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Abstract

Asthma is the most common noncommunicable disease among children. It leads to
substantial problems both in health and economic terms to individuals and families.
This paper introduces a technological solution, Easy Breathing, that supports the
management of childhood asthma, providing tools for both doctors and patients.
Through the establishment of an asthma chronic care model, it combines doctors’
professional guidance and a gamification system to improve the compliance of pa-
tients with their treatments and to provide them with tools for the self-management
of their disease. The system is in the testing phase, the first mockup has been devel-
oped and validated with 270 medical experts and patients, and it will be tested with
540 end-users over the next months.
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1. Introduction

Asthma is a heterogeneous disease, usually characterized by chronic airway inflamma-
tion. It is defined by the history of respiratory symptoms such as wheeze, shortness of
breath, chest tightness and cough that vary over time and in intensity, together with va-
riable expiratory airflow limitation. The global asthma report informs that 14% of
worldwide children showed asthmatic symptoms in 2013 [1]. Asthma can harm child-

ren’s health badly and it could lead to lifetime health problems for children, increasing
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the risk of developing other diseases and disabilities, even engendering social and psy-
chological problems later in life [2]. Asthma can also generate a vast economic burden
as is reflected in a significant number of scientific studies [3]. The economic costs of
asthma are ranked as one of the highest among chronic diseases [3]. Thus, a solution to
reduce the incidence and effects of childhood asthma could be conducive to the pa-
tient’s health and the family’s financial condition.

According to the Global Initiative for Asthma (GINA) guidelines, long-term asthma
management requires a combination of pharmacological and non-pharmacological
strategies. A common approach for all patients with asthma includes: correct inhaler
skills and adherence to the medication use, a written asthma action plan for worsening
or attack, advice about self-monitoring of symptoms and peak expiratory flow (PEF),
and regular medical review [4].

In any case, the effective management of asthma requires the patient’s cooperation
outside of the hospital. Information and Communication Technologies (ICTs) can pro-
vide tools for both professionals and patients to let patients or their family members
access the professional services anytime and anywhere. New sensors, together with
communication and processing capabilities, can make the collection, storage, analysis
and transmission of patients’ data much easier than years ago. ICTs can contribute a
tool to implement an asthma care system based on the global asthma management
guidelines to create a professional and personalized asthma care plan for each patient.
Particularly, this work describes an eHealth application, Easy Breathing, to support the
self-management of children and their parents for childhood asthma. It allows patients
to get the remote professional and appropriate care by connecting them with their doc-
tors, educating children and parents, generating a personalized manage plan, providing

mechanisms for the self-management, and alerting about potential risky situations.

2. Methods and Materials
2.1. Methods

This work was organized in three phases: first, existing asthma treatment and manage-
ment methods were analyzed, whilst related existing technological solutions were also
explored; secondly, a childhood asthma care model was defined and integrated into the
first prototype of the Easy Breathing system, which was iteratively updated with the in-
volvement of experts and patients; finally, a first version of the Easy Breathing App was
developed.

1) State of the Art

A literature review and four expert interviews with three respiratory disease special-
ists were carried out in order to gain in-depth understanding of the causes and conse-
quences of childhood asthma, and its prevention and treatment solutions. In parallel, a
research on technological solutions to support these processes was also carried out, in
order to support the design of the system architecture.

2) Care Model Definition

53 experts and 58 patients were interviewed to elicit the users’ needs and to define
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the system requirements for providing a service for the management of all asthma di-
mensions. As part of this process, the result of the state of the art study was used to es-
tablish a childhood asthma care model as a reference for the prototype design.

3) Prototype Design

Early prototyping was used within this work as a way to start a dialogue with experts
and users and to obtain their feedback. The prototype was designed according to the
asthma care model. Then, it was shown and discussed with 20 respiratory disease spe-
cialists to evaluate the functionalities, and determine if the system was able to provide
support for every important dimension of the treatment. It was also presented to 250
patients to evaluate their acceptance. The prototype was constantly redefined and itera-
tively updated. Six face to face interviews and three phone call interviews with test users
were done for the system optimization. Another 2 meetings with the asthma experts
were organized before the development step. The iteration of the prototype was re-
peated for 14 times.

4) App Development

The final prototype was developed as a App supporting both Android and iOS plat-
forms that will be used in the next validation phase involving more patients and profes-

sionals.

2.2. Materials

1) Axure RP Pro

Axure RP Pro is an application designed for rapid prototyping, allowing the integra-
tion of comments, notes, flow charts, frames and other elements to obtain a complete
product presentation. The outcomes of the care model definition, the system frame-
work and function modules, and the first prototype were designed and visualized
through Axure.

2) IDEA and Xcode

Intelli] IDEA (IDEA) was used for the development of the Android version and

Xcode for the iOS version.

3. Results
3.1. The Baseline

The long-term goals for efficient asthma management are symptom control and risk
reduction. The disease self-management requires: information, inhaler skills, adhe-
rence, written asthma action plan, self-monitoring, and regular reviews [4]. The re-
search carried out on the existing ICTs solutions used these 6 basic dimensions to eva-
luate their advantages and disadvantages. The existing ICT's systems applied different
strategies to different asthma management dimensions: multimedia and interactive in-
structions can help parents and children to learn about asthma management aspects in
an easier and more interesting way (e.g. basic logic of the diagnosis and treatment, and
the correct usage of the inhaler medication and peak flow meter). Also, some warning

systems can detect the patients’ unusual state and provide recommendations according
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to the asthma action plan. Finally, the monitor and alert system can motivate the pa-
tients to realize the long-term self-monitoring and improve the medication compliance,
and promote the regular review. Nevertheless, all of them lack the provision of a per-
sonalized service according to the patient’s specific situation, such as age, life style, dis-
ease duration, risk factors (e.g. allergies, physical activity), asthma control state and se-

verity, etc.

