
a
pe
do
m
et
er
.E

ac
h

pa
rt
ic
ip
an
tr
ec
ei
ve
d
a
w
ee
kl
y
ca
ll

ov
er

12
w
ee
ks

fr
om

re
se
ar
ch

st
af
f

to
m
on
ito

r
PA

pa
rt
ic
ip
at
io
n,
id
en
ti-

fy
re
le
va
nt

he
al
th

pr
ob
le
m
s,
pr
ob
-

le
m

so
lv
e
an
y
ba
rr
ie
rs
to

PA
,a
nd

re
in
fo
rc
e
pa
rt
ic
ip
an
ts
fo
r
th
ei
r
ef
-

fo
rt
s.
A
ct
iv
ity

co
un
se
lin

g
w
as

ba
se
d
on

th
e
tr
an
st
he
or
et
ic
al
m
od
el

an
d
th
e
so
ci
al
co
gn
iti
ve

th
eo
ry

an
d

ta
ilo

re
d
to

ea
ch

pa
rt
ic
ip
an
t’s

m
ot
i-

va
tio
na
lr
ea
di
ne
ss
.T

he
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un
se
lin
g

fo
cu
se
d
on

st
re
ng
th
en
in
g
se
lf
-

ef
fi
ca
cy

fo
r
ex
er
ci
se
,o
n
se
tti
ng
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-

al
is
tic

ou
tc
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e
ex
pe
ct
at
io
ns
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nd
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ni
ng
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ip
an
ts
in

us
in
g

be
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vi
or
al
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es
se
s
of
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an
ge

su
ch

as
st
im

ul
us

co
nt
ro
la
nd

re
in
-

fo
rc
em

en
tm

an
ag
em

en
ta
nd

in
us
in
g
te
ch
ni
qu
es

su
ch

as
se
lf
-

m
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ito
ri
ng

of
ex
er
ci
se
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ha
vi
or
,

se
tti
ng

ex
er
ci
se

go
al
s,
an
d
pl
an
ni
ng

fo
r
ex
er
ci
se
.A

ft
er

th
e
12

w
ee
k

pr
og
ra
m

w
as

co
m
pl
et
ed
,m

on
th
ly

ph
on
e
ca
lls

w
er
e
pr
ov
id
ed

fo
r

3
m
on
th
s
to

re
in
fo
rc
e
pr
og
re
ss
,

id
en
tif
y
la
ps
es

fr
om

PA
,a
nd

re
-

co
ve
r
fr
om

an
y
la
ps
es

th
at
m
ay

ha
ve

oc
cu
rr
ed
.F

in
al
ly
,a

fe
ed
ba
ck

le
tte
r
su
m
m
ar
iz
in
g
pa
rt
ic
ip
an
ts
’

pr
og
re
ss

w
as

se
nt

at
w
ee
ks

2,
4,
8,

an
d
12

St
ag
e
of

m
ot
iv
at
io
na
lr
ea
di
ne
ss
fo
r
PA

(5
ite
m
s)

T
he

in
te
rv
en
tio
n
pr
od
uc
ed

st
ro
ng

ef
fe
ct
s
on

pa
rt
ic
ip
an
ts
’m

ot
iv
at
io
na
l

re
ad
in
es
s
at
3
m
on
th
s
(O

R
=
5.
26
,

95
%

C
I=

1.
32
–2
0.
93
;P

=
0.
01
8)

th
at
w
er
e
at
te
nu
at
ed

at
6
m
on
th
s

(O
R
=
3.
81
,9
5
%

C
I=

0.
90
–1
6.
71
;

P
=
0.
07
0)

an
d
w
ea
ke
ne
d
fu
rt
he
r
at

12
m
on
th
s
(O

R
=
1.
89
,9
5
%

C
I=

0.
52
–6
.8
6;

P
=
0.
33
5)

H
at
ch
et
te
ta
l.

