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Abstract

Background: Currently, various phone apps have been developed to assist patients. Many of these apps are developed to assist
patients in the self-management of chronic diseases such as diabetes. It is essential to analyze these various apps to understand
the key features that would potentially beinstrumental in hel ping patients successfully achieve goalsin disease self-management.

Objective: The objective of this study was to conduct a review of all the available diabetes-related apps in the iOS App Store
to evaluate which diabetic app is more interactive and offers a wide variety of operations such as monitoring glucose, water,
carbohydrate intake, weight, body mass index (BM1), medication, blood pressure (BP) levels, reminders or push notifications,
food database, charts, exercise management, email, sync between devices, syncing data directly to the prescribers, and other
miscellaneous functions such as (Twitter integration, password protection, retinadisplay, barcode scanner, applewatch functionality,
and cloud syncing).

Methods: Data was gathered using the iOS App Store on an iPad. The search term “diabetes’ resulted in 1209 results. Many
of the results obtained were remotely related to diabetes and focused mainly on diet, exercise, emergency services, refill reminders,
providing general diabetes information, and other nontherapeutic options. We reviewed each app description and only included
apps that were meant for tracking blood glucose levels. All data were obtained in one sitting by one person on the same device,
aswe found that carrying out the search at different times or on different devices (iPhones) resulted in varying results. Apps that
did not have a feature for tracking glucose levels were excluded from the study.

Results: The search resulted in 1209 results; 85 apps were retained based on the inclusion criteria mentioned above. All the
appswerereviewed for average customer ratings, number of reviews, price, and functions. Of all the apps surveyed, 18 appswith
the highest number of user ratings were used for in-depth analysis. Of these 18 apps, 50% (9/18) al so had a medication adherence
function. Our analysis reveal ed that the Diabetes logbook used by the mySugr app was one of the best; it differentiated itself by
introducing fun as a method of increasing adherence.

Conclusions: A large variation was seen in patient ratings of app features. Many patient reviewers desired ssimplicity of app
functions. Glucose level tracking and email features potentially helped patients and health care providers manage the disease
more efficiently. However, none of the apps could sync data directly to the prescribers. Additional features such as graph
customization, availability of data backup, and recording previous entries were also requested by many users. Thus, the use of
apps in disease management and patient and health-care provider involvement in future app refinement and development should
be encouraged.
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Introduction

The Centersfor Disease Control and Prevention define chronic
diseases as “the most common, costly, and preventable of all
health problems.” Thisincludes conditions such as heart disease,
stroke, and cancer [1]. Inthe United States, approximately 70%
or 1.7 million of al deaths are due to chronic diseases[2].

Diabetesisachronic disease that occursin three primary forms:
type 1 diabetes mellitus (T1DM), type 2 diabetes mellitus
(T2DM), and gestational diabetes mellitus [3]. T1DM is
characterized by pancreatic beta cells that are destroyed and
thus cannot produce insulin [3]. T2DM is characterized by
insulin resistance, markedly in muscles, liver, and adipose
tissues[3]. Obesity [4,5], family history [6], physical inactivity
[7], and ethnicity [8] are some of therisk factors associated with
diabetes. The prevalence of diabetes in the United States in
2014 was 9.3% (29.1 million) and continuesto rise[9]. Among
adults aged 18 to 79 years, there were an estimated 1.4 million
new cases of diabetes diagnosed in 2014 [10]. If this trend
continues, asmany as 1 out of every 3 adultsin the United States
could develop diabetes by 2050 [9].

Diabetes is managed through pharmacologic therapy and
lifestyle modifications such as exercise, diet, and glucose
monitoring [11], T1DM is defined by the patient’s inability to
produce insulin, and thus, these patients are dependent on the
administration of insulin for proper management of the disease.
However, T2DM can be managed through the administration
of oral hypoglycemic agents, insulin, non-insulin injectable
agents, or a combination of agents[12]. Hemoglobin A1C and
blood glucose values are used for diagnosis and management
of diabetes[11]. Improper management of glycemic levels can
lead to outcomes including, but not limited to, adverse
cardiovascular  outcomes,  retinopathy,  nephropathy,
hyperglycemia, and hypoglycemia [13]. Nonadherence is one
contributor to the improper management of diabetes as it is
estimated that 50% of patients do not take their medications as
prescribed by their physicians [14]. The New England
Healthcare Institute estimates that nonadherence along with
suboptimal prescribing, drug administration, and diagnosis could
result in as much as US $290 billion per year in avoidable
medical spending [15]. Therefore, compliance, or the proper
use of medication by patients, playsacrucial role in the proper
management of diabetes[16].

