
1 

               

Corso di Laurea Magistrale in Ingegneria Biomedica 

Dipartimento di Elettronica, Informazione e Bioingegneria 

 

Implementation and testing of an eHealth platform 

to monitor treatment adherence in psoriatic arthritis 

 

 

Relatore: Prof.ssa Simona Ferrante 

Correlatore: Prof. Marco Riboldi 

 

 

 

Tesi di Laurea Magistrale di: Mirko Gozzo  

Matricola: 841992  

 

 

Anno accademico: 2016/2017 



2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Acknowledgement 

 

I’m thankful to Advice Pharma Group, that gave me the opportunity to develop 

the project and follow it in all its phases.  

I’m thankful to Havas Group company, who planned and followed the staff 

training at the centers interfacing directly with the medical staff. 

 

 



3 

 

  



4 

INDEX 
 

ABSTRACT 

ITALIAN ABSTRACT ..................................................................................... 7 

ENGLISH ABSTRACT ................................................................................... 12 

 

CHAPTER 1  

eHEALTH IN PSORIATIC ARTHRITIS  

eHealth ............................................................................................................ 16 

eHealth: definition and application fields ............................................................................ 16 

The Big Data ........................................................................................................................ 20 

Ethical Implications and issues in eHealth ........................................................................... 23 

Telemedicine, ePRO & EDC in patients life .................................................... 25 

Electronic Data Capture (EDC)............................................................................................ 25 

What’s ePRO in healthcare? ................................................................................................ 27 

Technology supports and methods used in ePRO ................................................................ 27 

Benefits and improvements of ePROs in data collection ..................................................... 29 

Issues and disadvantages of ePRO implementation ............................................................. 30 

Mobile applications for mHealth ...................................................................... 32 

mHealth: definition and statistical trends ............................................................................. 32 

Apps and mobile devices in healthcare ................................................................................ 35 

Classification of medical applications.................................................................................. 37 

The Psoriatic Arthritis ...................................................................................... 41 

The pathology ....................................................................................................................... 41 

The Psoriatic Arthritis Impact of Disease (PsAID) questionnaire ....................................... 44 

Other questionnaires and pathology index ........................................................................... 47 

The purpose of the project ............................................................................... 52 

Aim of the study ................................................................................................................... 52 

 

CHAPTER 2 

DESIGN IMPLEMENTATION AND TESTING 

Section I: Project feasibility ............................................................................. 56 

Section I.a: Context analysis ................................................................................................ 56 



5 

Section II: Project development ....................................................................... 59 

Section II.a: Analysis of project requirements and logical flow. ......................................... 59 

Section III: Project implementation and testing ................................................ 69 

Section III.a: The implementation ........................................................................................ 69 

Section III.b: The mobile and web application integration .................................................. 84 

Section III.c: Testing phase .................................................................................................. 99 

Section IV: Close-out ..................................................................................... 101 

Section IV.a: Customer acceptance .................................................................................... 101 

Section IV.b: Project finalization and closing phase.......................................................... 103 

 

CHAPTER 3 

RESULTS AND DISCUSSIONS 

Results and future developments .................................................................... 106 

FollowUp result .................................................................................................................. 106 

Critical issues and patient’s adherence............................................................................... 117 

Future developments .......................................................................................................... 122 

 

CHAPTER 4 

CONCLUSION 

Conclusion ..................................................................................................... 125 

 

 

 

 

 

 

 

 

 

 

 

 



6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



7 

ABSTRACT 

 

ITALIAN ABSTRACT 

 

In un contesto sanitario dove si tende sempre più a garantire monitoraggio e 

assistenza continua al paziente, e dove il processo di deospedalizzazione diventa 

fondamentale per evitare il sovraffolamento dell strutture sanitarie (con 

conseguente riduzione della qualità di cura), la telemedicina rappresenta un 

componente importante della medicina odierna. 

In particolare, il continuo aumento dell’utilizzo dei dispositivi mobili ha portato 

all’espansione della telemedicina grazie al concetto di mobile health, termine che 

definisce le pratiche mediche e sanitarie supportate dai dispositivi mobili.  

In pazienti affetti da patologie croniche questa tipologia di supporto, che consente 

di migliorare la comunicazione con il medico, monitorare l’aderenza alla terapia, 

può apportare al paziente importanti benefici fisici e psicologici generati da un 

monitoraggio continuo e lontano dalle strutture. Proprio per questo motivo la 

mobile health produrrebbe benefici anche ai centri grazie al processo di 

deospedalizzazione.  

Grazie alla collaborazione tra le società Celgene (promotore e sponsor del 

progetto), Havas Life che ha curato la distribuzione del prodotto e la formazione 

presso i centri, Advice Pharma Group che ha sviluppato il software, è stato 

sviluppato un supporto tecnlogico basato su una piattaforma web in connessione 

con un applicazione mobile che consenta la raccolta dati. Il progetto si basa sul 

contetto di ePRO (electronic patient-reported outcome usati anche nei trial 

clinici), inserimenti riportati direttamente dal paziente in risposta a questionari a 

lui presentati. Gli attori coinvolti sono appunto i pazienti e i medici, che si 

occuperanno dell’arruolamento presso i centri. L’obbiettivo è quello di 
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sensibilizzare gli utenti all’uso della tecnologia come supporto alla medicina 

migliorando la comunicazione tra loro.  

Lo studio pone il focus sui pazienti affetti da artrite psoriasica, una malattia 

infiammatoria cronica con una bassa incidenza sulla popolazione generale (sotto 

il 3%), associata spesso, ma non sempre, a psoriasi (infiammazione cronica 

dermatologica) che precede generalmente il processo artritico. Normalmente 

colpisce solo alcune articolazioni ma in forme gravi si manifesta nella colonna 

vertebrale, ricordando come quadro clinico quello della spondilite anchilosante. 

Si tratta di una malattia autoimmune e fa parte del gruppo delle spondiloartriti 

sieronegative.  

Il progetto è condotto in Italia su scala nazionale, coinvolgendo 30 centri. 

Lo studio, con una durata prevista di due anni, ha l’obbiettivo di coinvolgere i 

medici dei centri nell’arruolamento di un numero di 10 pazienti per centro. Ai 

medici è stata fornita una piattaforma web che consente l’arruolamento del 

paziente e l’inserimento elettronico dei dati durante la visita presso la struttura 

ospedaliera. Per entrambi gli utenti coinvolti (medico e paziente) viene invece 

fornita un’applicazione, direttamente connessa alla piattaforma, che consente la 

raccolta e memorizzazione locale dei dati sul dispositivo mobile e successiva 

sincronizzazione con il server. L’applicazione è disponibile sugli store delle 

piattaforme Android ed Apple. L’accesso ai contenuti è controllato da 

un’interfaccia di login che limita l’accesso all’app solamente tramite credenziali 

di accesso. Per quanto riguarda le utenze medico, sono state generate tramite 

account admin direttamente dalla piattaforma, attraverso una sezione disponibile 

solamente a questa tipologia di profilo. Le utenze paziente invece, vengono 

automaticamente generate dal sistema al momento dell’arruolamento presso in 

centro. Il paziente fornisce il consenso informato ed un riferimento mail per la 

creazione del profilo e la partecipazione al progetto.  

Il primo processo ha portato alla definizione di 5 questionari validati, la cui 

compilazione fornisce  informazioni utili per il calcolo degli indici coonessi alla 
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patologia che permettono di monitorarne l’andamento. I questionari selezionati 

sono i seguenti: 

- PSAID12 (Psoriatic Arthritis Impact of Disease): questionario di 12 

domande che valuta lo stato di salute del paziente nell’arco degli ultimi 7 

giorni, il cui calcolo produce un risultato rappresentativo della patologia.  

- MASES (Maastricht Ankylosing Spondylitis Entheses Score): valutazione 

dell’impatto della patologia sulle articolazioni con focus su 13 punti 

specifici situati e distribuiti tra la parte anteriore (8) e posteriore (5) del 

corpo. 

- CONTA ARTICOLARE: valutazione delle anormalità nel conteggio di 68 

punti identificati nelle articolazioni che comprendono gonfiore, dolore, 

movimento limitato e deformità.  

- PGA(Patient global assessment): singola domanda che produce un 

punteggio che include le misure oggettive dell'attività della malattia ma 

anche gli altri aspetti della salute, come il disagio psicologico o le 

comorbidità. 

- CQR5: questionario di 5 domande che valuta l’aderenza al trattamento 

terapeutico da parte del paziente. 

Una volta definiti i questionari da sottoporre per la raccolta dati e gli attori 

coinvolti nel progetto, si è proceduto all’implementazione della piattaforma web 

e della mobile app. Un’interfaccia semplice ed intuitiva che permette 

l’inserimento elettronico dei dati sia dalla piattaforma web (esclusivamente per il 

profilo medico) che tramite dispositivi mobili (per entrambi i profili coinvolti ed 

ottimizzata per l’uso da tablet). L’obbiettivo è quello di sensibilizzare e 

avvicinare entrambe le parti all’uso della tecnologia come strumento che 

costituisca un valore aggiunto in campo medico. Una sezione di reportistica 

disponibile dall’applicazione permette inoltre di monitorare l’andamento della 

patologia estraendo importanti informazioni. 
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Entrambi i supporti sono stati sviluppati con l’ausilio di CodeIgniter, un 

framework PHP (Hypertext Preprocessor) utilizzato per nello sviluppo di 

applicazioni web, che permette l’integrazione con altri  linguaggi di 

programmazione come JavaScript e Html (anch’essi utilizzati nello sviluppo). 

Sviluppata la piattaforma web e sottommessa l’app sugli store, l’avvio del 

progetto prevedeva la formazione del personale medico (addetto all’arruolamento 

dei pazienti) presso i centri coinvolti.  

In strutture sanitarie non sempre adeguate all’uso della tecnologia, l’introduzione 

di questo supporto ha inizialmente subito un rallentamento. Grazie però 

all’introduzione dei supporti tecnologici forniti ai centri per lo sviluppo del 

progetto, queste barriere sono state abbattute e il personale medico ha accolto con 

grande soddisfazione ed entusiasmo lo strumento per la raccolta elettronica dei 

dati. Veniva inoltre integrata la web-app, raggiungibile da ogni tipologia di 

browser, che permette all’utente di utilizzare lo strumento anche da computer 

oltre che dal dispositivo mobile (tablet). 

A 6 mesi dall’inizio dell’arruolamento, la formazione del personale medico è già 

stata effettuata in 12 centri. Il progetto ha coinvolto e avuto un’ottimo feedback 

anche dai pazienti. Al momento 101 pazienti sono stati arruolati con i centri di 

Trieste, Jesi e Catanzaro che hanno inserito più del 50% degli utenti. I dati inseriti 

ad oggi sono in linea con quelli presenti in letteratura, che evidenziano un’età 

media dei pazienti affetti da artrite psoriasica compresa tra i 40 e i 45 anni, e 

distribuiti in egual numero relativamente ai due sessi. I dati estratti dagli strumenti 

di analisi degli store di Apple e Android mostrano ad oggi un numero di circa 25 

downloads dell’app da ciascuna delle due piattaforme.  

L’attività di formazione presso i centri continua e il numero di pazienti arruolati 

è in continua crescita, indice di un buon feedback sul progetto da parte degli 

utenti.  

La conferma di questi trend positivi, potrebbe indirizzare il progetto verso la 

creazione di un trial clinico che permetta di fornire dei dati robusti per 
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l’introduzione di questo strumento come supporto alla diagnosi nell’attività 

medica. Questa evoluzione prevederebbe un processo di anonimizzazione del 

paziente arruolato tramite criptazione dei dati anagrafici, la stesura di un 

protocollo e di una sinossi che definiscano i principi di inclusione ed esclusione 

dai gruppi di studio (comparazione tra due differenti gruppi trattati con e senza 

l’uso dello strumento tecnologico). 

Inoltre, in questo caso, essendo l’applicazione usata con scopi di diagnosi e cura, 

dovrebbe essere sottoposta all’iter di certificazione per l’ottenimento della 

marcatura CE necessaria nella classificazione dei dispositivi medici, categoria nel 

quale essa rientrerebbe. 
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ENGLISH ABSTRACT 

 

In the healthcare context where there is an increasing tendency to ensure 

continuous patient monitoring and care, and where the de-hospitalization process 

becomes crucial to avoid overcrowding of healthcare facilities (resulting in 

reduced quality of care), telemedicine is an important component of today's 

medicine. 

In particular, the continuous increase in the employment of mobile devices has 

led to the expansion of telemedicine thanks to the concept of mobile health, a 

term that defines the medical and health practices supported by mobile devices. 

In chronic patients, this type of support, which improves communication with the 

physician monitoring the adherence to therapy, can give the patient important 

physical and psychological benefits generated by continuous monitoring also 

outside the structures. For this reason, mobile health would also benefit the 

centers through the de-hospitalization process. 

A technical support was developed by including a web-platform connected to a 

mobile application that allows data collection, thanks to the collaboration 

between Celgene (promoter and sponsor of the project), Havas Life, which dealt 

with product distribution and training at the Centers and Advice Pharma Group 

that developed the software. The project is based on ePRO (electronic patient-

reported outcome used in clinical trials), which includes data insertions directly 

reported by the patient in response to questionnaires presented to him. The actors 

involved are precisely the patients and doctors who will be involved in the 

recruitment at the centers. The goal is to make users aware of the use of 

technology as a support to medicine by improving communication between them. 

The study focuses on patients with psoriatic arthritis, a chronic inflammatory 

disease with a low incidence on the general population (below 3%), often 

associated with psoriasis (chronic dermatological inflammation) that generally 
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precedes the arthritic process. It normally affects only some joints but in severe 

forms it manifests in the spine, recalling the typical clinical picture of an 

ankylosing spondylitis. It is an autoimmune disease and is part of the seronegative 

spondylarthritis group. 

The project is being conducted in Italy on a national scale, involving 30 centers. 

