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Abstract
Purpose The benefits of physical activity for cancer survivors are increasingly recognised and smartphone applications are
available to assist them to become more physically active. Cancer clinicians, however, lack confidence about which physical
activity apps to recommend as evidence on their quality and content is limited. Therefore, we reviewed freely available com-
mercial physical activity/fitness apps to systematically assess their behavioural change content and quality of their design.
Methods Systematic searches of the app stores for Apple and Android operating systems were conducted and appswere screened
to identify free apps appropriate for cancer survivors. Quality was assessed using the Mobile App Rating Scale (MARS) and
behavioural content was evaluated using the Behavioural Change Techniques Taxonomy (BCTT).
Results Of 341 apps identified, 67 were judged appropriate for cancer survivors and 46% combined aerobic and strength/
stretching content. The overall number of behavioural change techniques (BCT) included was 3.96 (SD = 2.09), with the most
frequent being ‘feedback on behaviour’ and ‘goal setting behaviour’. The mean scores for objective and subjective quality were
4.11 (SD = 0.59) and 3.07 (SD = 0.91) respectively (range 0 to 5). Finally, a modest positive correlation was found between the
number of BCT and the quality of engagement, awareness and knowledge as assessed by the MARS.
Conclusion Only a fifth of retrieved physical activity apps contained potentially suitable content for people affected by cancer.
Overall, most apps we reviewed appeared to perform well in terms of their objective quality, but less well at promoting
knowledge and awareness or help seeking related to physical activity.
Implications for Cancer Survivors Many physical activity apps are available but the combined use of MARS and BCTT suggests
that not all of them are suitable to the needs is a promising and feasible approach for assessing the applicability, usability and
content of physical activity of apps employed by cancer survivors and this study is a first step toward developing a guide.
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Introduction

Most cancer survivors are not physically active, with fewer
than 25% meeting physical activity guidelines (150 mins of
moderate intensity activity a week) [1]. Participation in

exercise or physical activity declines considerably during can-
cer treatment and tends to remain low afterwards [2]. This is
concerning because there is considerable evidence that sus-
taining or increasing physical activity after a cancer diagnosis
can have a beneficial impact on the quality of life, ongoing
symptoms, physical functioning and fatigue [3]. Cancer sur-
vivors are also at increased risk of developing new conditions
(osteoporosis, diabetes, cardiovascular problems) [4] for
which exercise may offer a protective effect. Furthermore,
the evidence is accruing indicating physical activity reduces
the risk of cancer recurrence and improves survival [5, 6].

In light of this evidence, most clinical guidelines for
follow-up and survivorship care highlight the importance of
promoting physical activity and exercise with cancer survi-
vors [7, 8], but offer few recommendations about how this
can be achieved in practice. The wider evidence on physical
activity suggests successful and sustainable interventions are

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s11764-019-00760-2) contains supplementary
material, which is available to authorized users.

* R. Martín Payo
martinruben@uniovi.es

1 Facultad deMedicina y Ciencias de la Salud, Universidad de Oviedo,
Oviedo, Spain

2 School of Health Sciences, Faculty of Health and Medical Sciences,
University of Surrey, Guildford, UK

Journal of Cancer Survivorship (2019) 13:397–405
https://doi.org/10.1007/s11764-019-00760-2

http://crossmark.crossref.org/dialog/?doi=10.1007/s11764-019-00760-2&domain=pdf
http://orcid.org/0000-0001-7835-4616
https://doi.org/10.1007/s11764-019-00760-2
mailto:martinruben@uniovi.es


underpinned by behavioural change theory (BCT) [9], include
aspects of goal setting, prompts, self-monitoring and encour-
agement of independent exercise [10, 11]. However, whilst
interventions are effective at increasing physical activity in
the short term, many studies have a limited follow-up period
or involve supervised activity and/or require attendance at
specialist gyms, potentially limiting acceptability and longer-
term economic sustainability [12, 13].