[4
8]

SC
T

Se
lf
-e
ff
ic
ac
y,
go
al
se
tti
ng
,a
nt
ic
ip
at
ed

re
su
lt
of

ex
er
ci
se
,t
im

e
T
he

e-
co
un
se
lo
ro
ff
er
ed

ad
vi
ce
re
ga
rd
in
g

ex
er
ci
se

an
d
PA

.T
he

re
se
ar
ch
er
s
be
-

lie
ve
d
th
at
if
a
pa
rti
ci
pa
nt
w
er
e
as
ke
d

SC
T
va
ri
ab
le
s:
se
lf
-r
eg
ul
at
io
n
(2
0

ite
m
s)
;o

ut
co
m
e
ex
pe
ct
an
cy

va
lu
es

(1
9
ite
m
s)
;e
xe
rc
is
e
se
lf
-e
ff
ic
ac
y

N
ot

re
po
rt
ed
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,r
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n
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m
at
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n
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in
g
he
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e-
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vi
or
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rin
g
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e
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rv
en
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n,
sh
e

w
ou
ld
be

m
or
e
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y
to
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ga
ge

in
th
e
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si
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d
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ha
vi
or
.T

he
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pi
cs

of
ea
ch

em
ai
la
re
as

fo
llo
w
s:
w
ee
k
1:
go
al

se
tti
ng
,a
nt
ic
ip
at
ed

re
su
lt
of

ex
er
ci
se
;

w
ee
k
2:
go
al
se
tti
ng
,t
im
e
m
an
ag
e-

m
en
t,
se
lf-
m
on
ito
rin
g;
w
ee
k
3:
se
lf-

m
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ito
rin
g,
de
sc
rip
tio
n
of

an
ex
er
ci
s-

er
,o
ve
rc
om
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g
ba
rr
ie
rs
;w

ee
k
4:
se
lf-

m
on
ito
rin
g,
ba
rr
ie
rs
to
ex
er
ci
se
;w

ee
k

5:
se
lf-
m
on
ito
rin
g,
ov
er
co
m
in
g
ba
r-

rie
rs
,d
es
cr
ib
e
th
e
an
tic
ip
at
ed

ou
t-

co
m
es

of
ex
er
ci
se
;w

ee
k
7:
go
al
se
t-

tin
g,
se
lf-
m
on
ito
rin
g,
tim

e
m
an
ag
e-

m
en
t,
re
la
ps
e
pr
ev
en
tio
n;
w
ee
k
9:

ov
er
co
m
in
g
ba
rr
ie
rs
,g
oa
ls
et
tin
g,

se
lf-
m
on
ito
rin
g,
tim

e
m
an
ag
em

en
t,

re
la
ps
e
pr
ev
en
tio
n;
w
ee
k
11
:p
ro
pe
r-

tie
s
of

an
ex
er
ci
se
r,
re
su
lts

of
ca
nc
er

(1
4
ite
m
s)
;e
xe
rc
is
e
ro
le
id
en
tit
y
(9

ite
m
s)

D
ie
t-
on
ly

tr
ia
ls

Pa
rs
on
s
et
al
.

[5
9]

St
ra
te
gi
es

ad
op
te
d
fr
om

SC
T

N
ot

de
sc
ri
be
d

T
he

pr
in
ci
pl
e
st
ra
te
gy

to
pr
om

ot
e
di
et
ar
y

ch
an
ge

in
th
e
in
te
rv
en
tio
n
ar
m

w
as

a
te
le
ph
on
e
co
un
se
lin
g
pr
ot
oc
ol
w
ith

in
di
vi
du
al
iz
ed
,d
ire
ct
as
si
st
an
ce

ta
ilo
re
d
to
ea
ch

pa
rti
ci
pa
nt
.T

he
te
le
ph
on
e
co
un
se
lin
g
pr
ot
oc
ol

fo
llo
w
ed

a
st
ep
w
is
e,
ph
as
ed

ap
pr
oa
ch

th
at
us
ed

st
ra
te
gi
es

ad
op
te
d
fr
om

SC
T.
M
ot
iv
at
io
na
li
nt
er
vi
ew

in
g

te
ch
ni
qu
es

w
er
e
us
ed

to
he
lp

pa
rti
ci
pa
nt
s
as
su
m
e
an
d
m
ai
nt
ai
n

re
sp
on
si
bi
lit
y
fo
r
th
ei
r
be
ha
vi
or
al

ch
an
ge
.N

o
ot
he
r
de
ta
ils

re
po
rte
d

N
ot

re
po
rt
ed

M
ul
tip
le
be
ha
vi
or

tr
ia
ls

D
em

ar
k-

W
ah
ne
fr
ie
d

et
al
.—

ST
R
E
N
G
T
H

[6
0]

SC
T
(k
ey

co
nc
ep
ts
of

pr
om

ot
in
g

se
lf
-e
ff
ic
ac
y
an
d
be
ha
vi
or
al

m
on
ito

ri
ng
)

