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Abstract
Purpose The number of cancer survivors has risen substan-
tially due to improvements in early diagnosis and treatment.
Health behaviours such as physical activity (PA) and diet can
reduce recurrence and mortality, and alleviate negative conse-
quences of cancer and treatments. Digital behaviour change
interventions (DBCIs) have the potential to reach large num-
bers of cancer survivors.
Methods We conducted a systematic review and meta-
analyses of relevant studies identified by a search of
Medline, EMBASE, PubMed and CINAHL. Studies which
assessed a DBCI with measures of PA, diet and/or sedentary
behaviour were included.
Results Fifteen studies were identified. Random effects meta-
analyses showed significant improvements in moderate-
vigorous PA (seven studies; mean difference (MD) = 41 min
per week; 95% CI 12, 71) and body mass index (BMI)/weight
(standardised mean difference (SMD) = −0.23; 95% CI −0.41,
−0.05). There was a trend towards significance for reduced

fatigue and no significant change in cancer-specific measures
of quality of life (QoL). Narrative synthesis revealed mixed
evidence for effects on diet, generic QoL measures and self-
efficacy and no evidence of an effect on mental health. Two
studies suggested improved sleep quality.
Conclusions DBCIs may improve PA and BMI among cancer
survivors, and there is mixed evidence for diet. The number of
included studies is small, and risk of bias and heterogeneity
was high. Future research should address these limitations
with large, high-quality RCTs, with objective measures of
PA and sedentary time.
Implications for cancer survivors Digital technologies offer a
promising approach to encourage health behaviour change
among cancer survivors.

Keywords Behaviour change . Digital interventions .

Physical activity . Cancer survivors . Diet . Sedentary
behaviour

Introduction

Over 14 million people are diagnosed with cancer worldwide
each year, and this is expected to rise to 22 million over the
next two decades [1]. Improvements in early diagnosis and
treatments mean that cancer survival is increasing. In 2012,
globally there were 32 million people living beyond 5 years of
diagnosis [2] and in the UK, half of people diagnosed with
cancer will now survive for more than 10 years [3].

However, long-term negative consequences of cancer and
treatment related side-effects are common and often debilitat-
ing. Prevalence of fatigue following a cancer diagnosis ranges
from 59 to 100% depending on cancer type [4], and pain [5],
sleep problems [6], physical side effects (e.g. lymphoedema)
[7], weight gain [8], anxiety and depression [9, 10], fear of
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cancer recurrence [11] and impaired quality of life (QoL) [12]
are all commonly reported. Macmillan Cancer Support, a UK
cancer charity, estimates that more than 70% of cancer survi-
vors in the UK (~1.8 million people) are also living with at
least one other long-term comorbidity [13]. The most com-
mon comorbid conditions are hypertension, obesity, mental
health problems and chronic heart disease [13]. The shared
risk factors between cancer, obesity and cardiovascular dis-
ease (CVD) partially explain comorbidities [14]. However,
there is also emerging evidence to suggest that cancer treat-
ment can leave survivors at greater risk for developing these
conditions (e.g. due to cardiovascular toxicity of cancer ther-
apy [15]). The greater number and severity of comorbidities is
linked to greater risk of death and cancer recurrence among
cancer survivors [16]. There is now strong impetus to develop
interventions that improve long-term outcomes for cancer
survivors.

Health behaviours such as physical activity (PA), sedentary
behaviour and diet are important in risk reduction and self-
management of cancer, CVD and obesity. For example, a
meta-analysis of 22 prospective cohort studies of 123,574
breast cancer survivors found that greater post-diagnosis PA
participation reduced all-cause (hazard ratio [HR] = 0.52, 95%
CI 0.43, 0.64) and breast cancer-specific mortality
(HR = 0.59, 95% CI 0.45, 0.78), and breast cancer recurrence
(HR = 0.79, 95% CI 0.63, 0.98) [17]. A meta-analysis of
prospective studies of colorectal cancer survivors reported
similar conclusions and showed that post-diagnosis PA re-
duced both all-cause (summary relative risk [RR] = 0.58;
95% CI 0.48, 0.70; n = 6 studies) and colorectal cancer-
specific mortality (summary RR = 0.61; 95% CI 0.40, 0.92;
n = 5 studies) [18]. The authors estimated that each 10 meta-
bolic equivalent task (MET)-hour per week increase in post-
diagnosis PAwas associated with 24% (95% CI 11–36%) and
28% (95% CI 20–35%) decreased total mortality risk for
breast and colorectal cancer survivors, respectively [18].
Mishra et al.’s meta-analysis of non-digital interventions fo-
cused on the effect of PA on health-related QoL (HRQoL)
outcomes in cancer survivors (various types) and found that
greater PA participation significantly improved overall
HRQoL at up to 12 weeks of follow-up (11 studies, n = 826;
standardised mean difference [SMD] = 0.48, 95% CI 0.16,
0.81) [19]. Individual meta-analyses of other cancer-relevant
outcomes identified in this same Cochrane review also found
that PA interventions improved emotional well-being/mental
health and social functioning, and reduced anxiety, fatigue,
pain and sleep disturbance [19]. Although limited to cross-
sectional and prospective studies, there is some evidence that
higher levels of sedentary time are associatedwith lower phys-
ical and role functioning domains of QoL, and greater
reporting of comorbidities, disability and fatigue [20–22]. As
a result of the growing evidence of the benefits of PA follow-
ing a cancer diagnosis, cancer survivors are encouraged to

avoid inactivity as far as possible and to meet the same PA
guidelines as the rest of the adult population of at least
150 min of moderate-vigorous PA (MVPA) and two instances
of strength/resistance-based exercises per week [23–25].

