Diabetes & Metabolic Syndrome: Clinical Research & Reviews 13 (2019) 2507—2512

Contents lists available at ScienceDirect

Diabetes & Metabolic Syndrome: Clinical Research & Reviews

journal homepage: www.elsevier.com/locate/dsx

Review
Mobile health applications for chronic diseases: A systematic review N
of features for lifestyle improvement et

Raquel Debon ?, Joane Diomara Coleone ?, Ericles Andrei Bellei ™",
Ana Carolina Bertoletti De Marchi *

2 Graduate Program in Human Aging, School of Physical Education and Physiotherapy, University of Passo Fundo (UPF), Passo Fundo, RS, Brazil
b Graduate Program in Applied Computing, Institute of Exact Sciences and Geosciences, University of Passo Fundo (UPF), Passo Fundo, RS, Brazil

ARTICLE INFO ABSTRACT

Article history:
Received 21 June 2019
Accepted 8 July 2019

Aims: To identify mobile health applications with features for improving the lifestyle of patients with
chronic diseases.

Methods: We performed a systematic literature review between November 2017 and May 2018 on the
Virtual Health Library's interface. A total of 816 records were identified. In the selection process, 24

Keywolrds-'_ studies met inclusion criteria for analysis. Study characteristics were extracted and synthesized.
E,?rotmlc diseases Results: We identified applications with similar functionalities, such as the use of reminders and medical
r;fgeilih monitoring. Most of them addressed the treatment of conditions related to an already diagnosed chronic

disease, including Diabetes Mellitus, Hypertension, Cardiovascular Diseases, Asthma, Neoplasms, and
chronic conditions in general. The main lifestyle changes were the reduction of body weight, promotion
of healthy eating, and adherence to the regular practice of physical exercises.

Conclusions: Technology can facilitate health care with simple messages and alerts that aid in adherence
to treatment. Changes in lifestyle with the use of applications are remarkable. Benefits may be even

Mobile applications

greater if more applications address the importance of prevention and not just treatment.

© 2019 Diabetes India. Published by Elsevier Ltd. All rights reserved.

1. Introduction

The increasing incidence and prevalence of chronic non-
communicable diseases (CNCD) represents a severe public health
problem. CNCDs are associated with complications involving high
costs with treatments, as well as compromising people's produc-
tivity and quality of life [1]. This increase reflects the growing life
expectancy and the current demographic, epidemiological, and
nutritional transition of the population [2].

The World Health Organization highlights as CNCDs cardiovas-
cular diseases, neoplasms, chronic respiratory diseases, and dia-
betes mellitus (DM). Systemic Arterial Hypertension (SAH) and DM
are the diseases with the highest incidence and with the highest
mortality rates. Its leading causes are modifiable risk factors arising
from lifestyle habits, such as smoking, alcohol consumption,
physical inactivity, and unhealthy diet [3].
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The adopted lifestyle determines the quality of human aging,
since adequate food and time spent with personal, social, and
physical activities influence the physical and mental functioning
and personal engagement with life habits [4]. Lifestyle is related to
aspects that reflect the attitudes, values, and opportunities in a
person's life, and can be defined as a behavior pattern that affects,
in some way, the human health [5].

Health-related mobile communication applications (m-Health)
have been attracting increasing attention globally [6] because they
have great potential to aid in behavior change encouraging healthy
habits on a daily basis. These applications have a variety of features
including medical information exchange, text messaging, educa-
tional content, web-based video and photo maintenance [7], which
can reduce the disparity in health care, achieving high, medium and
low-income savings, from the delivery of integrated information on
the management of CNCD [8]. Furthermore, m-Health applications
enable continuous monitoring of chronic diseases, improved
quality of care and feedback, shorter hospital stays, increased
medical capacity and reduced health costs [9] — resources that
allow the patient to achieve better health outcomes [10].

The availability of m-Health applications to assist in the self-
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management of CNCD reveals a constant concern for improving
people's lifestyle [11], but the evaluation of their quality, safety, and
results shows some gaps [12]. There is a heterogeneity of func-
tionalities available on these applications and a need to identify
which can really contribute to a behavior change and disease self-
management [13]. From this context, we systematically reviewed
the literature to identify the functionalities of m-Health applica-
tions aimed at improving the lifestyle of patients with CNCDs.

