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Abstract: Wellness is one of the main factors crucial in the avoidance of illness or disease.
Experience has shown that healthy lifestyle programs are an important strategy to prevent the
major shared risk factors for many diseases including cardiovascular diseases, strokes, diabetes,
obesity, and hypertension. Within the ambit of the Smart Health 2.0 project, a Wellness App has
been developed which has the aim of providing people with something similar to a personal trainer.
This Wellness App is able to gather information about the subject, to classify her/him by evaluating
some of her/his specific characteristics (physical parameters and lifestyle) and to make personal
recommendations to enhance her/his well-being. The application can also give feedback on the
effectiveness of the specified characteristics by monitoring their evolution over time, and can provide
a positive incentive to stimulate the subject to achieve her/his wellness goals. In this paper, we present
a pilot study conducted in Calabria, a region of Italy, aimed at an evaluation of the validity, usability,
and navigability of the app, and of people’s level of satisfaction with it. The preliminary results show
an average score of 77.16 for usability and of 76.87 for navigability, with an improvement of the
Wellness Index with a significance average of 95% and of the Mediterranean Adequacy Index with
a significance average of as high as 99%.
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1. Introduction

Wellness and lifestyle are key determinants of, on the one hand, good health, and, on the other,
of disease, disability and even premature mortality. The modern urban lifestyle is characterized by
insufficient physical activity, junk food, and high stress levels, all of which affect people’s well-being.
In the long term, this kind of lifestyle can lead to health problems and diseases, such as excessive
weight, obesity, strokes, cardiovascular diseases, and diabetes [1].

Well-being, fitness, and the state of health in general, promoted through proper exercise, diet,
and sleep habits, are priorities in many countries [2]. According to the World Health Organization,
approximately 31% of adults are insufficiently active, and approximately 3.2 million deaths each
year are due to insufficient physical activity [3]. Additionally, study [4] reports that 86% of deaths,
77% of the loss of years of healthy life and 75% of healthcare costs in Europe are caused by certain
diseases (cardiovascular diseases, cancers, diabetes mellitus, chronic respiratory diseases, mental
health problems and muscular-skeletal disorders) that have in common modifiable risk factors, such as
smoking tobacco, excessive weight and obesity, alcohol abuse, the low consumption of fruit and
vegetables, physical inactivity, excess fat in the blood and high blood pressure. These risk factors,
alone, are responsible for 60% of the loss of years of healthy life in Europe.
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The examination of behavioral risk factors, the evidence of their causal relationship with disease,
and their prevalence in the population, together with the combined effects of such factors, have led
researchers in medicine to the conclusion that correcting a few basic behaviors and lifestyle problems
could have a major positive effect on the health of the population [4].

On the other hand, it is not easy to change the lifestyles of people, which are based on habits,
preferences and tastes, reinforced by organizational needs and consolidated over time. Despite the
widespread dissemination of information, characteristic of the modern era, and the major publicity
campaigns on specific issues such as the dangers to health of certain behaviors (such as smoking
or drinking alcohol), the majority of the population do not adopt a lifestyle adequate to protect
their health.

ICT technologies and, in particular, domain-specific Wireless Sensor Networks named Wireless
Body Sensor Networks (BSNs) have enormous potential to positively affect the daily life of people [5,6]
and to help people to change their unhealthy behaviors. A BSN is constituted of a set of wearable
sensors that communicate with a local and/or personal coordinator device, such as a smart phone or
tablet, to provide a real-time, continuous and non-invasive monitoring of assisted living.

A key benefit of this technology is the possibility of continuously monitoring vital and
physiological signs without obstructing the comfort of the user when performing her/his daily
activities. Indeed, in the last few years, the diffusion of BSNs has increased enormously with the
introduction, at a mass production level, of smart wearable devices (particularly smart watches and
bracelets) that are able to capture certain parameters such as body acceleration, electrocardiogram
(ECG), pulse rate, and bio-impedance readings [7,8].

Within the ambit of the Smart Health 2.0 project [9], we have developed a WellnessApp [10],
based on the assumption that people need to follow consistently a certain general course of action,
which includes recommendations and suggestions that are suited to the individual’s specific case.
A “personal trainer”, as they say, is not surprisingly a specialist much in demand today. The ambition
of this app is to provide people with something similar, namely an application that, after collecting
a bank of information on the subject by means of a BSN, is able to “classify” her/him based on
her/his individual characteristics (physical parameters and lifestyle) and then to propose specific
recommendations to improve her/his well-being. By monitoring the evolution over time of these
individual characteristics, the application can also give feedback on the effectiveness of the measures
adopted and therefore provide a positive stimulus to motivate the subject to continue the path that
she/he has taken.

In order to evaluate the validity and the usability of the developed app, and people’s level of
satisfaction with it, we have drawn up an appropriate trial protocol, a detailed document in which we
have described the complete execution plan, focusing on organizational and ethical aspects. We have
analyzed several studies existing in literature, for example [11-13] and, based on this analysis, we have
built a trial protocol in accordance with the SPIRIT 2013 Statement [14], which provides guidelines on
the performance of a clinical study.

The remaining sections of the paper are organized as follows: in Section 2, we present a literature
review of the health and fitness mobile applications currently available on the market; in Section 3,
we report details of the Wellness App developed, while in Section 4, we present the pilot study,
describing initially the methodology used in its design, and, secondly, specific information relating
to the evaluation of the app; in Section 5, we present the trial protocol execution, and in Section 6,
we discuss the results of the study; finally, in Section 7, we present some conclusions.

2. Literature Review

Nowadays, app markets provide people with an ever increasing number of applications,
about 40,000 of which are related to healthcare, namely “health and fitness” apps or mHealth Apps [15].
Of these, 23,490 are available on Apple iTunes (for iOS-based devices) and 17,756 on Google Play
(for Android-based devices).
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These apps are widely used in medical practice in several fields including chronic disease, such as,
for example, the follow-up of people with diabetes mellitus, or the monitoring of weight loss in
obesity subjects. Most of the popular apps for healthcare and fitness aim providing people with
services to cover a wide range of functionalities, including self-monitoring, relating to, for example,
the improvement of fitness activity, the measurement of health and fitness parameters, determination
of the Body Mass Index (BMI), the setting of weight goals, advice on nutrition and diet, and the
monitoring of sleep. More generally, the apps involve the setting of new health and fitness targets,
and also provide assistance in the achievement of these goals by promoting changes in behavior.