Diet may also influence outcomes following a cancer diag-
nosis. A meta-analysis of three studies (n = 9966) suggested
that a low-fat diet post diagnosis can reduce breast cancer
recurrence by 23% and all-cause mortality by 17% [26].
Another meta-analysis of four prospective cohort studies
(n = 3675) found that high saturated fat intake increased breast
cancer-specific mortality [27]. A meta-analysis of 56 observa-
tional studies in 1,784,404 cancer survivors (various types)
showed greater adherence to aMediterranean-style diet (large-
ly based on vegetables, fruits, nuts, beans, cereal grains, olive
oil and fish) was associated with lower all-cause cancer mor-
tality for colorectal, breast, gastric, prostate, liver, head and
neck, pancreatic and respiratory cancers [28]. Colorectal can-
cer survivors consuming a Western diet (high intake of meat,
fat, refined grains and desserts) showed greater risk of recur-
rence and overall mortality compared to those with a prudent
diet (high intake of fruits and vegetables, poultry and fish) in a
prospective study of 1009 participants [29]. Similar findings
have been shown in other prospective cohort studies of breast
cancer survivors [30, 31]. Breast cancer survivors with better
overall diet quality also reported lower levels of fatigue, inde-
pendently of PA participation, at 41months post diagnosis in a
prospective cohort study [30].

Longitudinal studies have shown that obesity increases the
risk of cancer recurrence among prostate [32], colorectal [33]
and breast [34] cancer patients.

Despite the wealth of evidence, cancer survivors’ engage-
ment with health behaviours and adherence to lifestyle guide-
lines for cancer survivors are remarkably poor [35, 36]. The
English Longitudinal Study of Ageing demonstrated that the
proportion of cancer survivors who engaged in self-reported
MVPA at least once per week fell from 13% before their
cancer diagnosis to 9% after their cancer diagnosis (compared
to a fall of 16 to 15% in the group who did not receive a cancer
diagnosis between data collection waves) [37]. Wang et al.
found that cancer survivors were less likely to engage in
self-reported PA (adjusted odds ratio = 0.79, 95% CI 0.67,
0.93) compared to those without a cancer diagnosis [38].
Furthermore, few cancer survivors meet the minimum recom-
mended guidelines of 150 min ofMVPA per week. A study of
over 9000 survivors of six types of cancer found that adher-
ence to PA recommendations varied from 30% (uterine can-
cer) to 47% (skin melanoma); however, this study did use self-
reported PAmeasures [36].While this study reported that 35%
of breast cancer survivors were meeting guidelines, another
study which used accelerometers to measure PA objectively
found that this can be as low as 16% and those with highest
levels of comorbidities were the least active [39].
Consequently, there is a need for evidence-based interventions
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that are easy to access, low-cost and which therefore have the
feasibility to be rolled out to reach a large number of cancer
survivors.

A move towards digital health behaviour change interven-
tions (DBCIs) has been driven bywidespread and rising use of
the Internet, smartphones andmobile technology [40, 41]. The
most recent Ofcom Communications Market report for the
UK has shown that the proportion of adults going online using
a mobile phone has risen from 20% in 2009 to 66% in 2016
and 71% of adults own a smartphone [41]. DBCIs use tech-
nologies such as text messaging, email, mobile applications
(apps), video-conferencing (e.g. Skype), social media,
websites and online patient portals increasing access to infor-
mation, connecting patients with health services and as an
approach to remote delivery of behaviour change interven-
tions. DBCIs have been used in the promotion of medication
adherence [42], management of long-term conditions [43–45],
promoting smoking cessation [46] and promoting PA partici-
pation and dietary behaviours [47–50]. A recent systematic
review of 224 studies reported that Internet and mobile inter-
ventions improved diet, PA, obesity, tobacco and alcohol use
up to 1 year [51]. Among cancer survivors, a recent systematic
review of 27 non-face-to-face intervention studies found tele-
phone interventions as an effective approach to delivering PA
and dietary interventions [52]. However, newer digital tech-
nologies should now be evaluated in this population as only
three of the studies in that systematic review included used
web-based methods to deliver the intervention [53–55]. No
systematic review or meta-analysis has assessed the efficacy
of DBCI interventions targeting PA, diet and/or sedentary be-
haviour among cancer survivors specifically.

Therefore, the primary objective of this study was to per-
form a systematic review and meta-analysis of health behav-
iour interventions using digital technologies in cancer survi-
vors in order to assess their efficacy in promoting PA, reduc-
ing sedentary behaviour or improving dietary quality.
Secondary aims were to explore any effects of DBCIs on
BMI/weight, other cancer-relevant outcomes and the theoret-
ical underpinning of included studies.