For patients diagnosed with diabetes, monitoring of blood
glucose levelsisthe principal foundation of treatment planning
and is performed through the use of a glucometer, a lancing
device, and testing strips. Blood glucose values allow the patient
or physician to adjust medication strength and also provide
insight on disease progression. While A1C provides a 3-month
average of blood glucose levels, it does not provide specific
information that can support the adjustment of fasting plasma
glucose or post-prandial glucose levels in the case of
uncontrolled diabetes. An increased frequency of glucose level
measurements has been associated with reduced Hemoglobin
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A1Clevels[17]. Daily logging of self-monitored blood glucose
levels may increase patient safety and awareness to therapeutic
effectivenessaswell asaid in adjustmentsto trestment planning.

With roughly half of the adult US population managing one
chronic disease and 25% managing two or more chronic health
conditions[1], it isbecoming increasingly important to provide
patients with the education and tools to self-manage their
diseases. Nadkarni et a have shown that the implementation of
aplan for self-monitoring behavior resultsin anincreasein the
frequency of blood glucoselevel measurements[18]. Moreover,
it has been shown that rather than written documentation,
electronic record-keeping may be of greater efficacy [19]. While
mobile phones were once less accessible and desirable due to
cost and limited functions, innovation has led to the mobile
phone becoming ubiquitous throughout the United States and
globally. Mobile phone ownership in 2015 among US adults =
18 years old was an estimated 68% and 86% among those aged
18to 29 years[20]. A variety of mobile phone appstailored for
the management of chronic diseases is available for download
in the various app stores. Prior studies have shown that mobile
phone app usage was correlated to patient behavioral patterns
that facilitate diabetes self-management [21].

Prior studies have been conducted pertaining to a number of
the apps included in this review [21,22,23]. However, some
apps have been discontinued and many more have been added
to the market since the publication of those studies. Thisreview
strives to provide a comprehensive analysis of currently
available apps for tracking blood glucose levels.

The purpose of this article was to provide a qualitative review
of the various apps rel ated to diabetes sel f-management that are
available on the iOS Apple App Store. A secondary objective
was to provide a detailed analysis and comprehensive review
of additional featureswith respect to thetop 15 appsfor tracking
glucose levels, indicated by the number of reviews on the iOS
App Store, in order to facilitate patient selection of apps.

Methods

Search Methodology

The search term used on the iOS App Store was “diabetes,”
which was entered on an iPad, resulting in 1209 apps as of 6th
September, 2015. TheiPad was selected instead of theiPhone-6
because of increased screen space and reduced tendency to
crash. The search term “diabetes’ produced an excessive number
of results that led to crashes on an iPhone-6 while browsing
through the pages. For instance, if 100 pages of search results
were produced, acrash was possible at any point when changing
pages, at which point anew search would have to be performed,
resulting in a different order of results and thus making it more
difficult to extract information.

In addition, the iPad was selected instead of a desktop because
the desktop version of the App Store does not display the total
number of results. The iOS App Store was also preferred over
the Play Store for Android as the Play Store tends to
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overestimate results through generation of lessrelevant results  was not reviewed. The broad search term “diabetes’ was used
[24,25]. Moreover, the scope of this research was to only to  to maximize the number of results pertaining to potential apps
review the apps available for iOS. Hence, Google's Play Store  for tracking glucose levels.
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Table 1. List of diabetes self-management apps available in iOS App Store.
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No. App name Averge  Number of Price (US$) Functions (12 2°, 3€,
;::I?tn(;mer reviews 4 5 6 79 g o)