The study, with a projected duration of two years, has the goal of involving center 

doctors in enlisting a number of 10 patients per center. doctors The doctors were 

provided with a web platform. It allows patient enrollment and electronic data 

entry during a visit to the healthcare facility. For both users involved (physician 

and patient), an application is directly linked to the platform. It allows local data 

collection and storage of data on the mobile device and subsequent 

synchronization with the server. 

The app is available on Android and Apple platform stores. Access to content is 

controlled by a login interface that limits access to the app only through login 

credentials. As for medical users, they were generated by an admin account 

directly from the platform, through a section available only to this profile type. 

Patient users are automatically generated by the system at the time of enrollment 

in the center. The patient provides informed consent and a mail reference for 

profile creation and for the participation in the project. 

The first process resulted in the definition of 5 validated questionnaires, the 

compilation of which provides useful information for computing the pathological 

indexes that allow it to track its progress. The selected questionnaires are as 

follows: 

- PSAID 12 (Psoriatic Arthritis Impact of Disease): 12-item questionnaire 

evaluating the patient's state of health over the last 7 days. The calculation 

results in a pathological outcome; 

- MASES (Maastricht Ankylosing Spondylitis Entheses Score): assessment 

of the pathology impact focusing on articulations on 13 specific points 

located and distributed between the front (8) and rear (5) of the body; 
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- CONTA ARTICOLARE: evaluation of the joints in terms of swelling, 

pain, limited movement and deformity.  

- PGA (Patient global assessment): single item questionnaire that produces 

a score including objective measures of the disease activity but also other 

aspects of health such as psychological discomfort or comorbidity; 

- CQR5: a 5-item questionnaire evaluating the patient's adherence to 

therapeutic treatment. 

Once defined the questionnaires to be submitted for data collection and the actors 

involved in the project, the web platform and mobile app has been implemented. 

A simple and intuitive interface that allows electronic data entry from both the 

web platform (exclusively for medical profile) and mobile devices (for both 

profiles involved and optimized for tablet use). The aim is to raise awareness and 

bring both parties closer to the use of technology as an instrument that is an added 

value in the medical environment. A report section available from the application 

also allows tracking of the pathology trend by extracting important information. 

The supports have been developed by using CodeIgniter, a Hypertext 

Preprocessor (PHP) framework used in web application development that allows 

integration with other programming languages such as JavaScript and Html. 

The initial phase of the project included the training at the centers of the medical 

staff. 

In healthcare facilities not always suited to the use of technology, the introduction 

of this support slowed down initially. However, thanks to the introduction of the 

technology support provided to the centers, these barriers have been demolished 

and medical staff have welcomed the electronic data collection tool with great 

satisfaction and enthusiasm. The web app was also integrated, accessible from 

every type of browser, allowing the user to use the tool from the computer as well 

as from the mobile device (tablet). 
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Six months after the beginning of the enrollment phase, the training of medical 

staff has already been carried out in 12 centers. The project had excellent 

feedback also from the patients. At the moment, 101 patients were enrolled with 

the centers of Trieste, Jesi and Catanzaro, which included more than 50% of users. 

The data entered are in line with those in the literature, which show an average 

age of patients affected by psoriatic arthritis between 40 and 45 years, in the same 

number among males and females. 

Data extracted from Apple and Android store analysis tools shows up about 25 

app downloads from each of the two platforms. The training at the centers is 

producing a growth in the number of patients enrolled. That indicates a good 

feedback on the project by the users.  

The confirmation of these positive trends could address the project to the creation 

of a clinical trial that would provide robust data for the introduction of this tool 

as a support to diagnosis in medical activity. This evolution would envisage an 

anonymization process of the patient enrolled by encryption of the master data, 

the drafting of a protocol and a synopsis defining the principles of inclusion and 

exclusion from study groups. 

Finally, since the application in this case is used for diagnosis and treatment 

purposes, it should be submitted to the certification body to obtain the CE 

marking required in the classification of medical devices. 
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CHAPTER 1  

eHEALTH IN PSORIATIC ARTHRITIS 

 

eHealth 

eHealth: definition and application fields 

 

 

At a time when the mobile devices and the associated technologies are 

increasingly taking part in our daily life, medicine is ready to accept what will be 

a cornerstones of this field: the mobile Health. Telemedicine and telehealth are 

integral parts of the sanitary system and, more generally, of the patient care. 

During the last centuries thanks to the scientific improvement and to the evolution 

of the society, many things have changed. One of the most important things in 

our society that allow citizens to live in a better way is the Health. Even if all 

around the world the Health systems are different, the aim of all these systems is 

the same. 

A health system, is the organization of people, institutions, and resources that 

deliver health care services to meet the health needs of target populations. 

Nations must design and develop health systems in accordance with their needs 

and resources, although common elements in virtually all health systems are 

primary healthcare and public health measures. 

In 1948, The World Health Organization (WHO) was founded. The WHO is a 

specialized agency of the United Nations that is concerned with international 
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public health. The WHO is responsible for the World Health Report, a leading 

international publication on health, the worldwide World Health Survey, and 

World Health Day (7 April of every year). 

In general terms, telemedicine represents the clinical application of technology;  

telehealth, instead considers a more consumer-oriented approach. Its use crosses 

different health service disciplines, including medical education, training, remote 

patient monitoring.  

The WHO defines telemedicine as: 

“The delivery of healthcare services, where distance is a critical factor, by all 

healthcare professionals using information and communication technologies for 

the exchange of valid information for diagnosis, treatment and prevention of 

disease and injuries, research and evaluation, and for the continuing education 

of healthcare providers, all in the interests of advancing the health of individuals 

and their communities”, 

distinguishing it from telehealth because: 

“the former restricted to service delivery by physicians only, and the latter 

signifying services provided by health professionals in general, including nurses, 

pharmacists, and others. However, for the purpose of this report, telemedicine 

and telehealth are synonymous and used interchangeably”.[1] 

 

eHealth (electronic Health) emerged early in the 21st century and is an all-

encompassing term for the combined use of electronic information and 

communication technology in the health sector. This term refers to that 

technology used for clinical, educational, research, and administrative purposes, 

both at the local site and across wide geographic regions. The use of eHealth has 

enhanced networking, facilitated global thinking, and improved health care on 

local, regional, and national levels. 

eHealth is the use of information and communication technologies (ICT) for 

health. The eHealth unit works with partners at the global, regional and country 
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level to promote and strengthen the use of information and communication 

technologies in health development, from applications in the field to global 

governance. The unit is based in the Department of Knowledge, Ethics and 

Research in the cluster of Health Systems and Innovation. 

The Journal of Medical Internet Research defines eHealth as: 

“an emerging field in the intersection of medical informatics, public health and 

business, referring to health services and information delivered or enhanced 

through the Internet and related technologies. In a broader sense, the term 

characterizes not only a technical development, but also a state-of-mind, a way 

of thinking, an attitude, and a commitment for networked, global thinking, to 

improve healthcare locally, regionally, and worldwide by using information and 

communication technology “ [2]. 

It can produce several advantages for all the actors involved in health. Surely, 

eHealth benefits involve not only reducing sanitary costs, but also improving the 

quality, involving consumers as additional power of the process. 

This kind of technology should also define a standard communication between 

patients and health professional, reducing the gap between the two parties. 

Another benefit, that eHealth provides to medicine world, is the treatment equity. 

It is going towards a patient centered medicine, ensuring easy access to important 

information for all the people even in remote areas. 

It creates a faster and more comprehensive epidemiological surveillance for better 

patient care.  

Two different problems may appear in telemedicine: a lack of technology or 

organizational problem of knowing how to take advantage of the technology.  

Educational events have to educate the practitioners of medical services, teaching 

how to deal with new forms of technology. Telemedicine, enters the public 

consciousness, although often in association with excessive expectations. It’s 

really important to consider telemedicine as a complementary factor and an 
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alternative to the health care system or a new approach to practice telemedicine, 

but not a replacement.  

Therefore, the change of attitudes toward telemedicine and organization of 

services is much harder than simply to deliver new equipment. [3]  

For what concerns ethical, human and cultural factors, they are still considered 

unsolved issues in telemedicine. 

A fundamental factor to increase and to improve, the introduction of eHealth into 

the Health-care systems is the Government collaboration. It should plan a 

strategy, by developing norms, standards, guidelines, information and training 

materials, and by increasing the national awareness of the benefits of eHealth 

previously listed.   

This healthcare practice can include a range of services that merge healthcare and 

information technology.  

Electronic health records, that create a standard communication between different 

healthcare professionals, ePrescribing (the electronic transmission of 

prescriptions from doctors to pharmacists), the diagnosis and treatments at a 

distance (including telemonitoring): all of them can be considered like the 

branches of eHealth. 

Some pharmaceutical companies provide a mobile application designed to 

integrate the use of the drug, improving the treatment adherence through reminder 

instruments or giving important information about the pathology (very important 

in rare disease treatment), but also creating appeal to the “customer”, defining an 

important tool in the market access area. (Market Access could be defined as the 

set of levers and activities that favor the access, the adoption and the recognition 

of the value of health technology by the market, moving the focus from the single 

prescriber to a plurality of stakeholders [4]. 
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The Big Data 

 

The crucial factor that involves the decision making process, supporting by 

eHealth application, is surely the datum. The data analysis supports the healthcare 

professionals to categorize the problems and to prevent unnecessary treatments 

for the patients. Medical data are important in screening for risk factors, following 

patient risk profile over time, and providing a basis for specific patient education 

or preventive interventions. 

Big data are really important in healthcare: they support the basis for 

observational evidence to answer clinical questions, which would not otherwise 

be solved via studies based on randomized trials alone. In addition, the issue of 

generating results based on a narrow spectrum of participants may be solved by 

taking advantage of the potential big data for deploying longitudinal studies.  

The overall goals of big data are: 

- to take advantages of the massive amount of data; 

- to provide right intervention to the right patient at the right time; 

- to personalize care for the patients; 

- to be beneficial for all the components of the healthcare system. 

There are different types of data, that include (as shown in Figure 1) : 

1) instrumentation data: data obtained using data capture devices like sensors 

or technology based on radio frequency identification or barcode (optical, 

machine readable, representation of data) [5]; 

2) unstructured behavior data: information that can't be so quickly classified 

into a neat box, as textual data collected by social networks. Helpful in the 

case of chronic diseases. 

3) diagnostic data: data acquired by monitoring of medical images or by the 

analysis of electronic health records; 
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4) structured: information with a high degree of organization, as data 

contained in relational databases or spreadsheets (easily entered, stored, 

queried and analyzed); clinical data, which can be affected by low temporal 

resolution information due to difficulty in collect long term time-series 

data.  

                  

   

         (Fig. 1) (Big Data Container - http://arvensystech.com/img/prd3.jpg) 

 

Electronic Health Records (EHR) are a digital version of the paper charts in the 

clinician’s office. An EHR contain the medical and treatment history of a patient 

in one practice. EHRs present some advantages compared to the paper based 

record, such as incorporation of multimedia information, data representation 

flexibility, they allow to monitor trends and they are accessible from multiple 

places and users. 

The principal phases to implement the electronic health records are: 
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- Assess your practice readiness: this step should look at the current state of 

the organization. The readiness assessment team should include 

stakeholders with different role in the organization. Goals and needs should 

be documented to help guide decision-making throughout the 

implementation process; 

- Plan your approach: in this phase is structured the workflow; here is 

decided what task to perform and in which order; 

- Conduct training and implement an EHR system: the EHR implementation 

plan and schedule should be followed and executed during this phase, in 

addition to data migration, training and privacy and security risk 

management mitigation plans; 

- Follow-up and transition: in the last phase is important to continue quality, 

safety and efficiency improvement, increasingly engaging patient and 

ensuring the privacy and security for personal health information 

  

 

                               (Fig. 2) (Electronic Health records phases) 

 

Working with big data is difficult because data come from many different sources 

and this lead to different problems like the integration, that could be difficult, 

there could be missing values or non-uniformity of columns and there are multiple 

instances for unique patients. 

It’s important to evaluate the data validity, supporting by statistical methods that 

can help to “clean” the artefacts, detecting and correcting corrupt, irrelevant or 
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inaccurate records from a record set and ensuring the accuracy, consistency and 

uniformity of datum. 

 

 

 

Ethical Implications and issues in eHealth 

 

The electronic data collection can bring different kind of issues, due to the 

incorrect use of the tools. When a new tool is deployed expectations and 

excitement can mislead a correct use of it and/or a misunderstanding of the results 

presented by it. Scientific evidence counsel caution and prudence, the human 

being is superior to every tool or application and because of this a physician 

doesn’t have to abrogate their clinical judgement reflexively when using 

computer-based decision aids. Practitioners, also, have an obligation to use any 

computer-based tool through adequate user training and by developing an 

understanding of the system’s abilities and limitations. [6]  

An efficient and effective use of health informatics systems requires: 

-  priority system evaluations demonstrating utility; 

- education and training of new users; 

-  monitoring of experience; 

- appropriate timely updating. 

Storage of personal health data has different ethical and legal implications. [7] 

The medical privacy maintains the security and confidentiality of patient records. 

The introduction of electronic health record has unavoidably revolutionized the 

privacy concept.  Being part of a medical practice means for doctors to obtain 

information very important, that can be shared with the medical or research 

community, but respecting the privacy of the patients. Different laws and rules, 
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varying by the state, protect patients’ rights to keep their health information 

private. The informed consent, signed by the patient, gives to any of health 

professionals, the consent to share the relative health information and to access 

to his medical history.  

In different cases, like need to know something about allergy to any drugs or 

when the information can reduce or prevent a serious threat to public safety, the 

health service may use or share patient’s health information without the informed 

consent.  

