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Summary
Objective: Solutions for improving management of chronic conditions are under the attention of 
healthcare systems, due to the increasing prevalence caused by demographic change and better 
survival, and the relevant impact on healthcare expenditures. The objective of this study was to pro-
pose a comprehensive architecture of a mHealth system aimed at boosting the active and informed 
participation of patients in their care process, while at the same time overcoming the current tech-
nical and psychological/clinical issues highlighted by the existing literature. 
Methods: After having studied the current challenges outlined in the literature, both in terms of 
technological and human requirements, we focused our attention on some specific psychological 
aspects with a view to providing patients with a comprehensive and personalized solution. Our ap-
proach has been reinforced through the results of a preliminary assessment we conducted on 22 
patients with chronic conditions. The main goal of such an assessment was to provide a preliminary 
understanding of their needs in a real context, both in terms of self-awareness and of their predis-
position toward the use of IT solutions.
Results: According to the specific needs and features, such as mindfulness and gamification, which 
were identified through the literature and the preliminary assessment, we designed a comprehen-
sive open architecture able to provide a tailor-made solution linked to specific individuals’ needs.
Conclusion: The present study represents the preliminary step towards the development of a sol-
ution aimed at enhancing patients’ actual perception and encouraging self-management and self-
awareness for a better lifestyle. Future work regards further identification of pathology-related 
needs and requirements through focus groups including all stakeholders in order to describe the 
architecture and functionality in greater detail.
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1. Introduction
In their everyday lives, patients with chronic diseases deal with a range of conditions that require 
self-management and relevant decision-making. The attention to chronicity is acquiring worldwide 
relevance also because of the steadily increase in associated costs due to demographic changes and 
better survival rates of patients with chronic conditions [1]. The reduction of costs associated to the 
management of chronicity is one of the main challenges healthcare systems have to face.

Upon hospital discharge, the multidimensional aspects of patient’s care converge into a combi-
nation of clinical conditions (co-morbidities, reduced functional capacity and self-sufficiency, de-
pressive and anxiety symptoms), psychological needs (awareness, acceptance, redefinition of self, 
self-efficacy, empowerment), and social challenges (loneliness, family/social support) which may ul-
timately significantly affect patient’s adherence and well-being [2].

Several approaches are currently being adopted to promote and sustain patient’s adherence; 
among them, there is patient education (cognitive-behavioral individual and/or group interventions 
[3], nurse interventions, workshops, printed material, online communication); patient reminders 
(e-mails, tele-calling, text messages); pharmacy-based programs; collaboration with patient organiz-
ations, etc. Research has shown that the multifaceted aspects of adherence require multiple tactics to 
prove successful in time [4]. Between 2013–2016, Friuli Venezia Giulia Region has been leading a 
EU-funded, 24-region project on ICT-supported integrated care to provide domiciliary care to frag-
ile, elderly European citizens. The experience has shared light on the needs and the maturity level of 
elderly citizens in the learning and use of technology and has highlighted patients’ willingness to be 
actively engaged with their healthcare/social care teams in the management of their own health. Pre-
liminary results show the empowering aspect of technology for senior citizens [5].

The implementation of mobile technologies may support a healthcare redesign based on disease 
management programs and integrated care models [6–9]. Furthermore, mHealth technologies may 
act as a complementary tool to provide support and motivation to regular patient’s self-monitoring 
of health parameters (e.g., blood pressure, heart rate, blood glucose) [10]. The resulting empower-
ment may help patients to achieve personal health objectives, modify lifestyle patterns and/or high-
risk behaviors for an optimal management of their chronic condition [11].