Se
lf
-e
ff
ic
ac
y,
be
ha
vi
or
al
m
on
ito

ri
ng

W
ri
tte
n
an
d
ve
rb
al
in
st
ru
ct
io
n
ba
se
d

on
SC

T
(k
ey

co
nc
ep
ts
of

pr
om

ot
in
g

se
lf
-e
ff
ic
ac
y
an
d
be
ha
vi
or
al
m
on
i-

to
ri
ng
)
(a

w
or
kb
oo
k
an
d
te
le
ph
on
e

co
un
se
lin

g)
.N

o
ot
he
r
de
ta
ils

re
-

po
rt
ed

C
on
fi
de
nc
e
(s
el
f-
ef
fi
ca
cy
)
in

m
ak
in
g

ch
an
ge
s
in

th
ei
r
di
et
ar
y
or

ex
er
ci
se

pr
ac
tic
es

(d
id
no
ts
pe
ci
fy

nu
m
be
ro
f

ite
m
s)

N
ot

re
po
rt
ed

C
am

pb
el
le
ta
l.

[6
1,
11
1,

11
2]

T
T
M an
d
SC

T
St
ag
es

of
ch
an
ge
,s
oc
ia
ls
up
po
rt
,

ba
rr
ie
rs
to

ch
an
ge
,k
no
w
le
dg
e,
ro
le

m
od
el
s,
se
lf
-e
ff
ic
ac
y

G
2
re
ce
iv
ed

ta
ilo

re
d-

pr
in
te
xp
er
t

fe
ed
ba
ck

dr
iv
en

by
ba
se
lin

e
da
ta
.

G
3
re
ce
iv
ed

m
ot
iv
at
io
na
l

in
te
rv
ie
w
in
g
te
le
ph
on
e
ca
lls

th
at

en
co
ur
ag
ed

pa
rt
ic
ip
an
ts
to

ov
er
-

co
m
e
am

bi
va
le
nc
e
an
d
id
en
tif
y

Se
lf
-e
ff
ic
ac
y—

ea
tin

g
fr
ui
ta
nd

ve
ge
ta
bl
es
,a
nd

en
ga
gi
ng

in
PA

(2
ite
m
s)
.S

oc
ia
ls
up
po
rt
fo
r
he
al
th
y

ea
tin
g
an
d
ex
er
ci
se

(4
ite
m
s)
.

Pe
rc
ei
ve
d
ba
rr
ie
rs
to

be
ha
vi
or

M
ed
ia
tio

n:
N
on
e
m
ed
ia
te
d
di
et
ar
y

ch
an
ge
.H

ig
he
r
se
lf
-e
ff
ic
ac
y
w
as

as
so
ci
at
ed

w
ith

gr
ea
te
r
fr
ui
ta
nd

ve
ge
ta
bl
e
co
ns
um

pt
io
n
at
bo
th

ba
se
lin
e
an
d
fo
llo

w
-u
p,
bu
ti
nc
re
as
e

in
se
lf
-e
ff
ic
ac
y
di
d
no
tp

re
di
ct
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ite
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one did not report how SCT constructs were operationalized
[60]. All other trials reported goal setting, self-monitoring,
building self-efficacy (for PA and diet) [60–63, 67], or diet
[65, 73], or for maintaining a healthy lifestyle [64], overcom-
ing barriers, and social support [61–66, 73]. Goal setting [48,
63–67] and review of goals [63–66] were commonly opera-
tionalized. Self-monitoring was commonly operationalized
through providing a pedometer [63, 64, 66, 67] or log sheet
[63, 64, 66]. Few trials reported how they operationalized
outcome expectations, with only three that reported social
support [63, 66, 67], one that included environment [66],
and one that reported relapse prevention [48]. Four studies
included identification of barriers and how to overcome them
[48, 61, 63, 66]. Self-efficacy did not appear to be related to
PA behavior change [60, 63]. Improvements to diet quality
were partially mediated by changes in self-efficacy for fat
restriction and eating more fruit and vegetables [62, 63, 78].
Only the social pressure subscale of self-efficacy was signif-
icantly related to eating behaviors (P=0.03) [65, 73]. Two
trials reported that self-efficacy was not associated with diet
changes [60] or fruit and vegetable consumption [61]. Social
support for healthy eating, perceived barriers to behavior
change, and knowledge of recommendations were assessed,
but none mediated fruit and vegetable consumption [61].

