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Abstract
Cancer prevention should start as early as possible. Young adults would benefit largely from the use of a smartphone app aiming
at promoting cancer prevention behaviours. The aims of the study described in this paper are to (1) examine the user participation
and engagement with a cancer prevention app in real-life settings and (2) assess changes in the users’ cancer prevention
behaviours. A cancer prevention smartphone app called Happy was developed and released to the general population. Data from
registered app users’ (N = 3326) demographics and baseline cancer prevention behaviours was analysed. App engagement was
measured and all behaviour data logged through the app was analysed to assess the effectiveness of the app in the promotion of
cancer prevention behaviours. User demographics and baseline behaviour assessment show that the app reached its intended
target population: young adults that generally do not comply with cancer prevention guidelines. Logged behavioural data showed
an increased frequency in several cancer prevention behaviours and a significant increase in the overall putative cancer preven-
tion level (p < 0.001). However, user engagement with the app was limited and might condition the long-term impact of such
changes. Happy reached its intended population and seems to be an effective tool to promote cancer prevention. Further research
is needed to fully assess its long-term persuasive potential.
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Introduction

The Importance of Cancer Prevention in Young Adults

Estimates predict that the number of cancer cases will contin-
ue to rise affecting more than 26 million by the year 2030 [1].
Smoking, drinking alcohol, physical inactivity, inadequate

sun exposure and a poor diet are among the factors that can
seriously increase the risk of cancer. In fact, it is estimated that
more than half of all cancers are due to unhealthy lifestyle
choices [2]. Thus, any intervention aiming to change these
behaviours should start as early as possible, since the cancer
risk increases with the longer exposure to risk factors [3].
Research has shown the reduced awareness of young adults
about cancer risk factors [4, 5] and that an increase in knowl-
edge can have a positive impact on the frequency of cancer
prevention behaviours [6]. Thus, it seems imperative to dis-
seminate cancer prevention information among young adults.
Taking into consideration that young people are early adopters
of digital technologies, it is surprising that researchers have
identified an absence of health interventions delivered by
smartphone targeted to young populations [7]. It seems that
we are overlooking a major opportunity to reach this priority
population on a broad range of health behaviour issues.

Smartphones as Cancer Prevention Tools

People generally have favourable attitudes towards healthy
behaviours but often lack the skills needed to maintain it as
a consistent part of their daily routine [8]. Smartphones, due to
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their portability, connectivity and capabilities, can be very
helpful tools in this hard task. Smartphones are personal de-
vices that accompany individuals throughout the day and
hence are in a unique position to influence users’ behaviours.
They can leverage on the Bprinciple of kairos^, offering health
suggestions at the most opportune moments [9]. It is known
that timely message reception can lead to attitude change and
then to behaviour change. If receivers are able and motivated,
they will process the message and act upon it. The message
will persuade if it is well reasoned, data based and logical; if
not, it will fail [10]. Using the Bprinciple of kairos^, one can
enhance the persuasiveness of the message, increasing the
probability of success.

Pandey and colleagues [11] analysed 77 cancer-related
apps and concluded that currently available smartphone apps
lack scientifically supported data. The authors stated that only
one fourth of all apps were developed by healthcare agencies.
There is a need to ensure that valid and relevant information
reaches the consumers. The majority of cancer-related apps
analysed are focused on general information about the disease,
recent research advances and support for healthcare profes-
sionals and patients. Despite its importance, cancer prevention
was not mentioned as the main theme of any application.
Coughlin and colleagues [12] did an exploratory literature
review and concluded that there is not a sufficient amount of
well-designed studies to establish the cancer prevention capa-
bilities of smartphone apps. They also called for the need to
develop culturally appropriate, tailored health messages to
promote cancer knowledge and awareness. Cancer-related
apps are likely useful and provide a low-cost way to dissem-
inate cancer prevention information to the general population
and to particular at-risk populations [13]. However, we cur-
rently do not have reliable studies and strong evidence to
support this assertion.

This paper describes the impact evaluation of a cancer pre-
vention mobile app, made available to the general population
in real-life settings. The aims of this exploratory study are to
(1) examine the user participation and engagement with the
app in real-life settings and (2) assess changes in the users’
cancer prevention behaviours.