In conclusion, ethical health research and privacy protection both provide 

valuable benefits to society. The protection of personal data represents the 

protection of the interests of individuals, while the collection of personal health 

information can produce a benefit for the entire society. [8]  
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Telemedicine, ePRO & EDC in patients life 

 

Electronic Data Capture (EDC) 

 

Computerized system, using principally in human clinical trials and designed to 

collect clinical data in electronic format, is defined Electronic Data Capture. EDC 

replaces the traditional paper based data collection, favoring the sharing of 

information that becomes really important in the market for drugs and medical 

devices, or more generally for the entire patient’s care.  

          

 

                            (Fig. 3) (Electronic Data Capture -www.hoobly.com) 

 

Electronic Data Capture systems are used by life sciences organizations, 

involving studies and pharmacovigilance and post-market safety surveillance, 

http://www.hoobly.com/
https://en.wikipedia.org/wiki/Pharmacovigilance
https://en.wikipedia.org/wiki/Postmarketing_surveillance
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besides all aspects of clinical research including medical device and 

biotechnology industries.[9] 

An EDC system generally provide:  

- a graphical user interface that defines an interaction between the user and 

the electronic devices through graphical icons and/or visual indicators;   

- a validation component that ensures the cleaning, correctness and the 

usability of the data; 

- reporting tool to collect data in a widely presentable and scrutinized form, 

favouring their subsequent analysis.  

 

Typically, an electronic data capture software includes important functions that 

improve the quality of data collection, like: 

- cleaner data system: Edit checks programmed into the software can make 

sure data meets certain required formats, ranges, etc. before the data is 

accepted and stored into the database; 

- process optimization: EDC software can address the data collection, 

requesting only the data needed for the particular patient’s circumstance at 

a particular time, and optimizing the process of clarifying data 

discrepancies; 

- fast access to data: Web-based EDC systems can provide near real-time 

access to data in a clinical trial. This insight enables faster decision making, 

and can support adaptive trial designs which allow modifications to the 

trial and/or statistical procedures of the trial after its initiation without 

undermining its validity and integrity and making it more flexible and 

efficient; [10] 

 

Today, the integration of EDC software with other types of software in the clinical 

spectrum systems is increasingly feasible and beneficial. The facility to quickly 

import electronic data from different system, becomes an important factor to 

https://en.wikipedia.org/wiki/Biotechnology
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increase the value of this kind of technology support. The rise of open source 

EDC software and independent standards for characterizing and sharing data are 

key enablers towards accelerating the productivity and decreasing the cost and 

burden associated with clinical trials.  

What’s ePRO in healthcare? 

 

The ePRO (Electronic Patient-Reported Outcome) is a data collection, reported 

directly by the patient and acquired by electronic methods, used in the 

implementation of clinical trials or elsewhere in health care. This data source 

becomes really important, identifying aspects of a patient’s health status, 

alleviating patient anxiety and promoting self-care and self-efficacy.  ePROs may 

support direct or indirect evidence of treatment benefit. Combined with 

technology-driven interventions that are able to capture symptom data in real 

time, the ePROs allow for rapid clinical decision-making and interventions to 

improve patient’s outcomes. Furthermore, they enable the delivery of quality care 

irrespective of distance and economic or cultural contexts. Computers, 

smartphones, tablets are the principal methods used in ePROs data collection. 

 

Technology supports and methods used in ePRO 

 

Typically, the electronic support is a touch-screen device, used to simplify the 

interaction with the patient that, normally, answers to the questionnaires, 

choosing between set of possible response options. According to the regulatory 

process, a majority of ePRO questionnaires undergo the linguistic validation 

process. The other main setting for ePRO is the doctor, that can fill in the patient’s 

questionnaires, when he comes in the surgery for his scheduled visits. The 

https://en.wikipedia.org/wiki/Linguistic_validation
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questionnaires used in ePROs, assess often patient’s quality of life or activities of 

daily living; their output is a numeric score/value, index of pathology, that can 

reproduce the trend of the observed index.  

They can be generic, covering a broad aspect and using for any disease 

population, or targeted for a determined group of patients with a particular 

medical condition.  

The most commonly used PRO questionnaires assess: 

- symptoms and other aspects of well-being, focusing on a range of 

impairments or in a single more specific impairment, like pain or 

depression; 

- functioning and disability, concerning patient’s daily activities; 

- HRQoL (Health-related quality of life) multi-dimensional questionnaires 

assessing a combination of aspects that reflect a patient's health status; 

- QoL (Quality of Life), considering the implications bringing by the disease 

and the needs of patients besides their emotional response to their 

restrictions 

Another method used in ePRO is the interactive voice response systems (IVRSs). 

The user calls into a dedicated phone line, and hears a spoken script which details 

the question, and the possible responses. Each response option is given by a 

number, so that the patient can record his choice, by interacting through the 

keyboard. IVRSs are more often used for diaries, with the patient phoning in from 

a non-healthcare setting, but they can be used in a clinical setting [11].  

The ePROs method is used in various fields of application: ocular pain, insomnia, 

fibromyalgia, for patients undergoing cancer chemotherapy, and patients with 

chronic disease. [12] 
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Benefits and improvements of ePROs in data collection 

 

In clinics using electronic systems, PRO’s results need to be integrated within the 

electronic health record system. An electronic system, that supports the patient 

collection data, obtaining frequent assessments over a period of time, can be used 

to monitor a condition that fluctuates in severity.  Electronic supports 

automatically time-stamp all entries, and can be set up to only allow entry within 

specified time-windows. This ensures that true compliance can be documented. 

Furthermore, in the electronic devices, it’s possible to implement a reminder 

system that can be given to patients when entries are due and to manage the 

automated access to the data through the differentiation of the permissions and 

profiles. Generally, the system communicates promptly to a central server, that 

can automatically elaborate the information, giving a feedback to patient. Some 

system can store the data in local memory support, in order to preserve the 

reported outcomes also when the conditions don’t guarantee the snapshot 

connection with the server.  The data can subsequently be send to it, when the 

connection is restored again. This can also improve compliance that in ePRO 

applications typically achieve rates of over 80%, often over 90%.  In order to 

ensure that patients’ symptoms remain central outcomes of inquiry and that 

learning seeks to improve measures important to patients, it is critical that PROs 

are one of the fundamental building blocks of clinical trials. Routine collection 

of patient-reported data supports a system of data linkage that starts at the patient 

level-beginning with the patient’s main complaint, incorporating additional 

information to develop a full view of the patient’s status, and integrating 

additional data linked at the individual level. [13] 

Depending on the average age of the population involved in the study, the use of 

technologies support might be an important discriminant factor. However, 

generally the patients show high acceptance of ePRO [14] and again often prefer 
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it to paper. ePROs produce important benefits like readiness to data analysis, 

higher quality data, reduction in patient burden and a reduction of errors due to 

the transcription of data from paper to technological support for analysis. This 

kind of approach may promote patient-centered care by improving 

communication, enabling patients to become more involved in managing their 

health, and potentially leading to better treatment adherence. It can also be used 

to facilitate communication in multidisciplinary clinic settings by providing a 

common, patient-focused frame of reference for clinicians to use in discussing 

progress and implementing a care plan. A standard method of ePROs collection 

data can help the clinicians and healthcare professionals to monitor disease 

progression and to provide information about the impact of prescribed treatment. 

It’s also important to select and categorize the target of patients involved in the 

practice; individuals with an identified chronic illness, whether followed in a 

specialty clinic or in general practice, may have greater needs for monitoring. In 

order to guarantee a standard approach for this practice the International Society 

for Quality of Life Research (ISOQOL) has developed a User’s Guide for 

Implementing Patient-Reported Outcomes Assessment in Clinical Practice. [15] 

 

 

Issues and disadvantages of ePRO implementation 

 

The ePROs methods can introduce barriers and obstacles for application in 

clinical practice.  Most questionnaires are lengthy, and both patients and care 

providers may perceive them as burdensome. Clinicians must receive data and 

the associated interpretation promptly in an understandable manner, this may 

involve appreciable resources. Furthermore, the use of automated process to get 

the score, that represents the trend of the pathology, need to be validated. It’s 
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really important to demonstrate that scores derived from a computerized measure 

do not differ from scores derived from the paper and pencil version, and the text 

content and response, giving by computer and paper versions of PROs, are 

equivalent. Some problems might come out due to formatting the questions of 

questionnaires for the computer screen because of space constraints. Generally, 

it’s not easy to keep on the screen, the same formatting of the page in a paper. 

This can influence the patient, altering the answer and creating a data discrepancy. 

Furthermore, computerized assessments normally allow participants to move 

back through an assessment to view or change previous items, it does make the 

process more difficult, which could influence responding. Assessments can be 

implemented on different platforms with varying screen sizes, ranging from 

small-screen to large screen desktop computers. All of these factors can create a 

variance on data.  
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Mobile applications for mHealth 

 

mHealth: definition and statistical trends 

 

Healthcare professionals and researchers have recently introduced more and more 

technological solutions into the healthcare system, particularly mobile Health (or 

mHealth). The mHealth is defined as a subcategory of eHealth and it’s the 

delivery of health services made by mobile technologies like smartphone, tablet 

or other personal digital devices [16].  

Nowadays, the mobile technologies like smartphone, tablet or other personal 

digital devices are present in the daily life of each of us, but especially they are 

always more integrated in the world of health.  

The mobile application can produce, if adequately used, a great improvement to 

the quality of care, generating a better communication between the health 

facilities and the people, reducing the response time and producing a various type 

of benefits (not least the psychological one) to the patients. 

mHealth’s innovations are particularly used in the treatment of chronic patients 

making easy the monitoring of long-term diseases, the patients’ self-management, 

and their autonomy. Often the determination and adjustment of chronic illness 

treatment rely on patients’ reports of symptoms, side effects, and functional 

statuses. mHealth possesses the feasibility to support data collection and 

transferring at any time, thereby promoting more rapid convergence to optimal 

treatment. The term mHealth was coined by Robert Istepanian as use of 

"emerging mobile communications and network technologies for healthcare". 

[17] 
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Using this definition, at the 2010, the mHealth Summit of the Foundation for the 

National Institutes of Health (FNIH) was "the delivery of healthcare services via 

mobile communication devices". [18] 

The number of mobile phone users in the world is expected to pass the five billion 

marked by 2019.  

         

(Fig. 4) (Number of mobile phone users worldwide from 2013 to 2019 -

https://www.statista.com/) 

 

In 2016, an estimated 62.9 percent of the population worldwide already owned a 

mobile phone. The mobile phone penetration is forecasted to continue to grow, 

rounding up to 67 percent by 2019. Most of the mobile market growth can be 

attributed to the increasing popularity of smartphones. By 2014, around 38 

percent of all mobile users were smartphone users. By 2018, this number is 

expected to reach over 50 percent. The number of smartphone users worldwide 

is expected to grow by one billion in a time span of five years, which means the 

https://en.wikipedia.org/wiki/National_Institutes_of_Health
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number of smartphone users in the world is expected to reach 2.7 billion by 2019 

[19].  

This progression and the widespread use of smartphones in everyday life, 

increase the need and the use of the devices in all the kind of activities.  

Thanks to this divulgation of new habits and “dependency” on smartphone, the 

mHealth is developing and disseminating in a natural way.  

Advantages of mHealth include besides the improvement of treatment 

accessibility, the real-time symptom acquisition, as said before, also a 

motivational support, an exclusive and customized feedback by the patients, and, 

particularly important, it can improve the adherence to treatment [20]. 

Obviously, as we can see in a variety of new technology, it’s important to consider 

also the disadvantages in using mobile devices for healthcare. To guarantee the 

proper use of this kind of approach, we have to keep attention about everything 

concerns the telecommunication: technical problems, network and service 

availability, data security, patient privacy. 

mHealth becomes an important tool, not only for people using mobile devices to 

access medical information and download health applications, but also for 

healthcare professionals using this kind of technology to receive information on 

the latest medical breakthroughs or to provide a portion of patient care. 

The mHealth apps market is an irresistible opportunity for medical business 

owners to drastically expand their market niche and provide better service to 

patients. 

According to Pew Research Center [21], 62% of smartphone owners have used 

their phone in the last year to look up information about a health condition.  

In 2016 the global number of mHealth apps has reached 259000 apps. Today 

there are over 590000 mHealth app publishers on the main app stores worldwide, 

and the trend is only rising; for this reason, healthcare mobile app development 

industry is one of the fastest growing today.  
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For what concerns the used mobile platforms, over 70% of mHealth app 

publishers choose both iOS and Android platforms in order to cover the global 

market, that for mobile medical apps is projected to reach $102.43 billion by 

2022.  

Today the largest market of healthcare and medical mobile apps is the USA, but 

top trending mobile healthcare app markets that are predicted to grow at the 

fastest speed within the next 5 years are the Europe, Latin America and Asian-

Pacific region.  

 

 

Apps and mobile devices in healthcare 

 

Healthcare institutions everywhere are attempting to respond to demand to reduce 

costs and improve the effectiveness of care delivery. Always more often, 

hospitals and healthcare providers search for new solutions that can address core 

business needs and manage the huge volumes of security sensitive data that are 

involved. 

Today, many mobile devices contribute to increase the quality of care and they 

can be just as effective and efficient when it comes to mHealth. 

The mobile platforms include smartphones, mobile tablets and smartwatches. 

There are other potential technologies which offer additional support forms, like 

the hands-free Google Glass, but, as yet, have not reached the critical mass 

required to be deemed mainstream. We can consider that any healthcare service 

that sits on top of those mobiles devices is an mHealth solution. 

The designs for those healthcare services are different. Some mHealth solutions 

target future fitness or diet goals with gamified apps, while others deal with 

administrative aspects of the industry, such as scheduling appointments or 
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refilling prescriptions through text. More yet specialize in helping change patient 

behavior or treat chronic diseases by providing tools to track symptoms and 

communicate with medical professionals.  

The mobile concept, by its pure essence, is defined as a communication tool that 

provides people with a way to communicate and share information at any time, 

at any location, via multiple modalities.  

