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Abstract

Background: Diabetes self-management (DSM) applications (apps) have been designed to improve knowledge of diabetes
and self-management behaviors. However, few studies have systematically examined if diabetes apps followed the American
Association of Diabetes Educators (AADE) Self-Care Behaviors™ guidelines. The purpose of this study was to compare the
features of current DSM apps to the AADE7™ guidelines.

Methods: In two major app stores (iTunes and Google Play), we used three search terms “diabetes,” “blood sugar,” and
“glucose” to capture a wide range of diabetes apps. Apps were excluded based on five exclusion criteria. A multidisciplinary
team analyzed and classified the features of each app based on the AADE7™. We conducted interviews with six diabetes
physicians and educators for their opinions on the distribution of the features of DSM apps.

Results: Out of 1050 apps retrieved, 173 apps were identified as eligible during November 2015 and 137 apps during
December 2017. We found an unbalanced DSM app development trend based on AADE7™ guidelines. Many apps were
designed to support the behaviors of Healthy Eating (77%), Monitoring (76%), Taking Medication (58%), and Being Active
(45%). On the other hand, few apps explored the behaviors of Problem Solving (31%), Healthy Coping (10%), and Reducing
Risks (5%). From interviews, we identified the main reasons why only a few apps support the features related to Problem
Solving, Healthy Coping, and Reducing Risks.

Conclusions: Future diabetes apps should attempt to incorporate features under evidence-based guidelines such as

AADE7™ to better support the self-management behavior changes of people with diabetes.
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Diabetes Self-Management Education
(DSME)

DSME is important for clinical management of people with
diabetes." It is an organized process of teaching people with
diabetes to learn to manage symptoms, treatments, lifestyle
changes, and psychosocial, cultural, and spiritual conse-
quences associated with diabetes. A systematic review
reported that DSME helped people with diabetes improve
diabetes knowledge, record eating habits, and increase the
frequency and accuracy of blood glucose monitoring.”
DSME also benefits people with diabetes by helping
improve control of blood glucose'” and reduce the risk for
diabetes complications.’

Diabetes Self-Management (DSM) Applications
(Apps)

Mobile health can provide chronic disease management
assistance outside hospitals* because DSM is a daily task and
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requires support between office visits on an ongoing basis.
There has been rapid development of health apps in recent
years. A new study that was conducted by Research 2
Guidance in 2016 reported that the number of mobile health
apps reached 259 000.> With the explosion of health apps,
the number of apps developed for providing assistance to
people with diabetes also has increased significantly.®

Research has indicated that people with diabetes benefit
from using diabetes apps. Hou et al conducted a systematic
review to assess the clinical effectiveness of diabetes apps in
controlling hemoglobin Alc (HbAlc).” They reported on 10
studies related to type 2 diabetes that showed a decrease in
HbAlc.”" Similarly, a systematic review of 12 randomized
controlled trials by Wu et al reported that using diabetes apps
was associated with a significantly reduced HbA 1¢.%'%1%16:1823

Currently, very few studies have evaluated the coherence
between features of diabetes apps and evidence-based guide-
lines such as from the American Association of Diabetes
Educators (AADE). Chomutare et al analyzed the functions
of 101 DSM apps from Apple iPhone, Google Android,
BlackBerry, and Nokia Symbian.”® The authors found that
features of diabetes apps on the online market did not cover
evidence-based recommendations. The results showed that
the four most popular features were insulin and medication
recording (62%), data export and communication (60%), diet
recording (47%), and weight management (43%).*° They
found a lack of other important features such as diabetes edu-
cation, social media integration, and alerts.” Similarly, in
2013, Breland et al compared features of 227 DSM apps
from Apple App Store to the AADE7™.?” They found that
the apps followed only some of the seven self-management
behaviors by AADE7™.*” Out of 227 apps, 109 apps pro-
vided features for Self-monitoring, 106 apps for Medication,
102 apps for Healthy Eating, 67 apps for Problem Solving,
56 apps for Being Active.”” Only 27 apps addressed Reducing
Risks, and 13 apps dealt with Healthy Coping.”’ However,
Breland et al’s study did not examine the entirety of the
mobile apps for adherence to AADE7™. Instead, they only
reviewed the App Store description of the 227 apps. Because
Chomutare et al mentioned that there were differences
between the actual features in the apps and features promoted
in the description pages in their limitations,” Breland et al’s
results may have been different if all 277 apps were down-
loaded for review.