Additionally, several initiatives have been undertaken aimed at safeguarding and improving
long-term health and promoting healthy aging. Researchers and developers are strongly involved in
realizing Wellness Applications [16-18], ranging from heart-rate activity monitoring, and step counters,
to applications for the tracking of eating habits and physical activity.

Simultaneously with the development of these mHealth Apps, the number of studies providing
reviews of their effectiveness has also been increasing, with particular reference to misleading content,
the lack of an evidence base, and the absence of any medical professional involvement in the app design.

A very interesting study [19] examines several apps selected from the best rated apps downloaded
from iTunes and Google Play. The results reveal important evidence about the current limitations of
these apps, summarized as follows:

o thelack of rigorous evidence-based research trials whose results are peer reviewed by independent
experts to determine whether the app is safe and effective;

o thelack of long-term and large sample size trials with heterogeneous participants in terms of age,
gender, socio-economic status, personally type, and smartphone and social networking experience
to assess the safety and efficacy of the app;

e thelack of emphasis on evidence-based and medical professional involvement;

e the requirement that a smartphone is always available during the performance of the activity;

o thelack of evidence-based strategies or established behavior change theories as the basis of the
app development;

e the use of smartphone sensors instead of stand-alone sensor devices which have been
demonstrated to be more accurate [20];

e the lack of any interoperability with other health and fitness apps and devices;

e thelack of any behavior change techniques integrated into the app (e.g., YouTube videos or Tweets);

o  the lack of a user-friendly layout for an easy adoption and use of such technology.

Taking into account these considerations, we have designed and developed a new Wellness App,
with the aim of addressing these issues, in that it has a documented evidence base, includes the
incorporation of several behavior change techniques (BCTs) [21], and involves a high degree of medical
professional involvement. According to the taxonomy described in [21] that identified 26 behavior
change techniques, the interesting study of Middelweerd et al. [22] reviews the most well known apps
developed for iOS and Android that promote and monitor physical activity and/or a healthy diet.
Table 1 shows the behavior change techniques (BCT) score obtained by the proposed Wellness App in
comparison with the apps reported in study [22].

Unfortunately, this study does not report the list of the BCTs for each app, but only the total BCT
score, which is the sum of the BCTs included in each app. For this reason, it is not possible to make
a detailed comparison. However, it is important to remark that our proposed Wellness App includes
9 behavior change techniques, one more than the app with the best score reported in study [22], namely
the “RunKeeper App”.
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Table 1. Behavior change techniques (BCTs) in Wellness and Health Apps.

App Store BCT Score
1UpFit iTunes 5
20/20 LifeStyles Online iTunes 4
Activious iTunes 2
All-in Fitness: 1000 Exercises, Workouts & Calorie Counter iTunes 5
Be Fit, Stay Fit Challenge Google Play 5
Big Welsh Walking Challenge iTunes 8
Croi HeartWise iTunes 4
CrossFitr Google Play 3
Endomondo Sports Tracker Google Play 5
Everywhere Run!—GPS Run Walk Google Play 5
Exercise Reminder HD Lite iTunes 4
Faster iTunes 4
Fit Friendzy iTunes 5
Fitbit Activity Tracker iTunes/Google Play 4
fitChallenge iTunes 6
FitCoach—powered by Lucozade Sport iTunes 6
FitCommit—Fitness Tracker and Timer iTunes 5
Fitness War iTunes 6
Fitocracy—Fitness Social Network, Turn Working Out iTunes/Google Play 5
FitRabbit iTunes 4
FitTrack Google Play 3
Forty iTunes 3
Get Active! iTunes 4
Get In Gear iTunes/Google Play 4
Go-go iTunes 4
GymPush iTunes 7
Healthy Heroes iTunes 5
HIIT Interval Training TimerAD Google Play 3
Hiking Log iTunes 3
Hubbub Health iTunes 7
IDoMove Work out and Win iTunes/Google Play 4
Improver iTunes 5
Macaw iTunes/Google Play 5
Make your move iTunes 5
Mobile Adventure Walks iTunes 3
My Pocket Coach iTunes 7
Nexercise = fun weight loss iTunes/Google Play 5
Nike + Running Google Play 5
Noom CardioTrainer Google Play 5
Poworkout Trim & Tone Google Play 4
Run Tracker Pro—TrainingPeaks iTunes 3
RunKeeper—GPS Track Run Walk Google Play 8
Running Club iTunes 6
Running Log! PRO iTunes 3
ShelbyFit iTunes 5
Sixpack—Personal Trainer iTunes 7
SmartExercise Google Play 4
SoFit Google Play 5
Softrace Google Play 3
Strava Cycling Google Play 5
Sworkit Pro Google Play 6
Take a Walk Lite iTunes 6
Teemo: the fitness adventure game! iTunes 7
Track & Field REALTIMERUN (GPS) iTunes 6
Tribesports Google Play 5
Walk 'n Play iTunes 5
Withings iTunes/Google Play 6
9

Proposed Wellness App

soon on Google Play
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The following is a list of the BCTs included in the proposed Wellness App:

(i) Providing information about the behavior-health link: the app contains a section with
information and literature references relating to the correct habits useful for a healthy lifestyle for
the prevention of chronic diseases.

(ii) Prompting intention formation: the Wellness App suggests and encourages the user to take
actions to support a resolution aimed at changing behavior, such as taking more exercise in the
following week.

(iii) Setting graded tasks: the app, by using the reasoning module, plans what the user should do by
defining specific behavior changes scheduled with the timing and different effort levels required.

(iv) Providing instruction: telling the user how to perform an activity and/or preparatory activity.

(v) Prompting specific goal setting: this is directed towards encouraging the user to decide to change
a behavior or maintain a behavioral change. This is provided by means of a reasoning module
that analyzes the wellness performance indicators and decides which kind of suggestions are
necessary to direct the user towards the adoption of correct behaviors. For example, the app could
suggest an increase in the time devoted to physical activity if the Time spent per Week on Physical
Activity Index is too low in comparison with WHO guidelines.