Methods

Search strategy

A systematic literature search was conducted from data-
base inception to November 8, 2016, of the following
databases: Medline, EMBASE, PsycINFO and CINAHL.
Full details of the search strategy/terms used can be
found in Online Resource 1. Broadly, the search strategy
combined synonyms for PA, diet and/or sedentary behav-
iour; with types of DBCIs (e.g. website, mobile app, text
messaging); and with words for cancer survivor(ship).

Limits included peer-reviewed, English language articles
in human subjects. Forward and backward citing of in-
cluded studies and hand-searching of relevant journals
were also conducted to identify relevant articles. The
protocol was registered in the PROSPERO database
(CRD42016026956). After piloting of the search strategy,
no new or relevant articles from other databases specified
in the protocol (Cochrane Library, Web of Science, ACM
Digital Library, or IEEE Xplore) were identified so these
databases were excluded for the final search. As specified
in the protocol, the ProQuest database (grey literature)
was searched; however, this resulted in >60,000 search
results. Results were sorted by relevance, and the first
200 titles were reviewed. No additional, relevant papers
which met criteria were identified throughout this process
so grey literature was not included.

Study selection

Studies were selected in line with the search strategy shown in
Fig. 1. Eligible studies included DBCIs delivered remotely
and targeting at least one of the following health behaviours:
PA, diet and/or sedentary behaviour in adults (≥18 years) who
had a cancer diagnosis of any type. There were no restrictions
on quantitative study designs, so both randomised and non-
randomised controlled trials and one-arm pre-post comparison
studies could be included. However, qualitative studies and
protocols were excluded. Studies must have measured at least
one of the target health behaviours (PA, diet and/or sedentary
behaviour) at baseline and follow-up, but there were no limits
on length of follow-up for inclusion.

Data extraction and quality assessment

Two authors (AR and AF) independently reviewed 109 full-
text articles screened for eligibility and extracted the data for
included studies including author, country of study, study de-
sign, sample size, retention rate, population studied, age of
participants, study duration, intervention type (i.e. type of
DBCI), description of intervention content (including incor-
porated behaviour change techniques (BCTs)), approaches to
measurement of engagement/adherence to the intervention,
control group treatment and outcomesmeasured. Any discrep-
ancies were resolved through discussion. Michie et al.’s BCT
Taxonomy (v1) [56, 57] was used to code BCTs based on
information provided in the included studies (and any supple-
mentary material). The Cochrane Collaboration’s tool for
assessing risk of bias was used to evaluate methodological
quality of included studies [58], and Michie and Prestwich’s
Theory Coding Scheme was used to evaluate the theoretical
basis of the included studies [59].
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Statistical methods

Where possible, findings from both RCTs and one-arm pre-
post studies were synthesised in random effects meta-analyses
using Stata. Effect sizes for the intervention were calculated
using the difference in final values between experimental and
control groups in RCTs and the change in scores before and
after the intervention in pre-post studies. It is not recommend-
ed to combine studies using a mixture of final values and
change scores when using standardised mean differences
(SMDs) across studies using different measurement units/
tools to assess an outcome [58]. Therefore, outcomes using
the same measurement unit were chosen wherever possible so
non-standardised mean differences could be used and RCTs
and pre-post studies could be combined in the meta-analyses
[58]. Where this was not possible (i.e. fatigue outcomes),
SMDs and their associated 95% CIs were calculated, and
meta-analyses were conducted for the RCTs only (where the
effect size reflects difference in final values between groups).
As BMI is largely influenced by weight, the variability in
reliability was judged to be similar for weight and BMI.
Therefore, SMDs were used to pool the effect of BMI and
weight across both the RCTs and pre-post studies reporting
these outcomes. For PA outcomes, MVPAwas chosen as the
outcome measure of interest due to the American College of

Sports Medicine’s recommendation that cancer survivors fol-
low the PA guidelines for the general population of at least
150 min of at least moderate intensity PA per week [24].
Studies reporting MVPA duration in minutes were pooled in
the meta-analysis, so studies with differences in final values
and change scores could be used using mean differences.
Studies that did not report moderate and vigorous PA sepa-
rately orMVPA combined in minutes were not included in the
meta-analysis of PA outcomes. For the studies that reported
minutes of moderate and vigorous PA separately, a new com-
bined MVPA variable was calculated. To combine the means
for moderate and for vigorous PA, the following formula was
used:

xMVPA ¼ xmoderate PA þ xvigorous PA

To combine the standard deviations for moderate and vig-
orous PA, the following formula was used:

σMVPA ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

σ2
moderate PAð Þ þ σ2

vigorous PA
� �� �

q

Publication bias was explored using funnel plots prepared
in Stata. Due to the small number of included studies for each
outcome, tests for funnel plot asymmetry (e.g. Egger’s

