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Abstract

Background: mHealth has experienced a huge growth during the last decade. It has been presented as a new and promising
pathway to increase self-management of health and chronic conditions in several populations. One of the most prolific areas of
mHealth has been healthy lifestyles promotion. However, few mobile apps have succeeded in engaging people and ensuring
sustained use.

Objective: This paper describes the pilot test protocol of the PReventive Care Infrastructure based on Ubiquitous Sensing
(PRECIOUS) project, aimed at validating the PRECIOUS system with end users. This system includes, within a motivational
framework, the Bodyguard2 sensor (accelerometer with heart rate monitoring) and the PRECIOUS app.

Methods: This is a pilot experimental study targeting morbidly obese prediabetic patients who will be randomized to three
conditions: (1) Group 1 - Control group (Treatment as usual with the endocrinologist and the nurse + Bodyguard2), (2) Group 2
- PRECIOUS system (Bodyguard2 + PRECIOUS app), and (3) Group 3 - PRECIOUS system (Bodyguard2 + PRECIOUS app
+ Motivational Interviewing). The duration of the study will be 3 months with scheduled follow-up appointments within the scope
of the project at Weeks 3, 5, 8, and 12. During the study, several measures related to healthy lifestyles, weight management, and
health-related quality of life will be collected to explore the effectiveness of PRECIOUS to foster behavior change, as well as
user acceptance, usability, and satisfaction with the solution.

Results: Because of the encouraging results shown in similar scientific work analyzing health apps acceptance in clinical settings,
we expect patients to widely accept and express satisfaction with PRECIOUS. We also expect to find acceptable usability of the
preventive health solution. The recruitment of the pilot study has concluded with the inclusion of 31 morbidly obese prediabetic
patients. Results are expected to be available in mid-2017.

Conclusions: Adopting and maintaining healthy habits may be challenging in people with chronic conditions who usually need
regular support to ensure mid/long-term adherence to recommendations and behavior change. Thus, mHealth could become a
powerful and efficient tool since it allows continuous communication with users and immediate feedback. The PRECIOUS system
is an innovative preventive health care solution aimed at enhancing inner motivation from users to change their lifestyles and
adopt healthier habits. PRECIOUS includes ubiquitous sensors and a scientifically grounded app to address three main components
of health: physical activity, diet, and stress levels.

Trial Registration: Clinicaltrials.gov NCT02818790; https://clinicaltrials.gov/ct2/show/NCT02818790 (Archived by WebCite
at http://www.webcitation.org/6qfzdfMoU)
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Introduction

Information and communication technologies (ICT) applied to
health and health care systems have been shown to increase
their efficiency, improve quality of life, and unlock innovation
in health markets. eHealth has emerged as a rapidly increasing
area of promoting health, as well as bringing together end users
and health care professionals to foster information exchange
and effective communication. It is therefore the key technology
for 21st century health care, as analyzed and projected within
the European Commission eHealth Action Plan 2012-2020 [1].
The mHealth subdomain promises to bridge the gap between
health settings and real-world scenarios [2]. Currently, mobile
phones are widely used across developed countries. Their
portability, ease of use, and ubiquity make them excellent tools
to enhance the self-management of health and specifically
chronic conditions.

The World Health Organization has estimated that in 2020
chronic or noncommunicable conditions accounted for 87% of
deaths in high-income countries. Only 7% of deaths were
attributed to communicable conditions and nutritional
deficiencies and 6% to injuries [3]. The proportion of deaths
worldwide caused by noncommunicable diseases is projected
to rise from 59% in 2002 to 69% in 2030 [4]. Chronic diseases
have traditionally included cardiovascular disease, diabetes,
and asthma or chronic obstructive pulmonary disease. As
treatments and survival rates have improved, chronic conditions
now also include many varieties of cancer, human
immunodeficiency virus and acquired immune deficiency
syndrome, mental disorders (eg, depression, schizophrenia, and
dementia), and disabilities such as visual impairment and joint
disease. Many of these conditions are linked to an ageing society
but also to lifestyle choices such as smoking, sexual behaviors,
diet, and exercise, as well as to genetic predispositions. What
these diseases have in common is their need for a long-term
and complex response, coordinated by di erent health
professionals with access to the necessary drugs and equipment,
and extending into social care.

For these reasons, mHealth is a key element to improving the
management of chronic conditions because it includes a huge
range of possibilities such as psycho-education, ecological
momentary assessments, constant monitoring, reliable
biofeedback, immediate tailored feedback, and brief
interventions [5-8]. However, ensuring adherence and sustained
motivation among users is still a complicated and unresolved
problem as users have been frequently shown to lose interest
in mHealth solutions resulting in decreased compliance of
recommendations in the long run [9].

Health games or specialized motivating apps for mobile phones
offer a possible solution to address the motivational factors
involved in this problem. Thus, these apps try to bring
empowerment, joy, engagement, and to offer a social connection

to an otherwise rather dull self-management task [10-12]. As a
result, the market for health-related games and apps has
exploded in recent years, yielding over 100,000 apps in this
area [1,2]. However, the information quality of the content of
the apps is merely adequate [9]. In addition to functionality and
esthetics, app developers should invest in providing content and
quality behavioral tracking features, combined with a solid
framework including motivational aspects. It is then
recommended that they employ psychological techniques known
to be effective in changing relevant behavior patterns and to
improve the user experience and foster behavior change. Despite
growing development and utilization of apps in research,
additional experimental evaluation is required to understand
whether the presence of particular content, behavior change
techniques, motivational feedback, and so on, is associated with
behavior change [9].