1 Bant 25 183 0.00 1,57

2 Best Diabetes Control 1 2 0.99 (Lite version available) 1,2,6,9

3 Blood Diary 3 1 0.00 1,29

4 Blood Glucose Tracker (japps) 35 2 In-app purchases 1,2,359

5 Blood Sugar Diabetes Control 25 150 0.99 1,2,56,7

6 Dafne Online 0 0 0.00 1,25,8

7 Dbees 3 16 0.00 1,2,5/6,9

8 Dblog 3 2 0.99 1,79

9 Diabetes 360 4 21 4.99 1,2,579

10 Diabetes App 4 2940 6.99 1,2,4,56,7,8,9

11 Diabetes Assistant 45 5 1.99 1,23

12  Diabetes Companion 0 0 0.00 1

13  Diabetes Connect 45 67 In-app purchases 1,2,57,89

14 DiabetesDiary 35 41 2.99 1,259

15 Diabetes Factors 1 5 0.00 1,57,89

16  Diabetes Glucose Tracker app 2 85 2.99 1,2,357,9

17 Diabetes Health Mate 4 17 0.00 1,2,35,9

18 Diabetesin Check 4 989 0.00 1,2,3,479

19 DiabetesKit 5 287 0.00 1,2,35,9

20 DiabetesLog 3 1948 0.00 1,2,7,89

21  Diabetes Logbook by mySugr 5 1684 In-app purchases 1,2,35,89

22  Diabetes Logger 1 1 0.00 1,259

23 Diabetes Management app 1 1 In-app purchases 1,2,7,9

24 Diabetes Manager 5 2 4.99 1,2,57,9

25 Diabetes Pal app 4 183 0.00 1,2,5,8,9

26  Diabetes Parent 0 0 0.00 1,289

27 Diabetes Passport 0 0 0.00 1,2,579

28 DiabetesPilot Classic 4 221 24.99 1,2,4,57,9

29 DiabetesPlus 45 8 3.99 1,2,56,7,9

30 Diabetes Studio 0 0 0.00 1,357,389

31 Diabetes Tracker with Blood Glucose/Carb Log by 45 447 9.99 1,2,4,5,8,9
MyNetDiary

32 Diabetes UK Tracker 0 0 0.00 1,2

33 Diabetespal 45 6 2.99 1,2,57,9

34 Diabetesscs 0 0 0.00 1

35 Diabetesteam 0 0 0.00 1,2,56,7,9

36 Diabetic Plus 0 0 0.00 1,2,356,7,9

37 Diabetic Plus 0 0 0.00 1,2,356,7,9

38  Diabetic Tracker Unlimited 2 25 1.99 1,579

39 Diabeticplus 0 0 0.00 1,57,89

41 Diabetics Diary 4 1 0.00 1,2,6,7,9
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No. App name Averge  Number of Price (US$) Functions (12 2°, 3€,
f:t?tn(;mer reviews 49 5° 6f, 79, 8" 9

42 Diabetic's Diary 5 1 0.00 1,2,56,7,9

43  Diabetik 5 79 0.00 1,237,9

44  Diabettes 0 0 0.00 1,269

45 Diamedic 35 143 5.99 1,2,3579

46  Ditto Glucose Logbook 2 2 0.00 1,2,57,9

47 Dmdiary 5 1 0.00 1,579

48 Easy Diabetes 4 29 0.00 1,2,579

49 Gestational Diabetes Manager 25 18 2.99 1,2,4,6,7

50 Glicontrol 1 1 In-app purchases 1,2,57,9

51  Glucocheck 0 0 0.00 1,256,9

52  GluCoMo 2 82 0.99 1,359

53  Glucorecord 2 14 In-app purchases 1,2,56,7,9

54 Glucose Buddy 4 6400 In-app purchases 1,2,357,8,9

55  Glucose Companion 45 888 1.99 1,2,35 7,89

56  Glucose Monsters 2 11 0.00 1,25

57  Glucose Readings 0 0 0.99 1,579

58  Glucose Recorder 35 30 2.99 12589

59  Glucose Tracker 25 17 1.99 1,2,57,9

60 Glucose Tracker - smple and complete app 5 6 0.99 1,2,357,9

61 Glucose Wiz/Pro 4 61 1.99 1,2,3578,9

63  Glucosurfer Free 0 0 0.00 1,259

64  Glucosurfer 0 0 0.99 1,2,6,7,9

65  Glucosweet 25 7 6.99 1,2,57,8,9

66  Glycemiaguicklog 2 1 2.99 1,35/79

67 Gmate 4 9 0.00 1,2,5/6,9

68 Healthediabetes 35 15 5.99 1,29

69  Glucose Monitor (HealthstomeG) 45 331 In-app purchases 1,2,3,6,7,89

70 Ibgstar Diabetes Manager 35 150 0.00 1,223,509

71  Iglu-bz 0 0 0.00 1,256

72 Mdiabetes 0 0 0.99 1,2,4,57,9

73 Mydiabetes 0 0 3.99 1,2,356,7,9

74 Mydiabetesapp 0 0 3.99 1,2,56,7,9

75  Mysugr Junior 4 11 0.00 1,2,4,7,9

76  Onsync Diabetes Manager 2 28 0.00 1,2,57,9

77  Pomihealth 45 70 2.99 1,259

78  Predict Bgl 5 3 0.00 1,2,4,6,9

79 Rapidcalc 45 25 7.99 1,2,579

80 Sidiary 3 9 5.99 1,589

81 Simple Diabetes 0 0 0.00 1,2,7,9

82  Sugar Sense 45 86 0.00 1,2,6,7,9

83  Sugarpa Diabetes Manager 3 1 3.99 1,2,57,9
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No. App name Average ~ Number of Price (US$) Functions (12 2°, 3€,
customer  reviews d e of -9 oh o
rating 4°,5%,6,7°,8,9)