Articles included in review
n=15

Records identified through 
database searching

n=7280

Articles screened after 
removal of duplicates

n=6301

Articles remaining for 
scrutiny of abstracts

n=733

Full-text articles screened 
for eligibility

n=109

Removal of duplicates
n=979

Articles excluded based on title
n=5568

Additional records identified through forward-citing and 
hand-searching relevant journals

n=15

Articles excluded based on abstract
n=639

Full-text articles excluded:
n=94

Not a remote digital intervention (n=47)
Not PA/diet/sedentary outcomes (at baseline & follow-up)(n=13)
Not an intervention study (n=5)
Conference abstract (n=18) 
Protocol (n=5)
Qualitative study (n=1)
Dissertation/thesis (n=3)
Secondary analysis (n=2)

Fig. 1 PRISMA flow diagram
illustrating article selection
strategy
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regression test [60]) were not deemed appropriate and only
visual inspection of funnel plots was conducted.

Results

Study selection

See Fig. 1 for the PRISMA flow diagram of the study selec-
tion process. The search strategy initially identified 7280 re-
cords, and 15 were included in the final review [53–55,
61–72].

See Table 1 for characteristics of included studies and
Table 2 for characteristics of intervention types and outcomes.
The majority of studies (12/15) were published between 2014
and 2016, with one study published in 2012 [54] and two in
2013 [53, 55]. Sample sizes ranged between 7 [64] and 462
[71]. Eight studies were RCTs [53–55, 61, 63, 67, 71, 72], and
the remaining seven were pre-post comparison studies [62,
64–66, 68–70]. The studies used an average of eight BCTs
(range 2–16). Self-monitoring of behaviour (n = 15), goal
setting (behaviour) (n = 13), credible source (n = 13) and
feedback on behaviour (n = 12) were the most frequently
described BCTs. Short et al.’s study [72] was the only study
which used a three-arm RCT design where all groups received
the same intervention content, but the delivery schedule dif-
fered. As there was no true control, for the purposes of this
review this study was treated as a pre-post. All 15 studies
assessed the impact of the DBCIs on PA, five on diet [61,
67, 68, 70, 71], and no studies assessed the impact of DBCIs
on sedentary behaviour.

Primary outcomes

Physical activity and sedentary time

All 15 included studies measured the impact of DBCIs on PA
[53–55, 61–72]. All used self-reported PA as outcomes: five
used the Godin Leisure-Time Exercise Questionnaire
(GLTEQ) [53, 61, 63, 69, 72], two the International Physical
Activity Questionnaire (IPAQ) [66, 70], one a 7-day PA recall
[54] and one the Short Questionnaire to Assess Health
Enhancing Physical Activity (SQUASH) [71]; two identified
the number of days in the last seven that the participant en-
gaged in moderate and/or vigorous PA [55, 62]; three studies
reported percentage of participants meeting PA guidelines
(150 min of MVPA per week) [54, 63, 67] and two reported
stages of change for PA [65, 67]. Short et al. [72] also reported
a resistance training score. Hoffman et al. [64] reported the
number of minutes walked, steps walked and number of bal-
ance exercises completed. McCarroll et al. [68] reported num-
ber of minutes of PA completed and the number of calories

expended as logged via the participant using the mobile app
used for their intervention.

MVPA (minutes) was available for 11 studies (five as a
combined variable [53–55, 61, 72], five as separate moderate
and vigorous variables (combined for the purposes of the
meta-analysis) [62, 63, 66, 70, 71], and raw data was available
for Puszkiewicz et al. [69] to calculate a combined MVPA
variable). Of these, seven (five RCTs [53, 54, 61, 63, 71]
and two pre-post studies [69, 72]) reported MVPA duration
in minutes per week and were pooled in a random effects
meta-analysis using data from 1034 participants (see Fig. 2).
DBCIs resulted in significant increases in MVPA minutes/
week (MD = 41; 95% CI 12, 71; p = 0.006) with very high
levels of heterogeneity (I2 = 81%). Independently, the RCTs
showed a significant increase in MVPA (MD = 49, 95% CI
16, 82, p = 0.004, I2 = 73%). A funnel plot suggested that there
may be some indication of publication bias among smaller
studies (see Fig. 1, Online Resource 2).

Of the other eight studies which could not be included in
the meta-analysis, four reported a significant effect, [55,
65–67], two did not report significant findings [62, 68] and
two did not conduct significance testing due to small sample
sizes [64, 70]. No studies reported effects on sedentary time.

Diet

Five studies measured the impact of DBCIs on dietary intake
[61, 67, 68, 70, 71]. Due to the variation in approaches to
assessment and measurement of dietary outcomes, a meta-
analysis was not considered appropriate. Three studies [61,
67, 71] were RCTs and two were pre-post studies [68, 70].
Only two of the studies reported a significant effect on dietary
outcomes [67, 71]; however, this no longer remained signifi-
cant after correcting for multiple testing in Kanera et al.’s
study [71]. Quintiliani et al. [70] did not conduct significance
testing, due to the very small sample (n = 10).