2. Methods

Between November 2017 and May 2018, we performed a sys-
tematic literature review according to the Preferred Reporting
Items for Systematic Reviews and Meta Analyses (PRISMA) report
[14], also considering the recommendations by Kitchenham and
Charters [15].

2.1. Key questions
This study had three key questions:

1. What are m-Health applications available for chronic non-
communicable diseases?
. What are the features of these m-Health applications?
3. What are the improvements in lifestyle perceived from using
these m-Health applications?

N

2.2. Search strategy

We consulted synonyms in DeCS structured vocabulary service
[16] to compose the search term according to the PICo strategy
(population, interest, context). Table 1 details the search terms. The
first column presents the top five chronic non-communicable dis-
eases according to the Brazilian Ministry of Health, the second
column specifies the m-Health applications, and the third column
reports the synonyms of the term lifestyle.

We performed the search within databases grouped on the
Virtual Health Library (BVsalud) website, including MEDLINE, LI-
LACS, BDENF, IBECS, and MedCarib. The applied filter was for key-
words, title, and abstract. We considered studies published until
May 2018, when the searches ceased. There were no restrictions
regarding language.

2.3. Eligibility criteria

As eligibility criteria, we considered studies (I) that described a
change in the lifestyle of patients with any chronic disease; (II) that
used mobile applications allowing user interaction or testing; (III)
that addressed at least one routine or treatment task for monitoring
chronic diseases; (IV) that described any application feature.

Table 1
Search terms defined with the PICo strategy.

Population or Problem (P) Interest (I) Context (Co)

Hypertension Mobile app Healthy style
High pressure Mobile application Healthy life styles
Chronic diseas0065 Application computer Lifestyle
Cardiovascular diseases Mobile app Health habit
Diabetes m-Health

Lung diseases Phone application

Neoplasms Smartphone application

2.4. Studies selection process
The studies selection process was structured in three stages:

- Stage 1. Identification: search string executed on BVsalud
website;

- Stage 2. Screening: publications title and abstract reviewed as a
preliminary examination to determine if they contained infor-
mation relevant to the key questions;

- Stage 3. Eligibility: studies evaluated with a full reading to settle
their adequacy to the eligibility criteria, culminating in the
included studies.

Two researchers simultaneously and independently performed
the selection process, arranging the papers with Mendeley software
(Mendeley Ltd). Evaluations with identical results were main-
tained, while divergent evaluations underwent a new analysis
conducted jointly by the two researchers to reach the final
consensus decision.

3. Results

The systematic review identified 816 papers in the surveyed
databases. At first, 744 were excluded for not presenting affinity
with the key questions in their titles, abstracts, and keywords. With
an appraisal of the full-text papers against the eligibility criteria, 48
studies were excluded, resulting in 24 papers included in this study
(Fig. 1).

We identified several m-Health applications that assist patients
with CNCDs in their ongoing treatment. The leading applications
are related to the Diabetes Mellitus (n = 8). We also identified ap-
plications for the treatment of hypertension (n = 6), cardiovascular
diseases (n=15), asthma (n=1), and cancer (n=1). In addition to
applications for specific conditions, four applications addressed the
treatment of CNCDs in general (n =4). Table 2 details the summary
of the reviewed studies.

The mean time to test with users ranged from 2 to 24 weeks.
Some studies [9,17—23] conducted medical follow-up and with a
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Fig. 1. Flow diagram of systematic review selection process.



Table 2
Taxonomy of studies included in the systematic review on m-Health applications for chronic diseases aimed at improving lifestyle.