(vi) Prompting the self-monitoring of behavior: the user is asked to keep a record of specified
behavior/s as a method for changing behavior. This facility is guaranteed by providing the app
with mechanisms to monitor performance and store all monitored information.

(vii) Providing feedback on performance: the app calculates different performance indicators relating
to the monitored user’s wellness and lifestyle data. For example, the proposed Wellness App is
able to calculate the Mediterranean Adequacy Index that indicates how close the user’s diet is to
the Mediterranean diet that is considered ideal by many researchers and doctors.

(viii) Providing contingent rewards: this involves using praise or rewards for attempts at achieving
a behavioral goal. Every time the app detects a good performance index value, it sends
a congratulation message to the user in order to reward the performance of a correct behavior.
In this way, the app provides a motivational support for the user, so reducing the dropout rate.

(ix) Time management: the app is provided with a mechanism that reminds the user, at specific times,
to perform some form of physical activity.

3. The Wellness App

Different parameters are recorded daily by the proposed wellness mobile application using several
mechanisms, both automatic and manual. Appropriate indicators that measure the type of nutrition,
the amount of physical activity and the sleep quality are calculated and monitored by the proposed
Wellness App in order to encourage the user to improve her/his lifestyle. These indicators are analyzed
by an inference reasoning module that decides which kinds of suggestions the subject needs in order
to be directed towards the adoption of correct behaviors, such as for example the correct maintenance
of the Mediterranean-type diet, that is recognized as the best diet for the prevention of cardiovascular
disease, and/or the improvement of the physical activity plan.

The design of the software architecture of the proposed Wellness mobile application is shown
in Figure 1.

The User’s Interface module is a software layer that contains all the interaction interfaces
provided to the user and the mapping phase of these interfaces with the business layer, thereby realizing
the Model View Controller (MVC) design pattern.

The Business Logic module provides all the logic required to manage the diet diary,
physical activity diary, user profile and privacy logic and the calculation of the lifestyle indexes
that are described in Section 6.
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Figure 1. Overview of the software architecture.

The Inference module manages the cycle of reasoning and acts as a main interface between the
system of reasoning and the business module. Through this module functions are implemented to
provide indications to the user with regard to all the monitored parameters and inputs.

The Sensor Manager module deals with the dialogue between the app and the available sensors
by creating a virtual layer and allowing the application with different sensors. It is responsible
for managing the data exchange via the Bluetooth communication protocol with sensors, such as
wristbands, smart watches or smart elasticized chest-belts, like for example the Zephyr BioHarness [23].

The DBMS module manages the database and the persistence of the Wellness data. Moreover,
it also provides mechanisms for the exchange of information between the app and a Wellness Server [24],
through the use of apposite REST services, for data synchronization, historic data recovery and the
updating of the user’s goals.

The software has been realized in order to provide the best performance to the user and to be
maintainable, dependable and usable. To achieve this objective, we have followed software engineering
principles, starting from the elicitation, analysis, and specification of requirements, summarized in
a formal document according to standard guidelines [25].

The expert team involved in the SmartHealth 2.0 project, which is composed of specialists from
the Mediterranean Diet Foundation and from the University “Magna Graecia” of Catanzaro (Italy),
identified a methodology to study the habits and lifestyle behaviors of a user. This user assessment
is automatically performed by the app by providing the user with a questionnaire to elicit general
information, including her/his anthropometric parameters, profession and habits relating to physical
activity, nutrition, smoking, and alcohol consumption. Some screenshots of the questionnaire for the
user assessment are shown in Figure 2.

The data requested for the user assessment are also used by the app to personalize the suggestions
to improve the well-being of each specific user. It should be noted that some of the requested
information is not mandatory, but is automatically calculated by the Wellness App by using basic
mandatory data, like for example the Body Fat Percentage which is automatically estimated by using
the measurements of the height and the weight of the user [26].
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3 N T 100% W 12:37 . 3 T 4 100% M0 12:43
Wellness Wellness Wellness
Height: What is your level of physical activity
Name: | cm. (140 - 240) during work hours ?
Insert name ~ -
O Inactive
Weight:
Surname: E O Sedentary
in kg.(40 - 180) A .
Insert surname (O Moderately active
Waist: O Vigorously active
Year of birth: e y
I (H= 129 O Extremely active
Year
Neck: What is your level of physical activity
Gender: in cm. (30 - 60) during non-work hours ?
O Male O Inactive

Percentage body fat:

O Famale O Sedentary
percentage % (optional, 1 - 60)
(O Moderately active
O Vigorously active
() Extremely active
Back Register Next Back Finish

(a) (b) ()

Figure 2. Screenshots of the Wellness App: (a) General Information; (b) Anthropometric Information;
and (c) Lifestyle Information.

Once the user has inserted her/his information, she/he can access the main menu of the Wellness
App. From the main menu, shown in Figure 3a, by selecting, for example, the specific option “Diet”
the user can insert information about a new meal. The app provides the user with a simple layout to
facilitate the interaction during the insertion of new data. For example, some pre-set quantities have
been provided to speed up the insertion of new meal data, as shown in Figure 3b. Some examples of
which kind of food can be inserted in the Wellness App as meals are reported in [10]. Every day and
every week the Wellness App automatically calculates the Mediterranean Adequacy Index (MAI) based
on the inserted meals. The MAI index assesses how close the diet is to the Reference Mediterranean
Dietary Pattern. This index is obtained as illustrated in study [27].

The user can visualize all the inserted information by selecting the Calendar button from the main
menu. As shown in Figure 3c,d, the user can have a monthly view, or a daily view where she/he can
check, modify or delete the added data.
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¢ o

Breakfast

(d)

8 of 24

Figure 3. Screenshots of the Wellness App: (a) Main Menu; (b) Insertion of a new meal; (¢) Calendar;

and (d) Details.