The use of smartphone apps has become part of everyday
life for many people. In developed economies, > 80% of the
adult population own smartphones [14]. A key part of the app
market is Health and Fitness with > 165,000 such apps on the
two major operating systems (OS): App store for iOS and
Google Play for Android. There are many potential advan-
tages to using Smartphone apps to promote physical activity.
For example, they are accessible, often customizable to the
needs of the users and can often provide scheduled prompts
[15]; all of which have been shown to be important in achiev-
ing physical activity goals, and thereby provide a form of
‘virtual’ exercise supervision [10]. However, most ‘off-the-
shelf’, commercially available apps on the market do not for-
mally draw on behavioural change theories in promoting
physical activity and lack evidence of efficacy through
randomised controlled trials [16]. The limited published re-
search on the content of physical activity promoting apps sug-
gests there is considerable variability across apps in the types
of behavioural change techniques (BCT) employed [17]. A
content review of apps to promote physical activity in healthy
adults found that on average apps included only five behav-
ioural change techniques (range 2–8), out of a possible 23 [18]
with comparable content across free and paid for apps and the
two main OS.

Whilst many cancer patients will not have access to an exer-
cise rehabilitation programme or be able to afford a gym mem-
bership, physical activity apps appear acceptable to cancer pa-
tients [19, 20]. Moreover, there is anecdotal evidence that, like
the general population, cancer patients are increasingly using
smartphone apps to try and increase their physical activity [21].

This presents a conundrum for the cancer health profes-
sional when patients ask for their recommendations with re-
gard to using such apps. The absence of randomised con-
trolled trials, the fast moving pace of the technology and ap-
parent variability in the behavioural change content all pre-
sents a challenge for cancer professionals wanting to make
recommendations based on best available evidence, as they
would in their clinical practice [16]. Other key aspects of
physical activity app development, such as reviews of quality,
aesthetics and features have received limited attention but are
an important consideration if an individual continues to en-
gage with an app and sustain levels of physical activity [22].

This study aimed to review freely available commercial
‘off-the-shelf’ fitness apps available on the two largest OS
and to systematically assess the content and quality of selected

physical activity apps and examine the relationship between
app quality, number of app features and BCT. We will use this
information to inform the development of an internet-based
machine learning algorithm using text analytics and qualita-
tive user testing studies by cancer survivors and cancer clini-
cians. The aim to help cancer health professionals personalises
advice on the suitability of commercial fitness apps for people
living with and beyond cancer.

Methods

Search strategy

Our methods sought to replicate the way a patient might ac-
cess a fitness (exercise and physical activity) app. Searches
were conducted in the Health and Fitness category of iOSApp
Store (Apple) and Google Play (Android) in the UK. We
followed the same principles in both OS to make it as system-
atic as possible, between January and February 2017 using an
Apple iPad mini 3 and Samsung Galaxy S6.

Free apps available in iOS, Google Play or both stores were
included in this review. Initial screening was based on an
apps’ marketing material and, where this was unclear, apps
were downloaded for further evaluation. Two researchers
(RMP, JH) independently used and extracted data on the app
content. Apps were downloaded to Apple, Android or both
devices (where available). Inclusion criteria were apps that (i)
targeted adults; (ii) focused on physical activity, exercise or
sedentary behaviour; (iii) were free to download and use and
(iv) were available in English. Apps were excluded if they
focused (i) on one body part, (ii) on diet/food intake (with
no exercise component), (iii) were not physical activity-
based (e.g. hypnosis, meditation); (iv) required a wearable
device to be used and (v) were inappropriate for cancer survi-
vors for the following reasons: (a) included exercises unsuit-
able for cancer patients to undertake independently (e.g. heavy
weight lifting which may be contraindicated if bone metasta-
ses are present and require careful professional supervision)
and (b) included negative content (e.g. excessively under-
weight or sexualised body images/text, unsubstantiated claims
about effectiveness/ability of app to increase longevity).

Data extraction

Both researchers (RMP, JH) independently screened retrieved
apps based on marketing material and extracted data onto a
study-specific coding form and checked for duplicate listings
of the same app (i.e. the same app could have different names
in iOS or Play store). Data extracted included app name, OS,
content description and reason for exclusion, if appropriate.
After screening, apps were downloaded and used by the re-
searchers, with reasons for exclusion after download being
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noted. Included apps were installed on the device for 7 days
and the type of physical activity [23], quality assessment [24]
and behavioural change content [25] was assessed. Data was
extracted using a study-specific proforma. Throughout this
process, any disagreements regarding inclusion or content
evaluation were resolved by discussion and/or consultation
with a third reviewer (JA).