Study Year Application's purpose Sample Features and characteristics that influenced the lifestyle improvement
stze Medical Follow-up Alerting Blood Registration Physical Smoking Identification of Vaccine Step Assessment of Stress level Blood
Monitoring of and glucose monitoring examination count symptoms of assessment pressure
therapeutic goals record alcoholism ultraviolet monitoring control
goals
Curran etal. 2010 Adjusting the insulin level 6 v
[24]
Elias et al. [25] 2013 Managing asthma in children 200
Ribu et al. [26] 2013 Motivate self-management of 151 v v
diabetes
Ribeiro etal. 2017 Prevent cancer 53
[27]
Klasnjaetal. 2009 Encourage the exercise 13
[28] practice
Zhang et al. 2017 Prevent coronary heart 80
[29] disease
Pfaeffli Dale 2015 Educate patients about 123 v
etal. [30] cardiovascular risk and
support lifestyle changes
Smith et al. 2015 Promote healthy health 14 v
[31] habits
Hochsmann 2017 Inducing a healthier lifestyle 42
etal. [32] in the treatment of Type 2
Diabetes Mellitus
Yom-Tov et al. 2017 Promote walking for patients 27 v
[33] with Diabetes
Toro-Ramos 2017 Improve blood pressure 73 v v
etal. [34] levels and quality of life
Alonso- 2017 Decrease glycemic levels of 200 v v v
Dominguez patients with Diabetes
[21]
Balk-Magller 2017 Improve quality of life of 566 v v
etal. [35] workers with Diabetes
Gabrielli et al. 2017 Reduce children’s weight 6 v v v
[22] through dietary
improvements
Ashoorkhani 2016 Increase self-awareness and 132 v v v
etal. [36] blood pressure control
Mameli et al. 2016 Reduce children's weight 43 v v v v
[23]
Albini et al. 2016 Managing hypertension 690 v v v
[17]
De la Torre 2017 Reduce body weight 45 v v
Diez et al.
1371
Seto et al. [18] 2012 Monitor heart failure 22 v v v
Eagleson et al. 2017 Interfere with the lifestyle of Undefined v v v
[9] overweight children
Toro-Ramos 2017 Decrease body weight and 63 v v v
etal. [38] high blood pressure
Haricharan 2017 Promoting health of deaf 41 v
etal. [39] people with knowledge
about hypertension and
healthy habits
Plotnikoff et al. 2017 Improve health and quality of 42 v
[40] life of adults with type 2
Diabetes
Doocy et al. 2017 Improve quality and 793 v v
[20] continuity of care with

hypertension and type 2
Diabetes
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multi-professional team to ensure better data reliability and greater
adherence to treatment. The use of reminders in applications hel-
ped in motivating patients to register more data in applications. The
features vary according to the disease addressed by the application,
as presented in the following subsections.

3.1. Applications for diabetes mellitus

Curran et al. [24] developed an application that aims to adjust
the insulin level. The authors tested their application with 6 pa-
tients. The main functionality is the use of a database of blood
glucose. The patients reported improvement in glycemic control
from the use of the application.

Ribu et al. [26] developed a motivational application for patients
with Diabetes. The differential in its functionalities is the sending of
alerts, besides the record of eating habits and physical activity. The
application was tested by 151 patients who reported having better
management of Diabetes.

Alonso-Dominguez [21] developed an application to decrease
glucose levels. It has several functionalities, including medical
monitoring, sending alerts, logs of blood glucose, eating habits, and
physical activities. The application was tested by 200 patients who
reported improvement in lifestyle, decrease in body weight, and
increase in physical activity.

Balk-Mgller et al. [35] and Hochsmann et al. [32] developed
applications to improve the quality of life of patients with type 2
Diabetes. Its features are similar to the studies mentioned above.
The study by Balk-Magller et al. [35] was conducted with 566 pa-
tients, who presented a reduction in body weight, percentage of
body fat, and waist circumference. Hochsmann et al. [32] tested the
application with 42 patients who reported increased cardiorespi-
ratory fitness and leg strength, improved glucose metabolism and
diabetes management, representing lower cardiovascular risk and
improved quality of life.

Yom-Tov et al. [33] developed an application to encourage
walking for patients with Diabetes. Plotnikoff et al. [40] developed
an application to improve the health and quality of life of adults
with type 2 Diabetes. Its functionalities included blood glucose logs,
the record of eating habits and physical activity, and control of
smoking and alcoholism. Patients who used the application showed
improvement in clinical exams and physical fitness.