Discussion

Overview of findings

The aims of this review were to synthesize the existing liter-
ature relating to PA and diet interventions based on SCT that
target cancer survivors and to identify successful strategies to
assist cancer survivors in making positive PA and diet behav-
ior change. This review supports the efficacy of SCT-based
interventions in changing PA and diet behavior in cancer
survivors. Our effect size of 0.33 for PA interventions can be
defined as a small-to-medium effect [79] and is similar to
other meta-analyses [5, 80, 81] that reported effect sizes of
0.32–0.38 for PA interventions (including cancer survivors
both during and after treatment). Our positive results for PA
behavior mirror the results reported in two recent reviews
examining PA behavior change in breast cancer survivors
and also found that trials were mostly PA only, few included
objective measures, and few reported postintervention main-
tenance [82, 83]. While evidence has been building to support
the effects of PA and diet behavior on health outcomes, there
remains a need to focus on behavior change trials to under-
stand how to promote sustainable healthy behaviors.

Our findings that the majority of included trials reported
statistically significant improvements to at least one aspect of
diet quality and weight loss are supported by other reviewsT
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with the general adult population [80, 81]. Due to considerable
heterogeneity in the dietary outcomes assessed, it was not
possible to conduct a meta-analysis, although self-reported
improvements to diet quality were evident in six of eight
studies. The two trials that did not find improvements to
dietary quality had a primary aim of decreasing weight, rather
than behavior change [65, 66]. More evidence is required
from behavior change trials that have an emphasis on dietary
change rather than weight.

The limited number of trials and the heterogeneity of
included studies in this review prevented any formal subgroup
analyses in our review. The effect appeared strongest for PA-
only interventions compared to multiple behavior interven-
tions; however, this should be interpreted with caution as PA-
only interventions included smaller sample sizes and shorter
follow-up periods. A review of single compared to multiple
behavior interventions in older adults also reported that PA
effects appeared strongest in single behavior change interven-
tions. However, there were inadequate multiple health behav-
ior change interventions to compare to [84]. Similar reviews
[80, 81] examined intervention setting, duration, person de-
livering the intervention, delivery mode, age of target group,
and intervention effectiveness and found that only increased
contact frequency was associated with increased PA and diet
behavior change [80].

Social cognitive theory

Few trials conducted mediation analyses or reported changes in
theoretical constructs. In those that did report the impact of
interventions on theoretical constructs, results were inconsis-
tent. Self-efficacy was the only construct that appeared to be
associated with positive behavior change for both PA and diet
[52, 57, 61–63, 65, 73]; however, mediation analyses in two
trials identified that theoretical constructs only partially medi-
ated the intervention effects [62, 63, 70]. Other reviews exam-
ining individual SCT constructs have concluded positive out-
come expectations, and intentions are associated with behavior
change [85, 86]. Self-efficacy and goal setting were commonly
operationalized, but there was limited reporting of how other
constructs were operationalized as part of the intervention.
Recent reviews identified that self-efficacy, self-monitoring of
behavior, prompting intention formation, planning, specific
goal setting and review, and feedback on performance were
associated with increased effectiveness in PA and diet behavior
change [80, 81, 87]. However, given the crossover between
theoretical constructs and behavior change techniques, the pos-
itive results for SCT-based trials in this review may be a result
of the individual behavior change techniques employed, such as
self-regulatory behaviors, rather than the theoretical constructs.

Recent reviews have questioned the value of theory in
developing and evaluating interventions, with two recent be-
havior change reviews concluding that interventions based on

theory were no more effective than atheoretical interventions
[80, 88] and another two reviews that supported the efficacy of
theory-based interventions [89, 90]. The conflicting results
may be due, at least in part, to the inadequate description of
how theory is implemented and evaluated in interventions and
also due to the overlap with specific behavior change tech-
niques, which have been associated with intervention
effectiveness.

There were differences in the risk of bias assessment. The
majority of PA-only studies received a strong global rating
(n=5), and multiple behavior trials received a moderate global
rating (n=5). Trials received a weak global rating because
fewer than 60 % of potentially eligible participants agreed to
take part before randomization, which is used as an estimate of
the external validity of the study [47, 91], and because both the
outcome assessor and study participants were aware of the
research question [47]. Unlike in clinical trials where partici-
pants are unaware of their exposure status, behavior change
trials present significant problems with blinding and recruit-
ment as participants are expected to actively engage with the
intervention. Self-selection bias is a likely issue in behavior
change trials.