Secondary outcomes

BMI/weight

Four studies assessed BMI and/or weight (one RCT [53] and
three pre-post studies [68–70]). Three assessed BMI [53, 68,
69] and Quintiliani et al. assessed weight [70]. Using data
from 122 participants (66 participants in RCTs; 56 in pre-
post studies), there was a significant pooled reduction in
BMI/weight (SMD = −0.23; 95% CI −0.41, −0.05;
p = 0.011; I2 = 0.0%) (see Fig. 2, Online Resource 2). The
RCT showed a significant reduction in BMI (SMD = −0.28,
95% CI −0.52, −0.04, p = 0.023). A funnel plot revealed no
evidence of publication bias for BMI/weight outcomes.
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Other cancer-relevant outcomes

Fatigue

Seven studies measured the impact of DBCIs on fatigue [54,
61, 63, 64, 67, 69, 70]. Of these, three used the Brief Fatigue
Inventory (BFI) [61, 64, 67], two used the Functional
Assessment of Chronic Illness Therapy-Fatigue (FACIT-F)
[63, 69], one used the Profile of Mood States-Fatigue
(POMS-Fatigue) [54] scale and one used a 0–10 scale [70].
SMDs were required to pool effects across studies due to the
variation in measurement tools. Therefore, meta-analysis was
only conducted on the three RCTs where appropriate data
could be extracted [54, 61, 63], using data from 406 partici-
pants (see Fig. 3, Online Resource 2). DBCIs resulted in a
decrease in fat igue, but this was not signif icant
(SMD = −0.23; 95% CI −0.51, 0.05; p = 0.103; I2 = 78%).
Once again, very high levels of heterogeneity were displayed
for fatigue. A funnel plot revealed no evidence of publication
bias for fatigue outcomes. Of the remaining four studies, only
one reported a significant reduction in fatigue [67]. Two of
these studies did not report significance testing [64, 70] due to
very small sample sizes (7 and 10, respectively).

Cancer-specific QoL

Five studies assessed cancer-specific measures of QoL [53,
63, 67–69]. Four studies used the FACT-G [53, 63, 68, 69]
and one used the Quality of Life Questionnaire-Core 30
(QLQ-C30) [67]. The four studies using the FACT-G (two
RCTs [53, 63] and two pre-post studies [68, 69]) were pooled
using data from 198 participants (152 participants in RCTs; 46
from pre-post studies) (see Fig. 4, Online Resource 2).
Overall, there were no significant changes on cancer-specific
QoL (MD = 0.61; 95% CI −1.83, 3.06; p = 0.62; I2 = 42%).
Similar results are shownwhen just pooling results fromRCTs
(MD = 0.06; 95% CI −2.44, 2.57; p = 0.960; I2 = 0%). A
funnel plot revealed no evidence of publication bias for
cancer-specific QoL outcomes. The remaining study also
found a non-significant difference between groups [67].

Generic QoL

Four studies assessed generic measures of QoL [63, 65, 66,
69]. Each study reported various domains of QoL as opposed
to a global score using various measurement tools (i.e. Short
Form (36) Health Survey (SF-36) [63, 66], the EuroQol 5
Dimensions (EQ5D) [69] and a seven-item non-validated
measure [65]). Two studies found no significant changes in
any QoL domains [63, 69]. One study found a significant
improvement in role functioning-emotional and mental health
for those during treatment and a significant improvement in
social functioning for those who had finished treatment [66].T
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Hong et al. found significant improvements in self-rated
health, fatigue, pain, shortness of breath, stress, sleep quality
and overall QoL using a non-validated scale [65].

Mental health

Three studies measured the impact of DBCIs on depression
[61, 67, 69], none of which reported any significant impact.
Two studies assessed the impact on anxiety [67, 69], neither of
which reported a significant effect. Rabin et al. [54] also mea-
sured Profile of Mood States (anger, depression, tension/anx-
iety, vigour, confusion) and did not find a significant change in
scores between groups.

Sleep disturbance

Two studies measured the impact of DBCIs on sleep distur-
bance [61, 69]. Both studies reported a significant improve-
ment in sleep quality; Bantum et al. [61] showed a significant
reduction in insomnia, and Puszkiewicz et al. [69] showed a
significant improvement in sleep quality.

Theoretical underpinning

Twelve studies reported some level of theoretical basis to their
intervention design [53–55, 62, 64–68, 70–72]. Of those that
did mention a theoretical influence, Social Cognitive Theory
(SCT) was most frequently reported [53, 55, 66, 68, 71, 72],
and sometimes used in combination with other theories (i.e.