Methods

Smartphone App Description

Happy (Health Awareness and Prevention Personalized for
You) is a cancer prevention smartphone app that aims to per-
suade users to change their behaviour, making healthier
choices, thus reducing their personal risk of cancer (please
refer to Online Resource 1 for screenshots of the app).

Happy uses the Fogg Behavior Model [14] as a theoretical
framework, focusing on the persuasive power of triggers, and is

based on the principle of tailoring. It also uses several strategies
based on different behaviour change techniques such as barrier
identification, prompting, social support, social comparison and
behaviour modelling [15]. When users access Happy for the
first time, they are required to answer a behaviour assessment
questionnaire. The assessed behaviours include diet, physical
activity, weight, alcohol and tobacco consumption, ultraviolet
(UV) radiation exposure, vaccination, screenings and self-
exams. The data collected allows the definition of the user
profile and determines a putative level of cancer prevention,
called HappyScore (HSc) in the context of the app. HSc is
calculated using weighted values for different behavioural fac-
tors, derived from scientific evidence [16–19]. The resulting
score ranges between 0 and 150: the highest the displayed
number, the better the overall behaviour in terms of cancer
prevention. HSc is represented on the landing page, allowing
users to self-monitor their behaviour in a glanceable way.

Behaviour assessment during app use was done
through Ecological Momentary Assessment [20]. Each
day, 30 min before self-reported bedtime, users were
prompted to answer one behaviour question, randomly
assigned from the whole behaviour assessment question-
naire. Users could also log behaviours by taping the but-
ton B+^ on the app’s landing page. Daily behaviour as-
sessments were used to recalculate the users’ HSc and
change the user profile over time, allowing message tai-
loring to occur concurrently to behaviour changes. At any
given moment, users could assess their behaviour by ex-
ploring the statistics section of the app.

Happy sends one tailored short message per day within the
self-reported waking hours of the user via push notification. A
total of 1120 messages were created. Messages follow the
European Code Against Cancer guidelines [2] and target spe-
cific behaviours, providing educational information, re-
minders, motivators and facilitators. The short messages are
tailored to the users’ profile and take into account users’ con-
text (location, time of day, week and month, weather condi-
tions), leveraging on the Bprinciple of kairos^ [9].

In order to take advantage of existing online social interac-
tions, Happy was integrated with Facebook, the most widely
used social networking system [21]. When users access the
social section and opt-in, they can see all their BFacebook
friends^ that are using the app sorted by HSc in a
Bscoreboard^. The app also allows social interaction to occur
between users via messaging.

Finally, Happy also suggests healthy challenges. The chal-
lenges are optional and users can enrol them at their own will.
They are designed to give small achievable goals to boost users’
motivation and help them reach desired behaviours. Each suc-
cessfully completed challenge has a score and adds to the user
score.When they reach certain milestones, they unlock rewards
in the form of badges. These badges can be used for comparison
purposes with other users in the social section.
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The app was developed to run on Android OS and iOS, the
two most commonly used smartphone platforms.

Data Acquisition

The smartphone app was made available in Portugal in
September 2016, and prospective participants downloaded
the free app from the Apple App Store and Google Play
Store between September 2016 and April 2017. All data col-
lected through the app between September 2016 and April
2017 was analysed. All participants provided informed con-
sent through the smartphone and gave permission for sharing
telephone data with the researchers. This study was approved
by the University of Aveiro’s (Portugal) Ethics Committee.

Outcome Measures

Participation, Demographics and Baseline Behaviour
Assessment

The number of app downloads and number of registered users
were recorded. Date of birth and gender were assessed when
users registered in the app. Users later received a survey via
email allowing the collection of the achieved level of education.
Registered users were then required to answer a baseline be-
haviour assessment. The assessed behaviours include diet,
physical activity, weight, alcohol and tobacco consumption,
UVradiation exposure, vaccination, screenings and self-exams.

User Engagement

Engagement with the app was defined as the duration and
frequency of involvement with the app. Three measures of
engagement were used: (1) the duration of app use, calculated
as the number of calendar days from the first to the last time
behavioural data was logged; (2) the total number of days
behavioural data was recorded in the app and uploaded to
the system server; and (3) number of completed healthy chal-
lenges. The combination of the first two measures informs on
how Bintensely^ the app was used by users. For instance, users
could have logged data in two different occasions during a 20-
day period (low level of interaction) or logged data every day
in a 15-day period (high level of interaction).