84  Track3 45 820 5.99 1,2,6,7,8,9

85  Your Diabetes Diary 4 1 0.00 1,2,56,7,9

& _ogs glucose levels.

bLogs water and carbohydrate intake, weight, body mass index, medication, and blood pressure.

®Reminders or push notifications.
9Food database.

ECharts.

"Exercise management.

9Email.

hsync between devices.

iMiscellaneous (Twitter, password protection, retina display, barcode scanner, apple watch functionality, cloud syncing, and miscellaneous functions).

Of these 1209 results, 85 were ultimately retained due to the
presence of the ability to track users' glucose levels (Table 1).
The 1124 apps excluded focused mainly on diet, exercise,
emergency services, providing general diabetes information,
and other nontherapeutic options, or they were duplicate apps
(Figure1). The glucose level stracked were visible on most apps
from the landing page description. Any apps in which this
information was not on the landing page were found using an
iPhone, searching by the name of the app so as not to interrupt
the search ontheiPad. Asperforming the same*“ diabetes’ search
at different times or on different devices (iPhones) would result
in varying results (different order or quantity), for the purpose
of this analysis, we used the results for the search term
“diabetes’ from a single device (an iPad), and the author
continuously reviewed the description of all the apps without
interruption (this task required about six hours to accomplish).
This method ensured that the list of search results would
maintain the same apps in the same order. Based on these
factors, our study focused on apps available in the iOS App
Store.

Apps Reviews and Analysis

After the inclusion criteria for the presence of glucose level
tracking feature were met and the 85 apps were selected, the
breakdown and recording of specific featuresfor the respective
apps was split amongst three of the authors (MM, EP, and IM).

http://diabetes.jmir.org/2017/2/e12/

Information not available on the landing page was gathered by
entering the specific app’s page on the iPad and reviewing the
features. Each person recorded the rating for the app, number
of reviews, price, in-app purchase facility, features, and major
pros and cons noted in user reviews.

An in-depth analysis was then performed by two authors (MM
and LS) on the “Top 15" apps, based on the highest number of
reviews, and the information is presented below and in
Multimedia Appendix 1. The respective appswere downloaded
on iPhones and used over the course of 2 weeks, with each
author performing a qualitative analysis of the apps’ ability to
track glucose levels, carbohydrate intake, medication, weight,
exercise, and blood pressure, as well as the apps’ ease of use
and graphs. The availability of additional features such as data
export, back up, goa setting, forums, and integration with a
meter were also recorded. Each author allotted arating of good
or poor to the qualitative features. A good rating was given if
the feature demonstrated a majority of the following
characteristics: being intuitive and useful, stable (the app does
not crash if the feature is used), and well designed in terms of
colors, font, clarity, and easily accessible from the menu. At
the end of the 2-week trial period, the two authorsindependently
completed their comprehensive reviews of the 15 apps and then
came together to resolve any discrepancies in the ratings and
finalize the results.
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Figure 1. Selection agorithm of the top iOS apps for diabetes self-management.

Results

Among the top 15 apps tested, only 13% (2/15) featured
integration with a meter (Multimedia Appendix 1). Only 13%
(2/15) featured the ability to receive advice through a certified
diabetes educator within the app. Availability of tracking
features was 73% (11/15), 73% (11/15), 73% (11/15), 53%
(8/15), and 46% (7/15) for tracking carbohydrate intake,
medication tracking, weight tracking, exercise tracking, and
blood pressure tracking, respectively. Despite 73% (11/15) of
the apps having the feature of tracking carbohydrate intake,
only 3 of the 15 apps had an integrated food database; most of
the appsfocused on theinput of carbohydrate val ues as opposed
to the input of food with carbohydrate values calcul ated by the
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app itself. Lessthan half of the apps featured the availability of
adherence reminders, and among these, three did not offer the
feature in the free version. We found that 93% (14/15) of the
apps featured a method to export data, primarily by emailing
values or graphs, and 73% (11/15) of the apps alowed the user
to set goalsin order to visualize when they failed to meet their
goals, generally using a certain color to indicate hypoglycemia
or hyperglycemia. Seven apps featured some form of
advertisement within the app that could be removed by
upgrading from the free to the paid version. Only one app
(SugarSense) mentioned the use of guidelines and provided
userswith information citing the guidelines, while aso providing
a link directly to the American Diabetes Association (ADA)
guidelines.
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Discussion