Strengths and weaknesses of review methods

Although this is a comprehensive review of the published
literature, there are some limitations that should be noted.
Search results were screened for eligibility by only one re-
viewer, despite recommendations that this step is conducted
by two independent reviewers [92]. This review comprehen-
sively searched a number of databases; however, it made no
attempt to search for non-English publications or unpublished
literature. Potentially eligible study protocols were obtained;
however, no attempt was made to contact trial authors to
obtain unpublished results of these studies [93–95]. The re-
view included a broad definition of cancer survivors, includ-
ing those both during and after completion of active treatment.
While this increases the breadth of evidence, it likely contrib-
uted to the heterogeneity of the included studies.

There are a number of SCT-based health outcomes trials,
including the WINS [96–98] and WHEL [99, 100] trials,
Active for Life trial [101], and RENEW trial [102, 103], that
initially met criteria for inclusion in the review [104]. How-
ever, the study team agreed not to include these trials as
behavior changewas either not reported [101, 104] or reported
as a secondary outcome only [96, 99, 102]. Due to the hetero-
geneity of these trials and the inconsistency in reporting
behavior change outcomes, these trials were not included in
the review. The definition of SCT-based intervention was
relatively broad and not limited by how well SCT was de-
scribed or operationalized in the intervention. Studies needed
to explicitly state that the intervention was based on SCT,
which may or may not have included other theories, and was
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dependent on the author description of the trial. Recent pub-
lications have detailed a checklist for evaluating the extent to
which an intervention is theory-based [105], whichwill enable
greater clarity in the role of theory in the development of an
intervention. There was one trial where it was unclear if the
study was based on a theoretical framework. One paper [50]
had been screened and judged not eligible due to not
reporting that the trial was based on SCT. However,
subsequent eligible and included trial papers [71, 72]
reported that the intervention was based on SCT, and
therefore, this trial was included in the review. It may
be that due to publication size restrictions, authors have
limited space to fully describe intervention development.
Alternatively, theoretical frameworks may be applied
post hoc to an intervention. With journals requiring
adherence to CONSORT [91], this is likely to improve
the consistent and transparent reporting of RCTs.

Limitations of the included trials

Studies demonstrated moderate heterogeneity, although most
interventions included breast cancer patients and were con-
ducted with patients after completion of active treatment. This
limits the generalizability of findings to males, to survivors of
other cancer types, and to patients undergoing active treat-
ment. Most studies involved small sample sizes and only four
trials reported a sample size greater than 100 [49, 54, 61, 63].
Only three of the trials included in this review focused on
promoting resistance training [54, 60, 67], despite a recent
review and meta-analysis that concluded resistance training
has benefits on body composition and muscle strength in
cancer patients during and after cancer treatment [106].
Meta-analysis used objectively assessed data, where available
[51, 60]; however, the majority of data was self-reported. PA
and diet outcomes were predominantly based on self-report
data, while weight was frequently measured or objectively
assessed [59–62, 64–66]. Participants were not blinded to
intervention aims in any trials, so there may be inherent
differences between those participants recruited for PA-only
interventions, compared to participants interested in diet,
weight control, or multiple behavior interventions.

Future research

This review supports the efficacy of SCT-based interventions
in changing PA and diet behavior in cancer survivors. While
interventions reported a theoretical basis, these constructs
were often inadequately operationalized or reported and rarely
measured or tested [89, 107, 108]. Despite a large body of
cross-sectional data [33–38] linking SCT constructs with diet
and PA behavior, there remains a need to test whether changes
in these constructs predict behavior change in interventions.

Comparison between health theories would also be a useful
gap to address.

Development of the taxonomy assessing the extent to
which interventions are theory-based and use of behavior
change techniques [81, 105] will contribute evidence to help
researchers understand the intervention components that are
essential to behavior change. Whether these are related to
specific theoretical constructs, or to behavior change tech-
niques, such as self-regulatory techniques, requires further
research. Research assessing whether single or multiple health
behavior interventions have the greatest benefit to improve PA
and diet behaviors is required.