Transtheoretical Model (TTM) [54] or the Theory of Planned
Behaviour (TPB) [66]). Other theories included the Theory of
Reasoned Action [62], Theory of Symptom Self-Management
[64], Theory of Goal Setting [65], the TTM alone [67] and the
Social Contextual Model [70]. The description of the theoret-
ical underpinning of the DBCIs varied across studies, but was
relatively poor. Only seven studies explicitly reported how
theory/predictors were used to select/develop intervention
techniques [53–55, 66, 67, 71, 72], and only six studies used
theory/predictors to tailor intervention techniques to partici-
pants [54, 64, 66, 67, 71, 72]. Six studies measured theory-
relevant constructs and reported outcomes pre and post inter-
vention [53, 62, 66–68, 70]. Of these six studies, three report-
ed no significant change in measures related to self-efficacy
[62, 66, 70]. Lee et al. [67] reported that the ‘stage of change’
and self-efficacy for PA and fruit and vegetable consumption
was significantly higher in the intervention group, and
McCarroll et al. [68] reported a significant increase in self-
efficacy between pre and post intervention. Valle et al. was the
only study which conducted mediational analysis of theoreti-
cal constructs/predictors (presented in an associated paper
[73]). However, this study showed that the intervention group
reported lower self-efficacy for PA and social support from
friends on social networking websites compared to the control
group. Changes in social support from friends on social net-
working sites were positively related to changes in MVPA;
however, it was those in the control group who reported in-
creased social support from friends on social networking sites
compared to the intervention group [73].

NOTE: Weights are from random effects analysis

.

.

Overall  (I-squared = 81.3%, p = 0.000)

ID

Subtotal  (I-squared = 73.0%, p = 0.005)

Subtotal  (I-squared = 73.5%, p = 0.052)

Forbes

Pre_Post

Puszkiewicz

Short

Kanera

RCTs

Bantum

Rabin

Valle

Study

41.47 (12.17, 70.77)

ES (95% CI)

49.15 (15.86, 82.44)

30.12 (-54.73, 114.97)

24.00 (-7.89, 55.89)

85.55 (-2.55, 173.65)

-3.69 (-22.38, 15.00)

148.70 (73.39, 224.01)

40.80 (28.58, 53.02)

105.75 (28.57, 182.93)

0.70 (-43.36, 44.76)

100.00

Weight

72.03

27.97

17.73

7.41

20.56

9.04

21.60

8.78

14.89

%

41.47 (12.17, 70.77)

ES (95% CI)

49.15 (15.86, 82.44)

30.12 (-54.73, 114.97)

24.00 (-7.89, 55.89)

85.55 (-2.55, 173.65)

-3.69 (-22.38, 15.00)

148.70 (73.39, 224.01)

40.80 (28.58, 53.02)

105.75 (28.57, 182.93)

0.70 (-43.36, 44.76)

100.00

Weight

72.03

27.97

17.73

7.41

20.56

9.04

21.60

8.78

14.89

%

0-224 0 224

N.B. p-values shown in Figure 2 represent significance for testing of heterogeneity

Fig. 2 Meta-analysis of DBCIs
on MVPA
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Risk of bias in included studies

See Fig. 3 for an assessment of the risk of bias in the included
studies. Study quality was deemed to be low for the majority
of included studies. For the RCTs, there was adequate
randomisation sequence generation in the majority of the stud-
ies; however, allocation concealment was much less clear. The
lack of a control group in the seven pre-post studies highly
increased the risk of bias, reducing the confidence which can
be placed on the observed effects. All of the studies were
judged to be high risk for other sources of bias, for instance
all 15 studies used self-reported PA, as opposed to objective
measures (e.g. accelerometry). Some of the RCTs did not re-
port (or it was unclear) whether baseline outcome measures
and/or participant characteristics were similar between groups
[53, 54, 61, 63, 71, 72]. Furthermore, the representativeness of
the sample was fairly narrow in that the majority of the study
samples which consisted of predominantly female, middle-
aged, English-speaking, breast cancer survivors of high
educational/income level, which likely limits the generaliz-
ability of the findings across the wider population of cancer
survivors. Most of the studies had small sample sizes (gener-
ally ranging between 20 and 100), and only three studies had
larger samples [61, 71, 72] (303, 462 and 492, respectively).
Despite the largest sample size at baseline in Short et al.’s
study [72], retention was extremely low (32% at 3 months
and 11% at 6 months of follow-up).

Discussion

The current meta-analysis found that DBCIs resulted in an
increase in MVPA participation of approximately 40 min per
week. While meta-analysis was not possible for dietary out-
comes, there was mixed evidence for an effect on dietary
intake. No studies assessed sedentary behaviour. Meta-
analyses also revealed a significant reduction in BMI, a reduc-
tion in fatigue which did not reach statistical significance, and
no change was seen in cancer-specific measures of QoL. For
other secondary outcomes where meta-analysis was not pos-
sible, there was mixed evidence for the effect on domains of
generic QoL measures and theoretical constructs (e.g. self-
efficacy). There is no evidence for an improvement in anxiety
or depression, and while only two studies assessed sleep dis-
turbance, both reported a significant improvement.

To our knowledge, this is the first meta-analysis to assess
the current evidence with regards to DBCIs targeting PA and/
or diet among cancer survivors. An increase in approximately
40 min of MVPA per week is important given that this repre-
sents a substantial proportion (27%) of cancer survivors’ rec-
ommended weekly MVPA participation [23–25]. While there
is limited evidence on the dose-response relationship between
MVPA and mortality and recurrence outcomes, Schmid et al.
estimated that each 10 MET-hour per week increase in post-
diagnosis PA (approximately equivalent to the 150-min
MVPA/week guideline) was associated with 24% (95% CI
11–36%) and 28% (95% CI 20–35%) decreased total mortal-
ity risk for breast and colorectal cancer survivors, respectively
[18]. Schmid et al. also reported that breast or colorectal can-
cer survivors who increased their PA by any amount between
pre and post diagnosis showed a decreased total mortality risk
(RR = 0.61, 95% CI 0.46–0.80) compared to cancer survivors
who did not change their PA level or who were insufficiently
active pre diagnosis [18]. Therefore, even small increases in
MVPA post diagnosis are likely to be beneficial for cancer
survivors.

