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EXPLORING MOBILE HEALTH APPLICATIONS FOR SELF-MANAGEMENT
OF DIABETES MELLITUS

ABSTRACT

The increasing number of diabetes mellitus (DM) m-health applications (apps) reveals a panorama
of different approaches to the subject matter. Available applications have various functions and
capabilities. Especially in the daily treatment of Type 1 Diabetes Mellitus (T1DM), the patient
needs to deal with many data and consider many variables to perform actions, decisions, and
regimen adjustments. There is a need to apply filtering techniques to extract relevant informa-
tion and provide appropriate data visualization methods to assist in clinical tasks and decision-
making. Therefore, this master’s thesis presents the development of Soins DM, an m-Health tool
for monitoring the linkage among treatment factors of T1DM with an interactive data visualization
approach. Initially, we systematically reviewed the literature to investigate DM app’s features, the
basis for its design and testing. After, we searched the Internet and tested interactive resources
of diabetes-related technologies. Hence, the approaches and key characteristics of a novel app
were discussed and identified. Next, we built a prototype with high-fidelity level, full-featured,
and interactive, in order to test and gather feedback, when 76 users participated. After analyz-
ing the feedback obtained, we made the necessary adjustments to the project and implemented
the software using React Native framework, Firebase server, and Angular framework. With the
app and its website version built, we move on to the assessment phase. We conducted a pilot
experiment with 4 patients, an online experiment for satisfaction assessment with 97 patients,
and an online assessment by 9 health professionals. As a result, in the systematic review, 679
studies were screened for eligibility, when 39 studies met the inclusion criteria. In this regard, we
present tables summarizing the functionalities, features, and fundamental techniques of the ex-
isting apps. Prototyping and feedback facilitated the app’s design refinement. Soins DM enables
the recording of data from glycemia, insulin applications, meals, and physical exercises. From
these logs, the app builds two different ways of interactive data visualization, a timeline and an
integrated chart, providing personalized feedback on bad glycemia with its possible causes. The
assessments revealed overall satisfaction with the app’s characteristics. The test scenario with
patients and health professionals indicates Soins DM as a useful and reliable tool.

Keywords: Diabetes Mellitus, m-Health, mobile application, interactive visualization,
self-management, monitoring.



EXPLORANDO APLICACOES MOVEIS DE SAUDE PARA O
AUTOGERENCIAMENTO DE DIABETES MELLITUS

RESUMO

No florescente cenario de m-Health (mobile health) para Diabetes Mellitus (DM), os aplicativos
(apps) ja disponiveis contam com variados recursos e funcionalidades. Particularmente, na ro-
tina diaria do Diabetes Mellitus Tipo 1 (DM1), o paciente precisa considerar diversos dados e
variaveis para tomar decisdes sobre seu tratamento. Nesse cendrio, sdo necessarios artificios
para extrair informacdes relevantes e fornecer métodos de visualizacdo de dados que auxiliem
nas tarefas clinicas. Para isso, esta dissertacdo apresenta o desenvolvimento de Soins DM, uma
solugao m-Health para acompanhamento da interdependéncia entre os fatores de tratamento de
DM1 com uma abordagem de visualiza¢do de dados interativa. Inicialmente, foi executada uma
revisao sisteméatica de literatura para investigar as funcionalidades e as técnicas de fundamenta-
cao dos apps existentes. Na sequéncia, foi efetuada uma pesquisa sobre recursos interativos de
tecnologias relacionadas a monitorizacao de diabetes. Assim, as abordagens e as principais ca-
racteristicas para um novo aplicativo foram discutidas e identificadas. Em seguida, foi criado um
protétipo interativo de alta fidelidade para testes com feedback de 76 usuarios. Apés analise do
feedback, o projeto do app foi ajustado e o software foi desenvolvido com os frameworks React
Native, Angular e Firebase. Construido o app e sua versao web, passou-se para a fase de avalia-
cao. Foirealizado um experimento piloto com 4 pacientes, um experimento online para avaliagao
de satisfacdo com 97 pacientes e uma avaliacao online com 9 profissionais de saude. Como re-
sultado, na revisao sistematica, 679 estudos foram analisados e 39 estudos foram selecionados
pelos critérios de inclus&o. Sao apresentadas tabelas sumarizando as funcionalidades, recursos
e técnicas de fundamentagdo dos apps existentes. A prototipagem e o feedback facilitaram o
refinamento de design do aplicativo, que permite o registro de dados de glicemia, aplicacdes de
insulina, refeicdes e exercicios fisicos. A partir desses registros, o aplicativo cria duas diferen-
tes formas de visualizacao interativa de dados: uma linha do tempo e um gréfico integrado —
fornecendo feedback personalizado sobre glicemias inadequadas com suas possiveis causas.
As avaliagdes revelaram satisfacao geral com as caracteristicas do aplicativo. Os testes com
pacientes e profissionais de saude indicaram Soins DM como uma ferramenta Gtil e confiavel.