App quality assessment

The objective and subjective quality of each app were
assessed by consensus between two researchers (JH &
RMP), using the Mobile App Rating Scale (MARS) devel-
oped by Stoyanov et al. [24]. MARS includes 19 objective
items covering four domains: engagement, functionality, aes-
thetics and information. Finally, six app-specific content clas-
sification items, from the MARS instrument designed for ap-
plication to a health context, were included (awareness,
knowledge, attitudes, increase intention, help seeking and be-
haviour change). All items are rated on a 5-point scale (1,
inadequate; 2, poor; 3, acceptable; 4, good; 5, excellent) with
possible total scores being 0–5 for objective and subjective
items. Mean scores were calculated for each domain

(engagement, functionality, aesthetics and information) and
overall app quality was calculated by averaging the aggregat-
ed mean for all domains.

Behavioural change content assessment

The behavioural change techniques utilised in each app were
assessed using the Behavioural Change Techniques (BCT)
Taxonomy, version 1, originally developed by Michie et al.
[25], which has been shown to be a comprehensive, valid and
reliable approach for assessing techniques for changing be-
haviour in general [26] as well as health apps [17, 18] promot-
ing physical activity [27, 28]. Scheoppe et al. [22] have ap-
plied a dichotomous scoring system to BCT to indicate the
absence (0) or presence (1) of each technique, permitting a
total BCTscore per app (possible score 0–93) to be generated.

Statistical analysis

Total scores for each app on each domain of the MARS and the
BCT Taxonomy were calculated. Descriptive statistics are pre-
sented by OS, whilst ANOVAwas used to test for differences in
MARS domains scores between operating systems (Android,
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iOS or both). To determine if there was any relationship between
app quality and BCT content (Bardus et al., 2016), Spearman’s
rank correlation was used to determine any associations between
MARS total scores and the number of BCT’s. All statistical
analyses were conducted using IBM SPSS version 25.0 with
significance levels set at p < 0.05.

Results

App selection and description

A total of 341 apps were identified. Of these, 112 were
downloaded, used and assessed for eligibility resulting in 67
apps being included (Fig. 1). Notable reasons for exclusion
after download included those requiring wearables to be used
(n = 5), those with inappropriate content for people with can-
cer (due to negative body images/unfounded claims of effec-
tiveness, n = 4) and apps that appeared to be free to use from

the marketing material but on download were not (n = 3).
Over half the apps were available on both operating systems
(n = 37) (Table 1). Many apps included a combination of
aerobic/strength or stretching (46%, n = 34), or solely aerobic
content (39%, n = 26). A fifth of eligible fitness apps also
included a diet/calorie intake component (18%, n = 12).

App quality

The MARS objective and subjective quality scores were
4.11 (SD = 0.59) and 3.07 (SD = 0.91), respectively
(Table 1). Subjective quality and three of the four objec-
tive qualities were significantly higher for fitness apps
available via iOS (Table 2, Online Supplementary
Table 1). The MARS study-specific content classification
varied by the operating system, suggesting a trend for
those available on iOS to target attitudes and help seek-
ing, compared to those on Android (Table 2, Online
Supplementary Table 1).

Table 1 Characteristics of the
included apps Variable n (%) Mean (SD) (95% CI)

Operating system

iOS (iTunes) 10 (15)

Android (Google Play) 20 (30)

Both 37 (55)

Type of physical activity

Aerobic (strenuous/moderate) 15 (22)

Aerobic (moderate/light) 11 (16)

Strength or stretching 7 (10)

Combination (aerobic, strength or stretching) 34 (46)

Physical activity and dietary content 12 (18)

MARS objective quality 4.11 (1.41) (3.97–4.26)

Engagement (fun, interesting, customizable, interactive) 3.75 (0.79) (3.56–3.95)

Functionality (app functioning, easy to learn, navigation, flow logic) 4.68 (0.58) (4.54–4.83)

Aesthetics (graphic design, overall visual appeal, colour scheme) 4.21 (0.74) (4.03–4.39)

Information (contains high-quality information) 3.81 (0.72) (3.63–3.98)

MARS subjective quality (e.g. would you pay for this app?) 3.07 (0.91) (2.84–3.29)

MARS-specific content classification

Awareness (app is likely to increase awareness of the importance of
addressing...)