Currently, over 35,000 mHealth apps for different health conditions are available for iOS and An-
droid platforms [12]. Nevertheless, many challenges are still to be faced, such as open architecture 
[13, 14], medical devices directive applicability and data protection [15, 16], interoperability and in-
tegration in existing healthcare models [14, 17]. Most mHealth solutions rely on an architecture that 
only addresses one specific disease and are usually either all-online or all-offline [18]. Furthermore, 
these applications have been developed independently as stand-alone applications and are not easily 
integrated into existing healthcare models. Success of mHealth solutions depends also on their abil-
ity to address and meet users’ needs. The diversity of needs and requirements comes from different 
age, sex, pathology, health status, environment and professional and social activities. The adaptabil-
ity of the system in terms of customization and personalization is of paramount importance. More-
over, among others, health-related data are one of the most sensitive issues, and they are being pro-
tected by laws and regulations. However, it is well known that digital data, especially in a mobile en-
vironment, pose a huge security risk in terms of privacy violation [18]. The protection of health data 
is still a mHealth burning issue, which has to be handled properly. Data collected by sensors and 
coming from other sources do not impact only on storage and transfer capacity, but also require the 
ability of the system to analyze a large amount of information. Clinicians and patients are not inter-
ested in single data, rather in trend and overall scenarios. Therefore, the development of an intelli-
gent system for data analysis and Decision Support Systems (DSSs) is essential for helping patients 
along their clinical pathways [19].

Many DSSs are available in current literature, but they are seldom based on validated predictive 
models and even though some scoring systems have been validated (e.g., Seattle Heart Failure Score 
[20], Archimedes [21]), predictive models are not often used in clinical practices.

Moreover, beyond the above-mentioned considerations, a crucial aspect needs to be tackled any-
time an IT solution has to be developed, i.e. the psychological and social implications of the new 
technology from the patient’s point of view. In order to answer these needs, a suitable approach must 
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be found for meeting three major requirements: increasing self-management, self-awareness and so-
cial inclusion of patient/s within their communities.

Actually, self-management may reduce the number of severe events (e.g., hypoglycemia and gly-
cemic decompensation due to hyperglycemia in case of diabetic patients), thanks to the active role 
played by patients in their care plan. Furthermore, educational programs concerning, for example, 
self-management education, acquisition of the fundamental skills to correctly interpret the symp-
toms and to autonomously take the relevant corrective actions are of paramount importance [22].

Secondly, self-awareness is being considered increasingly important. Self-monitoring has shown 
to enhance self-awareness and plays a substantial role in most behavioral programs aimed at pro-
moting patient’s adherence to therapy [23]. Research shows that people judge a risk not only by what 
they think about it but also by how they feel about it. If their feelings toward an activity are favorable, 
they tend to judge the risks as low and the benefits as high; if their feelings toward the activity are 
unfavorable, they tend to make the opposite judgment, i.e. high risk and low benefit [24]. Interven-
tions aimed at improving user’s risk perception need to draw their rationale on the understanding of 
the psychological mechanisms and relevant theories underlying human behavior and motivation, in 
order to bring effective and long-term outcomes.
Finally, social inclusion plays a key role in understanding, accepting and handling the complexities 
of change which are inherent to a life-limiting chronic illness. [25]

In this process, positive communication is essential: in fact, whilst perceived negative change may 
lower self-esteem and hinder self-care, positive handling of change may increase self-awareness, self-
worth and boost self-management skills.

In order to overcome the limitations presented in this first section (i.e., related to open architec-
ture, interoperability and integration, compliance with medical device directives and data protec-
tion, customization and personalization, DSSs based on validated predictive models as well as psy-
chological and social implications), in this study we propose a comprehensive solution that inte-
grates both technical and psychological/clinical needs through a novel approach aimed at boosting 
the active and informed participation of patients in their care process, allowing them to manage 
their own health and increase their awareness.

Namely, the present study is structured as follows. In the following section, we describe our ap-
proach focusing on clinical, psychological and social aspects to be implemented in order to over-
come the related aforementioned limitations. Moreover, “Our approach” section includes a prelimi-
nary assessment which involved 22 patients attending an outpatient Chronic Care clinic. In the 
“Architecture” section, we present the technical requirements and architecture of our solution, focus-
ing on the technical aspects to be considered in order to overcome the aforementioned technical 
limitations. In the last section, we present conclusions and future developments.

2. Our approach
In this section the pillars of our approach are reported, in accordance with the aforementioned clini-
cal, psychological and social needs (e.g., patien’s self-management, self-awareness, empowerment, 
social inclusion, positive communication). Our solution targets patients affected by the most fre-
quent chronic conditions with no severe mental and physical disabilities.

