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ABSTRACT
Background

Diabetes is a major cause of morbidity and mortality in the United
States. In 2012, 29.1 million people were estimated to have the condition, with
type 2 diabetes accounting for 95% of all cases [1]. It is currently one of the
most costly conditions in the country [2] and forecasts as a heavier burden for
the U.S. with the prevalence expected to significantly increase [3]. For those
who live with the disease, it is possible to manage diabetes in order to prevent
or delay the onset of complications [4]. However the self-management
regimen is complex and impacts nearly every important aspect of one’s life
[5].

The ubiquitous nature of mobile technologies and powerful capabilities
of smartphones and tablets has led to a significant increased interest in the
development and use of mobile health. Diabetes management is an
application area where mobile devices could enhance the quality of life for
people living with chronic illnesses [6]-[8], and usability is key to the adoption
of such technologies [9], [10]. Past work has evaluated the usability of diabetes
management apps for Android, iOS and Blackberry smartphones [11]-{14]

despite the fact that no established method to evaluate the usability of mobile



apps has emerged [15]. To our knowledge, this study is the first to evaluate

the usability of diabetes management apps on iPad.

Methods

This study introduces a novel usability survey that is designed for
mHealth and specific to the iOS operating system. The survey is built on
previous usability findings [11]-[14], Nielsen heuristics [16] and the Apple iOS
Human Interface Guidelines [17]. The new instrument was evaluated with
three evaluators assessing ten iPad apps, selected because they were the most
popular diabetes management apps on the Apple AppStore. A focus group
was subsequently held to gather more insight on the usability of the apps and
the survey itself. Statistical analysis using R and grounded theory were used

to analyze the quantitative and qualitative results, respectively.

Results

The survey identified OneTouch Reveal by LifeScan Inc. and
TactioHealth by Tactio Health Group as the most usable apps. GlucoMo by
Artificial Life, Inc. and Diabetes in Check by Everyday Health, Inc. rated as

the least usable apps.



Setting up medication and editing blood glucose were the most problematic
tasks. Some apps did not support all functions that were under review. Six
main themes emerged from the focus group: the presentation of health
information, aesthetic and minimalist design, flexibility and efficiency of data
input, task feedback, intuitive design and app stability. These themes suggest

important constructs of usability for mHealth apps.

Discussion and Conclusion

Mobile health developers and researchers should focus on the tasks,
heuristics and underlying issues that were identified as most problematic
throughout the study. Additionally, research should further inquire on the
potentially critical relation between the information available on app markets
and the usability of apps. Several signs point to the potential of the usability
survey that was developed but further adjustments and additional test
iterations are warranted to validate its use as a reliable usability evaluation

method.
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CHAPTER 1
INTRODUCTION

Diabetes is a major cause of morbidity and mortality in the United
States. In 2012, 29.1 million people were estimated to have the condition, with
type 2 diabetes accounting for 95% of all cases [1]. The national cost of the
disease is currently estimated at $245 billion [18]. With the population rapidly
aging and an increasing number of individuals at risk of developing the
condition, it is forecasted that 1 out of 3 Americans will have diabetes by 2050,
further increasing its burden on the U.S. [3].

Fortunately, it is possible to manage diabetes in order to prevent or
delay the onset of complications [4]. In coordination with a professional
medical team, people with diabetes must assume self-management
responsibilities that include self-monitoring of blood glucose (SMBG), taking
anti-diabetic medication, following a diet low in carbohydrates, losing weight,
regularly performing physical activity, receiving diabetes self-management
education and support, or some combination thereof [19].

The ubiquitous nature of mobile technologies and powerful capabilities
of smartphones and tablets has led to a significant increased interest in the
development of mobile health. Mobile health (mHealth) appears especially

promising for conditions like diabetes that require intense and ongoing



monitoring [20]. In fact, research has consistently shown that diabetes
management is an application area where mobile devices could enhance the
quality of life for people living with chronic illnesses [6]-[8].

Usability is critically important in the context of systems that help
people continuously self-manage complex conditions such as diabetes [9], [10].
Past work has evaluated the usability of diabetes management apps for
Android, iOS and Blackberry smartphones [11]-[14]. Also, no established
method to evaluate the usability of mobile apps has emerged [15].

To our knowledge, this study is the first to evaluate the usability of
diabetes management apps on iPad, a promising device considering its
popularity [21] and high satisfaction rate [22] among older adults. The study
also introduces a novel usability survey that is designed for mHealth and

specific to the iOS operating system that powers iPads and iPhones.



CHAPTER 2
BACKGROUND
Diabetes

Diabetes mellitus is a condition characterized by hyperglycemia
resulting from the body’s inability to use blood glucose for energy [23]. The
three most frequent clinical forms are gestational, type 1 and type 2 diabetes.

Gestational diabetes is a temporary form of diabetes that affects 3 to 8%
of pregnant women in the United States [24]. Caused by the hormones of
pregnancy or a lack of insulin, it usually disappears after giving birth.
Nevertheless, women who have had the disease are more likely to develop
type 2 diabetes within 5 to 10 years [24].

Type 1 diabetes accounts for 5 to 10% of cases of diabetes [1]. It is an
autoimmune disease that causes the destruction of B-cells, which prevents the
pancreas from producing insulin [19]. Although there are several hypotheses,
the underlying causes of the disease largely remain unknown. Patient
treatment includes insulin therapy, routinely administered via a wearable
pump or manual injections [25].

Type 2 diabetes accounts for 90 to 95% of all cases and therefore is by
far the most common form of the disease [1]. Type 2 diabetes develops

progressively with the body building a resistance to insulin until blood cells



are not able to use blood glucose for energy [26]. Older adults, American
Indians, African Americans, Hispanics and people with excess weight are at
an increased risk of developing the disease [1]. As opposed to type 1, type 2
diabetes can generally be prevented or delayed by a series of lifestyle changes
including weight loss, healthy eating, routine exercise, and using medications
as directed [19]. Due to the high prevalence of type 2 diabetes and inherent
challenges with effective self-management, this research project narrows its

focus on adult patients living with this form of diabetes.

Costs of Diabetes in the U.S.

Diabetes is a leading cause of morbidity and mortality in the United
States. In 2012, 29.1 million people, or 9.3% of the U.S. population, were
estimated to have the condition [1]. It is currently the seventh leading cause of
mortality in the country, with 234,051 certificates in 2010 showing diabetes as
a cause of death including 69,071 certificates listing it as the underlying cause
[1].

Diabetics are at an increased risk of complications such as heart disease,
stroke, hypertension, eye problems, kidney disease, nervous system disease
and amputation [27]. Because of the damage to the blood vessels caused by

high blood glucose, 60 to 70% of people with diabetes have mild to severe