The PREventive Care Infrastructure based On Ubiquitous
Sensing (PRECIOUS) project is a 7th Framework Programme
for Research and Technological Development (FP7) project
funded by the European Union and part of the eHealth and
Ageing Initiative. Given increasing global obesity rates and
physical inactivity, the project aims at preventing diseases such
as type 2 diabetes and cardiovascular diseases by promoting
healthier lifestyles. The project partners have designed and
created a fully personalized system able to adapt to the user’s
goals and preferences, combined with sensors (Bodyguard2,
which is an accelerometer with 24h heart rate monitoring). Food
intake, physical activity, stress levels, and sleep patterns are
assessed in order to create a complete model of the user’s status
called Virtual Individual Model, and subsequently certain
measures and possibilities are suggested. A mobile phone based
client app then finally delivers these interventions by running
them within a privacy-ensuring sandbox, hence also facilitating
developer’s efforts to intelligently integrate health data. A core
concept in the PRECIOUS system is to operate under a common
motivational umbrella guided by principles of motivational
interviewing (MI) [13] in order to ensure long-term behavior
change.

Methods

Objectives
The main goal of this pilot study is to assess users’ overall
satisfaction, usability, and acceptability of the PRECIOUS
system and to explore if MI is a feasible solution to foster
adherence to PRECIOUS in a sample of end users. Moreover,
we explore whether it triggers behavior change and builds up
motivation to maintain sustained change towards healthy
lifestyles.

Hypothesis
Since this is a pilot study aimed at testing the feasibility of using
the technology to achieve behavior change, no specific
hypotheses have been put forward. Based on previous research
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on the efficacy of lifestyle apps and MI studies to foster behavior
change [9,13-15], it can be expected that intervention groups
(Groups 2 & 3) will show a tendency of change towards a
healthier lifestyle compared to control group. These changes
can be measured with the weight management questionnaires,
the substance use/abuse questionnaires, and with several items
related to the assessment of one of the main variables of the
study (effectiveness).

No preliminary hypotheses have been established about possible
differences between intervention Groups 2 and 3. Ideally, both
groups will follow PRECIOUS recommendations with no
significant differences between them. Thus, the potential benefits
of the PRECIOUS app are expected to be achieved without the
need for additional support (MI counseling). The PRECIOUS
app’s continuous monitoring and feedback, as well as
psycho-educational content and messages, are expected to
effectively foster healthier lifestyles.

Sample, Recruitment, and Study Design
A convenience sample (non-probabilistic) of patients has been
recruited from a specialist outpatient consultation (anonymized
for peer review). From an initial list of 55 potential participants,
24 (43.6%) were not included in the study because they were
not interested or able to follow the full 3-month protocol. A
total of 31 patients (71%, 22 women and 29%, 9 men) meeting
the following inclusion criteria has been recruited: (1) patients

under the care of medical specialists who adhere to national
guidelines for morbid obesity and prediabetic condition
following the American Diabetes Association criteria of fasting
plasma glucose level from 5.6mmol/L (100 mg/dL) to
6.9mmol/L (125 mg/dL), (2)  18 years old, (3) body mass index
≥30, (4) understand and complete questionnaires in Spanish
language, (5) use multimedia platforms such as personal digital
assistants, tablets, laptops, mobile phones, or personal computers
on a regular basis, and (6) have Android devices with an Internet
connection. The rationale for choosing participants with Android
devices is mainly technical because at this stage of the project,
only an Android version of the app is available. Patients with
the following criteria have been excluded from the study: (1)
any mental (eg, cognitive impairment, severe psychopathology
not stabilized) or physical condition that could interfere with
the successful application of the research protocol, and (2)
technological illiteracy or any other condition precluding the
use of a mobile phone. Table 1 shows the demographic
characteristics of the sample. Potential participants have been
invited to take part in the study via telephone contact and have
been randomly assigned into three groups:

• Group 1: Control group (treatment as usual + Bodyguard2)
• Group 2: PRECIOUS system (PRECIOUS app +

Bodyguard2)
• Group 3: PRECIOUS system (PRECIOUS app +

Bodyguard2 + MI)

Table 1. Demographic and health characteristics of the sample.

Group, mean (SD)Characteristic

Total (n=31)3 (n=10)2 (n=10)1 (n=11)

39.35 (9)38.9 (8.2)41.9 (6.2)37.45 (11.7)Age, years

119.83 (18.2)116.86 (21.3)112.5 (11.7)129.18 (17.5)Weight, kg

164.58 (8.3)166.9 (9)165.7 (5.5)161.45 (9.3)Height, cm

44.23 (5.9)41.68 (4.4)40.9 (2.8)49.56 (5.6)Body mass index, kg/m2

124.97 (17.7)125.2 (20)117.7 (11.5)131.36 (19)Maximum attained weight, kg

2.68 (3.5)2.8 (3.1)2 (3.2)3.18 (4.2)Number of diets last year

Measures
Two types of measures will be registered: (1) A set of primary
measures to evaluate users’ opinions and experiences with the
PRECIOUS system, and (2) a set of secondary measures to
explore the differences between groups across the sessions.

Primary Outcome Measures
To explore users’ acceptance of PRECIOUS system, the
following aspects will be assessed:

Usability: 11-item questionnaire (10 items with 5-point Likert
scale and 1 item with 10-point Likert scale) to assess users’
interaction with app and system interface.

Satisfaction: 14-item questionnaire (10-point Likert scale) to
assess satisfaction with the different modules of the app
(physical activity, diet diary), reports, feedback messages, and
other interface elements.

Acceptance: 4-item questionnaire (10-point Likert scale) to
measure the disposition to use and recommend the system to
other patients.

Effectiveness: 15-item questionnaire (10-point Likert scale) to
assess engagement, change, and adherence to healthy habits.