2.1 Mindfulness
Our solution answers the need for increasing self-awareness through the integration of mindfulness. 
Mindfulness has been defined as a kind of non–judgmental, present-centered awareness in which 
each thought, feeling, or sensation arising within the perimeter of our attentional field is acknowl-
edged and accepted [26]. Within this process, the person moves toward a state in which one is fully 
observant of internal and external stimuli in the present moment, and open to accepting rather than 
trying to change or judge whatever arises to their conscience [27]. Baer [28] suggests that mindful-
ness may promote exposure to previously avoided internal experiences, thus promoting cognitive 
change or a shift in attitude about one’s thoughts, while at the same time increasing acceptance. Ac-
cording to Teasdale and colleagues [29], mindfulness practice may increase metacognitive aware-
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ness, a process through which negative thoughts and feelings are experienced as mental events 
rather than as the self. Moreover, a mindfulness-based approach has been incorporated within dia-
lectical behavior therapy [30]; the combination of training and implementation of mindfulness 
meditation with cognitive therapy has been seen to significantly reduce relapse rates in recurrent 
major depression [31]. 

Mindfulness goes beyond the simple practice of meditation; in fact, meditation practice is simply 
a “scaffolding” used to develop the state, or skill of mindfulness [32]. Meditation is also often recom-
mended as a practice that can be applied as a stress-reduction procedure to deal with a variety of 
health-related problems such as pain management, hypertension, and cardio-vascular diseases [33]. 
There is an increasing number of studies of acceptance, mindfulness, and values-based action in re-
lation to chronic pain. Also, whilst cognitive-behavior therapy (CBT) has proved its effectiveness in 
treating depression and anxiety disorders [34], a 2012 Cochrane review [35] outlined that only 
38–77% of patients suffering from chronic pain responded to CBT by experiencing clinically signifi-
cant relief. Mindfulness-Based Cognitive Therapy (MBCT) may thus prove effective by its four-stage 
therapeutic approach which is designed to help people modify their thought process rather than the 
mere content of their thoughts [36]. Within a beehive person-centered approach [5], whereby each 
person is at the center of an integrated process of mutual care, mindful empowerment may thus turn 
out to be a pivotal issue in the development of innovative solutions for patients with chronic disease.

The proposed solution supports a mindfulness-based intervention through a tailor-made path so 
as to allow beginners to incorporate mindfulness practices in their everyday lives. As with any other 
intervention, mental health pre-screening and regular supervision need to be carried out by the 
clinician so as to rule out the presence of mental disorders which may put the patient at risk. The 
specific path (in terms of “entry level”) is evaluated by administering the Five-Facet Mindfulness 
Questionnaire [28] to the patient, designed to assess a core characteristic of dispositional mindful-
ness [37].

This approach takes into consideration specific patient’s needs allowing for the system personal-
ization. The overall of the path to follow is listed below:
• Awareness of the five senses;
• Visualization exercises (e.g., bodyscan);
• Mini-guided meditation sessions;
• Daily reminders to bypass the risk of alarm fatigue so as to promote adherence;
• A motivational calendar to enhance self-care and prosocial behavior;
• The user will become part of a mindful community which reinforces each other’s behaviors and 

enhance both individual’s and social healthcare responsibility;
• Successful adherence and behavior modification will be signaled to the user through easily read-

able health indicators which will provide cognitive and emotional reinforcement.