Evidence-Based Guidelines for Feature Analysis

Based on seven systematic reviews,”** the AADE Research
Committee assessed the state of the evidence regarding the
basic self-care behaviors guidelines for people with diabetes
in 2007.%° In this study, we chose the AADE7™ as the DSM
guidelines for feature analysis of the selected apps because
both the American Diabetes Association (ADA)*® and the
American Geriatrics Society (AGS)*’ have suggested people
with diabetes follow the AADE7™ for DSM.***’ The seven

self-care behaviors defined in the AADE7™ are Healthy
Eating, Being Active, Monitoring, Taking Medication,
Problem Solving, Reducing Risks, and Healthy Coping.*
Under each of the seven behaviors, AADE7™ provide a list
of self-care behaviors that are essential to successful DSM.

The objective of our study was to compare features of
DSM apps that are currently available on the main app stores
to the evidence-based AADE7™.

Methods
Identification of Apps

From the Statistics Portal in March 2017, there were
2800000 apps on Google Play, 2200000 apps on iTunes
Store, and 669000 apps on Windows Store.*” iTunes and
Google Play are the two largest app stores and were therefore
selected to search DSM apps. We chose iPad apps from the
iTunes store because the iPad screen size may be easier to
read for older people with diabetes with limited visual acuity
and motor control.* A multidisciplinary team of a usability
expert (MSK), a diabetes education researcher (SAB), an
endocrinologist (UK), an epidemiologist (EJS), and a mobile
health intervention developer (QY) conducted a multistep
review process (Figure 1). First, based on the use of search
terms in other studies, the three terms “diabetes,”**%*"#*+
“blood sugar,”* and “glucose’**** were used respectively in
both the app stores. Second, titles and descriptions of the
retrieved apps were reviewed for select eligible DSM apps.
Based on previous literature,***® we developed the exclusion
criteria. The apps were excluded if they (1) were not designed
for people with diabetes, (2) were not related to self-manage-
ment, (3) were not written in English, (4) only provided
access to reference material, or (5) were not functioning at
the time of the study. Third, the eligible apps from the iTunes
store were downloaded on an iPad (4th generation). The eli-
gible apps from the Google Play store were downloaded on a
Nexus 7 and a Galaxy Tab SM-T230. The author who con-
ducted the initial review (QY) applied the exclusion criteria
and identified 173 apps that were eligible for the study. All
authors then systematically analyzed and discussed features
of each app during eight group meetings conducted over a
period of three months. We tested the functionality and fea-
tures of all the apps by creating a user account if required,
and entering typical DSM information such as glucose level,
weight, and medications. We collected iTunes apps between
August 31 and September 1, 2015, and Google Play apps
between October 13 and October 15, 2015. We recorded each
app’s name, description, whether it is designed for type 1 or
type 2 diabetes, price, vendor, URL, number of ratings of
current version and all versions, average rating of current
version and all versions, and mobile operating systems (eg,
i0S, Android). Because we used three search terms individu-
ally for both the iTunes and Google Play stores, some apps
appeared multiple times. We identified and removed these
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Initial app search of iTunes and Google Play
stores during August and September 2015
Search terms: diabetes, blood sugar, and glucose

!

Apps identified on initial search
e iTunes store (300)
e Google Play store (750)

A 4

Due to a technical error, we did not record the numbers of apps from the iTunes
store that were excluded under each exclusion criteria at the initial review. After the
initial review, there were 109 apps from the iTunes store.