In Group 1 (control, treatment as usual), all these aspects will
be assessed but with an adaptation of the same questionnaires
based on their specific follow-up and the use of the Bodyguard2.

These measures were developed ad hoc for this study, but the
usability items are based on the System Usability Scale [16]
and acceptance and satisfaction items are based on the
Questionnaire for User Interaction Satisfaction 7.0 [17].

Secondary Outcome Measures
Additional outcome measures will be included to explore the
differences between groups across the sessions. Demographics
and clinical data such as date of birth, gender, actual and
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maximum attained weight, height, number of diets in previous
year, and questions related to self-esteem will be registered.

Health-related quality of life will be assessed with the Spanish
version of the Short Form (SF)-12v2 Health Survey [18,19], a
shorter version of the SF-36v2 Health Survey that consisted of
12 questions (3 and 5-point Likert scale) to measure functional
health and well-being from the patient’s point of view. The
SF-12v2 covers the same 8 health domains as the SF-36v2:
physical functioning, role-physical, bodily pain, general health,
vitality, social functioning, role-emotional, and mental health.

Weight management will be assessed with Spanish versions of
S-Weight and P-Weight questionnaires [20,21]. P-Weight is a
34-item questionnaire (5-point Likert scale) developed to assess
the process of change in weight management. S-Weight consists
of 5 mutually exclusive items that allow allocation of
participants to one of the five stages of change of the
Transtheoretical Model [22] for weight management:
precontemplation (not ready), contemplation (getting ready),
preparation (ready), action, and maintenance.

The symptoms of depression, anxiety, and stress will be
measured with the Spanish version of the Depression, Anxiety,
and Stress Scale (DASS) [23]. DASS is a 21-item questionnaire
(4-point Likert scale) developed to assess the severity of the
core symptoms of depression, anxiety, and stress, and it is not
designed as a diagnostic tool. For each scale, it offers a severity
rating: normal, mild, moderate, severe, and extremely severe.

Alcohol consumption will be measured with the Spanish version
of Alcohol Use Disorders Identification [24,25], a 10-item
questionnaire (4-point Likert scale) developed by the World
Health Organization as a simple method of screening for
excessive drinking and to assist in brief assessment.

Tobacco consumption will be measured with the Spanish version
of Fagerstrom Test for Nicotine Dependence [26,27]. It contains
6 items (some with a yes/no response and some with a 4-point
Likert scale) that evaluate the quantity of cigarette consumption,
the compulsion to use, and dependence.

Sleep quality will be assessed with the Spanish version of the
Pittsburgh Sleep Quality Index [28,29], which measures sleep
quality and disturbances over a 1-month time interval with 19
items. It assesses the following components: subjective sleep
quality, sleep latency, sleep duration, habitual sleep efficiency,

sleep disturbances, use of sleeping medication, and daytime
dysfunction.

Physical activity will be assessed with the PRECIOUS app in
the intervention groups (Groups 2 and 3). Physical activity will
be measured with accelerometer data from the patient’s mobile
phone. The accelerometer counts the steps walked and provides
the patient a graphic result with total accumulated steps and
time spent. If the patient cannot wear the mobile phone, the
PRECIOUS app allows them to manually introduce the activity
performed and it calculates the equivalence in steps.

Nutritional habits will be assessed with the PRECIOUS app in
the intervention groups (Groups 2 and 3) with a diary that allows
the patient to register the different meals each day.

The PRECIOUS app architecture and the interface of the
physical activity and nutritional habits modules includes the
four processes of MI (engaging, focusing, evoking, and
planning) and MI micro-abilities (open questions, affirmations,
reflections, summaries, and offering information to the users
with their permission). Figure 1 shows screenshots of the
PRECIOUS app. For the control group (Group 1), physical
activity and nutritional habits will be assessed with self-reports
using a weekly diary on paper. A total of 6 weeks will be
registered: 3 weeks at the start of the study and 3 weeks at the
end of the study.

To measure cardiovascular activity, the Bodyguard2 (Firstbeat)
device will be used. This device works as a Holter measurement
and allows recording of 24-hour periods. The Bodyguard2 is a
lightweight and unobtrusive device, attached to the chest with
two adhesive electrodes, and is reliable for recording heart rate
variability (R-R interval) and movement data. A total of 6
days/nights will be registered in the groups: 3 days/nights at the
start of the study after the first session (week 1) and 3
days/nights before the last session (week 12). Data collected
with Bodyguard2 device will be analyzed with an adaptation
of the Lifestyle Assessment Analysis Server Software (Firstbeat)
performed by the PRECIOUS consortium partners (Aalto). This
software provides a detailed report of the measured period:
stress levels, recovery reactions, physical activity, exercise,
sleep quality, and expended kilocalories. At the follow-up
assessments (Sessions 3 and 5), patients will receive a report
accompanied by oral explanations of the results provided by
the researcher in charge of the follow-up.
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Figure 1. Screenshots of PRECIOUS app: a) home screen, b) physical activity app, c) dietary app.