In 2015, Hahnemann Hospital created a pilot program to reduce its 30-day 

readmissions among chronic heart failure patients. The system, that utilized a text 

and email system to get patients into follow-up appointments by sending 

reminders ahead of the visit, reduced after just 10 month their readmissions by 16 

percent among patients who received the messages [22].  

A simple program that implemented a reminder system for patient, produced a 

substantial decreasing of the remission time and costs for the hospital, and 

increasing considerably the quality of care.  

Different types of mobile technologies provide to the patient various activities to 

which he can access directly by his own smartphone, without adding the expense 

of additional devices.  

Mobile technologies have the potential to:  

- reduce site visits by wireless data tracking via devices such as ECG’s 

administered by home health nurses; 

- allow to healthcare staff access to study materials and tools, offering 

education and administration training in different iterations to all the actors 

involved in healthcare; 

- provide different services to the patient such as email or SMS reminders, 

online patient surveys and assessments, gamification apps and online 

community, interaction with wearable devices. 

 

Research published by the National Institutes of Health outlined how 

smartphones and tablets, ensuring services like email, text messaging, voice-
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capture and video conferencing offer a better quality of communication and 

increasing collaborative efforts.  

Mobile devices guarantee more flexibility making health information technology 

solutions more user friendly and accessible; they have made internet access 

widespread, and this is helping fuel a new era of awareness and preventative 

health. [23] 

 

The FDA includes this type of technology in the definition of mobile platforms 

as “commercial off-the-shelf (COTS) computing platforms, with or without 

wireless connectivity, that are handheld in nature”. 

Furthermore, it distinguishes the mobile applications defined as “a software 

application that can be executed on a mobile platform or a web-based software 

application that is tailored to a mobile platform but is executed on a server” [24], 

from the mobile medical application which are instead classified as medical 

devices and which consequently have to comply with the regulatory aspects 

relative to this classification.  

 

 

Classification of medical applications 

 

Nowadays, according to a society where the use of mobile technologies becomes 

always more widespread, the market of mobile applications expands his section 

relative to healthcare.   

 

An investigation of the IMS (Institute for Healthcare Informatics) highlighted the 

presence of about 165.000 health and medical apps available on the market. Two 

thirds are focused on general wellness issues like fitness, lifestyle and stress. The 
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remainder is made up by apps focused on specific health conditions (9%), 

medication info (6%), and women’s health and pregnancy (7%). [25] 

 

(Fig. 5)  mHealth app by category (Institute for Healthcare Informatics) 

 

It’s evident that the majority of downloaded applications is not registered as 

medical app (due to the restrictive regulatory implications). They can be classified 

according to different purpose:  

 

- info applications: app containing educational materials; 

- apps for managing chronic disease: they include mHealth apps for 

managing blood pressure, diabetes, cancer, mental health, other illnesses. 

A reminder function supports the patient to manage the therapy (treatment 

adherence, monitoring visits); 
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- app for clinical data management: electronic health record, results of 

laboratory analysis, or app containing biomedical images (something that 

the present technology has made possible); 

- app for remote monitoring: integrated sensors makes possible to record 

patients’ movements or their cardiac function; 

- app for access to the health services, interacting directly with the medical 

facilities; 

- healthcare and fitness apps: nutrition apps, health-tracking, fitness and 

weight loss apps belong to this segment. 

- women’s health apps, which include pregnancy, fertility, breastfeeding 

apps and other. 

The mobile medical app is classified like a medical device instead, and in Europe 

this classification requires the CE mark (Article 1 93/42/EEC for medical device). 

In detail, an application is considered like a medical device, if it’s used for 

purpose of: 

-         Diagnosis; 

-         Care; 

-         Disease alleviation, treatment or prevention. 

 

Recent survey by market research company GfK showed as Worldwide 1 out of 

every 3 internet users currently monitors their health or fitness using an app. Most 

of these apps are consumer products being used to monitor health and fitness data 

for general wellness purposes.  

Furthermore, an important factor to classify an app is the finality of the data 

collection. An app collecting and analyzing data on a person’s diet for general 

wellness purposes is not considered a medical device. However, the same app 
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collecting and analyzing the same data, but with the intended purpose to aid in 

the management of diabetes would be considered a medical device. In this case, 

the maintenance becomes a fundamental and essential factor to consider in the 

development phase of the project. It is the purpose of the device that will make 

the difference. On February 2017, the European Commission published the new 

Medical Device Regulation (MDR), being effective from the end of May and 

reviewing the use of standalone software, within which the majority of these apps 

are included. The regulation (EU) 2017/745 on medical devices came into force 

on 25 May 2017. However, a transitional period of three years will allow 

manufacturers to adapt to the requirements of the MDR, which will become fully 

applicable on 26 May 2020. [26] 

A significant rule, that have a major impact and consequent implications for 

medical apps, is that standalone software will be classified based on purpose and 

risk assessment and not based on purpose alone. So, this introduced factor could 

change the classification class of the application, adding a significant regulatory 

load for the developer, including the involvement of a Notified Body, stricter 

Quality Management System requirements and stricter requirements for your 

design documentation, potentially increasing the requirement for clinical trials. 

[27] 
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The Psoriatic Arthritis  

 

The pathology 

 

Psoriatic arthritis is a chronic disease characterized by a form of inflammation of 

the skin (psoriasis) and joints (inflammatory arthritis) and by a low incidence rate 

(about 0.5 to 1%) [28]. The pathology happens because your immune system is 

overactive and it can develop slowly with mild symptoms, or it can develop 

quickly and be severe. [29]  

The disorder can develop in a joint after an injury and may seem like a cartilage 

tear.  

Generally, psoriatic arthritis shows a generalized fatigue, inducing pain and 

swelling over tendons, tenderness and swelling of the fingers and toes, stiffness, 

throbbing in one or more joints, a reduction of the range motion. It also can 

produce a nail changing with consequent infections; it also evinces redness and 

pain of the eye, such as conjunctivitis. 

Psoriatic arthritis usually affects the distal joints, closest to the nail, in fingers or 

toes. 

People may also experience symptoms in your lower back, wrists, knees or ankle. 

Unlike many autoimmune diseases, men and women are equally at risk for 

developing this condition. 

There is a high correlation between people affected by psoriasis and people which 

develop psoriatic arthritis. As many as 40% of people with psoriatic arthritis have 

a family member with skin or joint problems. [30] 

Genetic and environmental factors play an important role in disease development.  
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According to the Annals of Rheumatic Disease, between 6 and 42 percent of 

people who have the first dermatological disease will develop arthritis. Despite 

that a person could show slight symptoms at the skin, having few lesions, but 

have many joints affected by the arthritis. 

 

                    

(Fig. 6)  (Swollen finger joints Distal interphalangeal predominant (DIP) 

psoriatic arthritis -www.webmd.com) 

 

The disease usually appears between the ages of 30 and 55 in people who have 

psoriasis, but it can be diagnosed during childhood. [31]  

People who are overweight are more at risk of developing both the pathologies 

linked with this. [32] 

In both psoriasis and psoriatic arthritis, disease flares may alternate with periods 

of remission. No cure for psoriatic arthritis exists, so the focus is on controlling 

symptoms and preventing damage to your joints. Without treatment, psoriatic 

arthritis may be disabling. [33] 

The causes of pathology onset are not clearly defined yet and many theories have 

been proposed; someone claims that it may lay dormant in the body until triggered 

by some outside influence; Another theory suggesting that bacteria on the skin 

triggers the immune response that leads to joint inflammation.  
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As shown in figure (7), there are five different types of psoriatic arthritis: 

- distal psoriatic arthritis: this kind of psoriatic arthritis causes inflammation 

and stiffness near the ends of the fingers and toes, along with changes in 

toenails and fingernails such as pitting, white spots and lifting from the nail 

bed; 

- spondylitis: characterized by pain and stiffness in the spine and neck; 

- arthritis mutilans: it affects around the 5% of the cases and it’s the most 

severe form causing deformities in the small joints at the ends of the fingers 

and toes, and in some cases destroying them almost completely; 

- symmetric psoriatic arthritis (enthesitis): it’s the more similar to 

rheumatoid arthritis and it’s characterized by the joints involved on both 

sides of the body at the same time. It represents the 50% of all psoriatic 

arthritis cases; enthesitis refers to the inflammation of entheses (the site 

where ligaments or tendons insert into the bones). The most common 

locations generally affected are the bottoms of the feet, the Achilles' 

tendons, and the margins where ligaments attach to the ribs, spine, and 

pelvis; 

- asymmetric psoriatic arthritis (dactylitis): it affects around the 35% of 

people with the disease and appearing in different sides of the body. 

 

(Fig. 7) (Types of psoriatic arthritis - www.medindia.net) 
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At the moment, there is no specific cure for psoriatic arthritis and the standard 

practice provides to control the symptoms preventing damage to the affected 

joints and trying to slow down the progression of the condition and improve the 

quality of patient’s life. 

 

 

The Psoriatic Arthritis Impact of Disease (PsAID) 

questionnaire 

 

 

There is an important discriminant factor, extrapolated by a questionnaire 

developed by EULAR (European League Against Rheumatism) to better assess 

patients psoriatic arthritis (PsA). 

It’s self-reported so patients can use it directly, but physicians will also find it 

helpful to have all the translations available and the algorithm to score the results. 

The questionnaire has several items which are weighted differently and with 

which the final result is being calculated based on them. The PsAID questionnaire 

assesses the impact of psoriatic arthritis on people’s lives.  

There are 2 versions of it developed by the rheumatology service at the Hópital 

Pitié-Salpétrière in Paris: a shorter version with 9 items and a longer version with 

12 items, where three more parameters, relative to the patients’ social life are 

considered. 

An intensive patient participation contributes to identify important areas of 

health, prioritize them, and devise a numeric rating scale on PsAID developing 

questionnaire. Both versions give pain, fatigue, and skin problems the highest 

relative importance in calculating the impact of PsA. [34]  
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The study was conducted in 13 countries to examine correlations of the PsAID 

score with other PsA or generic disease measures. A single score was extrapolated 

determining the weighted coefficient based on the relative importance given by 

474 patients affected by psoriatic arthritis. [35] 

The numeric final score is interpreted according to 4 different thresholds which 

identify a patient status; as we can see in the figure (8) PsAID score shows the 

following cut-off values (range 0-10): 

- remission disease: score value ≤ 1.4 (it identifies a very low value that 

represents a good pathology status for the patient); 

- low disease activity: 1.4 < score value < 4.1 (this value still represents a 

patient-acceptable status); 

- moderate disease activity: 4.1 < score value < 6.7 (the repetition of two 

consecutive events of moderate activity can represent an alert value); 

- high disease activity: score value > 6.7 (alerting value for the pathology 

treatment); 

  

 

(Fig. 8) PsAID cut-off values 
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The study evidenced a high level of correlation between PsAID score and patient 

global assessment (PGA: index used in clinical trials as we will see later; range 

scale 0-10), showing a correlation coefficient r = 0.82–0.84. 

 

The considered items are:  

 

- pain 

- fatigue 

- skin problems 

- work and/or leisure activities  

- functional capacity 

- disconfort 

- sleep disturbance  

- coping  

- anxiety 

 

For what concern the PsAID12, three other areas of health relative to daily living 

are added: 

 

- embarrassment and/or shame 

- social participation  

- depression 

 

According to found results, the questionnaire represents an excellent instrument 

to evaluate the effect of psoriatic arthritis.  
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Other questionnaires and pathology index  

 

 

There are other questionnaires, used in literature, to vehicular the condition of 

patients affected by chronic diseases.  

An important parameter, used in patients’ monitoring with arthritis, is the Patient 

Global Assessment (PGA) which is included in several composite scores such as 

the 28-joint Disease Activity Score (DAS28). [36] 

It is often assessed by a single question with a range score between 0 to 10. Being 

used in different pathology treatment, generally the content can vary and adapted 

according to global health or to disease activity. Also the time interval within 

which the question is referred can vary. 

PGA score includes the objective measures of disease activity but also the other 

aspects of health, such as psychological distress or comorbidities. [37] 

The question, used also to monitor patient with rheumatoid arthritis and reported 

directly by the patient, invites him to take pain or constraints due to damaged 

joints into consideration, since this obviously is one of the ways where the 

arthritis can reflect the disorder.  

 

Counting the number of tender and swollen joints is also an important aspect of 

assessing patients with an inflammatory arthritis. Abnormalities assessed in 

formal joint counts include swelling, tenderness, pain on motion, limited motion, 

and deformity. [38] The count of joints identifies 66-68 points, as shown the 

figure (9), which describes the reference scale and it includes the 

metacarpophalangeal, proximal and distal interphalangeal joints of the hands, the 

metatarsal phalangeal and distal interphalangeal joints of the feet, the elbow, 
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wrist, hip, shoulder, tarsus, knee, ankle, and temporomandibular, 

sternoclavicular, and acromioclavicular joints [39]. 

 

 

                         

(Fig. 9)  (66-68 points for counting the number of tender and swollen joints) 

 

To monitor inflammatory activity, according to this measure is regarded as an 

effective strategy to prevent long-term damage. 

The self-reported joint counts remain the most specific measure to assess the 

various type of arthritis, and it is generally included for measures in clinical trials 

and clinical care. [40] 

Collection of quantitative data patient self-report joint counts might add to 

optimal monitoring and management of patients with arthritis.  
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Another important factor, used in the standard practice of clinical trials, to 

monitor the pathology is the The Maastricht Ankylosing Spondylitis Entheses 

Score (MASES). It detects 13 most specific and sensitive sites and it also adds 

information about joints involved in the disease. The 13 points, shown in figure 

(10), are divided locating 8 sites in the anterior position and the remainder 5 in 

the posterior position.   