Furthermore, the user can monitor her/his Physical Activity by selecting from the main menu the

specific option “Activity”. Two modalities are provided to the user by the Wellness App:

e the “automatic monitoring” of activities that uses the inertial sensors of the smartphone or
an external sensor, such as a smart band, connected to the app by a Bluetooth connection.
As shown in Figure 4a, the app is able to monitor the number of steps performed, the distance
travelled (km), the velocity (Km/h) and the heart rate (bpm) if provided by the sensor. To use this

option it is necessary to carry both the smartphone and the sensor during the activity;
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e the “manual monitoring” of activities that permits the user to manually select the kind of activity
performed, the duration, and the date, as shown in Figure 4b. This option has been devised
in order to give the user the possibility of freely performing the activity, without the necessity
of carrying her/his smartphone, and then inserting the type and the amount of the activity
performed. Some examples of which kinds of activity can be manually inserted in the Wellness
App are reported in [10].

= Activity A i = Activity A H
Duration Sport
00:00 $
Steps Distance (Km)
O O ] O 0 Tennis

Date Duration
Velocity (Km\h) Pulsation (bpm)

00 59
0.0 0 T
— - January

01 g 00
Sellect the date

02 01

Burned calories: 598 Kcal

Save

(b)

Figure 4. Screenshots of the Wellness App relating to physical activity: (a) Automatic insertion of a
new activity; (b) Manual insertion of a new activity.

Finally, the app permits the user to estimate her/his sleep quality by completing the PSQI
questionnaire, one of the most popular tools for assessing the quality of sleep [28], as shown in Figure 5a,b.

Every day, or every time the user inserts any new data, the app automatically estimate different
indicators, such as the Mediterranean Adequacy Index. Every time the app detects an anomalous
situation, it promptly alerts the user, as shown in Figure 6a,b. By clicking on the alert, the user can
visualize the personalized recommendations to follow to improve her/his wellness and lifestyle.
It is important to note that all the recommendations provided by the app are based on expert
knowledge formalized in close collaboration with the medical team of the University of Magna
Graecia of Catanzaro (Italy) involved in the SmartHealth 2.0 project. Finally, all the calculated indexes
are available to view by selecting the Index button from the main menu of the app, such as, for example,
the MAI index in Figure 6c.
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= Sleep Tracking A i = Sleep Tracking A H

Do not fall asleep within 30 minutes

What time did you go to bed? -
Never
2B W

Waking in the middle of the night or
How many minutes do you need to early in the morning

fall asleep? - - -
<1 time for|[ 1-2 time |[>2 time for
20 week for week week
At what time do you wake up in the Waking up to go to the bathroom
morning? -[<1 time fm]( 1-2 time J{>2 time fm]
week for week week
. v . 0
Not being able to breathe properly

How many hqurs do you really <1 time for|[ 1-2 time |[>2 time for!
sleep every night? week for week week

6

Coughing or Snoring

<1 time for|| 1-2 time |[>2 time for
week for week week

Next Back Next
(a) (b)

Figure 5. Screenshots of the Wellness App relating to sleep monitoring: (a,b) PSQI questionnaire for
sleep quality estimation.

NG T L 100%ll 14:41

= Indications Diet A Indexes A :

= Home Q =
Meal Today Yesterday Week MAI TAF ITC PsQl W

18/1/2016
Pozzuoli, IT 4 2 Alert (2

H k L) Med}terraneanAdequacylndex@

& {:} Focus (0) 6 Dinner VAN )

J%o' q
ity
olimey,,
& 3

M % Overeating
It is recommended to consume 1 serving of pasta
. or rice equal to 1 medium portion for a total of 80
#EHTE:’ E'Ea'&'i grams per day . In the case of egg pasta, 1 small

Hods

MAI Daily
ComwAL G -uE 0D

.\ serving of 120 grams
( I Food: Pasta-Rice Amount: 450.0 g
Diet Mon Tue Wed Thu i Sat  Sun
.. 10|
Activity
8
. 2=
Sleep Tracking 36
=
E 4
Calendar o
0
Indexes 30/11 712 14012 2112 28012 471 1141 18N

~ / Weeks

(a) (b) (©)

Figure 6. Screenshots of the Wellness App relating to the alerts and the statistics of the calculated
indexes: (a) the main menu of the app where an alert is notified; (b) detailed view of the alert; and
(c) daily and weekly trends of the Mediterranean Adequacy Index (MAI).

4. The Pilot Study Design

The experimental protocol consists of several sections:
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e  Administrative: where the “Title” and an identification of the study and/or trial, the roles and the
responsibilities of the staff involved in the study and details of any financial support are described.

e Introduction: in this section the main objectives of the study, including a set of the relevant and
related published studies, the outcomes, both primary and secondary, of the trial process, and the
interpretation of the results are described.

o  Methods: the protocol also provides the major design elements of the study and/or trial, such as,
for example, the phases of the trial and the randomization scheme. Additionally, a description of
the study, including the number of the study groups, the size of each study group, if applicable,
and the duration and sequence of the trial periods is here detailed.

e  Ethics and Dissemination: in this section the ethical approval and any rules and behavioral norms
of the participants are specified.

e Appendix: the protocol, if necessary, also provides a section containing documents useful for
the trial process, such as the informed consent, the information sheet, and the test for the
usability evaluation.

Some details of the pilot study designed for the Wellness Application are reported in Table 2.

Table 2. Wellness App: Trial Protocol.

Section Specifications
Administrative

Title Wellness App Trial Protocol

Protocol version Version 2.0

Funding Project Pon04a2_C - MIUR D.D. 626Ric e 703Ric - Smart Health 2.0

The coordination of the experiment is entrusted to the University of Catanzaro.
They should therefore appoint and register the names and roles of those who will join

Roles and . . o
oles o qers the team for the experimentation, for the stages of validation and data management,
responsibilities L . . .
and for all the activities necessary for the performance of the entire trial. For privacy
reasons, the names of the responsible managers cannot be listed here.
Introduction

The outcomes are fundamental for the trial process and the interpretation of the results.
The outcomes are referred to as primary and secondary according to their relevance
The primary outcome of the trial process is to determine the effectiveness of the
realized Wellness App, evaluating it in relation to the Wellness Index that indicates if

Objectives the app is able to stimulate the subjects to change their unhealthy behaviors, improving
their diet, level of physical activity, and the conditions that affect their quality of sleep.
Secondary outcome measures are:

e the usability of the app; and
e the navigability of the app;

Methods
Four districts of the Calabria Region (Crotone, Cosenza, San Giovanni in Fiore and
Study setting Lamezia Terme) have been selected to be the reference point for the conducting of
the trial.