Procedure
The study will have a duration of 3 months with the following
scheduled follow-up appointments: Session 1 (Week 1) as a
baseline, Session 2 (Week 3), Session 3 (Week 5), Session 4
(Week 8), and Session 5 (Week 12). Figure 2 shows a detailed
timeline of the procedure and measures assessed in each session.
In Session 1, patients will receive a detailed explanation of the
study, will be provided with written and oral information, and
will give informed consent. They will then answer all of
secondary measures in a semistructured interview and then
receive the Bodyguard2 device. Patients from the intervention
groups (Groups 2 and 3) will be invited to download the
PRECIOUS app on their mobile phone and create a user account.
Patients from the control group (Group 1) will receive a 3-week
paper diary to register physical activity and nutritional habits.
They will also follow their treatment as usual for morbid obesity.
Specifically, treatment as usual consists of regular follow-ups
with the endocrinologist and standard routine tests (blood
samples, glucose) and anthropometric measurements carried
out by a nurse. Session 1 lasts 1 hour approximately. Sessions
2 and 4 will be telephone follow-ups, lasting a maximum of 10
minutes. Only doubts and questions regarding PRECIOUS will
be addressed (specific measures not collected) in telephone

follow-ups. In all three groups, the use of the Bodyguard2 device
during the 3 days/nights after Session 1 will be verified. In these
telephone follow-ups, the researchers and users agree on the
day of the next session in the hospital. Session 3 will be focused
on discussing the results obtained with Bodyguard2 (only in
Groups 2 and 3), to understand users’ preliminary opinions
about the PRECIOUS app. In Group 1, the weekly self-reports
of physical activity and nutritional habits will be discussed.
Session 3 lasts 1 hour approximately. Session 5 will be the last
of the study. Primary and secondary measures will be answered,
and the results obtained with Bodyguard2 will be discussed.
This last session lasts 1 hour and 30 minutes approximately.
All the Group 3 follow-ups will be performed following MI
principles. In Groups 1 and 2, MI principles will not be applied.
MI has the main goal of getting participants to resolve their
ambivalence about changing behavior while not evoking
resistance. For such purposes, a directive, person-centered
counseling style is employed. This approach is intended to elicit
behavior change by helping patients explore and resolve
ambivalences and understand the discrepancy between
participants’current behaviors in terms of lifestyles and desired
goals [13]. The researcher in charge of these groups has specific
training to lead MI sessions.
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Figure 2. Flowchart of sessions during the pilot test and the measures assessed in each one.

Statistical Plan
The statistical analysis will consist of intergroup (Groups 2 and
3) descriptive and mean comparison analyses concerning
primary outcome measures (usability, user satisfaction,
acceptance, and system effectiveness) and overall assessment
of the motivational aspects of PRECIOUS. In our pilot test, the
method to assess minimal clinically important difference will
be employed (distribution-based method, ie, ±1 mean standard
deviation) to study differences between groups related to the
main primary outcomes [30].

Secondary analyses will describe and explore changes between
groups (inter and intra) in the following secondary outcome
measures: (1) health-related quality of life using SF12v2), (2)
weight management using S-Weight & P-Weight, (3) severity
of the core symptoms of depression, anxiety, and stress using
DASS, (4) alcohol consumption using Alcohol Use Disorders
Identification test, (5) tobacco use with the Fagerstrom Test for
Nicotine Dependence, and (6) sleep quality using the Pittsburgh
Quality of Sleep Index. For these purposes, correlational, median
comparisons, and nonparametric tests (chi-square tests,
Mann-Whitney U) will be performed.

Setting the pilot trial sample size in order to minimize overall
size has been based on the Kieser and Wassmer approach. They
applied the 80% upper control limit approach to sample size
calculation and found that a pilot trial sample size between 20
and 40 would minimize the overall sample size for a main study
sample size of 80-250, corresponding to standardized effect
sizes of 0.4 and 0.7 (for 90% power based on a standard sample
size calculation) [31].

All analyses will be carried out using the Statistical Package
for Social Sciences, version 19. A 95% confidence interval will
be used for all analyses.

Ethics
Research procedures in this pilot study complied with European
Union and national legislation (ie, the Charter of Fundamental
Rights of the EU, Directive 95/46/EC of the European
Parliament, and of the Council of October 24, 1995, on the
protection of individuals with regard to processing of personal
data and the free movement of such data). PRECIOUS partners
respect the latest Helsinki Declaration and follow the ethical
guidelines provided by their national scientific societies and
their local research institutions. This pilot study and all studies
included in PRECIOUS have been presented to the hospital
research ethics committee for approval and have been accepted
(reference PR(AG)212/2014). All participants are adult
volunteers, and informed consent has been obtained in all cases.
None of the methodologies and technologies used are known
to inflict any physiological or psychological damage on
participants. The investigations included in the project are not
medical examinations. This study has been presented to the
University Hospital Vall d’Hebron research ethics committee
for approval, and all issues resolved satisfactorily.

The first stages of participant recruitment (already performed)
were carried out in the outpatient clinic of the Endocrinology
Department of Vall d’Hebron Research Institute and Psychiatry
department (ie, the bariatric surgery consultation unit). All
individuals interested in taking part were contacted via telephone
and introduced to the general nature (eg, purpose, methods) of
the study. An informed consent was obtained in a face-to-face
interview before starting the study. It included a written
description of the study using language and terminology that is
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reasonably understandable to the participants (eg, all
measurement techniques and procedures). The participants were
also told that they may withdraw from the study at any time
without consequences of any kind. In addition, the relevant
details of data protection and storage were described to them.

Personal data are anonymized and made inaccessible to third
parties. All questionnaires (with no participant name) completed
by the participants are stored in a dedicated locked room. The
digital identification data file containing participant names and
contact information is stored in a safe. When analyzing data,
researchers used digital data files with no identification data (a
participant number will be used for data-linkage purposes).
Only the researchers involved in the project have access to these
data files. At the end of the 3-year project (or earlier), all
questionnaires and identification data files will be destroyed.
That is, the remaining digital data files will be such that the
participants (data subjects) can no longer be identified.

Results

This pilot study has concluded with the inclusion of 31 morbidly
obese patients. The anticipated completion of data analysis and
dissemination of final results is June 2017.