It is noteworthy that a third of the included studies were
published in 2016, illustrating the rise in research interest of
the effectiveness of DBCIs. It is interesting to compare the
findings of this study with other meta-analyses using non-
digital PA interventions among cancer survivors. While we
did not find a significant reduction in fatigue (SMD = −0.23),
Mishra et al. did find a significant improvement, both for sur-
vivors who had completed treatment (SMD = −0.82) [19] and
who were still undergoing active treatment (SMD = −0.73)
[74]. We also did not find any improvement in cancer-specific
measures of QoL, while Mishra et al. reported positive im-
provements in both of their meta-analyses. Mishra et al. also
found significantly improved anxiety and depression, sleep
quality and improvements in some domains of generic mea-
sures of QoL (e.g. social, physical and role functioning) [19,
74]. The small number of studies assessing these outcomes
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Bantum 2014 + ? + - ? + -

Berg 2014 N/A N/A + - ? + -

Forbes 2015 + ? + - ? + -

Hatchett 2013 ? ? + - ? ? -

Hoffman 2014 N/A N/A + - ? ? -

Hong 2015 N/A N/A + - ? + -

Kanera 2016 + + + - + + -

Kuijpers 2016 N/A N/A + - ? + -

Lee 2014 + ? + + + + -

McCarroll 2015 N/A N/A + - ? ? -

Puszkiewicz 2016 N/A N/A + - + + -

Quintiliani 2016 N/A N/A + - ? + -

Rabin 2012 ? ? + - ? + -

Short 2016 + + + - + + -

Valle 2013 + ? + - ? + -

Fig. 3 Risk of bias in included studies
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meant that meta-analyses for these outcomes were not possible
in the current study. However, in the studies that did assess
these outcomes, we did not find any evidence for an improve-
ment in anxiety and depression, but both studies assessing sleep
reported significant improvements. We also found mixed evi-
dence for individual domains of generic QoL measures. It is
possible that the non-digital interventions included in Mishra
et al.’s studies result in larger effect sizes as many of the inter-
ventions are supervised by trained staff or involve some level of
human interaction, which may foster higher levels of engage-
ment and adherence to the intervention. However, due to the
small number of low-quality studies included in this review,
there is a need for more high-quality RCTs, with objective
measures of PA, long-term follow-up and larger sample sizes
before reliable comparisons between non-digital and DBCIs
can be made.

Sustained engagement with DBCIs was a significant
problem for a number of the studies included in this re-
view. For instance, in the study conducted by Short et al.,
retention at the 3-month follow-up was only 32% (156/
492) and 11% (53/492) at the 6-month follow-up [72].
Furthermore, while 75% of the sample completed at least
one action plan, the average number of action plans com-
pleted was only 2.2. Similarly, 50% of participants com-
pleted the week 1 module compared to 10% for the week
9 module in Forbes et al.’s study [63]. A systematic re-
view has shown that there is a positive relationship be-
tween participants’ adherence to/engagement with digital
interventions and positive physical health outcomes
across a range of populations and behaviours, suggesting
that efforts to improve effective engagement with DBCIs
could improve behaviour change outcomes [75]. It is pos-
sible that suboptimal engagement with the DBCIs in the
studies included in this review may explain the reduced
effects on outcomes compared to those observed in
Mishra et al.’s review of non-digital PA interventions
[19, 74]. Future DBCI studies should integrate techniques
or components that maintain effective engagement with
the intervention for its duration. There is some evidence
that technology-based strategies (e.g. reminders, prompts)
can encourage user engagement [76]. Other aspects which
have been identified as important for engagement include
ease of use, design aesthetic, feedback, function, ability to
change design to suit own preferences, tailored informa-
tion and unique mobile phone features [77]. Similarly,
less time consumption, user-friendly design, real-time
feedback, individualised elements, detailed information
and health professional involvement may also improve
effectiveness of DBCIs, in particular mobile apps [78].
Furthermore, future studies should aim to better under-
stand the link between engagement and effectiveness of
DBCIs targeting PA and diet in cancer survivors and de-
fine, evaluate and report engagement more consistently so

as to better understand techniques that foster effective
engagement and mechanisms of action [79].

The majority (10/15) of the studies used an online portal or
website to deliver the intervention, and, while one of these
websites was mobile-enabled [65], only two studies used mo-
bile apps [68, 69]. This is interesting given the findings of a
recent review of 23 interventions using mobile apps that found
that 17 of the included studies reported a significant effect on
behaviour change in the general population [78]. It is possible
that interventions using mobile apps may be more effective
than other types of DBCIs due to the widespread usage of and
constant access to smartphones and the Internet. The most
recent Ofcom Communications Market report conducted in
the UK reports that 71% of UK adults own a smartphone
and 66% use their smartphone to access the Internet most
frequently [41]. Therefore, it would be interesting for future
studies to use mobile apps as a mode of intervention delivery
and compare the effectiveness of mobile app interventions
compared to other DBCIs as they may foster higher levels of
engagement.