The subjects to be considered suitable for the trial process must meet the following
inclusion criteria:

Eligibility criteria e  Italian adults aged between 18 and 65 years;

e  Subjects able to comply with the study program and the other requirements of
the Protocol.

The exclusion criteria listed below mean that the individual is ineligible for the trial:

e  People aged under 18 and over 65;

e  Subjects with an overt disease which include the risk factors analyzed, such as
diabetes, or a cardiovascular or liver disease;

e  People with neurological disorders.
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Table 2. Cont.

Section

Specifications

Interventions

The procedures to be performed are divided into the following phases:

Recruitment of subjects: promotion of the testing program in order to recruit
the subjects;

Information & Registration: explanation of the aims of the study. After this
meeting the interested subjects receive the documents to be signed

(the information, informed consent form and medical history reported in the
appendix) to be delivered to the staff in charge;

Conduct of the Trial:

First Meeting: during this phase, the investigators install the Wellness App
on the mobile devices and explain its functionalities. In particular, each
participant is invited to complete the Pittsburgh Sleep Quality Index (PSQI)
questionnaire and the Anamnestic form. From this moment, the participant,
when he/she wants, can insert the type and amount of food consumed by
using the friendly interface of the app, and can upload information on the
quality of the previous night’s sleep in the PSQI questionnaire. Additionally,
the participant can insert information about any physical activity performed
during the day, manually or automatically by wearing a sensor, such as for
example the Zephyr BioHarness. It is important to note that the Android
operating system is required for the installation and use of the app. For each
participant who does not have an Android-based smartphone, a Mediacomm
Phonepad G501 smartphone will be provided on loan for use throughout the
duration of the study.

Second Meeting: during this event, the participants are updated on the
progress of the study, as well as provided with a new improved version of
the Wellness App realized in accordance with the indications suggested by
the participants during the previous meeting.

Third Meeting: during this meeting, all the data from the mobile devices of
the participants are collected, and each participant is invited to complete the
PSQI questionnaire. Additionally, the investigators talk with all participants
encouraging them to discuss their use of the application, any difficulties
encountered during the trial, the perceived quality of the information
provided, and any preferences for different features. In this latter meeting the
usability test questionnaires are distributed, which the participants are
requested to answer in a very spontaneous way. All the questionnaires

are anonymous.

During the course of the testing, the investigator should not interfere when the
participants are using the application, any intervention being limited to a minimum, so
as not to influence the behavior of the participant. The responsibility of the investigator
is purely to reassure the participant in case of difficulty, urging her/him to continue
with confidence, without ever suggesting actions to be performed and without
providing explanations. Instead, she/he should, when necessary, remind the
participant to comment aloud when performing actions: indicating what she/he
proposes to do, what she/he sees on the screen,what she/he feels about the experience,
what difficulties she/he is encountering, which doubts she/he has, etc.

The investigator should note the comments made, recording the situations in which the
subject expresses uncertainty or makes mistakes, or other possible problems.

The investigator has the task of interrupting the subject in the event that, during the
performance of the testing, she /he encounters difficulties which cannot be overcome.
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Table 2. Cont.

Section Specifications

The recruitment of the participants should be carried out by publicizing the trial
process through information campaigns, using tools such as posters, journals,
magazines, newspapers, the web, leaflets, brochures and meetings with project staff
who will promote the aims of the study. In the recruitment phase they will outline the
objectives of the trial process to the subjects, presenting to those who wish to
participate the necessary paperwork, namely the information sheet, informed consent
and the medical history form. Those who meet the criteria for inclusion will be invited
to participate in the study.

Recruitment

All data collected during the testing phase and all information required by the Protocol,
in respect of each participant in the trial process must be properly registered in a clear,
accurate and complete. The data collected must be signed and dated by the person who
recorded them. Such data must be stored anonymously and the individual must be
uniquely identified by a code. The investigator is responsible for preserving the original
Data collection data of the participant. To promote the conservation of the data, the participants
methods and themselves will be involved in the process, updating their records from time to time
management which details about the process and about subsequent developments in the application,
using their contact details (phone, address e-mail) disclosed during the “Information”
phase. The data to be collected for participants who abandon the study are as follows:

e  Identification of the subject;
e  Cause of the abandonment of the process;
e  Results obtained in the study until the time of the abandonment.

For the validation, the index values calculated by the participants before and after the
trial will be compared using statistical techniques to assess whether the difference
between the averages is significant; in particular, for each of the four indicators, using
the t-Student distribution method, the relative values will be calculated to determine
the significance level (with a maximum threshold equal to 5%) to understand if the
differences between the averages are attributable to a null hypothesis, or, on the
contrary, if the hypothesis concerning the effectiveness of the application in improving
that specific indicator of wellness seem to be justified. The same type of statistical
calculation will be made for the global indicator IW, which is a datum derived from the
other indexes. A significant improvement in the Index of Wellness confirms the success
of the application. In any case, if the results for some of the indicators are not
satisfactory, we will try to understand the causes by analyzing the answers given by the
participants to the Usability Tests, to understand what difficulties they had encountered
during the trial. From this feedback it will be possible to obtain useful information for
the further improvement of the application.

Statistical methods
for the analysis of
primary and
secondary outcomes

In the event that the study is abandoned, the following guidelines should be
implemented, depending on the cause of abandonment:

e  Abandonment due to difficulties in recruiting participants:

- Recommencing promotion at selected new exercise facilities selected; and
- Recruitment of new participants needed for the testing; or
- Ending of the trial process.

e  Abandonment due to incorrect execution of the testing phase:

- The investigator or the participant recommences the procedure to be
followed in the testing phase; or

Problems -  Ending of the trial process.

Adverse events that may affect the trial process in place must be recorded in certain
modules in which the following information must be specified:

Date and time of the event;
Stage of the process where the adverse event occurred;
Cause of the adverse event;

In cases where the adverse event involves a participant of the process, the data of
the subject should be indicated.

The investigator is responsible for assessing the severity of an adverse event and for
making the subsequent decision to abandon or proceed with the study.
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Table 2. Cont.

Section Specifications

Ethics and

Dissemination
Research ethics The protocol, the recruitment materials and other materials are required to be approved
approval by the sponsors of the study and the test manager.