Discussion

Principal Considerations
The main goal of this pilot study is to assess users’ overall
satisfaction, usability, and acceptability of the PRECIOUS
system and to explore if MI is a feasible solution to foster
adherence to the PRECIOUS system in a sample of end users.
Moreover, we explore if PRECIOUS triggers behavior change
and builds motivation to maintain sustained change towards
healthy lifestyles.

The use of mobile computing and communication technologies
in health care and public health is continuously expanding and
evolving [32]. A report from the IMS Institute for Healthcare
Informatics has shown that more than 165,000 mHealth apps
are now available on the market, more than doubling over the
past 2 years [1,2]. A high percentage of these apps are focused
on healthy lifestyles, providing an attractive offer with different
activities and incentives aimed at catching people’s attention
[8,9,33-35]. Physical activity, healthy diet, and stress
management are star products among this huge offering of apps.
The World Health Organization discusses the benefits of using
ICT in health care settings in terms of better access to
information, improved communication between colleagues and
patients with health providers, facilitating continuing
professional development, and providing learning tools for
health care professionals, patients, and the community as a
whole. This huge market holds promising benefits, especially
for users. A recent report from the European Union assessed
the socioeconomic impact of mHealth solutions and found that
they offer the potential of a cost saving of €76 billion, with the
technology helping 54 million patients avoid the risk of
developing a lifestyle disorder [32]. However, 75% of apps are
abandoned just 3 months after being downloaded. A possible
explanation for such low rates of adherence might be the initial

design of the apps. A vast number of apps already exist for
different health conditions, but the majority offer similar
functions and fail to include, from the very initial phases of
service design, a comprehensive motivational framework and
sufficient psychological parameters to ensure engagement and
mid- to long-term adherence to the service. PRECIOUS is
intended to overcome such limitations and aims to combine a
multidisciplinary scientific corpus of knowledge, nurtured from
ICT, engineering, psychology, and mental health sciences.
Available evidence-based MI interventions showing positive
results will also serve as a reference. Thus, the PRECIOUS
system integration, verification, and validation are guided by
the following primary objectives: (1) to ensure that the
PRECIOUS system is free from defects and acceptable for use,
and (2) to verify that the PRECIOUS system is able to fulfill
the requirements.

mHealth apps with motivational elements provide psychological
incentives for users to participate by appealing to their sense of
achievement and enjoyment. A reminder alone may not be a
compelling enough reason to, for instance, go for a run, keep a
healthy diet, or take one’s medication over time. Yet, when
given rewards for complying, users have been shown to
participate at a higher rate. The best approach to ensure sustained
motivation is to build a solid motivational framework and also
be able to discern the differences of potential users and to treat
them differently [36]. PRECIOUS takes into account all these
factors and adapts to users by generating a virtual individual
model by asking them for their outcome goals from the very
beginning and by remembering in a personalized manner
progress, achievements, and meaning of actions. In this sense,
users will establish their outcome goals from the start and these
will be linked to health behaviors (eg, physical activity, healthy
diet, stress). PRECIOUS will meet their needs by offering them
different apps to guide them to success. Thus, the comprehensive
motivational framework of PRECIOUS puts the user in the
center of the action and promotes adherence, empowerment,
and health self-management by creating a positive journey for
users. All of this is expected to promote and contribute to
maintenance of long-term motivation for behavior change.

In brief, interventions that merge up-to-date cognitive-behavioral
science and MI with interactive technology may be an efficient
and innovative way to address some of these issues because
they can be disseminated to new settings, populations, and areas
that might not otherwise have the capacity for in-person
evidence-based care. MI delivered by new technologies (eg,
mobile apps) can address these issues because the content is
programmable, automated, and personalized, which may be
particularly important when disseminating MI in diverse
populations and in different languages. This approach is also
less expensive than one-on-one treatment, offers easy access,
and the anonymity overcomes the stigma sometimes associated
with formal treatment [37].

Limitations
Our study protocol has some drawbacks that should be taken
into account. First, representativeness and thus, generalization
of preliminary findings are likely to be an issue, specifically,
due to the nature of the sample (ie, a nonprobabilistic
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convenience sample) and because we will limit the pilot test to
users with Android operating systems. It may be possible that
users with iOS devices have a different profile and motivations
towards healthy lifestyles and behavior change. To understand
this limitation, the PRECIOUS project consortium plans to
perform future trials with users of iOS. Second, the PRECIOUS
app will experience some updates within the scope of the trial.
Considering that app schedule updates are not fully
customizable, it is possible that patients will not have exactly
the same experience since availability of some features could
vary. Additionally, assessment sessions and the data collection
process are planned to be long because more than 150 items are
expected to be collected and commented on. This might reduce
the validity and accuracy of the answers. Thus, future studies
should focus on the most relevant aspects to reduce bias in the
data collection process and reporting. Finally, technological
literacy and familiarity with eHealth solutions should also be
considered a potential limitation. The literature on this topic
lacks empirical research on the social practice of ICT and

possible social/health exclusions if these solutions were
implemented on a large scale. Research should enable us to
extend our understanding of the barriers to adoption and
integration of ICT in the health context and with specific sample
populations. However, in this protocol study we devoted the
initial assessment session to explain the eHealth solution. This
was reinforced by follow-ups (telephone and face-to-face).

Conclusions
The PRECIOUS project will provide new innovations in
preventive health care that include (1) a new automated service
that analyzes user health to identify present and future risk
factors, (2) a novel motivational system that boosts the required
user actions to reduce unhealthy habits and promote healthy
ones, and (3) an innovative gamified user interface, including
key motivation elements from the gaming industry to trigger
and maintain behavioral change. Research on the health-specific
effects of this solution on users must be carried out, as well as
the economic impact on the health care system that such a
preventive system could have.

Acknowledgments
We gratefully acknowledge all participants for their contribution to the study.