Palavras-Chave: aplicacdo mével, autogerenciamento, Diabetes Mellitus, m-Health,
monitorizagao, visualizagdo interativa.
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1. INTRODUCTION

This study aimed to develop and assess an m-Health application for monitoring the
linkage among treatment factors of Type 1 Diabetes Mellitus (glycemia, insulin, food consump-
tion, and exercise) with an interactive data visualization approach. Throughout it, the specific
objectives were: to perform a systematic literature review; to develop a mobile application and
a web-based version; to assess the acceptance of the application with patients; to assess the
acceptance and potential of the application with health professionals.

All the results produced from the endeavors of this master’s thesis were published in a
scientific journal. Therefore, this document includes two articles. The first one is presented in
Chapter 2, with the study’s background and its theoretical basis. The second one is presented in
Chapter 3, with development and assessment of a mobile health application for Type 1 Diabetes
Mellitus. Chapter 4 presents the final considerations about the study’s outcomes. Appendix A
shows the software registration document.
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2. FIRST ARTICLE: BACKGROUND AND FUNDAMENTALS

Title: Diabetes Mellitus m-Health Applications: A Systematic Review of Features and
Fundamentals [1].

Authors: Ericles Andrei Bellei, Daiana Biduski, Nathalia Pinto Cechetti, and
Ana Carolina Bertoletti De Marchi.

Journal: Telemedicine and e-Health.

Current journal’s metrics: Impact factor 2.165, QUALIS A2 in Computer Science.
Submitted: September 5, 2017.

Revised: November 20, 2017.

Accepted: November 29, 2017.

Online Publication: February 22, 2018.

Website: https://doi.org/10.1089/tmj.2017.0230 .
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3. SECOND ARTICLE: CREATING AN M-HEALTH APPLICATION

Title: Development and assessment of a mobile health application for monitoring the
linkage among treatment factors of Type 1 Diabetes Mellitus [2]

Authors: Ericles Andrei Bellei, Daiana Biduski, Hugo Roberto Kurtz Lisboa, and
Ana Carolina Bertoletti De Marchi.

Journal: Telemedicine and e-Health .

Current journal’s metrics: Impact factor 2.165, QUALIS A2 in Computer Science.
Submitted: December 10, 2018.

Accepted: January 2nd, 2019.

Online Publication: February 6, 2019.

Website: https://doi.org/10.1089/tmj.2018.0329 .
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4. CONCLUSION

This study explored the assets, features, and opportunities of m-Health applications
aimed at facilitating any routine of the Diabetes Mellitus treatment. For this purpose, a sequence
of procedures was performed. First, a systematic literature review in order to investigate apps’
functionalities, the basis for its design, and how it was tested; hence, the design and development
of a new Diabetes Mellitus m-Health app; afterward, assessments with patients using the app,
and also with health professionals.

In conclusion, the substantiation and thorough development method with several stages
culminated in a software solution well-rated by patients and professionals. The app fulfills its pur-
pose and can aid in the monitoring of Type 1 Diabetes Mellitus, reaffirming m-Health technology
as an advantageous complementary information and treatment tool. All the results are already
established in the literature, evidencing its maturity and scientific contributions.
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