Self-monitoring, goal-setting, credible source and feed-
back on behaviour were the most frequently described
BCTs used in the included studies. Due to the heteroge-
neity in intervention type, mode of delivery, behavioural
outcomes and measurement approaches, it is difficult to
interpret which BCTs were most effective at changing PA/
dietary behaviour. Kanera et al.’s study used the most
BCTs (n = 16) but also used a tailored if-then algorithm
within the intervention to automatically tailor content to
participants; therefore, it is difficult to ascertain what in-
tervention components or approaches to delivery lead to
increased effectiveness. A recent meta-analysis revealed
that theory-based interventions are significantly more ef-
fective at improving PA [80]. SCT was the most common-
ly reported theoretical basis of the interventions; however,
several other behaviour change theories were used across
the studies. The level of reporting of the extent to which
theory was incorporated into the development of the in-
terventions varied across studies, but was generally poor.
Only three studies did not report any theoretical underpin-
ning. Future studies should aim to explicitly report how
theory is used to develop intervention techniques and tai-
lor the intervention to participants. Measurement and ex-
ploration of changes in targeted theoretical constructs
(e.g. via mediation analyses) can aid understanding of
why interventions may or may not be effective [59] and
can be used to refine theoretical models of behaviour
change. The lack of clarity about the intervention content
and theoretical underpinning and the lack of measurement
on theoretical constructs mean it is difficult to unpick how
or why the interventions which improved behaviour in
this review were effective. Future DBCI studies should
clearly report any theoretical underpinning and behaviour
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change techniques used, for instance by using Michie
et al.’s Theory Coding Scheme [59] and Behaviour
Change Technique Taxonomy [56].

There are several limitations to this review. Primarily, the
data extracted for the meta-analyses reflect unadjusted
models. While the forest plot for MVPA minutes/week (Fig.
2) illustrates that Bantum et al. [61], Rabin et al. [54] and
Kanera et al. [71] found a significant effect, the original pub-
lications show that this no longer remained significant when
adjusting for baseline values and/or other covariates (e.g. de-
mographics, disease characteristics) [54, 61], or when adjust-
ed models are controlled for multiple testing [71]. Bantum
et al. [61] did find a significant increase in vigorous PA par-
ticipation in the adjusted model, but not when combined with
moderate PA. Similar issues arise for the meta-analyses for
fatigue and BMI/weight. The studies that show significant
findings for fatigue and BMI/weight in the current meta-
analyses do not report significant findings when adjusted for
baseline and/or covariates in the original publications.
Therefore, pooling the adjusted results would reduce the over-
all effect size substantially, and it is likely that this would no
longer remain significant. Furthermore, a combined MVPA
variable was chosen to assess PA outcomes to maximise the
number of studies that could be included in the meta-analysis
and to coincide with the American College of Sports
Medicine’s recommendation that cancer survivors should fol-
low the PA guidelines for the general population (at least
150 min of at least moderate intensity PA per week) [25].
However, this means the current meta-analysis does not dif-
ferentiate between different intensities of PA: it may be bene-
ficial to evaluate the effect on outcomes at different intensities
of PA. Visual inspection of funnel plots suggested possible
publication bias for smaller studies assessing MVPA out-
comes; it is possible that our choice to only include published
studies may have increased publication bias. There was no
suggestion of publication bias for BMI/weight, fatigue or
cancer-specific QoL measures.

The risk of bias in included studies was high. The inclusion
of one-arm, pre-post studies substantially increases the risk of
bias; however, we felt that the novelty of this area of research
warranted the inclusion of these studies and that this added
valuable insight into the current state of the literature. Few stud-
ies assessed outcomes other than PA, where only half of the
studies could be included in a meta-analysis. Heterogeneity
across studieswas very high, likely due to the variability of types
of DBCIs, intervention content, cancer type and populations,
outcome measurement tools, etc. With the addition of future
studies, more specific inclusion criteria could be used to assess
effectiveness ofmore similar studies. All of the PA findings used
self-report data, which while easy to use, inexpensive and vali-
dated, often hugely underestimate or overestimate PA participa-
tion [81]. Therefore, we advise that these results are interpreted
with caution until the number of published studies assessing

DBCIs increases and inclusion criteria for future systematic re-
views can be more stringent for low-quality trials.

To the best of our knowledge, this is the first meta-analysis
of DBCIs designed to improve PA and diet among cancer
survivors. While the review shows some evidence of an im-
provement in MVPA, a reduction in BMI and a trend towards
significance for fatigue, large, high-quality RCTs, with objec-
tive measures of PA and long-term follow-up, are lacking.
Future studies should aim to address these limitations, but
the approach of using digital technology in this context ap-
pears promising.
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