\ 4

Duplicate Google Play store apps removed (167)

A 4

Exclusion criteria Number of iTunes Number of Google Play
store apps removed store apps removed
Not designed for people with 11 201
diabetes
» Not related to self-management 5 56
Not written in English 3 43
Only providing access to 7 39
reference material
Not functioning 10 144
Eligible apps identified after applying exclusion
criteria during November 2015
e iTunes store (73)
¢ Google Play store (100)
Reasons of removing apps Number of iTunes Number of Google Play
R store apps removed store apps removed
" Not exist on the store 13 14
Not functioning 4 5

A 4

Eligible apps identified after reviewing previous
identified apps during December 2017

e iTunes store (56)

e Google Play store (81)

Figure 1. DSM apps study flow chart.

duplicate apps to avoid double counting when we computed
the total eligible apps for this study. Considering that there
were mobile apps removed from iTunes and Google Play
stores, we checked the availability and applied the exclusion
criteria on the 173 apps. Then we updated the feature analy-
sis data on the eligible apps during December 2017.

Feature Analysis Using AADE7™

Mobile apps are designed using specific elements or “fea-
tures” to support user needs. Based on the description of each

of the seven self-care behaviors in AADE7™ web page, we
created a feature list which was categorized by seven self-
care behaviors of AADE7™. After eligible apps were down-
loaded and tested, we recorded and classified the features of
every app on the basis of the feature list. Features related to
DSM but not listed in AADE7™, were recorded and classi-
fied into an “Others” category. We grouped the features in
the “Others” category. We employed two types of descriptive
statistics to analyze features against the AADE7™, First, we
computed the unique number of apps that provide any num-
ber of features related to AADE7™. For example, an app
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was counted once for Healthy Eating category regardless of
whether the app had one or five features that belonged to
Healthy Eating. Second, we also counted the total number of
features under an AADE7™ category across the apps. For
example, we counted 45 features under Problem Solving.
There were 38 features for “alert and reminder for abnormal
data,” five features for “self-monitoring,” and two features
for “discuss possible solutions with others.”

Interview With Diabetes Physicians and
Educators

We conducted interviews with diabetes physicians and edu-
cators individually for addressing the reasons why few apps
supported the features related to Problem Solving, Reducing
Risks, and Healthy Coping. The interview questions included
how long they had worked in diabetes care or education, if
they had ever recommended DSM apps to people with diabe-
tes, and their opinions on the research results. The interviews
were recorded for retrospective analysis.

Results

Identification of Apps

We retrieved 300 apps from the iTunes store and 750 apps
from the Google Play store. After a multilevel review pro-
cess, 173 apps were found eligible during November 2015
and 137 apps during December 2017 for this study. There
were 56 apps from the iTunes store and 81 apps from the
Google Play store (Figure 1). There were two apps designed
for type 1 diabetes, nine apps designed for type 2 diabetes, 19
apps designed for both type 1 and type 2 diabetes, and 107
apps did not report in their description information about the
type of diabetes for which they were designed. Out of 137
apps, most apps were free (71%, 97/137). The median price
of paid apps was $2.99. The price ranged from $0.99 to
$14.99 for paid apps.

Feature Analysis Using AADE7™

We analyzed features of the eligible apps based on the
AADE7T™ during November 2015 and December 2017. As
shown in Table 1, we found that many apps were designed to
support behaviors of Healthy Eating (72% in 2015, 77% in
2017), Monitoring (73% in 2015, 76% in 2017), Taking
Medication (53% in 2015, 58% in 2017), and Being Active
(39% in 2015, 45% in 2017). On the other hand, few apps
were designed to provide features that support the behaviors
of Problem Solving (20% in 2015, 31% in 2017), Healthy
Coping (9% in 2015, 10% in 2017), and Reducing Risk (6%
in 2015, 5% in 2017).

Table 2 presents the feature list in each self-care behavior
and the number of features related to the AADE7™ across
the 137 apps. There were several features that were covered

Table I. Number of Apps Providing Features Related to Each
Behavior of AADE7™.