 

 

 

 

(Fig. 10)  (Sites for MASES:The Maastricht Ankylosing Spondylitis Entheses 

Score) 

 

 

The MASES provides information about enthesitis (common feature of PsA), 

considering the common symptomatic areas locating in the insertions of the 

Achilles’ tendon and plantar fascia to the calcaneus, ligamentous insertions, and 

insertions into the pelvis and to the bones of the thorax and spine. [41] 
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The Psoriasis Area Severity Index (PASI) is an index used to express the severity 

of psoriasis. It combines the severity of lesion (estimated by three clinical signs: 

erythema, induration and desquamation) and percentage of affected area into a 

single score in the range 0 (no disease) to 72 (maximal disease). [42] 

It identifies four prevalent sections in the body: head, arms, trunk and legs; each 

area is scored by itself and combining into a single score.  

It is widely used in clinical trials of therapies to treat psoriasis and the score is 

generally resented as a percentage response rate. [43] 

 

The fatigue is identified as a significant factor, discriminating on evaluation of 

patients' lives. It can be constant and persistent, or fluctuating and unpredictable. 

For this reason, various scale scales have been used in various studies to assess 

fatigue in rheumatic diseases treatment. In the psoriatic arthritis’ case two 

principal indices have been validated: a modified version of the Fatigue Severity 

Scale [44] (FSS: questionnaire containing nine statements that rate the severity of 

your fatigue symptoms) and the Functional Assessment of Chronic Illness 

Therapy-Fatigue [45] (FACIT-F: a collection of health-related quality of life 

questionnaires targeted to the management of chronic illness). Despite this, the 

area of fatigue is not so much used in clinical trials. 

 

As we have already said, it’s important to consider also the quality of life of 

patients affected by pathology, to create a global vision of the disease and the 

Psoriatic Arthritis Quality of Life (PsAQoL) index moves in this direction.  

It presents a 20-item questionnaire related to quality of instrument specific for 

psoriatic arthritis. [46] 

The PsAQoL is utilized in clinical research studies in order to determine whether 

a medication or treatment is effective in treating psoriatic arthritis.  

A change of the scores on the PsAQoL after treatment can represent an impact on 

quality of life due to it. 
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Some studies use composite measures which combine different domains into a 

single score. Composite Psoriatic Disease Activity Index (CPDAI) incorporates 

five domains: peripheral arthritis, skin, enthesitis, dactylitis, and spinal 

manifestations [47]. Each domain presents a range score between 0 to 3, with 

empirical cutoffs for disease severity and activity; the total result composes the 

scores for each one giving an overall composite range with a maximum value of 

15.  

 

All these indices, in combination with instruments and questionnaires that keep 

the control about the medication adherence, can give a really important support 

to monitor the health status of patients. 
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The purpose of the project  

 

Aim of the study 

 

 

In collaboration with Celgene (promoter and project sponsor), thanks to Advice 

Pharma Group company 5 indicators of pathology (PSAID12, PGA, CQR5, 

Articolare, Mases) were selected and the support technology for data collection 

was designed. 

The goal is therefore to create a simple and intuitive interface that allows the 

electronic compilation of the Patients Reported Output, which can benefit all 

involved actors. 

In addition, in a world where as we have seen, the availability of mobile devices 

is constantly expanding, it becomes essential to raise awareness among 

physicians and patients on the use of mobile health in the medical field that could 

be of great added value. 

The study will be conducted on Italian territory, analyzing the discrepancies 

between the different structures and evaluating all the criticalities and barriers 

that hinder the introduction of this tool. 

To do this, we will analyze the feedback of doctors during field training and the 

use and evaluation of the technology support by the patient. 

An app assessment questionnaire will be proposed to the enrolled patients, who 

will be asked to answer questions based on the Likert scale that offer a range of 

answer options — from one extreme attitude to another, like “extremely likely” 

to “not at all likely”, typically including a moderate or neutral midpoint. 
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Furthermore, we will evaluate through a questionnaire proposed at the initial 

stage of patients’ enrollment, the level of knowledge and the awareness of their 

illness, which, as previously seen, has a very low incidence in the population. 

The project name sums up faithfully those that are the purposes set out above: 

INNterApp Reuma 2.0 (INNovazione e TEcnologia per miglioRare l’APProccio 

diagnostico terapeutico).  
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CHAPTER 2 

DESIGN IMPLEMENTATION AND 

TESTING 

 

 

The INNterApp Reuma 2.0 is based on the ePRO concept. It can be an important 

technological support for medical staff that may benefit from standardized data, 

easily reported directly by the patients. 

 

The phases of a project management can be divided in two macro sections: 

 

1) Section I: Project feasibility  

This section includes: 

 

a) context analysis: where previous business cases are analyzed and a   

   preliminary cost estimate is conducted;  

b) conceptual design: in this phase the project requirements have been     

   analyzed, a logical flow of use and the actors involved have been defined 

   before starting with the implementation. 

 

2) Section II: Project development 

This section includes: 

a) Analysis of project requirements and logical flow:  

 

 

3) Section III: Project implementation and testing 

This section includes: 
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a) implementation: this represents the execution of work steps; here a   

definitive cost estimate is defined.  

b) the mobile and web application integration: a mobile app is replicated 

as a web-app, available on computer, in order to fill the mobile 

technology deficit; 

c) testing phase: it involves testing and fixing bugs (compiling debug 

version app). Android platform is used by the fact that this operating 

system allows to distribute the file (.apk extension, debug version) 

without any kind of restriction. The operating system that supported the 

Apple devices instead impose in the compilation phase the registration 

of the device serial number (IMEI code) as restrictive factor for the 

installation; 

4) Section IV: Close-out  

This section includes: 

a) customer acceptance: validation of works through customer 

acceptance; 

b) project finalization and closing phase: deployment. 

 

In this chapter we are going to analyze in detail the various project phases. The 

figure (11) shows an overview:  

 

 

 

                                          (Fig. 11) (Project Phases)  
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Section I: Project feasibility 

Section I.a: Context analysis 

 

The INNterapp project stems from the collaboration between three different 

companies: Advice Pharma Group srl, Havas Life and Celgene.  

The first one is involved in software development and it is responsible for data, 

stored in their server; the second one coordinates the staff training at centers 

supporting the use of technology. 

Finally, Celgene represents the sponsor and the first funder of the project. 

The survey involved dermatology and rheumatology Italian centers, not including 

top health services (Genova, Jesi, Milano, Carrara, Rieti, Napoli ‘Caldarelli’, 

Napoli ‘Federico II, Roma ‘Nuova Regina Margherita’, Roma ‘Fatebenefratelli’ 

Scafati, Livorno, Negrar, Lamezia Terme, Belluno, Potenza, Mantova, Reggio 

Calabria, Padova, Trieste, Bologna, Catanzaro ‘Mater Domini’, Albano Laziale), 

which enrolled 10 patients per center.  

The phase of accreditation process (verification process of possession of 

requirements relating to the study conditions) produced a substantial change on 

the focus task, with the removal of the dermatology section and all the related 

centers and healthcare professionals previously involved.  

Starting with a detailed analysis of chronic pathologies and patient treatment 

modalities, the project focus materialized in a telemonitoring system designed for 

the existing standards of patient care.  

The first step started with an accurate analysis of the background about two 

pathologies that are strictly correlated and consequence of each other, namely 

psoriasis and psoriatic arthritis. There is a great evidence of a potential market of 
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patients, affected by psoriasis and psoriatic arthritis, not diagnosed and under 

treated. Furthermore, these patients show a poor treatment adherence: the 

BEETLE (Biological Drugs: Evaluation of Economics, Treatments, and Labeling 

in Real-World Setting) study, conducted in 2014 using the administrative 

databases of five Italian local health units in Emilia-Romagna, Lazio, Tuscany, 

Campania, and Lombardy, showed a 50% of adherence to topical drugs and 15-

24% to biological drugs in psoriasis, and between 14 to 23% for what concerns 

psoriatic arthritis. [48] 

A constant monitoring and tracking of any kind of patient activities (as health 

state or medication reactions) can produce increased confidence in the medical 

treatment, as well as an improvement in quality of life. 

Several drug companies have developed apps and platforms specific to their 

medications, aiming at helping patients keep track of when doses are due, 

including injection reminders in addition to camera and mood diaries to track the 

treatment progress. [49]  

Keeping track of all the ways psoriasis and psoriatic arthritis can affect patients’ 

life and health is indeed a challenge. The current scenario presents apps for 

smartphones and tablets that can help to manage medications, to track symptoms, 

and to provide deep-dive information on psoriatic conditions and treatments, and 

more. 

A market analysis showed a series of important apps, available for both Android 

and Apple, directly or indirectly related to the treatment of these pathologies.  

• The American Academy of Dermatology (AAD) developed the AAD 

Psoriasis App, that includes a great amount of information about the 

pathology and its different treatment methods.  

• MyFitnessPal tracks exercise, caloric intake, and intake of major nutrients 

such as proteins and fats. It can be really important because people affected 

by this kind of disease have an increased risk for metabolic syndromes. 
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• Symple – Symptom Tracker and Health Diary is another app that tracks 

potential disease triggers in patients’ environment and their daily life, in 

order to reveal how factors like stress and diet affect health.  

• RxmindMe instead is a reminder apps for patients, helping them to 

correctly and easily follow the treatment on several medications.  

In 2014 the Keylon society developed for Pfizer iMonitor, a stand alone software 

medical device with the aim of improving the management of patients suffering 

from rheumatoid arthritis (RA), ankylosing spondylitis (AS) and psoriatic 

arthritis (PsA). The general idea was to improve communication between the 

rheumatologist and her/his patients, during and between visits and optimizing the 

frequency of check up on the basis of patient parameters measured through the 

tool and during visits. [50] The platform allows creating a direct communication 

channel between healthcare professionals and their patients, collecting their 

reported outcome by questionnaires and sets the benchmark values for the alert 

system to go off. The alert system manages the overcome of cut-off values and 

the missing filling of questionnaires by patients in the fixed intervals.  

 

There are various important phases to be evaluated during the productive cycle 

of a product which is designed for telemonitoring.  

 

During the conceptual phase, it is fundamental to consider the destination field 

and the scope for the product. As we previously said, when the intended use is 

the collection of data for clinical measurements or with purpose of diagnosis, care 

or disease alleviation, treatment or prevention, the product requires the CE mark 

(Article 1 93/42/EEC for medical device). To determine the device classification 

means to identify a class, in relation to the linked risk level, in order to implement 

the procedures for assessing conformity to norms and regulations. 
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The validation phase verifies that the device complies to all medical requirements 

and that the underlying formulas and algorithms work properly from a medical 

standpoint.  

 

Finally, it is really important to focus the utmost attention to patient data security 

and privacy, in compliance with applicable laws on data protection [51]. 

 

 

Section II: Project development 

 

Section II.a: Analysis of project requirements and logical flow. 

 

Based on previous clinical studies, that pointed out the link between 

dermatological (psoriasis) and rheumatologic (psoriatic arthritis) disease, and the 

associated treatments, the Innterapp project evolved in further developing the idea 

to check and monitor the therapeutic adherence, to manage the collateral effects 

and to promote the medical assessment. In fact, the first approach included both 

pathologies, considering the strong correlation between them. 

Innterapp was born like a survey, with the intention of bringing both patients and 

physicians to the use of this innovative technology. The principal aims are to 

increase the standard of care and to maximize the therapeutic adherence, avoiding 

the premature interruption by the patient, and to facilitate treatment monitoring. 

At the same time, it is striving to improve the patient’s quality of life and to collect 

important information about the managing of collateral effects. 
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The first request was the design and development of a continuing education 

program, focused on training in different Italian centers involving clinicians and 

their patients.  

In this phase, we drew up a project initiation documents (PID), which was 

fundamental to define the various project phases and to establish a standard 

communication language with the customer. The PID is the first phase in the 

project management life cycle, and it allows to define its background, scope, 

objectives and purpose. Generally, it also contains the stakeholders, the 

constraints and the risks; it can be basically considered the contract between the 

project management and the sponsor. The risk analysis has to be preventively 

identified, creating a list of precautionary measures that have to be taken. 

The use of flow diagrams and graphics can provide a better explanation, 

clarifying the crucial points and defining a more realistic representation of the 

project structure.  

The target is to create a web platform for collecting, managing and archiving 

patient data and visits relative to the specific context of psoriatic arthritis. Among 

the methods for data collection, mobile devices (predominantly tablets) occupy a 

predominant part of the process, making it the main tool during the visits. Data 

can be easily exported to project-related uses. 

 

The figure 12 shows an intuitive description of the flow project: 
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(Fig. 12) (Intuitive Flow of the Project) 

The principal actors of the project are the specialist and the patient, who access 

the system with a specific mode and different functionality. The technology has 

to produce important benefits to the patient ensuring continuity of care, 

improving the quality standards, facilitating access to healthcare for a higher 

number of patients, reducing visits and consulting time and reducing the risk of 

hospitalization. For what concerns the health services, expected benefits entail 

the optimization of the available resources and patient management. 

The platform for data collecting needs for the definition of questionnaires on 

which to structure the ePROs. After a validation phase, we extrapolated the 

reference questionnaires that support data collection. Particularly, the choice fell 

into five report forms, used in many clinical trials for patients affected by psoriatic 

arthritis: such reports produce the most important scores to monitor treatment 

adherence and the course of the disease.  
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The scores calculation is based on Likert scales (named after their creator, 

American social scientist Rensis Likert) are quite popular because they are one 

of the most reliable ways to measure opinions, perceptions, and behaviors. [52] 

The access to the questionnaires is managed by different role of the actors 

involved on the project; those relating to the patient include: 

- PsAID12 (index of the pathology) based on the following documentation 

[53] (all the questionnaires showed in the following figures are reported 

and validated in Italian due to the nature of the project, that is conducted in 

Italian centers and including a target of patients of advanced age): 
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- CQR5 (5 items version of the Compliance Questionnaire for 

Rheumatology) [54]:   

 

 

 

The medical section instead includes the other three questionnaires that support 

data collection, adding important information for the analysis by healthcare 

professionals: 
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- PGA (Patient global assessment): one of the most widely used ePROs in 

arthritis treatment and relates to disease activity assessed with a range 

between 0 (inactive) to 10 (extremely active) [55]: 

 

- Counting the number of tender and swollen joints: the range score (as we 

have previously said) between 0 to 68; 

 

- MASES (Maastricht Ankylosing Spondylitis Entheses Score): 8 sites in the 

anterior position + 5 in the posterior position. Range: 0-13 [56]. 