There is a large evidence base supporting the efficacy of PA
interventions, and these are predominantly based on breast
cancer patients, using short-term, self-reported outcomes. Fu-
ture studies need to consider how to translate this research into
ongoing support and programs to assist cancer survivors to
increase and maintain PA levels. Further work should also
include trials which focus on resistance training, as there are
specific guidelines for cancer survivors to undertake resis-
tance training. The field of dietary interventions is much less
developed, with interventions demonstrating that cancer sur-
vivors are willing and able to make improvements to diet [13,
63, 80, 99, 102]. As diet quality is comprised of a complex set
of behaviors, there is a need to examine the co-occurrence of
changes in different aspects of diet [109]. Future studies
would benefit from considering the impact of behavior change
from a healthy lifestyle perspective, such as considering com-
pliance with World Cancer Research Fund guidelines [14].

Implications

Despite the limitations of this review, it appears that SCT-
based interventions demonstrate promise for improving the
PA and diet behaviors of cancer survivors. Interventions using
a range of delivery modes all demonstrated significant PA
improvements, with a small-to-medium effect size, after a
relatively short intervention period (12 weeks). Diet and mul-
tiple behavior component interventions tended to have a
higher number of intervention contacts and greater interven-
tion duration (6 months). However, the increased contact time
did not appear to be related to the magnitude of change. High
trial retention across both single and multiple behavior change
trials may be related to the low burden of predominantly
unsupervised interventions or that cancer survivors are moti-
vated to improve their PA and diet behaviors. Unfortunately,
there was little evidence to guide researchers in helping cancer
survivors to maintain health behaviors after completion of
interventions, and this has been noted previously [83, 110].
Improved description and reporting of intervention content
and the way in which theory-based interventions use theory
to guide the trial and intervention components remain neces-
sary to understand what factors are driving the results of
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theory-based interventions. Given the recent mixed findings
on the efficacy of theory-based interventions, a greater under-
standing of how theory is operationalized is necessary to
understand what factors contribute to the success of interven-
tions. Further evidence on theory-based trials is required to
understand the crossover between theory-based constructs and
behavior change techniques and understand the impact of each
on improving health behaviors. Research expanding the rig-
orous implementation and reporting of behavior change tech-
niques is likely to improve understanding of the working
mechanisms that underpin how and why an intervention
works or does not work.

Conclusions

SCT-based interventions appear effective in improving PA
and diet behaviors. No specific intervention characteristics
or theoretical constructs were associated with effectiveness.
Future SCT-based interventions should describe the extent to
which theoretical or behavior change constructs are imple-
mented and evaluated, in order to identify the successful
components of SCT-based interventions.
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Appendix 1: Medline search

1. cancer survivor*.mp.
2. Survivors/
3. cancer*.mp.
4. exp Cancer/
5. 3 or 4
6. 2 and 5
7. cancer patient*.mp.
8. patient*.mp.
9. exp Patients/

10. 8 or 9
11. 5 and 10
12. 1 or 6 or 7 or 11
13. exp Nutrition Surveys/ or exp Nutrition Policy/ or exp

Nutrition Assessment/ or exp Nutrition Therapy/
14. Diet, Cariogenic/ or Diet Surveys/ or Diet, Carbohy-

drate-Restricted/ or Diet Therapy/ or Diet, Atherogenic/
or Diet/ or Diet, Sodium-Restricted/ or Diet, Gluten-
Free/ or Diet, Reducing/ or Diet, Fat-Restricted/ or Ke-
togenic Diet/ or Diet Fads/ or Diet, Macrobiotic/ or Diet,
Protein-Restricted/ or Diet, Vegetarian/ or Diet,
Mediterranean/ or Diabetic Diet/ or Diet Records/

15. Food Habits/ or exp Food/ or Health Food/ or Food
Preferences/

16. 13 or 14 or 15
17. physical activity.mp. or Motor Activity/
18. exercise therapy/ or muscle stretching exercises/ or re-

sistance training/ or strength training
19. Exercise/
20. weight.mp.
21. aerobic.mp. or Physical Exertion/
22. running/ or swimming/ or walking/
23. 17 or 18 or 19 or 20 or 21 or 22
24. 16 or 23
25. Health Behavior/ or Self Efficacy/ or social cognitive

theory.mp. or Psychological Theory/ or Social Support/
26. social cognitive.mp.
27. Motivation/ or Health Education/ or Health Promotion/

or social learning theory.mp.
28. 25 or 26 or 27
29. 12 and 24 and 28
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