2.2 Piazza Grande
The proposed solution enhances the importance of social inclusion of patients affected by chronic 
conditions in the real life through the implementation of Piazza Grande. Piazza Grande is a virtual 
meeting point where calendars of city health-promoting events can be shared, thus providing a 
means to meet in real life and share experiences (e.g., diaries and pictures) with those care recipients 
who are unable to join due to their serious health conditions (▶ Figure 1). Particularly, Piazza 
Grande serves as a gateway to all the different people who matter to the patient/user and also con-
nects individuals with the same conditions. Several interactions can be made among subjects to im-
prove engagement and reduce loneliness in some scenarios. Mindfulness may be promoted and en-
hanced within the virtual group of users, by sharing not only experiences, but also moments of prac-
tice and mutual support along the lines of social learning [38]. Not only patients can access the So-
cial Network Piazza Grande, but also all the people in their “real-life network” can be part of it, such 
as healthcare professionals, relatives, friends, caregivers. Piazza Grande may also benefit from the 
support provided by the Third Sector (e.g., college students enrolled in medical and/or nursing 
schools) who may, in turn, learn better and more effective ways to take care of their own health and 
well-being. This may actually promote healthier lifestyles among a wider community of ‘healthy’ 
users. To this end, different access levels will be defined in order to guarantee the privacy of the pa-
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tient. In a person-centered solution, patients can be connected to the people who care for their 
health and who can help them learn self-management and accountability skills.

2.3 Gamification
Our approach is based on gamification to promote patients’ self-management and enhance their 
empowerment. Indeed, it has been proved that gamification has a good impact on motivating users’ 
behaviors; it also plays a crucial educational role, since motivation is one of the basic conditions to 
learn. Moreover, it has also been proven successful for empowering patients to adopt healthy lifestyle 
[39]. Gamification mechanics are already represented in several mHealth applications and are an 
encouraging implementation for incentivizing improved patient self-management [40, 41]. It has 
also been reported that gamification improves engagement, compliance to therapy and learning [42, 
43]. Furthermore, gamification alone or with social support may increase physical activity and em-
powerment and decrease healthcare utilization [44].

As far as the anxiety experienced by patients with chronic disease, the theorystates that the 
underlying causes of anxiety disorders may be found in a dysfunctional cognitive bias, whereby the 
individual develops an over tendency to pay attention to danger, ignoring any sign of safety and/or 
pleasure. This fearful state of mind determines what is called ‘skewed attention’. In order to modify 
this dysfunctional attention bringing to anxiety and stress, non-threatening gamification-supported 
competition is developed to train the subject away from threat/danger cues [45]. In fact, games can 
be used to drive positive change in health-supporting behaviors by rewarding players for accom-
plishing desired tasks (positive reinforcement) and by taking advantage of natural competitiveness 
within a friendly, mutually supportive environment. In order to avoid “nagging effect”, constructive 
messages are provided to support individual and group motivation so as to boost user’s self-esteem 
and reinforce positive behaviors.

The gamified approach is carried out in both passive and active ways: in the first one, by using a 
gamified virtual representation of their health status avatar (VHA), the patient watches (and reacts) 
as that persona represents their own health, enhanced also with the support of the DSS. Fur-
thermore, the automatic measurement of biosignal data is translated into changes on the VHA. The 
active way represents a more direct approach of the gaming concept, i.e. this pertains to activities 
that the patient/user consciously comprehends to be games: challenging another user to a jogging or 
cycling game, a trivia competition about a particular condition, compare recent healthy lifestyles 
and be rewarded, etc.

Scope of the mindfulness-based gamification approach is to promote users’ perception and 
awareness of risks while simultaneously reinforcing risk prevention user’s-led behaviors through a 
set of easy-to learn, simple-to-use and noninvasive techniques which may promote individual’s 
awareness, empowerment, and role modeling.

2.4 Education
The proposed solution educates and trains patients both to learn about their pathology and to better 
understand how mindfulness and the other integrated tools may help them in improving their 
quality of life. The concept behind our approach is that the more patients know about their condi-
tion, the more they can better manage their health, also in terms of self-management and promotion 
of adherence to therapeutic prescriptions and healthier behaviors (decreasing the risk behaviors and 
risk factors). The educational contents are shared with patients through different tools and interac-
tion modalities (video, audio, text) in the user’s mother tongue, and the educational content is tailor-
ed to the patient’s background in accordance with the preliminary assessment results. Moreover, 
through a self-regulated learning process, patients can select the goals (challenges) they want to 
reach, following a gamified approach.