2.48 (1.22) (2.18–2.78)

Knowledge (app is likely to increase knowledge/understanding of...) 2.46 (1.22) (2.16–2.76)

Attitudes (app is likely to change attitudes toward improving...) 3.09 (1.28) (2.78–3.40)

Increase intention (app is likely to increase intentions/motivation to
address...)

3.37 (1.22) (3.08–3.70)

Help seeking (use of this app is likely to encourage further help seeking
for...)

2.99 (1.43) (2.64–3.33)

Behaviour change (use of this app is likely increase/decrease...) 3.82 (1.09) (3.56–4.09)

Number of BCT’S 3.96 (2.09) (3.45–4.46)

1–2 BCT 19 (28)

3–6 BCT 38 (57)

7–9 BCT 10 (15)
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Behaviour change techniques

Overall, the mean number of BCT present was 3.96 (SD= 2.09).
Figure 2 shows theBCTmost commonly included in the apps; of
the 93 BCT, nine were used in at least fifth of fitness apps. Two
BCTs were evident in more than half of all apps: ‘feedback on

behaviour’ and ‘goal-setting behaviour’. There were no signifi-
cant differences between the numbers of BCT present on either
operating systems (data not presented but available on request).

The percentage of BCT used in combination ranged from 1.5
to 49.3% (Table 3). ‘Goal-setting behaviour’was frequently used
in combination with ‘feedback on behaviour’ (49.3%), and

Table 2 MARS quality
assessment by operating system Variable Apple Android Both p value

Mean (SD) (95% CI) Mean (SD) (95% CI) Mean (SD) (95% CI)

Objective quality

Overall 4.16 (0.45) 3.80 (0.70) 4.11 (0.59) 0.013
(3.83–4.48) (3.47–4.12) (3.97–4.26)

Engagement 3.88 (0.68) 3.36 (0.95) 3.75 (0.79) 0.027
(3.39–4.34) (2.91–3.8) (3.56–3.95)

Functionality 4.85 (0.34) 4.38 (0.81) 4.68 (0.58) 0.016
(4.60–5.09) (3.99–4.76) (4.54–4.83)

Aesthetics 3.97 (0.67) 4.10 (0.86) 4.21 (0.74) 0.279
(3.48–4.45) (3.70–4.5) (4.03–4.39)

Information 3.93 (0.61) 3.35 (0.76) 3.81 (0.72) 0.002
(3.49–4.37) (3.00–3.70) (3.63–3.98)

Subjective quality 3.18 (0.97) 2.47 (0.74) 3.07 (0.91) 0.001
(2.47–3.87) (2.13–2.82) (2.84–3.29)

Content classification

Awareness 2.10 (1.37) 2.55 (1.19) 2.48 (1.22) 0.578
(1.12–3.08) (1.99–3.11) (2.18–2.78)

Knowledge 2.20 (1.40) 2.6 (1.23) 2.46 (1.22) 0.706
(1.20–3.20) (2.02–3.18) (2.16–2.71)

Attitudes 3.50 (1.43) 2.20 (1.00) 3.09 (1.28) 0.001
(2.47–3.20) (1.73–2.67) (2.78–3.4)

Increase intention 3.60 (1.43) 2.60 (1.10) 3.37 (1.22) 0.002
(2.58–4.62) (2.09–3.11) (3.08–3.67)

Help seeking 3.60 (1.43) 1.55 (0.60) 2.99 (1.43) 0.001
(2.58–4.62) (1.27–1.83) (2.64–3.33)

Behaviour change 3.90 (0.99) 3.35 (0.99) 3.82 (1.09) 0.061
(3.19–4.61) (2.89–3.81) (3.56–4.09)

ANOVA test
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similarly ‘goal-setting outcomes’ was often used in combination
with ‘feedback on behaviour’ (35.8%). Other combinations of
BCT present in > 20% of apps are shown in Table 3.