The PRECIOUS project Grant Agreement No. 611366 is a project supported by the European Commission through the 7th
Framework Programme. PRECIOUS has eight beneficiaries from six countries (FI, UK, ES, AT, FR, BE) and is coordinated by
AALTO-Korkeakoulusäätiö (FI).

The Aalto University acts the project coordinator and Principal Investigator of the PRECIOUS project. The European Commission
panel of reviewers acts as monitoring agents of this project.

Authors' Contributions
PLP and CCT were responsible for the study design and app theoretical framework development. PLP was responsible for
coordination with the relevant hospital departments (Endocrinology and Psychiatry Departments) to recruit the pilot sample of
participants. AC and GPP provided a list of potential participants and supported sample recruitment. CCT and JMS will be
responsible for all tasks involved in the development of the PRECIOUS pilot test (eg, recruitment, assessments, monitoring,
follow-up appointments, data entry). CCT and JMS will analyze data and wrote the first draft of the manuscript. CCT, JMS, and
PLP have participated in later versions of this manuscript, and all made important contributions to its final version. All authors
have read and have approved this final manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Evaluation report fro PRECIOUS project.

[PDF File (Adobe PDF File), 131KB-Multimedia Appendix 1]

References

1. European Commission. eHealth Action Plan 2012-2020: Innovative healthcare for the 21st century. URL: https://ec.europa.eu/
digital-single-market/news/ehealth-action-plan-2012-2020 [accessed 2017-05-24] [WebCite Cache ID 6qhrSPIZI]

2. European Commission. An assessment report for the European Union. Socio-economic impact of mHealth URL: http:/
/www.gsma.com/iot/wp-content/uploads/2013/06/Socio-economic_impact-of-mHealth_EU_14062013V2.pdf [accessed
2017-05-24] [WebCite Cache ID 6qhrTU1e3]

3. World Health Organization. Preventing chronic diseases: A vital investment. URL: http://www.who.int/chp/
chronic_disease_report/full_report.pdf [accessed 2017-05-24] [WebCite Cache ID 6qhrUNFgd]

4. Mathers C, Loncar D. Evidence and Information for Policy Working Paper. Geneva: World Health Organization Updated
projections of global mortality and burden of disease, 2002-2030: Data sources, methods and results URL: http://www.
who.int/healthinfo/statistics/bod_projections2030_paper.pdf [accessed 2017-05-24] [WebCite Cache ID 6qhrWJ5I5]

JMIR Res Protoc 2017 | vol. 6 | iss. 5 | e105 | p. 8http://www.researchprotocols.org/2017/5/e105/
(page number not for citation purposes)

Castellano-Tejedor et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=resprot_v6i5e105_app1.pdf&filename=41b8cfe35a4c0f6592a61e721b667ab6.pdf
https://jmir.org/api/download?alt_name=resprot_v6i5e105_app1.pdf&filename=41b8cfe35a4c0f6592a61e721b667ab6.pdf
https://ec.europa.eu/digital-single-market/news/ehealth-action-plan-2012-2020
https://ec.europa.eu/digital-single-market/news/ehealth-action-plan-2012-2020
http://www.webcitation.org/

                                            6qhrSPIZI
http://www.gsma.com/iot/wp-content/uploads/2013/06/Socio-economic_impact-of-mHealth_EU_14062013V2.pdf
http://www.gsma.com/iot/wp-content/uploads/2013/06/Socio-economic_impact-of-mHealth_EU_14062013V2.pdf
http://www.webcitation.org/

                                            6qhrTU1e3
http://www.who.int/chp/chronic_disease_report/full_report.pdf
http://www.who.int/chp/chronic_disease_report/full_report.pdf
http://www.webcitation.org/

                                            6qhrUNFgd
http://www.who.int/healthinfo/statistics/bod_projections2030_paper.pdf
http://www.who.int/healthinfo/statistics/bod_projections2030_paper.pdf
http://www.webcitation.org/

                                            6qhrWJ5I5
http://www.w3.org/Style/XSL
http://www.renderx.com/


5. Jahan S, Mozammel Hoque Chowdhury M. mHealth: A Sustainable Healthcare Model for Developing World. AJMO 2014
Jan 17;2(3):73-76. [doi: 10.12691/ajmo-2-3-2]

6. Berrouiguet S, Baca-García E, Brandt S, Walter M, Courtet P. Fundamentals for Future Mobile-Health (mHealth): A
Systematic Review of Mobile Phone and Web-Based Text Messaging in Mental Health. J Med Internet Res 2016 Jun
10;18(6):e135 [FREE Full text] [doi: 10.2196/jmir.5066] [Medline: 27287668]

7. McMillan KA, Kirk A, Hewitt A, MacRury S. A Systematic and Integrated Review of Mobile-Based Technology to Promote
Active Lifestyles in People With Type 2 Diabetes. J Diabetes Sci Technol 2017 Mar;11(2):299-307. [doi:
10.1177/1932296816656018] [Medline: 27334301]

8. Kumar S, Nilsen WJ, Abernethy A, Atienza A, Patrick K, Pavel M, et al. Mobile health technology evaluation: the mHealth
evidence workshop. Am J Prev Med 2013 Aug;45(2):228-236 [FREE Full text] [doi: 10.1016/j.amepre.2013.03.017]
[Medline: 23867031]

9. Bardus M, van Beurden SB, Smith JR, Abraham C. A review and content analysis of engagement, functionality, aesthetics,
information quality, and change techniques in the most popular commercial apps for weight management. Int J Behav Nutr
Phys Act 2016;13(1):35 [FREE Full text] [doi: 10.1186/s12966-016-0359-9] [Medline: 26964880]