3.2. Asthma Care Model

According to the medical experts’ opinion and asthma guidelines, an effective asthma
management is contingent upon the state of the patient and the strategy to follow in

each case will be different, as shown in Table 1.

3.3. Definition of Easy Breathing System

According to the asthma care model, an ICT system called Easy Breathing was defined
as the following.

1) System Structure

Easy Breathing is a two-ends system involving both patients (or patients’ family
members) and doctors. As shown in Figure 2, patients and doctors use the smart de-
vices to realize some online communication and operation, together with the direct
contact offline, to realize the treatment during the whole disease course.

2) Easy Breathing’s Solution

The Easy Breathing’s functional modules are defined according to the childhood
asthma care factors. Education module: provides disease knowledge, inhaled drug and
PEF meter’s operating instruction video, and other disease related information for all
patients. It also generates a personalized education plan according to the medical his-
tory of each patient and the risk factors. Medication compliance module: generates
reminders according to doctor’s advice. Symptom and PEF monitoring module: pro-

vides an asthma diary to help patients recording the symptoms and PEF values. A smart

Table 1. Childhood asthma care factors.

State Action

Education

Medication compliance

Symptom and PEF monitoring
Daily management

Regular medical review

Lifestyle modification

Risk factor avoiding

Early attack warning
Worsening or attack Action plan recommendation

Fast medical resources accessing
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PEF meter can make the data collecting easier. Regular medical review module: ge-
nerates a weekly evaluation and provides the doctor’s manual evaluation every 4 weeks
to update patient’s control state regularly. Lifestyle modification module: generates
the lifestyle tasks of nutrition, physical activity and work and rest adjust according to
the patients’ control state. Risk factor avoiding module: classifies patients according
to their risk factors, and provides the risk avoiding recommendations based on the
classification. Early attack warning module: real-time attack alerts based on the PEF
value, symptoms collection, medication takings, environment data, allergen contact and
exercise level. Action plan advising module: updates the personalized action plan
when detecting the patients’ asthma worsening or an attack. Fast medical resources
accessing module: provides the online-consulting and off-line medical arrangement
for the minor abnormal situations. The system will recommend the patients to directly
access the emergency center in serious abnormal situations.

To achieve a long-term engagement and motivation, a gamification mechanism was
implemented in the Easy Breathing. The system generates a personalized “to do” list for
each patient, containing a point system (experience point and coin point), when patient
uses the App, he/she will get points. These experience points are related to the user level
that granted access to privileges. The collected coins can be exchanged for medical ser-
vices. User ranking is also used in the system design, so that patients can know their
asthma control and their self-management rank among peers. An online patient com-
munity is also created to allow patients to make more interaction in the system.

3) Easy Breathing’s Prototype

Once the Easy Breathing system was defined, the first prototype was designed based
on the described functional modules, and, then, it was continuously reviewed and itera-
tively updated. Easy Breathing was provided to children aged 5 to 14. The patients end
contains: personal asthma file, personalized asthma management tasks plan, disease as-
sessment and early warning, asthma diary, medication reminder, childhood asthma
control test (C-ACT), patients community, information, online consult and offline
medical arrangement. The home page and part function pages of the patients end are
shown in Figure 1.

The doctors end contains: online patient follow up and inquiry tools, multi member
cooperation tools, patients’ data management tools and asthma disease knowledge base.
The home page and part function pages of the doctors end are shown in Figure 2.

Easy Breathing also includes a smart sensor (Figure 3) for the patients to simplify
their daily management. It can measure patients’ PEF and forced expiratory volume in
one second (FEV1) value, and provides realtime feedback, when the value is abnormal,

patients and his/her doctor will be warned immediately.

4. Discussion

In this paper, the state of the art of the childhood asthma care support was analyzed, a
care model was defined, and the Easy Breathing system designed. A prototype of the
system was created and iteratively updated to develop the Easy Breathing App on
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Figure 1. The easy breathing patient end.
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Figure 3. The easy breathing PEF meter.
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Android and iOS platforms. Easy Breathing was tested with a total of 250 patients and
20 doctors. The objective for the next months is to validate the App with at least 500
patients, and updating it according to the feedback received. Particularly, in two differ-
ent lines: 1) improving and including the gamification mechanisms within the App to
increase the adherence and the engagement of the patient, and 2) enhancing the sensors

for data collection.

5. Conclusion

Management of childhood asthma is a complex problem that requires the cooperation
of medical professionals, patients and family members. The Easy Breathing system has
been designed to support them in the disease management, by means of a tool aimed at
increasing the compliance of patients with the treatment and self-management. This
will improve the clinical outcomes, as the system tackles the major aspects for failure of
most of the plans for patients: the unfamiliarity with the disease and noncompliance to
treatment. Easy Breathing has a smart education system to provide different patients
the most suitable knowledge, as well as recommendations or solution for some specific
situations. It also includes a gamification mechanism to strengthen the patients’ initia-

tive to participate in the management more actively.
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