The patient/user can constantly access a detailed and comprehensive database/knowledge base of 
information about their conditions, as well as relevant updates concerning, for example, new impor-
tant findings. Moreover, training and education are provided with a positive approach in accordance 
to the mindfulness and gamification concepts.
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2.5 Decision Support System

To empower patients to participate in the management of their health through applications for their 
disease, lifestyles and prevention monitoring, it is necessary to increase their consciousness about 
their health conditions and risk awareness. To this end, our solution provides users with a personal 
monitoring system empowered by a Decision Support System (DSS) which provides feedback about 
their health status, predicts health evolution and provides patients with warning alerts. The patient-
specific data (e.g., biomedical, clinical, therapeutic, environmental, social data) are processed in real-
time by prognostic and diagnostic algorithms based on artificial intelligence and computational 
models. These models and algorithms include validated medical predictive models related to the se-
lected chronic conditions and medical guidelines (e.g., Diabetes: Archimedes [21], EAGLE [46], 
GDM [47] and ADA guidelines [48]; HF: Seattle HF model [20], MAGGIC [49] and European So-
ciety of Cardiology guidelines & education). The prediction is accompanied by personalized sugges-
tions which encourage patients to healthier behaviors and lifestyles. Moreover, the implemented 
DSSs generate medication reminders and warn patients on the consequences of non-adherence to 
the prescribed protocol.

Our solution aims to boost the use of existing validated predictive models by implementing them 
into a comprehensive mHealth solution supported by gamified representation and prediction of 
health status, and also by providing relevant recommendations based on clinical guidelines. Thus, 
models’ outputs may become more useable and understandable to the patient thus increasing their 
everyday use and diffusion. The lack of large validation clinical trials and the shortage of personal-
ized validated predictive models are problems that still need to be tackled.

2.6 Preliminary Patient Assessment
In order to assess in a real life context the need for a support to self-management and to lifestyle im-
provement, and in order to evaluate the acceptance level of our technological solution designed to 
relieve chronic disease burden, narrative medicine semi-structured interviews and Psycho-Social-
Assessments (25 questions on physical, psychological and social well-being on a 5-item Likert scale 
rated on intensity/frequency of experience) were administered to a random sample of 22 patients, 
stratified by age and sex, attending the Chronic Care outpatient clinic at the Cardiovascular Center 
of Health Authority n°1 Triestina (Trieste, Italy). The sample of the interviewed patients was 
composed by 85% males and 15% female (mean age 76±9) with 8.5 (±3) years of education. 44% suf-
fered from atrial fibrillation and 92% were in polytherapy with at least 4 medications. Furthermore, 
comorbidities included type II diabetes in 85% of patients, moderate to severe renal failure in 16%, 
hypothyroidism in 20%, and COPD (Chronic Obstructive Pulmonary Disease) in 8% of them. Pa-
tients had been previously screened and tested negative for cognitive and memory impairments. The 
semi-structured interviews were built on a grid which focused on the experience of illness, relation-
ships with healthcare providers, supportive role of social network, beliefs concerning illness and ad-
herence, self-awareness in everyday life, self-efficacy, self-report of mindful day-to-day experiences, 
empowerment/disempowerment, attitudes and behaviors related to adherence to therapeutic 
regimens and lifestyle changes, as well as technology-related attitudes and beliefs. Each narrative in-
terview was audio-recorded and transcribed verbatim. Guidelines for grid construction in the do-
mains of self-awareness and self-empowerment included questions from the MAAS (Mindful Atten-
tion Awareness Scale) which assesses dispositional mindfulness, (i.e., receptive awareness of and at-
tention to what is taking place in the present) and from the PAM (Patient Activation Measure) 
which assesses patient knowledge, skills, and confidence for self-management [50].

The questionnaire results are summarized in ▶ Figure 2. As it is shown, 80% of patients with a 
chronic cardiovascular (CV) disease have difficulties staying focused in their everyday experience; 
78% reported trouble in adequately responding to shifts in the environment and 55% stated that 
they have trouble noticing distressing thoughts without having an emotional/physiological reaction. 
The majority of interviewed patients (73%) felt disempowered as far as decision-making on health 
issues and treatment is concerned, and 76% of patients mistrust their self-care abilities. Interestingly, 
despite the advanced age of the sample, 60% of patients expressed either knowledge of, or interest in 
new communication technologies (e.g., mobiles, web-learning, social platforms).
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Though limited in scope, this qualitative screening sheds some light on the evolving needs for 
self-awareness and empowerment of patients suffering from chronic care conditions and has rein-
forced our approach to design the most effective solution for patients with chronic conditions.