Any change to the protocol that can impact on the conduct of the study, compromising
the safety of the participants, including changes in the objectives of the study, or
significant administrative issues, require a formal amendment to the protocol.

This amendment must be approved by the sponsors of the study and the test manager.

Changes

Each person participating in the trial process must be fully informed about the
purposes of the study, on the methods of how to conduct it, on the benefits and possible
risks arising from participation in research and the ability to stop participating in the
trial, at any time and without any consequences. This operation is essential because the
understanding of these details and the ability to exchange information generates
participation and contributes to improving the quality of the process of

Consent or assent experimentation. All subjects are asked to sign the informed consent form and the
information document, shown in the appendix, essential to ensure the protection of the
confidentiality of the trial subjects, informing them about the process of testing and the
treatment of personal data and the search results. In order to facilitate the task of the
participants it is also desirable to provide a telephone answering service, preferably
free, which is always available for further requests for clarification, comments
or suggestions.

Appendix
° Personal Data: name, surname, date of birth, address, etc.
Anamnestic Form e  Physiological History: smoking, alcohol consumption, etc.
e Anthropometric data: height, weight, neck size, waistline, hips (women only), etc.
Post-usability test Questionnaires useful for the usability evaluation. They are described in Section 6,
questionnaires subsection “Usability Results”.

5. Pilot Study Execution

The trial was conducted in four urban areas in the Calabria region, namely Cosenza, Crotone,
San Giovanni in Fiore, and Lamezia Terme. As remarked in the Methods section of the trial protocol
reported in Table 2, we divided the study into three phases. We started with the participant recruitment
phase with the promotion of the testing program through information campaigns as documented
in [29-31], by means of posters and brochures, and news reports published on the project web-site [9]
and on the main social networks, such as Linked-In and Facebook.

The total number of people recruited was 40, aged between 18 and 65 years old. Table 3 shows the
number of individuals enrolled in each urban area, the effective number of Wellness Apps installed,
and the number of anamnestic forms (Sheets), containing the medical history of the participant,
and usability questionnaires collected.

In Figure 7 it is possible to see a graphical representation of the distribution of the installed apps
between the different urban areas.

Table 3. Participant’s Information.

Urban Area Citizens Installed Apps Sheets Usability Tests
Cosenza 10 5 (50%) 5 1
Crotone 28 21 (75%) 21 7

Lamezia Terme 17 4 (24%) 4 4
S.Giovanni in Fiore 26 10 (35%) 10 10

Total 81 40 (48%) 40 22
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Figure 7. Details about the deployment of the Wellness App.

For each person who expressed an interest in participating in the trial, possession of the eligible
criteria requirements was verified. If this was confirmed, the individual was able to access the second
phase of the trial. Here, we provided information on the scope of the study and the procedures of the
trial process and informed the participants that it was possible to abandon the experimental practice
whenever they wanted.

The interested individuals were then registered for the trial by signing the anamnestic form with
all their personal, medical and contact information, a form for confirmation of the informed consent,
and the privacy statement essential to guarantee data protection.

The trial process then proceeded with three meetings with the participants distributed over
two months. During the first meeting we installed the Wellness App on their mobile devices and
explained its functionalities. It is important to note that the Android operating system is required for
the installation and use of the app. Therefore, for each participant who did not have an Android-based
smartphone, we provided a Mediacomm Phonepad G501 smartphone on loan for use throughout the
duration of the study.

In the second meeting, in order to increase involvement in the trial process, the participants
were updated on the progress of the project, as well as provided with a new improved version of
the Wellness App realized in accordance with the indications suggested by the participants during
the previous meeting. In the third and last meeting we collected all the data from the mobile devices
of the participants, and talked with each of them, encouraging them to discuss the use of the app,
any difficulties encountered during the trial, the perceived quality of the information provided,
and any preferences for different features. In this latter meeting we also distributed the usability
test questionnaires, requesting the participants to complete them, providing spontaneous responses.
All the questionnaires were anonymous.

6. Pilot Study Results

Out of a total of 40 initial Wellness App installations, only 24 people were considered to have
effectively used the app. For each of these individuals, the average results of the initial and final values,
with reference to the following four different indicators, are shown:

1. the MAI index, the “Mediterranean Adequacy Index” [32], which measures the type of diet in
relation to the Mediterranean diet, considered ideal by many researchers;

2. the TCI index, the “Target Calorie Index” [33], which measures the amount of calories consumed
in relation to the optimal value for the individual calculated in accordance with her/his
anthropometric data;

3. the TPA index, the “Time spent per week on Physical Activity Index” [34], which measures the
amount of physical activity in comparison with the WHO guidelines; and

4. the PSQI index, the “Pittsburgh Sleep Quality Index” [28], which estimates the quality of sleep.
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Based on these indicators, the Wellness App calculates also a new index, the Wellness Index (WI),
which provides a measurement, albeit partial and incomplete, of the state of physical well-being of
the subject.

This WI index is calculated once a week and depends, as shown in Equation (1), on the mean
values of the MAI index (M AI), TPA index (TPA), TCI index (TCI), and PSQI index (PSQI) during
that weekly period.

_ MAI'x2+TPA x2+TCI+ PSQI 1)
6
All the collected data were evaluated by performing a filtration, thus eliminating incomplete data,
and by establishing the proportion of the significance index, in relation to the initial and final data.
In Table 4 all the values of the indexes calculated by the Wellness App at the beginning of the
study and the same indexes calculated by the app at the end of the study are reported. To evaluate the
goodness of the app, we carried out a comparison for each index between the averages of the values
for each index for the sample of 24 individuals. As shown in Table 4, and then in a more easily readable

WI

way in Figures 8-10 and 12 for each index we obtained an improvement.

Table 4. Average values of indexes: initial and final values.