 

After the validation phase that confirmed the use of the questionnaires listed 

above, on which to structure data collection, we described the project with a 

technical flowchart that enclosed these indications, showing the following 

structure: 
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(Fig. 13) (Technical Flowchart of the Project) 

 

The graphic representation defines who and what is involved on the project.  

The conceptual design phase pointed out the specific implementation objectives 

as follows: 

1) to create a software aimed at inserting and collecting data directly by the 

healthcare professionals and patients. The doctor profile users are managed 

by an administrator account;  

2) to define two different profiles (doctor and patient) with relative 

permissions; 

3) to define a communication protocol that enables the synchronization 

between the web platform and the mobile application (support for mobile 

devices); 
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4) to manage the automated creation and closure of new patient profiles by 

the doctor. Doctor accounts are created by an administrator user who also 

provides a set of permissions. 
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Section III: Project implementation and 

testing 

Section III.a: The implementation  

 

The implementation phase started with the creation of the web platform. The first 

step was to structure what in clinical trials is defined as eCRF (electronic Case 

Report Form), i.e. an electronic questionnaire specifically used in clinical trial 

research to collect and monitor any data resulting from patient participation.  

To do that we used an editor software (ICE produced by Advice Pharma), 

collecting the information by the questionnaires previously validated and 

adapting them to the electronic format.  

The editor section is structured in 3 different levels and it looks like shown in 

figure (14): 

 

 

(Fig. 14) (ICE software - editor section) 
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1) visits: the big container that contains the form to collect data; 

2) forms: the single page in electronic format; 

3) components: different type of object that we can insert into the page to 

customize the data collection process; the top bar shows all the types of 

selectable objects; 

 

There is a dedicated database (DB) for the design section, where all the 

information about the three levels listed above and their relative connections are 

stored.  

 

The software is based on 4 different databases and on a cross-database 

communication.  

They are divided according to the respective functions: 

 

1) a database that stores all the data entered by the final users; 

2) a database that holds the utilities and permissions to manage the access to 

the platform; 

3) a database that collects the design information as previously explained, 

using them to render the structure (interpreting the information in what you 

see visually) ; 

4) an audit database that keeps track of all the operation performed by the 

users (section required according to the regulations of clinical trial 

research). 

 

Obviously, the last three databases are used for management purposes, the first 

one instead is also used in the export phase, by providing the user (this function 
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is managed by permissions) the possibility to get the data through a specific 

section and to analyze them with other dedicated software.  

The format of the export file is the csv (Comma Separated Values stores tabular 

data as numbers and text in plain text) [57] 

The tool used to create the project is CodeIgniter, a PHP framework built for 

developers to create full-featured web applications [58].  

PHP (recursive acronym for PHP: Hypertext Preprocessor) is a widely-used open 

source general-purpose scripting language that is especially suited for web 

development and can be embedded into HTML [59].  

CodeIgniter is based on a model–view–controller (MVC) architectural pattern, 

that divides a given application into three interconnected parts as explained in 

figure (15): 

 

      

(Fig. 15) (Model View Controller Architecture) 

 

1) a model that stores data retrieved according to commands from the 

controller and displayed in the view; 

2) a view that generates new output to the user based on changes in the model; 
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3) a controller that is the link between a user and the system. It sends 

commands to the model to update the model's state and also to its 

associated view to change the view's presentation of the model [60]. 

       

CodeIgniter allows to integrate JavaScript, a programming language that 

specifies the behaviour of web pages [61], the Hypertext Markup Language 

HTML, which creates the content of web pages [62] and Cascading Style Sheets 

(CSS), a style sheet language which describes the presentation of web pages [63]. 

The first step was to create a login page through which we can manage the 

accesses to the platform. Into the DB a table Users checks the registered 

consumers, storing encrypted information about the user credentials.  

Graphically the login page looks like the one depicted in figure (16): 

 

 

(Fig. 16) (Innterapp Reuma 2.0 Web Platform - Login Page) 

 

After obtaining account validation, the user accesses the home page customized 

according to the permissions. 
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Figure 17 shows an exemplifying structure for the homepage. 

 

(Fig. 17) (Innterapp Reuma 2.0 Web Platform Home Page) 

 

 

The Patient Grid button (indicated with 1 in figure 17) allows getting a table, 

where the information about all the enrolled patients are shown, whereas the near 

colored boxes specify the statistics about the study trend (indicated with 2 in 

figure 17), in addition to the general information below.  

The management of enrollment takes place in the Clinical Study section, through 

the Patient Grid that looks as in figure (18). 
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(Fig. 18) (Innterapp Reuma 2.0 Web Platform Patient Grid) 

 

As we can see in Figure 17, the table provides the following information about 

the patients: 

  

- the patient code: 10-digits number composed by code center (first 3 digits), 

a doctor's identification code (the following 4 digits relative to who 

enrolled the patient) and the code that identifies the patient (the last 3 

digits); 

- the name of the center; 

- the progress status bar, that monitors the filling state of the questionnaires. 

 

The pencil icon allows to edit the relative patient section, whereas the trash one 

produces the deletion of the person from the study. 

Patients’ enrollment is managed by the doctors. The button New Patient at the top 

allows one to access the eCRF.  
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The first form Anagrafica defines all the information about the new patient as 

shown in figure (19). 

 

 

        

(Fig. 19) (Innterapp Reuma 2.0 Form Anagrafica) 
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The inclusion of the email component (circled in red) acts as an authorization to 

personal data treatment by the patient, who confirms the willingness to take part 

in the project, subsequently to the patient signature of the informed consent paper 

document.  

We used the reference mail in order to create the new patient profile that is 

automatically generated at the form rescue; through the email reference, the 

patient receives the access credentials to carry out the log in to the platform. 

The implemented function code is shown in figures (20) and (21). 

 

   

(Fig. 20) (NewAppPatient function pt. 1) 
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(Fig. 21) (NewAppPatient function pt. 2) 

 

 

After the check of the components (Name, Surname and Mail), we created an 

array (row_update) that specifies all the records that we are going to store into 

the database (table Users), identifying it by a numeric id (primary key).  
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Before saving the Anagraphic Form, the tree structure of the eCRF looks as 

shown in figure (22). 

 

                     

(Fig. 22) (Innterapp Reuma 2.0 Web Platform eCRF Tree Structure Before 

Before saving Anagraphical Form) 

 

 

We create a dependency that, at the saving action of the Anagraphical form (with 

a consequent creation of a new user patient profile), “unlocks” the forms of Test 

Iniziale and Questionari. The first one represents a questionnaire that provides 

information about the level of knowledge and the awareness of their illness by 

patients. These items are shown in figure (23). 
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(Fig. 23) (Innterapp Reuma 2.0 Web Platform Conosci la tua malattia Form) 

 

The Questionari visit instead encloses the questionnaires that provides, through 

a numeric score, information about the trend of the pathology (PSAID12, PGA, 

CQR5, Conta Articolare, Mases). 
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For what concerns the eCRF structure after the unlock of these forms, we can find 

the interface shown in figure (24). 

 

 

(Fig. 24) (Innterapp Reuma 2.0 Web Platform eCRF Structure) 

 

 

As we can see in the right navigation bar of figure (23), a tree represents the 

structure of the project. The correctly filled forms are highlighted by the blue 

color, while the others (not completed and saved yet) show the red color.  

 

The saving action produces the form freezing, inhibiting the filling of new 

components or the modification of the inserted data.  

At the end of the eCRF-tree a closing form allows to the doctor to close the 

patient. This operation is done when the patient leaves the study for any reason.  
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The closing form is shown in figure (25):  

 

 

(Fig. 25) (Innterapp Reuma 2.0 Closing Form) 

 

 

Confirming this step and saving the form, the doctor produces the release of the 

patient from the study and the inhibition of data entering for him. An automatic 

mail alert will advise the patient, inviting him to fill in the app evaluation 

questionnaire. 

 

However, it is made possible by the eQuery section (above the form) that allows 

this type of action, but only by inserting a motivation and after an approving 

phase.  
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The graphical eQuery interface appears as shown in figure (26). 

 

 

(Fig. 26) (Innterapp Reuma 2.0 Web Platform eQuery Graphical Interface) 

 

The actions are readily saved in the DB; in this way, it is possible to keep track 

of who and what kind of operations are made on data.  

 

The specific section sums up all the eQuery requests which are divided into: 

 

- proposal: pending requests waiting for evaluation; 

- approved: requests approved by the Principal Investigator (PI is the 

investigator responsible for the research site) [64];  

- rejected: change requests that are not accepted; 
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The eQuery section is shown in figure (27). 

 

 

(Fig. 27) (Innterapp Reuma 2.0 Web Platform eQuery Section) 
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Section III.b: The mobile and web application integration  

 

In light of these considerations and in the perspective of sensitize the healthcare 

professionals and the patients to use this technology, we integrate to the web 

platform of INNterApp Reuma 2.0 project, a mobile application, customized for 

the stakeholders, for the data collection by mobile devices. 

So, the aim is to create an application (available in Play Store and Apple Store) 

reproducing the web platform structure and consequently providing both doctors 

and patients an appliance that allows collecting and storing data at any time 

through mobile devices.  

Obviously, the web-based network is a fundamental component to allow data 

transmission, but storage possibility in the local memory of the device permits 

data entry without major limitations, and the subsequent transmission and 

synchronization with the database.  

In order to collect the information in the same DB, we adapt the structure of data 

transmission to the one used in the web platform. 

The app is implemented using PhoneGap, a cross-platform mobile framework 

that allows you to develop native applications through the use of web 

technologies such as HTML, CSS, and JavaScript. In other words, PhoneGap 

allows you to "translate" web applications into mobile applications. [65] 

For what concerns data transmission, we create to different function in PHP to 

manage the data uniformity. The “channels” we use to do this are the access to 

the application (Login function), managing the table Users, as described above, 

and obviously the synchronization (Save function). 

The app runs a report section, available for both profiles (doctors and patients), 

containing all the information about the trend pathology. It is represented by a 

line chart that shows the trend of the questionnaires’ scores and their relative 

table. The patient can see the charts for her/his insertions, while the doctor is 

connected with more users through an external key that associates the two 
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different tables cross-database and creating a “dependency” between the first one 

and the second one, which administers the enrollment.  

Through the differentiation of the two profiles, we get a different JSON 

(JavaScript Object Notation) structure. JSON is an open standard file format that 

uses human readable text to transmit data objects consisting of key–value pairs 

(the key is always a string enclosed in quotation marks; the value can be a string, 

number, boolean expression, array, or object [66]) and array data types (or any 

other serializable value). It is a very common data format used for asynchronous 

client/server communication [67]. 

This section is what we previously defined as controller in the MVC model. As 

we will see, it used to “transfer” data from the PHP file to a JavaScript file (on 

which we create the application core) through what is defined as AJAX. Such 

term is the acronym of asynchronous JavaScript and XML, it is a web 

development technique using many technologies on the client side to create 

asynchronous web applications [68]. Ajax allows to send data to and retrieve from 

a server asynchronously (in the background) without interfering with the display 

and behavior of the existing page and to change content dynamically without the 

need to reload it. 
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The login functionality 

The graphical interface of the Login page of the App is shown in figure (28): 

 

 

 

(Fig. 28) (Innterapp Reuma 2.0 App Login Page) 

 

 It provides guidelines and information about: 

-  the functionality (figure 29): 

 



87 

 

(Fig. 29) (Innterapp Reuma 2.0 App Funcionality) 

 

- the aims (figure 30): 

 

 

(Fig. 30) (Innterapp Reuma 2.0 App Aims) 

 

 

 

- the board (figure 31): 
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(Fig. 31) (Innterapp Reuma 2.0 App Board) 

 

- more information (figure 32): 

 

 

(Fig. 32) (Innterapp Reuma 2.0 App More Info) 

 

The login functionality is managed by an Http Ajax (Asynchronous JavaScript 

and XML) post. It is used to exchange data with a server. Practically, a php 

function verifies the correspondence between the entered credentials and the 

registered users stored in the database 
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Ajax uses two different methods for a request-response between a client and 

server: 

- GET: requests data from a specified resource 

- POST: submits data to be processed to a specified resource [69]. 

 

The JavaScipt code used to implement it looks like the one shown in figure (33). 

 

           

(Fig. 33) (Innterapp Reuma 2.0 App Function Login JavaScript) 

 

As we can see, an array data is defined by inserting the keyboard inputs by the 

user interaction with the login form. The tmp (temporary) variable include the 

JSON string derived by the JSON.stringify() method that converts a JavaScript 

value to a JSON string [70], because when sending data to a web server, the data 

format has to be a string.  

Into the jQuery Post, we specified the input and the path to allow the access to 

the PHP function that manages the control operations.  
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Following this, the JavaScript function needs to use the Javascript object that we 

get through the command that makes the reverse conversion (a string of JSON 

text into a Javascript object): JSON.parse. 

At the top in figure (29) a variable that references to a checkLogin external 

function is shown; we implement a control using the JavaScript code that checks 

the conformity of the inputs (username and password) and the status of the 

request. It means that if the device has the web-based network active, the status 

is enabled to realize the Http Ajax Post request and to verify, by PHP function 

the data validity querying directly the database; otherwise the account verification 

is managed through a function (retrieveObj shown in figure 30), that instead takes 

the information stored in the local memory of the device, returning a positive or 

negative outcome.  