3. Architecture
In order to establish an advanced system to monitor and support patients with chronic disease, the 
proposed solution has been designed to meet the following technical requirements, considered im-
portant aspects as stated in our introduction:
• Open architecture in order to provide a scalable system, customizable to patients affected by dif-

ferent chronic diseases;
• Compliance with transfer and data protocols to ensure interoperability with existing wireless de-

vices;
• Application of semantic web approaches and standards to ensure correct sharing of information 

with hospital information system, and classification of patient behaviors;
• Compliance to the existing standards and regulations;
• Guarantee security and privacy protection of health and personal data.

Each module of the proposed architecture is shaped on specific patient’s disease and condition 
states, so as to provide each user with a personalized solution. Even though the modularity can in-
troduce limitations (e.g., increasing size and mass due to some redundancy and using standard com-
ponents designed for more general applications), it allows customization, scalability and applicabil-
ity to different kinds of chronicity.

Furthermore, the security, safety and interoperability of our technology are guaranteed through 
the compliance with existing standards. Notably, it is compliant with the ISO/IEC 27001:2005 which 
provide best practice recommendations on information security management, risks and controls 
within the context of an overall information security management system (ISMS). Moreover, data 
acquisition is compliant with data transfer protocols (e.g., BT4/LE, ANT+, ISO/IEEE 11073) in 
order to ensure integration with existing wearable devices. Patient’s data are stored in accordance 
with privacy and safety legal requirements through the application of standard communication 
protocols (e.g., HL7, ICD-10 and openEHR) to ensure correct information sharing with hospital in-
formation systems and, eventually, Electronic Health Record (EHR).

In order to comply with the identified needs and requirements, the overall architecture (shown in 
▶ Figure 3) can be divided into two parts: patient side (mobile) and server side. They are both based 
on 3-tier architecture involving three physically separated layers: Presentation (or Client) Tier is the 
user interface. On the patient side, it is based on the gamification technique both for presenting and 
collecting data; on the server side, the view level of collected and processed data depends on the role 
of the logged user (i.e., healthcare professional, caregiver); Business Logic (or Application) Tier coor-
dinates the application, processes commands, make logical decisions and evaluations, and performs 
calculations. It also moves and processes data between the two surrounding layers (Presentation and 
Data Tiers); Data (database) Tier stores and retrieves information, which is passed back to the Logic 
Tier for processing. Particularly, on the server side, data are permanently and safely stored, in com-
pliance with the requirements for guaranteeing user’s privacy; conversely, on the patient side, data 
are transitory since the database is a buffer filled with data coming from the server and the newest 
acquired data which are subsequently sent to the central database.

The proposed architecture consists of two parts: the former, patient side, runs on mobile device 
and the latter, server side, is accessible for remote monitoring. 

On the patient side, a mobile application provides features and services to the patient. Through 
the gamification GUI module, better patient’s self-care may be promoted and enhanced. Data which 
are automatically collected by biomedical and environmental sensors through the sensor interface, 
as well as self-reported data, are validated to provide real-time risk warnings/alerts whenever rec-
orded values are out of range of safety, even when internet connection is not available. Particularly, 
Internet connection allows for buffered collected data to feed the DSS on the server side and to ob-
tain remote health status monitoring and prediction of health evolution, accompanied by behavio-
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ral, lifestyle suggestions and social support provided both by caregivers and clinicians. Therapeutic 
reminders are also ensured in case of Internet service interruption. As sensitive data, they are being 
stored in the central database. However, a message reminder is locally scheduled on the Patient’s de-
vice without therapy explicit references. Connection is needed to view the full text reminder with 
therapeutic details. A reminder engine collects all the important reminders (e.g., scheduled appoint-
ments, drugs reminders, diet, and lifestyle suggestions) and it is synchronized with the central data-
base on the server side when Internet connection is restored. Synchronization, remote support and 
feedback on therapeutic compliance are only some of the features that are provided to the patient 
through the web services API. This API represents the interface module between the web service 
client interface on the patient side and the server side. The API also manages SSL encrypted traffic 
made up of all medical history and other sensitive data, interactive educational tools and contents, 
and social network interactions. 