Values at the Beginning of the Trial Values at the End of the Trial
Subject IAM TPA PSQI TCI IW IAM TPA PSQI TCI IW

Subject#l 6.28 827 762 728 733 754 10.00 7.62 877 858
Subject#2 670 10.00 6.67 835 807 813 1000 714 9.07 874
Subject#3 824 10.00 6.67 052 728 857 1000 7.14 1.00 7.55
Subject#4 534  0.00 524 267 310 650 2.00 6.19 425 457
Subject#5 824 10.00 6.67 912 871 635 1000 619 817 7.84
Subject#6 595 10.00 429 798 736 713 1000 429 857 7.85
Subject#7  6.77 10.00 714 839 818 845 1000 810 922 9.04
Subject#8  6.89  0.00 762 344 414 825 2.00 762 513 554
Subject#9 813 10.00 9.00 9.06 9.05 848 10.00 10.00 9.24 9.37
Subject#10 421 10.00 762 631 706 611 1000 7.62 3.53 7.23
Subject#11 617  4.00 810 508 559 641 1000 762 820 811
Subject#12  6.02  4.00 810 0.00 4.69 647 1000 810 130 7.06
Subject#13 539  4.00 6.67 470 502 641 1000 740 821 8.07
Subject#14 622 10.00 6.67 811 787 733 1000 6.67 867 833
Subject#15 6.00  6.00 850 6.00 642 650 7.00 9.00 675 713
Subject#16  8.47  5.00 524 673 648 7.67 7.00 619 734 715
Subject#17  6.73  8.00 9.00 736 7.64 895 6.80 9.00 7.87 8.06
Subject#18  7.45  3.00 1.00 523 452 877 350 200 613 544
Subject#19 754  8.00 6.67 376 692 846 1000 714 376 7.97
Subject#20  6.67  2.00 571 433 456 760 3.00 6.19 530 545
Subject#21  5.68  4.00 6.19 484 506 929 7.00 714 814 798
Subject#22 7.64  8.00 667 782 763 830 1000 6.67 915 874
Subject#23  7.51 4.00 476 438 536 786  8.00 810 8.05 7.98
Subject#24 7.75  3.00 524 538 535 839 4.00 570 620 6.11

In Figure 8 the graph showing the average values of the Wellness Index (W]I) is reported: the
values calculated at the beginning of the trial phase are in blue, and the values calculated at the end
of the trial phase are in red. The figure shows that, in the vast majority of cases (96%), there was an
improvement in the value of the Wellness Index.
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Figure 8. Wellness Index: averages of the values calculated at the beginning (blue line) and at the end

of the trial (red line).

In Figure 9 the graph showing the average values of the Mediterranean Adequacy Index (MAI) is
reported: the values calculated at the beginning of the trial phase are shown in blue and the values
calculated at the end of the trial phase are shown in red. As for the WI index, the figure shows that,
in most cases (92%), there was an improvement in the Mediterranean Adequacy Index.

Mediterranean Adequacy Index
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Figure 9. Mediterranean Adequacy Index: averages of the values calculated at the beginning (blue line)
and at the end of the trial (red line).

Finally, in Figures 10-12, the average values of the Target Calorie Index (TCI), the Time spent per
week on Physical Activity Index (TPA), and the Pittsburgh Sleep Quality Index (PSQI) are reported,
respectively. The values calculated at the beginning of the trial phase are shown in blue and the values
calculated at the end of the trial phase are shown in red. As for the WI and MAI, the figures show that
there were improvements in each case, of 91.6%, 95.8%, and 91.6%, respectively.
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Figure 10. Target Calorie Index: averages of the values calculated at the beginning (blue line) and at
the end of the trial (red line).

Time spent per week on Physical Activity

40 W A A\ VAN

=
N

=
o

00

TPA value
(o))

»

W V vV
U U

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Subject #

N

—PRE-TESTVALUES —POST-TEST VALUES

Figure 11. Time spent per week on Physical Activity Index: averages of the values calculated at the
beginning (blue line) and at the end of the trial (red line).
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Figure 12. Pittsburgh Sleep Quality Index: averages of the values calculated at the beginning (blue
line) and at the end of the trial (red line).

6.1. Index Evaluation: Statistical Analysis

We used the “t-Student Test” Test [35] (2) (for unpaired data), to verify whether the differences
between the averages are attributable to the null hypothesis.
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where X; and X; are the averages of the two groups (the initial and final values of each index), s? and
s? are the variances of the two groups, and n; and n; are the numerosities of each group.

The null hypothesis (Hp : 111 = pp) is that there is no difference between the groups with respect
to the considered parameter. So if the null hypothesis is valid, any differences observed in the samples
(the considered parameter) can be attributed to chance alone.

Using the t-Student test we calculated the probability that the null hypothesis is not true (that is,
the sample means that X; and X; are different not only on account of random factors due to the
extraction of the sample).

The admissible level of significance, «, is equal to 0.05 (5%). In contrast, the test is considered
significant if the probability associated with the null hypothesis is less than 5%.

Considering the t-Student distribution, if we have o« = 0.05 and a value of the degrees of freedom
equal to 46, for our two-tailed t-test the critical value is 2.01. The rejection regions are shown in
Figure 13, where the probability density function of the normal distribution, also called the Gaussian
curve, is drawn and the tail, where observations lead to the rejection of the null hypothesis, is indicated.

Two-Tailed Test Critical Value = £2.01

0.4 T T T T T T

031 4

021 4
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011 4

0.05- J |
o ; . . . I .

-5 -4 -3 -2 -1 0 1 2 3 4 5

Test t statistic

Figure 13. Rejection regions for two-tailed t-test with o = 0.05.

By applying Equation (2) to the samples related to the Wellness Index (WI), shown in Table 4,
we obtained a t value of —2.5267, and a p-value of 0.015. The returned value of H = 0 indicates that the
t-Student test rejects the null hypothesis at the 5% significance level.

The t-Student test indicates that the difference between the observed averages is significant by
more than 95%, and therefore the difference between the values calculated before and after the test is
almost certainly due to the “treatment” (more than 98% of probability) and is not random.

For the Mediterranean Adequacy Index (MAI), the t-Student test results indicate that the difference
between the averages observed is significant, from 95% to 99%, with a p-value of 0.0035. In fact,
by applying Equation (2) to the MAI index, we obtained a t value of —3.0820. In this case also,
the returned value of H = 0 indicates that the {-Student test rejects the null hypothesis at the 5%
significance level.
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Very significant results are also obtained for the TPA index (92% probability in favor of the
treatment), while slightly lower values are obtained for the TCI and PSQI indexes (85% and 68.5%
significance, respectively).