Behavioural Data

HSc was used as a putative indicator of behavioural changes.
Evolution of HSc (resulting from behavioural data logged in
the app) between September 2016 and April 2017 was
analysed. Given that prospective participants downloaded
and used the app anytime during this period, there were users
with very different time frames of participation. To reach a
minimum of users for adequate statistical analysis, we

considered the evolution of HSc (behavioural logged data)
on a 4-month time frame (first 4 months for users with longer
time usage). All collected data was computed and monthly
averages were calculated. Differences between initial and sub-
sequent HSc values were computed for all users to show
trends in cancer prevention behaviours.

Statistical Analysis

Descriptive statistics and exploratory data analysis were per-
formed. Comparisons of HSc data collected in the app were
done using repeated measures ANOVA test. All statistical
analysis was done using IBM SPSS Statistics, version 22.

Results

Participation, Demographics and Baseline Behaviour
Assessment

From launch to the time of study closure (September 2016 to
April 2017), Happy was downloaded 4691 times (data derived
from iTunes Connect and Google Play Developer Console).
However, only 3326 (70.9%) users registered in the app and
completed the baseline behaviour assessment. Likewise, only
599 (18.0%) users provided data concerning the achieved level
of education. Table 1 summarises the users’ sociodemographic
data along with the self-reported baseline behaviour.

Engagement with the App

Overall, the app was used between 1 and 237 days (mean
30.8 days, SD 51.9) with 8.2% of users (273 out of 3326)
participating at least in one challenge. Users logged behav-
ioural data 7.6 days (range 1–193 days), on average, with only
23.4% (779 out of 3326) of users logging data 10 times or
more. With increasing length of app usage, the number of
behavioural data logged and challenges done per week de-
creased (Table 2). For example, users that utilised the app
between 2 and 3 months (61–91 days) logged, on average,
1.3 times a week, whereas users with between 1 and 2 weeks
(8–14 days) of app use logged 3.3 times a week, on average.

Behavioural Data

Analysis of HSc calculated upon logged behavioural data
showed an average 4 point increase (Fig. 1).

A repeated measures ANOVA analysis supports this obser-
vation. Mauchly’s test indicated that the assumption of sphe-
ricity had been violated, χ2(5) = 188.82, p < 0.001; therefore,
degrees of freedom were corrected using Greenhouse-Geisser
estimates of sphericity (ε = 0.607). The results show that there
was significant effect on HSc over the time, F(1.82, 291.52) =
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9.52, p < 0.001. These results suggest that HSc has positively
changed over time.

Discussion

Main Results

The goals of this study were to examine the user participation
and engagement with a cancer prevention mobile app called

Happy in real-life settings and assess behaviour changes to-
wards cancer prevention.

During the observation period (September 2016 to April
2017), the app was downloaded 4691 times. A total of 3326
users registered in the app and, thus, provided demographic
information. Users were predominantly female (59.8%), grad-
uated (80.8%), and with a mean age of 32.7 (SD = 11.1). The
baseline behaviour assessment revealed that the majority of
users did not comply with cancer prevention guidelines.
About two thirds (33.9%) ate less than five portions of fruit
and vegetables a day, and only 14.3% had the recommended

Table 1 Sociodemographic
characteristics and self-reported
baseline behaviours of 3326 app
users

n (%)

Sociodemographic characteristics
Gender, n (%) Female 1988 (59.8)

Male 1338 (40.2)
Age, mean (SD) 32.7 (11.1)
Level of education* (n = 599), n (%) Secondary education 115 (19.2)

Higher education 484 (80.8)
Self-reported behaviour (baseline)
Level of physical activity, n (%) High 475 (14.3)

Moderate 509 (15.3)
Low 783 (23.5)
No response 1559 (46.9)

Fruit and vegetables (daily average), n (%) ≥ 5 servings 1127 (33.9)
3 to 4 servings 932 (28.0)
1 to 2 servings 776 (23.3)
None 62 (1.9)
No response 429 (12.9)

Tobacco consumption, n (%) > 10 cigarettes 156 (4.7)
1 to 10 cigarettes 376 (11.3)
Nonsmoker 2794 (84.0)

Motivation to quit smoking* (n = 532), n (%) High 18 (0.5)
Moderate 93 (2.8)
Low 421 (12.7)