AADE7™ Number from Number from
behaviors November 2015 (%) December 2017 (%)
Healthy Eating 125 (72) 105 (77)
Being Active 67 (39) 62 (45)
Monitoring 126 (73) 104 (76)
Taking Medication 92 (53) 79 (58)
Problem Solving 35 (20) 42 (31)
Reducing Risks 10 (6) 7 (5)
Healthy Coping 15(9) 14 (10)

well by current DSM apps, including “count carbohydrates”
and “monitor eating” under Healthy Eating, “keep track of
activities” under Being Active, “record blood sugar levels”
and “record height or weight or BMI” under Monitoring, and
“keep track of medications” under Taking Medication. There
were several features that are suggested by AADE7™ with
zero count, indicating that no apps provided any of those fea-
tures. For example, “report smoking behavior” under
Reducing Risks were not provided in any apps.

Interview with Diabetes Physicians and Educators

The author (QY) conducted six interviews with two diabe-
tes physicians and four diabetes educators during November
2016. The interviews lasted between 15 and 30 minutes.
The median experience working with people with diabetes
was 15 years for this group, and ranged from 14 months to
29 years.

Based on these interviews, we summarized the main rea-
sons for lack of features addressed in DSM apps.

Regarding Problem Solving, the interviewees summa-
rized four main reasons why features related to Problem
Solving have been less developed in DSM apps.

First, features related to Problem Solving are more likely
to be based on qualitative information rather than quantita-
tive data, and as such may be hard to incorporate in a mobile
app for DSM. An example of comments from interviewees:

e “Healthy Eating, Being Active, Monitoring, and
Taking Medication, are all the things that you can
write down. For Problem Solving, that’s not easy to
pinpoint.”

Second, there may be too many variables in the decision
making process to address Problem Solving in DSM. An
example of comments from interviewees:

e “(Why did you not have breakfast?) Because I got up
later. (Why did you get up late?) Because I have three
kids. You need to consider many variables in the prob-
lem tree.”
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Table 2. Number of Features Related to AADE7™ Across the
137 Apps.

AADE7™
behaviors Number of features across the apps
Healthy Count carbohydrates* (79)

Eating (316) Monitor eating (58)

Measure each serving* (46)

Read food labels* (45)

Provide Recipes (20)

Prevent high or low blood sugar*® (19)

Provide knowledge of healthy
eating (13)

Set goals for healthy eating™ (12)

Remind to eat (9)

Develop an eating plan* (7)

Share record of eating, send it through
Email, forum (5)

Provide restaurants information (3)

Keep track of activities™ (54)

Check blood sugar levels before and
after exercise™ (18)

Provide knowledge of exercise (8)

Set exercise goal (7)

Remind to do exercise (7)

Send record of exercise through forum
and email (3)

Start exercising® (1)

Do exercise at personal pace* (1)

Mix it up* (0)

Choose activities* (0)

Find a friend to exercise with* (0)

Take a class* (0)

Join an adult league* (0)

Record blood sugar levels* (97)

Record height or weight or BMI (54)

Set goals (44)

Record blood pressure, pulse (41)

Record lab test results (25)

Remind to check blood sugar* (24)

Send record of blood sugar through
forum and email (15)

Prepare solutions when the numbers
are out of the target range™ (7)

Provide knowledge of blood sugar (7)

Record other vital signs (4)

Record the spot of blood sugar testing
or insulin injection (3)

Learn how to use a blood sugar
(glucose) meter* (1)

Keep track of medications (68)

Manage medication list* (45)

Calculate recommended insulin
dosage (20)

Remind to take medication (13)

Send record of medication through
forum and email (10)

Provide knowledge of medication (5)

Record medicine adherence (2)

Clinical goal of medication* (I)

Being Active (99)

Monitoring (322)

Taking
Medication (164)

(continued)

Table 2. (continued)

AADE7™

behaviors Number of features across the apps

Alert and reminder for abnormal
data (38)

Self-monitoring* (5)

Discuss possible solutions with
others* (2)

Take action* (0)

Learn from experience* (0)

Try new solutions* (0)

Visit the eye doctor at least once a
year* (4)

Take care of the feet* (4)

Provide knowledge of reducing risks (3)