 

     

(Fig. 30) (Innterapp Reuma 2.0 App Function RetrieveObj JavaScript) 

 

The TripleDES is an algorithm used in cryptography (Triple Data Encryption 

Algorithm), and it is a symmetric-key block cipher, which applies the DES cipher 

algorithm three times to each data block. [71]  

Once the user logs in, the interface is customized related to her/his profile. In 

detail, the doctors visualize their patients’ list (the enrollment is supported only 

by the web-platform creating the new user patient profile) as shown in figure (31). 
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(Fig. 31) (Innterapp Reuma 2.0 App Patient List) 

 

As explained for the platform, the doctors have access to 5 questionnaires forms, 

each one represents an index linked to the pathology. The colored alerts in the 

right side resume the status of the questionnaires according to the following 

legend: 

 

- green: questionnaire fully completed; 

- yellow: questionnaire partially completed; 

- red: questionnaire not filled in; 

 

The yellow button represents the intermediate phase, that refers the presence of 

data saved but not synchronized yet. A click on this button switches on the 
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synchronization of the data saved in the local memory of the device, emptying 

the alerts’ bar. 

Logging in the specific patient section, the doctor can see a short summary of 

her/his anagraphical data, and she/he can have access to different actions as 

shown in figure (32). 

 

 

(Fig. 32) (Innterapp Reuma 2.0 App Patient Section) 

 

The four sections can be summarized as follows: 

1) “NUOVO TEST” to make a new visit; 

2) “STORICO VISITE” to visualize a report of historical data in tabular 

shape, with focus on the single value assigned during the insertion phase; 

a dropdown component allows to select a visit by generating self-

compilation of the individual values previously included in the 

questionnaires relative to the selected visit (as shown in figure 35); 

3)  “REPORT INDICE PAZIENTE” to visualize a patient report section 

supported by line charts, which describe the trend of the questionnaires 
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scores (information limited to the two questionnaires fillable by the patient 

(PSAID12 and CQR5); 

4) REPORT INDICE CLINICO” to visualize a clinical report section 

supported by line charts, which describe the trend of the questionnaires 

scores (about all the questionnaires). 

 

The graphical interface for the new test section is represented in figure (34). 

 

 

(Fig. 34) (Innterapp Reuma 2.0 App New test Section) 

 

 

As we can see at the top, it is possible to select the questionnaire and to proceed 

easily to the filling. The saving data function stores the values in a single object, 

which is sent to the server when the doctor decides to activate data 

synchronization.  
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In order to streamline the application, to facilitate the compilation of 

questionnaires and to avoid excessive stress on the users, the rescue is not 

inhibited if all the fields are not filled out. The system still saves them in the 

database (Null value). The score calculation is normalized with respect to the 

number of fields entered. 

 

The section “STORICO VISITE” is shown in figure (35). 

 

 

 

    (Fig. 35) (Innterapp Reuma 2.0 App Historical Data Section) 

 

 

The selected component at the top (shown in figure 35) allows one to insert value 

representative of the visit number, switching on the auto-filling of the fields 

visible on the right side relatively to each items of the questionnaires. Close to 

the questionnaire name, we find information about the data of its completion.  
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This auto-filling effect is implemented specifying on the change action, the 

selection of the data referred to the selected number of visit. The JavaScript code 

is shown in figure (36). 

 

 

(Fig. 36) (Innterapp Reuma 2.0 App OnChange JS function code) 
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The section named “REPORT INDICE CLINICO” shows the single patient 

clinical report for all the indexes that can be administered by the doctor (37). 

 

 

(Fig. 37) (Innterapp Reuma 2.0 App Clinical Report Section) 

 

On the section named “REPORT INDICE PAZIENTE”, the report structure is 

replicated, but including just the PSAID12 e CQR5 questionnaires available for 

the patients. 

The left bar gives the possibility to switch the graph relatively to the selected 

index. A line chart shows its trend, referring to the number of the test carried out 

in the X axis. 

The principal score for the pathology (PSAID12) is highlighted by a color that 

provides information about the value of the activity related to that score; an 

explicative legend simplifies its interpretation. 

The underlying table adds an indication concerning the date of data entry. 
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When a patient authenticates to the system he graphical interface reported in 

Figure 38 is shown. 

 

 

(Fig. 38) (Innterapp Reuma 2.0 App Clinical Patient first access) 

 

 

As we can see there is an area “CONOSCI LA TUA MALATTIA”, that is enabled 

for a single filling. At each login, the patient will see this area until he/she will 

proceed to the saving of the test form.  

Once the patient fills out the form, he/she will be enabled to data-entering through 

the PSAID12 and CQR5. The graphical interface is the same to the doctor 

visualization (see figure 34), just limited to these sections.  

As previously explained referring to the doctor, also the patient has the possibility 

to synchronize the data in each moment in case of network availability.  

Analyzing the questionnaires, it is evident that each question is considered 

referring to a time period of the last seven days. It can be useful to get a 

standardized data for each patient. However, on the implementation phase, we 

didn’t insert any kind of control to limit the data entry.  
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This choice was in line with the principal project purpose, that aims to raising the 

awareness of both parties involved (doctors and patients) about the use of mobile 

health application as method of care. 

So, they can collect data whenever they want without any type of limitations.  

As said before, at the end of the study, or if for any reason the patient has to leave 

the project, the doctor can close the patient by the web-platform. In this moment, 

the patient will receive a confirmation by an automatic mail, generating by the 

system that will invite him to fulfill the satisfaction survey through the mobile 

app.  

The figure (39) shows the graphical interface for the patient after the ‘closing’ 

procedure (performed by the doctor through the web-platform):  

 

 

(Fig. 39) (Innterapp Reuma 2.0 App Clinical Patient satisfaction survey) 

 

 

The report section remains available, but the data entry (whit reference to the 

questionnaires) relative to this account will be disabled. 

Once fulfilled the last form all the data entering action are inhibited, keeping 

available for that account just the report section, as shown in figure (40): 
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(Fig. 40) (Innterapp Reuma 2.0 App Clinical Patient limited to report sections) 

 

Section III.c: Testing phase 

 

The last phase of the implementation project is the testing phase. In order to align 

the project structure with the customer request, a pilot environment was set up, 

creating a user account dedicated with customized permissions.  

It means that we created a web environment with a pilot link, connected to a test 

database, in order to can develop the testing and debugging phases without 

affecting data. 

For what concerns the mobile app, by using a dedicated compiler we generated a 

testing application for the Android devices. A file .apk extension (debug version) 

is generated and distributed to the customer. 

In this phase we tried to further simplify the interaction with the user, reducing 

the software complexity and improving the usability.  

A representative sample took part to this phase including all the actors involved 

(5 doctors enrolling 2 patients each). The users reproduced the standard project 

flow from the enrolling phase to the patient's closure.  
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The user experience is fundamental to customize the software according to the 

target user. In particular, the considerations done during the first phases was 

confirmed. The average age of patients, affected by psoriatic arthritis, is high 

enough. Furthermore, most of doctors are always reluctant to replace papers with 

technology supports.  

It is evident as, according to these considerations, an easy interaction and a 

pleasant graphic interface can be an important success factor. 

Moving in this direction, another important choice was to focus the patient on the 

use of the app. So, we disabled the access to the web-platform for the patient’s 

account, by restricting its use just to the doctors.  

In order to cover any type of need, we also set up a pilot environment relative to 

the web application. Indeed, we reproduced the mobile application for the web 

browser. It was possible because, as in the introduction said, the application 

wasn’t develop using the native programming languages supporting just by the 

dedicated devices but as web-app.   

As we will see in the closing phase, the absence of appropriate technological 

supports in the Italian medical centers can represent an important stumbling block 

to the project evolution.  

In this phase emerged an important element that is relevant to guarantee the 

regular project flux. As we explained in the web-platform description, the patient 

enrolling is subordinate to the filling of Anagraphic form. In particular, the user 

account is generated by inserting the mail of the patient that agrees to participate 

to the ePROs project. He/she receives an email containing the access credentials 

and the links to the stores for the app download.  

In some case, the doctor fulfilled the form without the mail field. Obviously, in 

that case the patient resulted correctly enrolled in the web platform, but his/her 

user account wasn’t created and he/she wasn’t enabled to access to the app.  
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In order to avoid this problem in the communication we inserted a control in the 

mail field setting up it as required, so limiting the saving of the form to the valid 

data entry of that field. 

Once fixed the bugs and adapted the platform accordingly to the user’s needs, we 

proceeded to the closing phase. 

 

 

 

 

Section IV: Close-out 

 

Section IV.a: Customer acceptance 

 

This phase represents the last step of the project. Before setting up the final 

environment, it’s important that all the customer’s requests have to be satisfied. 

In a project management, this responds to what is defined as User Acceptance 

Testing (UAT). It consists of a process of verifying that a solution works for the 

user (software vendors often refer to this as "Beta testing"). [72] In software 

development, UAT as one of the final stages of a project often occurs before a 

client accepts the new system.  
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The figure (41) shown the UAT template: 

 

              

                  (Fig. 41) (Innterapp Reuma 2.0 User Acceptance Test) 

 

 

Once received the UAT signed and approved by the customer we proceeded to 

the last project phase. 
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Section IV.b: Project finalization and closing phase 

 

 

The project finalization phase consists of moving the project from the pilot to the 

production environment.  

For what concerns the web-platform this operation can be itemized in the 

following points:  

 

- migration to final web hosting; 

- creating new database environment; 

- creating user accounts and set permissions; 

 

 Relatively to the mobile app, we built the app in order to submit it to the store 

attending for its review.  

This process was developed for both platforms (App store for Apple platform; 

Play store for Android). 

The submission process is slightly different in the two cases.  

For what concerns the Android platform, we had already built the application 

(.apk extension), so through the developer account we just planned and defined 

some parameters for the Play store listing: 

 

- privacy policy; 

- device compatibility; 

- pricing and countries of distribution; 

- provide an appropriate rating for your app; 

- choice the area of interest; 

- customize icons, screens, app’s description; 
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For the Apple platforms, the structure project was adapted to the one supported 

by Xcode (an integrated development environment/IDE for macOS containing a 

suite of software development tools developed by Apple for developing software 

for macOS, iOS, watchOS, and tvOS). [73] 

The operation is necessary in order to build the application using the format 

readable by the platform (.ipa extension). 

Also in this case we set some parameters in order to submit the app for the 

reviewing phase: 

 

- set the version number; 

- set deployment target; 

- target device; 

- pricing and countries of distribution; 

- icons and launch screen file. 

 

For both platforms, being the application accessible via login page interface, an 

active demo account is created, login information and keeping enable the backend 

services so that they’re live and accessible, to allows the app reviewing.  

The average app review time is 2/3 days in both case (just a little bit more for the 

Apple store, which controls more accurately).  

Once the apps were available on the stores, we proceeded to the distribution and 

the staff training in the Italian clinical centers involved in the project. 

We scheduled a calendar, moving around Italy, by involving all the centers in the 

staff training as we can see in the figure (42): 
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            (Fig. 42) (Innterapp Reuma 2.0 Staff Training at Center Calendar) 

 

The duration of the training is estimated for 8 months and it focuses on the 

platform functionalities, the informed consent given by the patient and its 

enrolling phase.  

The training phase is managed by Havas Group, the company responsible for 

marketing and product promotion. 

The training structure follows these points: 

 

-  introduction to the purposes and scientific aims of the project; 

- technological functionality; 

- app and web-platform testing; 

- feedback by the doctors; 

- solutions to the critical points. 
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CHAPTER 3 

RESULTS AND DISCUSSION 

 

Results and future developments 

The project begins with the training phase at the centers involved. The medical 

staff is formed on the use of technology. The meetings involve 3 doctors for each 

center, assisted by 2 collaborators each who will be involved in entering the 

platform data. What emerged from meetings is reported in the following section. 

FollowUp result 

 

The first feedback that we had by the project can be resume showing an 

example of report meeting doing during the staff training in the centers and 

provide by the Havas company. 

We considered one of the first meetings, which took place on 13/07/2017 at San 

Carlo Potenza’s Hospital. 

 

 

 

Sponsor: Celgene 

Date and place: 13 Luglio 2017, Ospedale San Carlo di Potenza 

Object: “INNTERAPP Reuma” 2.0 Project 

Participants:  P. Leccese, M. Montaruli, G. Tramontano, A. de Sossi (Celgene) 

Meeting Report 
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Argomento Commenti 

AGENDA STAFF 
TRAINING 

Rational explanation and scientific aims of the project to doctors 
trained by the tutor 

Explanation of the technological capabilities of developed IT systems 

App and web-platform testing 

REPORT The meeting began with an exposition of the various phases, goals 
and aims of the project. It was also explained what patient’s profile is 
suitable for being able to participate in the project itself. 

We put the focus on the physician's tools (app, web-app and web-
platform) and their differences  

After this introductory phase, the provider's agent demonstrated the 
operation of the platform, app, and web-app for the exclusive use of 
doctors by focusing on the following processes: 

 

• Customization of the access credentials during the meeting. 

• Enrolling and registration of a new patient through the platform 

• Patient credential personalization through platform and the app 
access for the patients 

• App visualization of new patient 

• Clinometric indexes submission by the app, in online and 
offline mode, and data synchronization with the platform  

• Clinometric indexes submission by the platform  

• Report section and score 

• Graphical interface for the patient, and its differences 
compared to the app for the doctor. 

 

The functionalities have been readily understood by physicians; a 
single perplexity was expressed by Dr. Leccese, who argues that the 
mandatory insertion of patient emails in the project registration phase 
could lead to the exclusion of all patients who do not have a mail 
address and the resulting homogeneity of the profiles of the inserted 
patients (young). 

At this point, the service provider has offered some solutions: 

- to support the patient from by a caregiver who has mail; 

- the physician shows the process that allows patients to 
customize their credentials; Once the credentials are 
personalized, the patient will no longer need the mail address. 

Technological shortcomings emerged; the service provider, finishing 
the explanation of executable actions through IT devices, offered 
some alternatives to properly perform what the project demands, 
despite the restraints and technological limits of hospitals. 