It is interesting to note that the WI index is both the most significant because it is practically
“measured live” and also the most challenging in terms of the graphical use of the Wellness App. On the
contrary, the PSQI is calculated from a questionnaire with quite subjective responses, that typically
require a certain time interval before changing, even in terms of the way in which they are expressed.
It would have been interesting to “measure” in a timely manner the quality of sleep by means of the
sensors, but it would have been necessary to wear these every night and, in any case, the data that
would have been obtained would not have been easy to interpret.

The overall feeling derived, however, in line with expectations, however, is that the effectiveness
of the Wellness App in improving an indicator of well-being also depends greatly on the graphics and
the ease of use associated with it, as well as the interest the specific user has in that specific indicator.
This is also why, in the last stage of the trial, questionnaires were administered to measure the usability
of the app and subsequently to improve it in accordance with the feedback received.

6.2. Usability Results

During the final meeting, the participants were asked to complete, very spontaneously,
the usability test provided in the trial protocol. The aim of the usability questionnaires was to obtain
feedback on the real result of the interaction with the app, by measuring the speed and effectiveness
of the experience of use. The test consisted of 20 questions: the first 10 questions were from the SUS
questionnaire (System Usability Scale) [36], a test used in many studies of usability, proven to be
a reliable tool of comprehensive assessment.

The remaining questions were aimed at evaluating the effective understanding, navigability,
and facility of the user interfaces provided by the Wellness App [37].

To ensure a correct consideration of the SUS result, the questionnaire was completed only after
the user had had a chance to use the app during the trial study. Each participant was asked to answer
the questions in an immediate way, without pausing for a longer consideration. The test produced
a single number that represented a composite measure of the overall usability of the app. The test
scores varied in the range of 0-100.

The tests results showed fairly positive feedback, confirming the positive aspects of the app and
emphasizing its upgrading. In this regard, the test also included an open-ended question to collect any
comments from the users. Figure 14 shows all of the obtained values for each test. The average value
for the SUS questionnaire is 77.16 while, instead, for the other questions the navigability average score
is 76.87.

The number of collected questionnaires was lower than the number of people involved in the trial
study (22 questionnaires out of a total of 40 installed apps) due to the poor turnout at the last meeting.
Starting from the collected data concerning the SUS, the level of usability and acceptability of the
app [38] could be evaluated by means of the qualitative adjective [37]. As shown in Figure 15, both the
SUS and the Navigability scores obtained from the evaluation of the Wellness App are collocated
between Good and Excellent values.

Finally, we want to emphasize that, even if the usability and navigability tests were completely
anonymous, we did not receive any feedback with a particularly low score. However, according to
the indications received in the field, it is assumed that, in the majority of cases, some difficulties were
generated in terms of the use of this new technology by participants over 60 years of age.
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Figure 14. SUS and Navigability scores related to each participant.

ACCEPTABILITY NOT ACCEPTABLE MARGINAL ACCEPTABLE
TR

RANGES

i

SUS and Navigability
Score of Wellness App

ADJECTIVE WORST BEST
RATINGS IMAGINABLE ~ POOR OK GOOD | EXCELLENT  mAGINABLE

T P B TR P 1 I B BT 1 B B
0 10 20 30 40 50 60 70 80 90 100

Figure 15. A comparison of the adjective ratings, acceptability scores, and school grading scales,
in relation to the average SUS and Navigability scores.

7. Conclusions

The statistical tests performed on the data collected for the entire experimental period have
provided several indications on the usefulness of applications that monitor people’s everyday lifestyles.
In particular, obtaining feedback on the user’s adherence to the Mediterranean diet allowed us to gain
an immediate awareness of the type of food consumed during meals and how this can lead to healthy
eating or poor eating habits.

For some individuals, the trial led to excellent results. The following is the testimony of a doctor,
Dr. Sofia Miceli: “I take this opportunity once again to congratulate you on the great success of the App.
We doctors often repeat and repeat a thousand times sentences on dietary advice and/or food and/or physical
activity ... But we often have a poor response. A weight loss of even 5 kg in two months is no small thing,
especially if it is also associated with a state of psychological well-being. Probably the patient understands that
he must be the master of his own weight loss and the modifications of his lifestyle ... And this way he assumes all
the ‘responsibility” and has for this reason an extra motivation to follow the medical advice. For me as a doctor
this is what is important: he has gained motivation and an awareness of the important objectives in the field of
cardiovascular illness prevention.”

The statistical results show that out of a final sample of 24 overweight users of the Wellness App,
we have obtained an improvement of the Wellness Index in 96% of cases. We can, therefore, conclude
that for the participants there was a substantial improvement in their awareness about their dietary
habits, as shown in the data for the Mediterranean Adequacy Index for which we have obtained an
improvement for 92% of the participants. Additionally, for physical activity, the results show that in
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88% of cases we have obtained an improvement of the Target Calorie Index. Less impressive results,
instead, for the quality of sleep and the time spent on physical activity indexes, for which we have
obtained an improvement only in 58% and 63% of the cases, respectively. It is important to note that,
even if the improvement has been observed only in those latter percentages, for both indexes (the PSQI
and TPA) in 33% of cases the values have remained constant, probably due to the relatively short time
of the trial.

Moreover, the results indicated by the users have led to new insights aimed at improving the
interaction with the app, so that it is quicker and less intrusive in the lives of users. One of these
improvements could be to make the app adaptive in relation to the meal data inserted; for example,
it might be possible to suggest meals in response to the weekly data on the frequency of foods consumed
and in accordance with seasonal availability. The resulting 77.16 score of the SUS was good. In fact,
generally, an acceptable cut-off score for such an instrument is 68, as indicated in [38,39]. Any SUS
score above this cut-off is considered greater than average. Additionally, by offering a comments
section after the test questions, we have collected several suggestions in order to improve the usability
and navigability of the app.

Finally, we are still working on the development of new functionalities of the app in order to
solve the most important open issues recorded 2. In detail, concerning the interoperability, we are now
involved in a new project, “eHealthNet” (PONO3PE_00128_1), and we are working to improve the
app by integrating the most widespread wearable sensors, whether compliant or not to the Continua
Health Alliance guidelines [40].
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