See the doctor regularly* (2)

See the dentist every six months* (1)

Listen to the body* (1)

Provide forum topics include diabetes
complication (I)

Report smoking behavior* (0)

Record mood (8)

Attend support groups* (5)

Do exercise* (1)

Participate in faith-based activities or
meditation* (0)

Pursue hobbies* (0)

Share general reports, forum topics
include diabetes management (61)

General reminder (14)

Provide knowledge related to
diabetes (13)

Export data (4)

Record emergency contact
information (1)

Problem
Solving (45)

Reducing
Risks (16)

Healthy
Coping (14)

Others (93)

The number in the parentheses after each of the seven behaviors indicates
the sum of features related to each of the seven self-care behaviors. The
number in the parentheses after each feature indicates the sum of each
feature category across the entirety mobile apps.

*Features from AADE7™.

Third, the interviewees also identified that Problem
Solving, especially in chronic diseases, is best done with
direct interaction between the learner and the educator. An
example of comments from interviewees:

e “There is no human interaction to support your need.”

Fourth, online search engines are easily accessible for
information regarding diabetes. Many people with diabetes
may be using these search engines to address Problem
Solving related to DSM. The interviewees thought that when
compared to the online search engines, the DSM apps failed
to provide effective support for solving problems. This may
be related to ease of query, and to simultaneous suggestions
of possible answers within a few seconds. An example of
comments from interviewees:
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e “When they had problems, Google was even faster
than the app.”

Regarding Reducing Risks, the interviewees summarized
four main reasons why the features related to Reducing Risks
have been less developed in DSM apps.

First, again, as in Problem Solving, features related to
Reducing Risks are not based on quantitative data. An exam-
ple of comments from interviewees:

e “It’s not like black and white concrete information.
It’s not based on numbers.”

Second, regular follow up, and evaluation of comorbidi-
ties is part of Reducing Risks. Many people with diabetes use
other tools like calendars and notebooks to set up reminders.
An example of comments from interviewees:

e “I see many people with diabetes set reminders in
[their] calendar.”

Third, Reducing Risk needs appropriate suggestions from
providers. Many people with diabetes may be unaware of
their role in this process. An example of comments from
interviewees:

e “For example, [the person who is] quitting smoking
needs to find other alternatives to replace cigarettes.
[The person who involved in] Nicotine replacement
therapy need suggestions from physicians.”

Fourth, many people with diabetes may lack information or
resources to address risks associated with diabetes, and as
such, cannot participate actively in an app feature for Reducing
Risks. An example of comments from interviewees:

e “I have not seen patients respond well. For example,
see the dentist. The patients need to pay.”

Regarding Healthy Coping, the interviewees summarized
three main reasons why the features related to Healthy
Coping have been less developed in DSM apps.

First, every person with diabetes deals with not just
chronic medical condition, but may be facing distinctly dif-
ferent social, financial, and psychological stresses in life.
The interviewees thought this would make it difficult to
develop a DSM app with the features related to Healthy
Coping. An example of comments from interviewees:

e “Itis not easy to develop such an app.”

Second, Healthy Coping requires self-care and establish-
ment of a support network. The lack of an emotional connec-
tion when using mobile apps may be a drawback. This feature
would be hard to incorporate in a mobile app also. An exam-
ple of comments from interviewees:

e “We should consider the emotional needs. To develop
an app on Healthy Coping, [a] video conference with

[a] group [of] people may help.”

Third, the interviewees pointed to health disparities in
diabetes, and suggested developers need to consider cultural
variations in coping with life stress, including chronic dis-
eases like diabetes. An example of comments from
interviewees:

e “Different cultures have different attitudes towards
healthy coping. For example, Asian and African are
different from American.”