The alternatives offered are: 
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Argomento Commenti 

• to provide paper clinic indexes to allow doctors to fulfill data 
and subsequently to insert them into the platform, in order to 
save time during the visit; 

• in absence of the internet connection in the center, we 
explained the process of storing offline data and subsequent 
synchronization  

• availability to use the iPad provided by the provider in absence 
of proper technology 

 

Finally, the doctors’ and patients' handbooks were delivered 

Doctors didn’t find difficulties that would affect participation in the 
project, and the provider gave their personal contact details to doctors 
offering the utmost availability for any technical and technological 
problem. 

 

 

As we can observe in the report meeting, the critical points of the project can be 

resume in the following concepts: 

 

- lack of time during the visit; 

- lack of technological knowledge; 

- lack of technological instrumentation and internet connection at the center; 

 

for each issue revealed we proposed a solution, providing our technologies and 

proposing methods to solve them, as the data collection method in offline mode.  

Continuing the training phase, we adapted the training structure to the previous 

meetings, focusing on the emerged critical points and proposing directly the 

solutions. 

Another important feedback, came out by the majority of the meetings, is 

provided by the users (doctors in this case) who is satisfied with the encounter 

and the simplicity of the IT systems available to them. 

After completing the training, the doctors started with the patients’ enrollment.  

It’s important to remember that the project envisages a minimum number of 10 

patients enrolled per center.  
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Six months after the start of the project, we analyze the data collected showing 

trends and results. 

 

First of all, we can provide the numbers of the project in terms of adherence and 

the users feedback. The web-platform home page, accessible by an administrator 

account, can help us to get information about, as shown in figure (43): 

 

 

(Fig. 43) (Innterapp Reuma 2.0 Enrolling trend) 

 

 

The first patient was enrolled on 01/05/2017 at the Genova center. At this moment 

101 patients were enrolled (37 in the last 30 days); extracting a graph based on 

patients enrolled per center, all the information can be resume in the figure (44): 
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(Fig. 44) (Innterapp Reuma 2.0 Patients enrolled per center trend) 

 

 

 

Trieste hospital has at the moment enrolled about the 35% of the total patients. 

After it, we found Jesi center with 25 and the Mater Domini hospital of Catanzaro 

with 12 patients enrolled. 

For what concerns the disease incidence with reference to patients’ age and 

gender, we extracted the information shown in the figure (45): 
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(Fig. 45) (Innterapp Reuma 2.0 Patients enrolled gender trend) 

 

While, referring to the age of the patients enrolled, the figure (46) shown: 

 

(Fig. 46) (Innterapp Reuma 2.0 Patients enrolled age trend) 
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The graph is in line with the today's statistics; the disease usually appears 

between the ages of 30 and 55 years.  

For what concerns the awareness of their illness we extracted information, 

evaluating the first questionnaire made available to patients: “CONOSCI LA TUA 

MALATTIA?” .  

Analyzing each item, we extracted these information: 

 

- I item: Quali tra i seguenti è un fattore di rischio di artrite psoriasica? 

 

Correct: La predisposizione genetica 

 

Trend: 

 

 

(Fig. 47) (Innterapp Reuma 2.0 1-item awareness of their illness trend) 

 

- II item: Cosa avviene nelle articolazioni colpite da artrite psoriasica? 
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Correct: Si manifesta un’infiammazione persistente. 

 

Trend: 

 

 

 

(Fig. 48) (Innterapp Reuma 2.0 2-item awareness of their illness trend) 

 

 

 

- III item: Quant pazienti con psoriasi sviluppano anche artrite psoriasica? 

 

Correct: Fino al 26% 
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Trend: 

 

 

 

 
       (Fig. 49) (Innterapp Reuma 2.0 3-item awareness of their illness trend) 

 

 

- IV item: L'entesite è una tipica manifestazione dell'artrite psoriasica. 

Quali parti del corpo colpisce? 

 

 

Correct: Fino al 26%. 
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Trend: 

 

 

 

 
 

(Fig. 50) (Innterapp Reuma 2.0 4-item awareness of their illness trend) 

 

 

 

- V item: Oltre alla pelle e alle articolazioni, quali sono le parti del corpo 

che possono essere interessate dall'artrite psoriasica? 

 

 

Correct: L’occhio. 
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Trend: 

 

 

 

 
  

(Fig. 51) (Innterapp Reuma 2.0 5-item awareness of their illness trend) 

 

 

 

The results show a moderate awareness of the illness by the patients; more than 

50% chose the correct answer (excluding the last item) for each item.  
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Critical issues and patient’s adherence 

 

As explained before and confirmed by the reports about the staff training provided 

by the Havas Group, the lack of the technological instrumentation is a realistic 

issue for the project development.  

We provided support and the instrumentation to the center, in order to facilitate 

and encourage the doctors using technology. But this kind of issue appears again 

in the patient’s case.  

This can be considered the most important and critical factor emerged from the 

first phase of the project. 

The medium age of the patients’ enrolled is around to 50 years old. Also for this 

reason, the use of the tablet is not so widespread. This appliance was considered 

the best solution to find a compromise between the use of the mobile app and a 

reasonable and easy viewing of graphs and trend. Also for what concerns the data 

entry, this was evaluated as an advantage for the usability.  

Despite this, at the moment the data are partially confirming the difficulty to 

integrate the use of mobile support in the data collection methods.  

As we can see the information get by the Android and Apple analytics 

instruments, almost 50% of patients enrolled downloaded the app by the stores. 

The data about the two platforms are in line as shown in the figures (52) and (53), 

respectively for Android (26 downloads) and Apple store (25 downloads): 
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(Fig. 52) (Innterapp Reuma 2.0 Download trends for Android Store) 

 

 

 
 

(Fig. 53) (Innterapp Reuma 2.0 Download trends for Apple Store) 
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However, the data about the patients’ adherence don’t fit exactly the download 

trends. The web-application (reachable by the web) collects the other part of the 

patients’ enrolled (101 as previously shown and continually increasing); at the 

moment we count 839 rows inserted into the database table, where we store all 

the data entry actions. It means that there is a good feedback by the patients and 

an increasing adherence value.  

For what concerns the aims of the centers in terms of number of enrolled 

patients, now the trend is in line with what is expected (10 patients per center), 

even though the majority is concentrated in the center of Trieste (35), Jesi (25), 

Catanzaro “Mater Domini” (12).  

However, the staff training meetings are not ultimate yet, and the enrolling 

phase is constantly increasing. 

At this moment, there is an interesting response by the patients’ adherence. We 

extracted an important information by the audit database table, where we stored 

all the login actions make by the users. This allows us to monitor the access and 

the use of the tool giving by all the available supports.  

The data shows among forty login actions per day. This information confirms the 

importance of the report section that supports doctors and patients. 

According to the data, about 200 visits were made. Two patients, enrolled in the 

center of Potenza, have completed their study period and they have fulfilled the 

usability questionnaires shown in the figures 54 and 55:  
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(Fig. 54) (Innterapp Reuma 2.0 Usability questionnaire example 2) 
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(Fig. 55) (Innterapp Reuma 2.0 Usability questionnaire example 2) 

 

 

The amount of data is still small enough to extract feedback on usability of the 

application. However, both patients, get out of the project, provided their 

feedback showing interest on it. 
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Future developments 

 

 

Nowadays, as shown by the data of the project, the mobile health is not yet an 

integrated and consolidated method of care, because of many reasons already 

explained and shown according to data.  

The first purpose of the project is to raise awareness among the important benefits 

provided by the use of this kind of technological support.  

Today many projects involve the use of mobile devices and a majority of them 

aims to demonstrate the importance in medicine of these devices.  

The American Hearth Journal, in February, published the results of a randomized 

study showing the effects of interactive patient smartphone support app on drug 

adherence and lifestyle changes in myocardial infarction patients [74]. The results 

showed that the use of a smartphone-based interactive patient support tool 

improved patient self-reported drug adherence and may be associated with a trend 

toward improved lifestyle changes and Quality of Life. This disease-specific 

patient interactive support tool (a smartphone app) appears to be an appreciated, 

easy-to-use, and promising aid to improve drug adherence and secondary 

prevention. Data are really important to monitor the trends and getting 

information about the study.  

In order to use data getting by survey or any other type of data collection, it is 

crucial to preserve the data integrity, to interfere with the regulatory environment, 

and to ensure the proper handling of sensitive data.  

These implications convey the development of a clinical study.  

The clinical study submission needs to follow the standard procedures to be 

compliant with the regulatory guidelines.  

Referring to our case, the study could be framed as an observational study without 

drug use. Using drugs in a clinical study means to involve the AIFA 

(Associazione Italiana del Farmaco) organization.  
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Furthermore, in Italy, if the application is defined as a medical device, we need 

to involve also the Ministry of Health. The nature of the study is multicenter; in 

this case the standard procedure involves submitting the documentation to the 

ethics committee of each center and obtaining a positive opinion before starting 

the enrolling phase at the respective center. 

 

The documentation includes: 

-  study protocol where we need to define the endpoints, background, aims, 

inclusion and exclusion criteria of the study; 

- synopsis: short description and synthetic and schematic summary of the 

protocol. 

 

An important factor to consider in our case is the personal data treatments.  

At the moment we have access to the personal data of the patients as name, 

surname, date of birth, etc. The patients’ data are visible in the anagraphic form 

available by the web-platform, and directly correlated to him/her. 

In order to ensure the privacy of the patient, this kind of data have to be encrypt 

or not readable and stored in a different database. 

In our case, to adapt the project to the clinical study requests, we could proceed 

in two different ways:  

 

- to unset the fields that includes personal data, storing information in 

another database; 

- to encrypt the fields that includes personal data, showing them in encrypted 

format; only in this case we could keep data in the same database, having 

been previously encrypted. 
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In order to demonstrate the benefits of using app we should set a randomized 

study, comparing patients treated with and without the support of the mobile 

application.  

As it happens for drugs, before we can introduce the tool in the clinical practice 

we need to clearly show a clinical evidence supporting by data.  

It’s also important to define the nature of the app, that, as already explained, need 

to be classified as medical device (CE marker) in case of it’s used for purpose of 

diagnosis, care or disease alleviation, treatment or prevention; therefore, when it 

has an active role, independently taking decisions as a response to the data entered 

by the patient. 

The data collected in this phase could not be used and integrated in a retrospective 

clinical trial, since it was not exactly consistent with the guidelines regulating 

clinical trials. 
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CHAPTER 4 

 

CONCLUSION 

Conclusion  

 

The project Innterapp Reuma 2.0, developed in all of its phases, has first of all 

allowed to analyze all the principal phases of the project management procedure. 

As we have seen, after a first phase of feasibility analysis and the revision of the 

literature and the state of the art, we proceeded to the real realization of the project 

involving different professional profiles with the aim of integrating the 

technology and the mobile health in the healthcare practices. 

The developed tool includes a web platform that allows creating and managing 

profiles that are directly involved in data entry. 

This consists in fulfilling validated questionnaires that produce indexes that allow 

the monitoring of the pathology. The integration with a mobile application also 

simplifies access to visits, complimenting questionnaires from mobile support 

even outside the hospital center.  

A first analysis brought to put the focus on an illness with low (under the 

threshold 1% in the psoriatic arthritis case) rate incidence. 

Chronic illnesses such as psoriatic arthritis, however, provide a better response 

from patients who are more likely to be continuously monitored. 

Despite the difficulties encountered, mainly due to the lack of knowledge and the 

lack of technological support at the involved Italian centers, the project received 

enthusiasm and participation from medical staff and patients after its first phase. 
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Critical points have been addressed and resolved successfully by adapting the 

project to the risks and needs of users. 

Training at the centers was very useful by overcoming the first difficulties 

encountered by the introduction of the new tool. The data confirmed this 

consideration, showing an increasing trend in patient enrollment and use of the 

platform in the days following staff training. 

As we have seen, at six months from the beginning of the project the following 

results emerged: 

 

- 101 patients enrolled in 12 of the 30 Italian centers involved (37 in the last 

30 days); 

- nearly 86% of enrolled patients exceed 40 years of age; 

- fairly homogeneous use of apps and web apps; 

- homogeneous use of Apple and Android platforms; 

- good knowledge of the disease by the patient (more than 50% of patients 

responded correctly to 4 questions out of 5). 

 

To date, however, the results achieved are in line with the aims of the project. 

The recruitment phase is constantly increasing thanks to the training activities at 

the centers. 

Doctors are also beginning to make the first data export operations (expected in 

csv format) from the platform, in order to have a global report on project 

performance. 

 

The evolution and transformation of the project into a clinical study could allow 

us to further evaluate the benefits provided by, structuring a randomized study 

that relates the types of medical approach. 

This evolution would undoubtedly entail a new design phase that would prescribe 

the previously anticipated characteristics of: 
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- the adaptation of the application to the regulations in force in the field of 

clinical research; 

-  the review according to the guidelines for correct data processing; 

- the drafting of a clinical protocol and synopsis submitted to the ethics 

committees of the centers involved. 

 

In addition to the above, the project management procedure should include a 

redefinition of the budget on which the plus of the cost of submitting a clinical 

study would be expected: 

 

- to include the clinical operation section for the structuring of the 

documentation required to submit the study to the involved Ethics 

Committees; 

- the dilated timing due to the involvement of other organizations within the 

process; 

- any costs associated with obtaining the CE marking in case the application 

performs the function of a medical device. 

 

However, this type of tool can be customized for different monitors, adapting 

validated questionnaires, and collecting data to the relevant parameters related 

to the pathology. 

The concept behind the project, however, remains unchanged in its mode and 

flow management, which involves direct communication between medical staff 

and patients and its continuous monitoring. 

As analyzed in the introductory phase, this type of care provides benefits to the 

patient ensuring also the continuity of care, the improving of the quality 

standards, making easy the access to the healthcare for a higher number of 

patients, reducing visits, consulting time and the risk of hospitalization.  
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