App quality and BCT

There was a moderate positive association between the num-
ber of BCTs and the quality of engagement, awareness and
knowledge from the MARS domains (Table 4). Correlation
coefficients for the number of BCT and MARS domains of
information, subjective quality and increase attention indicate
a weak association (Table 4).

Discussion

Whilst many hundreds of exercise and fitness apps are commer-
cially available, of those retrieved in this study, only a fifth
contained potentially suitable content for people affected by can-
cer. Most focused on aerobic-based activities and they tended to
include goal setting, monitoring and feedback. This may be
reassuring for health professionals as there is good evidence that
goal setting and self-monitoring are important for successfully
changing health-related behaviours, at least in the short term [29].
Similar to previous research, our study found that overall, only a
limited number of BCT are currently utilised in commercially
available apps, although with an average number of 3.9, this
was similar [30] or greater than that found in earlier reviews
[18], perhaps suggesting that app developers are incorporating
a more diverse range of BCT. There is some evidence that for
sustained changes, other person-centred BCT (motivational, au-
tonomy) become more important for maintaining lifestyle im-
provements [29], and presently these approaches seem relatively
underutilised.

We are not aware of any other studies that have applied the
MARS within healthcare, and this tool provided important in-
sights into app usability, an often-overlooked aspect in the health
context but a vital component for sustained engagement. Overall,
most apps appeared to perform well in terms of their objective
quality (engagement, functionality, aesthetics and information),
but less well at promoting knowledge and awareness or help
seeking related to physical activity.

We found some tentative evidence that apps available on
Android only perform less well in terms of content and quality
but this requires further assessment. Of course, people affected
by cancer could just look at product reviews to determine
which app is best to use. Whilst reviews certainly provide
useful information, we think that for apps to be recommended
by health professional more robust criteria are required, par-
ticularly when marketing algorithms, can be manipulated and
market research suggests that more than half of reviews on OS
for apps are fake [31].

Some limitations of this study should be noted. Our search
was restricted to free apps; this was deliberate because we did
not want to include those that would incur a cost to people
affected by cancer when evidence of effectiveness is so limit-
ed. However, we recognise that usage is rarely truly ‘free’ and
payment is via data access; in reality, some patients may prefer
to pay, and indeed payment may incentivise commitment to a
programme. Our findings are limited because we assessed the
content of BCT and not if the behaviour was changed or the
apps’ effectiveness. However, we think it is likely that health
professionals would feel more confident in recommending
apps with the sound theoretical basis and established quality.

Our review was selective (identifying popular apps) and
different time/strategy may have yielded different results.
However, we believe this was a strength because our goal
was realism and we were trying to replicate authentically
how most users search for and find fitness apps most popular
on operating systems. A strength of this study is that we
searched across both main operating systems; apps were inde-
pendently evaluated and rated by trained researchers.

Strategies for health professionals wanting to prescribe
apps to patients have been outlined [21] including
standardising their identification, evaluation and selection to
maximise their utility, safety and impact. Although we agree
this may be best practice, in reality, this may not be practical
for most busy healthcare providers, whatever their profession-
al background. This may be made easier if an online/
automated system could recommend potential apps tailored
to the needs of individual survivors. This study has provided
useful contextual information for the development of an auto-
mated internet-based machine learning algorithm using text
analytics to search databases and make recommendations suit-
ed to the needs and preferences of people affected by cancer
and is a useful preliminary step ahead of testing apps with
people affected by cancer.

Table 4 Correlation between number MARS domains and number of
BCT

MARS domain Rho p value

MARS objective quality 0.371 0.002

Engagement 0.518 0.001

Functionality − 0.068 0.585

Aesthetics 0.337 0.005

Information 0.268 0.028

MARS subjective quality 0.266 0.029

Awareness 0.561 0.001

Knowledge 0.573 0.001

Attitudes 0.181 0.142

Increase intention 0.271 0.027

Help seeking 0.035 0.781

Behaviour change 0.364 0.002

Spearman’s rank correlation coefficient
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