Discussion

This study revealed that, compared to the AADE7™, there
was an unbalanced feature development of current DSM
apps. We found that many DSM apps provided features
related to Healthy Eating, Monitoring, Taking Medication,
and Being Active behaviors, which were positive aspects.
However, few apps offered features related to Problem
Solving, Reducing Risks, and Healthy Coping behaviors,
which need to be developed in future DSM apps. This result
was similar to Breland et al’s study, which reported that
many apps supported features for Healthy Eating (44.9%),
Being Active (24.7%), Self-Monitoring (48%), Medication
(46.7%), and Problem Solving (29.5%).”” On the other
hand, few apps supported features related to Reducing
Risks (11.9%) and Healthy Coping (5.7%).%” Our result was
consistent with studies by Eng and Lee* and Arnhold et al.*’
Eng and Lee’s study reviewed 516 diabetes apps for iPhone.
They found the largest percentage of diabetes apps (33%)
provided features for health tracking, based on quantitative
data entry, such as tracking insulin doses, activity, and
blood sugar levels.* Arnhold et al’s study analyzed 656 dia-
betes apps from iTunes and Google Play stores. Their
results showed that 348 (53%) apps provided the feature of
documentation focused on recording and monitoring eating
habits, physical activity, and medical therapy.*” Our study
also found that features related to Healthy Eating,
Monitoring, Taking Medication, and Being Active were fre-
quently developed in mobile apps. Compared to the fea-
tures analysis data from November 2015 and December
2017 (Table 1), the unbalanced feature development trend
did not change much.

Reasons why few apps supported the features related to
Problem Solving, Reducing Risks, and Healthy Coping need
to be defined. Breland et al suggested that the two behaviors
of Reducing Risks and Healthy Coping are usually addressed
by direct interaction with diabetes educators.’ This was also
identified by interviewees in our study. Another possible rea-
son may be that it is hard to incorporate qualitative informa-
tion into mobile apps which are easily designed for
quantitative data. We found features with high appearance,
such as “count carbohydrates” (79/316, 25%) under Healthy
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Eating, “keep track of activities” (54/99, 55%) under Being
Active, “record blood sugar levels” (97/322, 30%) under
Monitoring, and “keep track of medications” (68/164, 41%)
are all quantitative and therefore easy to enter into an app.
Emotional needs and human interactions in management of
diabetes may be hard to replace by apps. For example, quit-
ting smoking needs interaction between patients and physi-
cians so that physicians can provide professional guidance.*
For people with diabetes, emotional interactions, such as
face-to-face communication in support groups, may be a
more effective method to cope with stress compared to a
mobile app.* However, features such as interactive video for
supporting emotional interaction may be incorporated into
DSM apps as recommended in our study by interviewees.
Another reason why people with diabetes may not use mobile
apps for Problem Solving, Reducing Risks, and Healthy
Coping could be there are alternate efficient methods to ful-
fill same features other than using apps. For Problem Solving,
people with diabetes could use a search engine to find
answers for their questions, such as searching on Google
when they have low blood glucose after exercise.

Limitations of the Study

Due to the explorative nature of the study, there were sev-
eral limitations. First, the initial 1050 apps were collected
during 2015. Given the rapid rate of app development,
there are new DSM apps available on iTunes and Google
Play stores. The results of our research may not perfectly
match the current app stores. Second, we used AADE7™
to analyze features of DSM apps considering that both the
ADA* and the AGS®” recommend the AADE7™ for DSM;
there may be other valid guidelines used by app develop-
ers. Third, we excluded apps that provided access to refer-
ence material only. These apps may be likely to address
certain aspects of the guidelines. For example, there is an
app with an e-book providing coping strategies for people
with diabetes.

Conclusion

This study found that features of current DSM apps from two
main app stores did not have balanced development com-
pared to the DSM guidelines from AADE7™. Healthy
Eating, Being Active, Monitoring, and Taking Medication
are covered well by current DSM apps. Few apps provided
features supporting Problem Solving, Reducing Risks, and
Healthy Coping. These three behaviors are essential compo-
nents of AADE7™ for successful DSM. Future diabetes
apps should incorporate balanced features from the
AADE7™ to better support changing self-management
behaviors of people with diabetes. More research is needed
on how we can target future app development to include fea-
tures that support qualitative data entry rather than limiting
apps to quantitative data.
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