Doocy et al. [20] have developed an application to improve the
quality and continuity of care, mobility of medical records, and
health outcomes for patients with hypertension and type 2 Dia-
betes. It has functions such as medical monitoring, blood glucose
logs, and weight control. Its main result was the improvement in
adherence to the proposed guidelines and better quality of care.

3.2. Applications for arterial hypertension

Toro-Ramos et al. [34] developed an application to improve
systemic blood pressure levels and increase the quality of life of
patients with hypertension. Its functionalities included sending
alerts, blood glucose database, records of eating habits, and moni-
toring of blood pressure. Tests with 73 people revealed a decrease
in diastolic pressure and body weight. Ashoorkhani et al. [36]
developed an application to increase the knowledge of individuals
with hypertension and increase disease control. It has features
similar to the application by Toro-Ramos et al. [34] and was tested
with 132 people who demonstrated reduced levels of hypertension
from lifestyle changes.

Albini et al. [17] and Toro-Ramos et al. [38] developed applica-
tions to reduce body weight and blood pressure. The features are
practically the same and include therapeutic goals and medical
follow-up, sending alerts, records of diet, physical activities, blood

pressure, and body weight. The application by Albini et al. [17] was
tested by 690 patients, who showed decreased levels of hyper-
tension and better adherence to pharmacological treatment. The
application by Toro-Ramos et al. [38] was tested by 63 people who
demonstrated significant weight loss and decreased hypertension.
The application by Doocy et al. [20], besides Diabetes (described in
the previous subsection), also has functionalities for the treatment
of hypertension. Haricharan et al. [39] developed an application to
promote the health of deaf people through knowledge about hy-
pertension and healthy habits. Its main functionality was to send
alerts to patients, who had an improvement in their knowledge
about health.

3.3. Cardiovascular disease

In order to facilitate the self-management of cardiovascular
diseases, mobile applications are being developed to help monitor
the symptoms and reduce spending on health services [41]. The use
of applications to improve the lifestyle of people with cardiovas-
cular disease was identified in three studies. Among them is the
study of Zhang et al. [29], who developed an application for the
prevention of coronary heart disease. Pfaeffli Dale et al. [30]
developed an application to educate patients about cardiovascular
risk factors and to support them in making lifestyle changes. Smith
et al. [31] developed an application for the promotion of healthy
habits and basic health information. All of these applications have
common features that include the record of diet habits, physical
activity, decreased smoking, and alcoholism. A differential was
found in the study by Zhang et al. [29], which included changes in
participants' behavior, such as stress and cholesterol levels.

Zhang et al. [29] assessed 80 participants who, after the inter-
vention, presented greater awareness and knowledge of heart
disease and changes in cholesterol behavior and control, as well as
the reduction of stress. Pfaeffli Dale et al. [30] tested their appli-
cation with 123 people, who had better adherence to healthy life
behaviors. Smith et al. [31] tested their application with 14 par-
ticipants, who reported improved health care due to reminders,
contributing to the prevention and treatment of chronic diseases.

3.4. Applications for lung diseases

Pulmonary diseases, or chronic respiratory diseases, can affect
the upper and lower respiratory tracts. The most common ones are
asthma, allergic rhinitis, and chronic obstructive pulmonary dis-
ease. There are few studies using applications regarding chronic
respiratory diseases. Only Elias et al. [25] developed an application
to help manage asthma in children. Its functionality is to identify
risks for respiratory problems, promoting improvements in
breathing and consequently coughing. The application was tested
with 200 children and adolescents, who reported a 95% decrease in
cough from application use.

3.5. Applications for cancer

The use of applications for the follow-up of cancer patients still
appears to be innovative. In this systematic review, only one
application was found, which presents similar functionalities to the
other ones. Ribeiro et al. [42] developed an application to prevent
the development of cancer with the differential of an accompani-
ment of vaccines and preventive examinations. This application
was tested with 53 patients, who showed better behavior con-
cerning healthier choices, reducing the risk of cancer.
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3.6. Applications for chronic diseases in general

Among the different chronic diseases, obesity and overweight
are more frequent in the population. For these diseases, different
m-Health applications were identified.