Alcohol consumption (daily average), n (%) > 2 drinks 138 (4.1)
1 to 2 drinks 866 (26.1)
None 76 (2.3)
No response 2246 (67.5)

Body mass index (BMI), n (%) Obese 203 (6.1)
Overweight 582 (17.5)
Normal weight 1834 (55.1)
Underweight 274 (8.2)
No response 433 (13.0)

Sunburn in the previous year, n (%) Yes 631 (19.0)
No 2400 (72.2)
No response 295 (8.9)

Performed skin self-exam, n (%) Yes 876 (26.3)
No 1832 (55.1)
No response 618 (18.6)

Received pap smear* (n = 1988), n (%) Yes 1093 (55.0)
No 511 (25.7)
No response 384 (19.3)

Performed breast self-exam* (n = 1988), n (%) Yes 945 (47.5)
No 696 (35.0)
No response 347 (17.4)

Performed testicular self-exam* (n = 1388), n (%) Yes 355 (25.6)
No 689 (49.6)
No response 344 (24.8)

HPV vaccination* (n = 1988), n (%) Yes 918 (46.2)
No 573 (28.8)
Don’t know 317 (15.9)
No response 180 (9.1)

HBV vaccination, n (%) Yes 1967 (59.1)
No 360 (10.8)
Don’t know 681 (20.5)
No response 318 (9.6)

*Items with n different from total (3326)
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level of physical activity. A quarter of users (23.6%) were
overweight; 16.0% presented themselves as smokers and

30.2% declared alcohol consumption. A fifth of all users
(19.0%) had at least one sunburn in the past year and more

Table 2 Mean engagement
parameters for different
enrolment lengths. All users that
logged behavioural data were
included (n = 3140)

Length of app usage n Days of app
usage

Behavioural data logged
(days)

Challenges

Mean (SD) Mean (SD) Mean/week
(SD)a

Mean
(SD)

Mean/week
(SD)b

≤ 1 week (1–7 days) 1611 2.4 (1.8) 1.9 (1.2) 6.2 (1.4) 1.4 (1.3) 2.6 (2.8)

1–2 weeks
(8–14 days)

283 10.6 (2.0) 5.0 (2.6) 3.3 (1.6) 1.9 (1.2) 1.4 (0.8)

2–3 weeks
(15–21 days)

195 17.8 (2.0) 5.8 (3.8) 2.3 (1.4) 2.9 (3.2) 1.2 (1.3)

3–4 weeks
(22–29 days)

156 25.5 (2.4) 8.8 (5.7) 2.4 (1.5) 2.2 (1.9) 0.6 (0.5)

1–2 months
(30–60 days)

338 42.2 (9.1) 10.4 (8.4) 1.8 (1.4) 3.9 (4.2) 0.7 (0.8)

2–3 months
(61–91 days)

169 75.9 (9.1) 14.5 (13.4) 1.3 (1.2) 2.9 (2.5) 0.3 (0.2)

3–4 months
(92–122 days)

104 105.6 (9.7) 17.7 (18.3) 1.2 (1.2) 3.5 (5.4) 0.2 (0.4)

4–5 months
(123–152 days)

98 137.6 (7.9) 27.1 (32.0) 1.4 (1.6) 5.3 (6.0) 0.3 (0.3)

5–6 months
(153–182 days)

68 168.5 (9.2) 26.0 (25.5) 1.1 (1.1) 8.7 (12.6) 0.4 (0.5)

6–7 months
(183–212 days)

65 200.3 (8.9) 35.1 (38.1) 1.2 (1.3) 3.2 (4.2) 0.1 (0.1)

7–8 months
(213–237 days)

53 226.1 (7.3) 49.3 (53.5) 1.5 (1.6) 7.9 (12.5) 0.2 (0.4)

a Calculated by (number of behaviour logs / number of days of app usage)×7
b Calculated by (number of completed challenges / number of days of app usage)×7