10. Chen J, Cade J, Allman-Farinelli M. The Most Popular Smartphone Apps for Weight Loss: A Quality Assessment. JMIR
Mhealth Uhealth 2015;3(4):e104. [doi: 10.2196/mhealth.4334]

11. Wang Q, Egelandsdal B, Amdam GV, Almli VL, Oostindjer M. Diet and Physical Activity Apps: Perceived Effectiveness
by App Users. JMIR Mhealth Uhealth 2016;4(2):e33 [FREE Full text] [doi: 10.2196/mhealth.5114] [Medline: 27056639]

12. Middelweerd A, Mollee JS, van der Wal CN, Brug J, Te Velde Saskia SJ. Apps to promote physical activity among adults:
a review and content analysis. Int J Behav Nutr Phys Act 2014;11:97 [FREE Full text] [doi: 10.1186/s12966-014-0097-9]
[Medline: 25059981]

13. Miller W, Rollnick S. Motivational Interviewing. New York: Guildford Press; 2013.
14. Lundahl B, Moleni T, Burke B, Butters R, Tollefson D, Butler C, et al. Motivational interviewing in medical care settings:

a systematic review and meta-analysis of randomized controlled trials. Patient Educ Couns 2013;93(2):a. [doi:
10.1007/s10865-013-9527-4]

15. Dallinga JM, Mennes M, Alpay L, Bijwaard H, Baart de la Faille-Deutekom M. App use, physical activity and healthy
lifestyle: a cross sectional study. BMC Public Health 2015 Aug;15:833 [FREE Full text] [doi: 10.1186/s12889-015-2165-8]
[Medline: 26316060]

16. Brooke J. SUS: A “quick and dirty” usability scale. In: Jordan PW, Thomas B, Weerdmeester BA, McClelland AL, editors.
Usability Evaluation in Industry. London: Taylor and Francis; 1996.

17. Chin JP, Diehl VA, Norman KL. Development of an instrument measuring user satisfaction of the human-computer interface.
In: Proceedings of SIGCHI '88.: ACM/SIGCHI; 1988 Presented at: SIGCHI Conference on Human Factors in Computing
Systems; 1988; New York p. 213-218.

18. Alonso J. Instituto municipal de investigación médica (IMIM-IMAS). 2002. Adaptación de la versión española del
Cuestionario de Salud SF-12 URL: https://bibliopro.org:443/buscador/663/cuestionario-de-salud-sf-12 [accessed 2017-05-24]
[WebCite Cache ID 6qhswexf4]

19. Ware J, Kosinski M, Keller SD. A 12-Item Short-Form Health Survey: construction of scales and preliminary tests of
reliability and validity. Med Care 1996 Mar;34(3):220-233. [Medline: 8628042]

20. Andrés A, Saldaña C, Gómez-Benito J. Establishing the stages and processes of change for weight loss by consensus of
experts. Obesity (Silver Spring) 2009 Sep;17(9):1717-1723 [FREE Full text] [doi: 10.1038/oby.2009.100] [Medline:
19360014]

21. Andrés A, Saldaña C, Gómez-Benito J. The transtheoretical model in weight management: validation of the processes of
change questionnaire. Obes Facts 2011;4(6):433-442 [FREE Full text] [doi: 10.1159/000335135] [Medline: 22248993]

22. Prochaska J, Diclemente C, Norcross J. In search of how people change: Applications to addictive behaviors. Am Psychol
1992;47:1102-1104.

23. Bados A, Solanas A, Andres R. Psychometric properties of the Spanish version of depression, anxiety and stress scales
(DASS). Psicothema 2005;17(4):679-683.

24. Contel M, Gual A, Colom J. Test para la identificación de trastornos por uso de alcohol (AUDIT): Traducción y validación
del AUDIT al catalán y castellano. Adicciones 1999;11(4):337-347.

25. Saunders JB, Aasland OG, Babor TF, de la Fuente JR, Grant M. Development of the Alcohol Use Disorders Identification
Test (AUDIT): WHO Collaborative Project on Early Detection of Persons with Harmful Alcohol Consumption--II. Addiction
1993 Jun;88(6):791-804. [Medline: 8329970]

26. Becoña E, Gómez-Durán B, Alvarez-Soto E, García MP. Scores of Spanish smokers on Fagerström's Tolerance Questionnaire.
Psychol Rep 1992 Dec;71(3 Pt 2):1227-1233. [doi: 10.2466/pr0.1992.71.3f.1227] [Medline: 1480710]

27. Heatherton TF, Kozlowski LT, Frecker RC, Fagerström KO. The Fagerström Test for Nicotine Dependence: a revision of
the Fagerström Tolerance Questionnaire. Br J Addict 1991 Sep;86(9):1119-1127. [Medline: 1932883]

28. Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep Quality Index: a new instrument for
psychiatric practice and research. Psychiatry Res 1989 May;28(2):193-213. [Medline: 2748771]

JMIR Res Protoc 2017 | vol. 6 | iss. 5 | e105 | p. 9http://www.researchprotocols.org/2017/5/e105/
(page number not for citation purposes)

Castellano-Tejedor et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.12691/ajmo-2-3-2
http://www.jmir.org/2016/6/e135/
http://dx.doi.org/10.2196/jmir.5066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27287668&dopt=Abstract
http://dx.doi.org/10.1177/1932296816656018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27334301&dopt=Abstract
http://europepmc.org/abstract/MED/23867031
http://dx.doi.org/10.1016/j.amepre.2013.03.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23867031&dopt=Abstract
http://ijbnpa.biomedcentral.com/articles/10.1186/s12966-016-0359-9
http://dx.doi.org/10.1186/s12966-016-0359-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26964880&dopt=Abstract
http://dx.doi.org/10.2196/mhealth.4334
http://mhealth.jmir.org/2016/2/e33/
http://dx.doi.org/10.2196/mhealth.5114
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27056639&dopt=Abstract
http://www.ijbnpa.org/content/11//97
http://dx.doi.org/10.1186/s12966-014-0097-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25059981&dopt=Abstract
http://dx.doi.org/10.1007/s10865-013-9527-4
http://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-015-2165-8
http://dx.doi.org/10.1186/s12889-015-2165-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26316060&dopt=Abstract
https://bibliopro.org:443/buscador/663/cuestionario-de-salud-sf-12
http://www.webcitation.org/