Klasnja et al. [28] presented applications to encourage the
practice of physical activities through the step counting function-
ality. The tests were conducted with 13 participants, who showed
an improvement in the level of weekly physical activity. Gabrielli
et al. [22] have developed an application to encourage weight
reduction in children through healthier eating habit. Its function-
alities are medical monitoring, sending alerts, blood glucose data-
base, and recording of eating habits. The application was tested
with 6 children, who presented weight reduction and reeducation
of family habits.

De-La-Torre-Diez et al. [37] developed an application to aid in
the reduction of body weight with monitoring of therapeutic goals,
alerts and reminders, records of eating habits and physical activity.
They study with 180 people revealed an improvement in body
weight, physical exercise, and consumption of a balanced diet.

4. Discussion

All m-Health applications were tested with patients with
chronic diseases, through questionnaires before and after applica-
tion use. The studies also used research tools with the analysis of
the patient's diet and lifestyle based on data entered in the appli-
cation itself, including blood pressure, blood glucose, weight, and
exercise frequency. The results of the analyzes indicated improve-
ments in lifestyle, healthier eating, weight loss, controlled blood
pressure and glycemic levels, cough suppression, and treatment
awareness.

Different studies addressed the use of applications for hyper-
tension, aiming at improving blood pressure levels through simple
changes in lifestyle, such as balanced diet and physical exercise,
also contributing to weight loss. Regular checking and reminders
were crucial factors for the studies presented, besides medical
monitoring, which is imperative [43].

The m-Health applications comprise important features capable
of improving the lifestyle of patients with CNCD and, consequently,
their health condition. Among the perceived changes, the most
relevant are those related to Diabetes treatment, with better con-
trol of insulin dosages, one of the main challenges of patients [24].
In summary, in the eight studies that addressed applications
focused on DM treatment, the improvement of lifestyle was from
functionalities to the adjustment of the insulin level [24], patient's
motivation [26], reduction of the glycemic levels [21], boosting
quality of life [32,35,40], encouraging exercise [33], and the
mobility of health records [20].

In the application for the treatment of pulmonary diseases, it
was identified the increase of the cardiorespiratory capacity,
helping in the cough diminution [25]. In patients with arterial hy-
pertension, an improvement in blood pressure levels was observed,
concomitantly with a decrease in body weight, an essential factor
for its control [17,19,20,36,39]. In its turn, the application for the
care of cancer patients enabled more excellent knowledge of
healthy choices [42].

Most of the applications concentrate on he modification of di-
etary habits and exercise practice as main targets in the treatment
of chronic diseases, since these are the main risk factors for its
development [21,26,27,32,35]. However, even after identifying
some chronic disease, patients have difficulty adhering to a healthy
lifestyle [44]. This is due to the fact that changing the usual food is
challenging. However, this practice is essential for the treatment of
CNCDs and maintenance of health. On the other hand, the regular

performance of physical activities is a fundamental practice, as it
helps in reducing body weight, blood pressure, and the risks of
illnesses. In contrast, studies showed that patients were mostly
sedentary [9,37,40]. Another perceived complication that contrib-
utes to the development of these conditions is the use of cigarettes
and alcoholic beverages, harmful to health, but poorly addressed by
the m-Health applications.

5. Conclusions

We identified 24 studies that used mobile applications to
improve the lifestyle of patients with CNCDs. Some similar func-
tionalities, such as the use of reminders and medical follow-up, are
fundamental practices for patient treatment. Technology can
facilitate health care with simple messages and alerts that aid in
adherence to treatment. Changes in lifestyle with the use of ap-
plications are remarkable. The main ones are the adherence to the
practice of regular exercise, healthy diet, and reduction of body
weight. Another significant result is the decrease in blood pressure
and glycemic levels. Even though alcohol consumption and tobacco
use are risk factors for the development of CNCDs, no significant
changes were related in these practices by the use of m-Health
applications. Attention should also be given to disease prevention
and the adoption of healthy practices in general, highlighting the
application for cancer care. Benefits may be even better if more
applications address the importance of prevention and not just
treatment. The number of available m-Health applications is
increasing every day, and there is still a need for further m-Health
applications focusing on improving the lifestyle regarding CNCDs,
especially to prevent these conditions.
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