It is important to underline that no personal and/or sensitive data are stored on the patient’s de-
vice. Historical data are stored on the central database. Conversely, the newly acquired data are used 
for urgent advices and not for consulting scope and, to this end, they are available in off-line mode 
until the connection is restored. Those data are temporarily stored in the buffer module after their 
validation. This also allows better management of a large amount of information, since data are only 
stored in the central database receiving and sending out necessary data on demand.

On the server side, as already briefly stated, patient’s data are stored and monitored. Caregivers 
and healthcare professionals get patient’s health information through the web application module 
where aggregated data and graphs, processed by the DSS module, are presented and defined in ac-
cordance with different levels of users’ access. The DSS is the most important module of the business 
logic tier, and it is based on a relational database management system where data are stored in a dis-
ease-centric manner, as it is shown in ▶ Figure 3. The connection of this database is handled by the 
Data Access Layer that also grants access to its data.

The Entity-Relationship model of the database is available in the supplementary online material. 
The proposed database architecture allows DSS to define the proper contents to show according to 
the tracking progression of patient’s status.

4. Conclusions
In conclusion, we introduced an innovative personalized technology for patients affected by chronic 
conditions, aimed at enhancing self-management and improving lifestyle and well-being. 

The open architecture and approach offered by our solution are thought to overcome the main 
limitations of the present solutions available on the market, in terms of technical requirements (e.g., 
standards for interoperability and privacy) and humanistic and psycho-social needs (e.g., Piazza 
Grande). Regarding the latter, the integration of the DSS aims at improving the compliance of pa-
tients with their clinically devised pathway. With a view to strengthening the link between users and 
their health, the gamification approach has been introduced as an additional technique. Moreover, 
the enhancement of a positive psychological status, self-awareness and, consequently, quality of life 
is obtained through a mindfulness-based, self-empowering approach.

Particularly, the results of our preliminary assessment show the evolving needs for self-awareness 
and empowerment of patients suffering from chronic care conditions. The interviews’ and question-
naires’ results show patients’ need to increase self-empowerment and self-awareness and, at the 
same time, their interest in new communication technologies. Nevertheless, this preliminary assess-
ment presents several limitations (e.g. small sample, elderly patient population, high specificity and 
severity/complexity of disease). Even though innovative cognitive-behavioral programs may pro-
mote awareness of self and support educational and clinical interventions, careful identification of 
the most adequate patient population (e.g. according to age groups, complexity and/or severity of 
disease as well as computer literacy) is advisable so as to maximize intervention outcome. Additional 
research is necessary to validate this approach in a larger population and wider range of conditions. 
Even though technology may prove to be useful for health management, each intervention needs to 
be carefully built, supported and monitored by a team of well trained professionals (physicians, psy-
chologists, nurses as well as engineers and IT specialists) to guide the integration between technol-
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ogy and the individual, so as to promote health and well-being and prevent potentially adverse 
events. The goal being to find the most effective and sustainable solution for patients at risk of devel-
oping, or already experiencing the burden of a chronic condition.

Once the specific needs of patients will be better identified considering also the different kinds of 
disease and intrinsic conditions, architecture, functionality and technical requirements will be 
further detailed in order to improve usefulness and usability, based on user experience.

Finally, the modularity of our solution allows for customization, scalability and applicability to 
different kinds of chronicity.

Clinical Relevance
Technologies for improving management of chronic conditions are growing but there are still issues 
to be overcome. We present the architecture of a mHealth solution that is able to meet the specific 
users’ needs and enhance self-management skills through innovative approaches, such as mindful-
ness and gamification.
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Fig. 1 Network Model of Care included in Piazza Grande
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