                                            6qhswexf4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8628042&dopt=Abstract
http://dx.doi.org/10.1038/oby.2009.100
http://dx.doi.org/10.1038/oby.2009.100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19360014&dopt=Abstract
https://www.karger.com?DOI=10.1159/000335135
http://dx.doi.org/10.1159/000335135
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22248993&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8329970&dopt=Abstract
http://dx.doi.org/10.2466/pr0.1992.71.3f.1227
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1480710&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1932883&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2748771&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


29. Macías FJ, Royuela RA. La versión española del Índice de calidad de sueño de Pittsburgh. Informaciones Psiquiátricas
1996;146:465-472.

30. Norman GR, Sloan JA, Wyrwich KW. Interpretation of changes in health-related quality of life: the remarkable universality
of half a standard deviation. Med Care 2003 May;41(5):582-592. [doi: 10.1097/01.MLR.0000062554.74615.4C] [Medline:
12719681]

31. Kieser M, Wassmer G. On the Use of the Upper Confidence Limit for the Variance from a Pilot Sample for Sample Size
Determination. Biom J 1996;38(8):941-949. [doi: 10.1002/bimj.4710380806]

32. Fiordelli M, Diviani N, Schulz PJ. Mapping mHealth research: a decade of evolution. J Med Internet Res 2013;15(5):21-25
[FREE Full text] [doi: 10.2196/jmir.2430] [Medline: 23697600]

33. Dennison L, Morrison L, Conway G, Yardley L. Opportunities and challenges for smartphone applications in supporting
health behavior change: qualitative study. J Med Internet Res 2013;15(4):e86 [FREE Full text] [doi: 10.2196/jmir.2583]
[Medline: 23598614]

34. Essany M. MHealth watch. 2013. Mobile health care apps growing fast in number URL: http://mhealthwatch.com/
mobile-health-care-apps-growing-fast-in-number-20052/ [accessed 2017-05-24] [WebCite Cache ID 6qhtmMTAV]

35. Hampton T. Recent advances in mobile technology benefit global health, research, and care. JAMA 2012 May
16;307(19):2013-2014. [doi: 10.1001/jama.2012.4465] [Medline: 22665083]

36. Shyam SS, Saraswathi B, Haiyan J. A theoretical framework for designing preventive health applications. In: Magnus B,
Ragnellmalm E, editors. Persuasive technology. Design for health and safety. Sweden: Linköping; 2012:112-122.

37. Okumus B, Bilgihan A, Ozturk A. Factors Affecting the Acceptance of Smartphone Diet Applications. Journal of Hospitality
Marketing & Management 2015 Nov 03;25(6):726-747. [doi: 10.1080/19368623.2016.1082454]

Abbreviations
FP7: 7th Framework Programme for Research and Technological Development
ICT: information and communication technologies
MI: motivational Interviewing
PRECIOUS: PREventive Care Infrastructure based On Ubiquitous Sensing

Edited by G Eysenbach; submitted 09.11.16; peer-reviewed by M Bardus, A Pfammatter; comments to author 29.01.17; revised version
received 14.02.17; accepted 14.02.17; published 31.05.17

Please cite as:
Castellano-Tejedor C, Moreno J, Ciudin A, Parramón G, Lusilla-Palacios P
PREventive Care Infrastructure based On Ubiquitous Sensing (PRECIOUS): A Study Protocol
JMIR Res Protoc 2017;6(5):e105
URL: http://www.researchprotocols.org/2017/5/e105/
doi: 10.2196/resprot.6973
PMID: 28566263

©Carmina Castellano-Tejedor, Jordi Moreno, Andrea Ciudin, Gemma Parramón, Pilar Lusilla-Palacios. Originally published in
JMIR Research Protocols (http://www.researchprotocols.org), 31.05.2017. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Research Protocols, is
properly cited. The complete bibliographic information, a link to the original publication on http://www.researchprotocols.org,
as well as this copyright and license information must be included.

JMIR Res Protoc 2017 | vol. 6 | iss. 5 | e105 | p. 10http://www.researchprotocols.org/2017/5/e105/
(page number not for citation purposes)

Castellano-Tejedor et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1097/01.MLR.0000062554.74615.4C
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12719681&dopt=Abstract
http://dx.doi.org/10.1002/bimj.4710380806
http://www.jmir.org/2013/5/e95/
http://dx.doi.org/10.2196/jmir.2430
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23697600&dopt=Abstract
http://www.jmir.org/2013/4/e86/
http://dx.doi.org/10.2196/jmir.2583
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23598614&dopt=Abstract
http://mhealthwatch.com/mobile-health-care-apps-growing-fast-in-number-20052/
http://mhealthwatch.com/mobile-health-care-apps-growing-fast-in-number-20052/
http://www.webcitation.org/

                                            6qhtmMTAV
http://dx.doi.org/10.1001/jama.2012.4465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22665083&dopt=Abstract
http://dx.doi.org/10.1080/19368623.2016.1082454
http://www.researchprotocols.org/2017/5/e105/
http://dx.doi.org/10.2196/resprot.6973
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28566263&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