Fig. 1 Changes in users’ HSc
during the first 4 months of app
use (n = 161). Each grey line
represents a different user. The
blue line depicts the average HSc
difference for the whole group of
users
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than half (55.1%) never performed a skin self-exam,
undermining the possibility of preventing the most common
form of cancer (nonmelanoma skin cancer) [1]. Among fe-
male users, about half (45.0 and 53.8%) did not comply with
cervix cancer prevention guidelines (Pap smear and HPV vac-
cination), despite being a common form of cancer in women
[1]. Likewise, almost half of all male users (49.6%) had never
performed a testicular self-exam, a simple and quick way to
detect the most frequent cancer in young men in Western
populations [22]. This confirms previous observations
concerning this population’s lack of cancer awareness [4, 5].
We can thus assert that this app reached the target population:
young adults that currently do not comply with cancer preven-
tion guidelines. It is also worth noting that, among users that
smoked, the motivation to quit was, overall, low (cf. Table 1).
It is reasonable to think that these users would never download
a quit-smoking app. However, by downloading this app, they
were exposed to health messages motivating them to quit
smoking, providing a good opportunity for them to change
this harmful behaviour. This underlines the importance of
multiple behaviour interventions as opposed to single behav-
iour interventions.

The present study reported low levels of app engagement,
with only 23.4% (779 out of 3326) of users logging data 10
times or more. On average, the app was used for 30.8 days and
only 8.2% users participated in healthy challenges. Results
also showed that the longer the users logged data, the less
frequently they engaged with the app each week. This has
been reported in previous studies and seems to be a side effect
of using health-related apps in real-life settings [23]. This phe-
nomenon has been called the BLaw of attrition^ and is one of
the fundamental methodological challenges in the evaluation
of health-related applications [24]. Unlike drug trials, where
the intervention is Bprescribed^ to patients, in studies involv-
ing health information technology, usage is at the discretion of
the participant and he/she can easily discontinue usage. In
longitudinal studies such as the one described, where the in-
tervention is neither mandatory nor critical for the partici-
pants’ health, frequently trial participants will be lost reducing
the intervention group to a small number of participants.
Several factors have been proposed that might influence
nonusage and dropout attrition in mobile health interventions
such as inappropriate information (leading to unrealistic ex-
pectations), ease of enrolment and drop out, usability and
interface issues, lack of personal contact, workload and time
required, competing interests, among others [24].

Happy was designed for long-term use, since it relied on
small changes to occur cumulatively over a long period of
time. In this sense, we can assume that the app was not able
to engage users for a long period of time, conditioning its
long-term effectiveness. This time range should be taken into
consideration when designing future health-related apps: 30-
day interventions should be more adequate to optimise

resources and results. Despite this limitation, study results
show that Happy might be an effective way to promote cancer
prevention. Behavioural data logged by users showed an in-
crease in some protective behaviours and a decrease in risky
behaviours. The average HSc, representing the overall cancer
prevention level, improved by 4 points during a 4-month pe-
riod. Results are suggestive of the persuasive potential of
Happy to increase cancer prevention behaviours in frequent
users. However, given the attrition limitations experienced in
this study, more research is needed to effectively assess this
effect on cancer prevention behaviours on longer time frames
in real-life settings.

Limitations

The main limitation in this study is associated with the
nonusage attrition. Users logged behavioural data 7.6 days,
on average, and engagement with the app decreased as they
used it for a longer period. The reported low levels of app
engagement undermine the generalisation of this study results
and validate permanent behaviour changes.

Future Work

This study provided some evidence that a cancer prevention
smartphone appmight be effective. However, due to nonusage
attrition, the results should be regarded with caution. An in-
depth study of the factors underlying this phenomenon would
be of great value, since user engagement with the cancer pre-
vention app is essential for its success regarding the effective-
ness of this solution in promoting cancer prevention behav-
iours. Further research is needed to fully assess the effective-
ness of Happy. Namely, a randomised controlled study should
be designed to assess the effects of using this cancer preven-
tion app; the use of controlled settings would probably lower
the nonusage attrition rate, since participants are likely to be
more motivated and committed to this type of study because
of the formal structure and selection processes involved [24].

Conclusions

The promotion of cancer prevention behaviours in healthy
young adults can largely benefit from the use of smartphone
apps. Happy, a smartphone app targeting cancer prevention
behaviours, was developed and released to the general popu-
lation aiming to reach young adults that generally do not com-
ply with cancer prevention guidelines. The analysis of the user
demographics and baseline assessment indicate that the app
reached its target population. Study results provided some
evidence that a cancer prevention smartphone app can be ef-
fective. However, user engagement with the app was shorter
than expected and limits the conclusions of the study. Further
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research is needed to fully assess the effectiveness of Happy,
during a longer time range in real-life settings.
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