Principal Findings

Petient self-management of chronicillnessisimportant to assist
physiciansin management of the disease and increase adherence.
The use of apps has been shown to be useful not only in
diabetes, but also in other chronic diseases such as cancer [26]
as well as non-chronic diseases such as weight loss [27]. Data
obtained from apps on blood glucose, blood pressure, diet,
exercise, asthma exacerbations, and so forth could be
instrumental in maintaining proper medication regimens and
improving the effectiveness of targeted counseling from
physicians, based on where the patient isfailing or succeeding.

Subsequent to the review and comparison of the top 15 apps
for tracking glucose levels, the primary differentiating factors
among the apps were found to be their respective supplemental
features such as carbohydrate-intake tracking, medication
tracking, weight tracking, exercise tracking, blood pressure
tracking, ease of use, food database, graph availability,
adherence reminders, data export, data backup, goa setting,
notes, advertisements, community forums, access to certified
diabetes educators, and integration with a meter.

Our resultsreflected that patient reviews emphasized the desire
for simplicity, but also the availability of more complex features
(highly customizable graphs, data backup, and synchronization
across devices). The best apps had a large number of features
but did not overwhelm the user by displaying all of the features
or customization options available. In the future, syncing data
directly to prescribers could provide the patients’ detailed blood
glucose readings, medication adherence practices, and diet in
astandardized format. The datacould potentially increase health
care outcomes by providing a larger pool of data to improve
pharmacologic therapy and non-pharmacologic therapy
counseling for patients.

Although al of the apps reviewed were for diabetes
management, less than half of the top apps (7/15) had a
medication adherence function (Multimedia Appendix 1). It
was puzzling that although so many apps had a comprehensive
list of features that ranged from tracking calories to cloud
backup, they failed to implement reminders for medication, as
forgetfulness is a factor of nonadherence. This may have been
because many patientsinject per sliding scale or with mealsand
the timing is nontraditional ; neverthel ess, reminders should be
arequirement of self-management apps. One stand out feature
only apparent in the Diabetes L ogbook app by mySugr was the
introduction of fun as a method of increasing adherence. The
highest rated apps had myriad features and many comparable
features between them, but having “fun” while inputting data
may add the extra push that users need to continue to use the
app and attain their therapeutic goals.

Limitations

Thereisneither regulatory body assigned to monitor the efficacy
of wellness apps, nor a designated evidence base [28].
SugarSense was the only app in the top 15 that provided
referenced information per ADA guidelines as well as adirect
link to the ADA guidelines. Although this is important,
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usefulness for a patient who may be a layperson has to be
evaluated. Kirwan et a have shown that an app supplemented
with certified educator feedback via text messaging produced
statistically significant improvement in the control of patients
blood glucose levels [29]. While text-message feedback was
not incorporated in our review, two of thetop 15 apps (Diabetes
Logbook and Diabetes Kit) did provide the optional resource
of a certified diabetes educator. User reviews reflected mixed
positive and negative opinions regarding the feature. Further
evaluation is needed regarding degree of usefulness.

While there are a medley of apps available for assistance in
self-management of diabetes and other chronic diseases, it is
important to determine exactly which features are instrumental
to the success of patient goalsin disease management. Patients
are easily discouraged by an abundance of features, but they
areequally discouraged by alack of features and customization.
The exact components of an ideal self-management app may
already be possessed by the apps discussed here; it is just a
matter of optimization by the removal of unnecessary features
and the addition of missing features.

This study was limited in terms of the time when the apps were
introduced to the market, asthis may haveimpacted the number
of reviews—appsthat were availablefor alonger period of time
for user download and use may have had reviews that were
more positive or numerous. This study may have also yielded
different results had we also included the paid only appsin the
top 15 list (Diabetes Pilot Classic, Blood Sugar Diabetes
Control, Diabetes Diary, Diamedic, and GluCoMo).

Conclusions

Apps may assist hedth care providers in inching closer to
optimal prescriptions by increasing both patient involvement
and availability of data. The use of phone apps for management
of chronic diseases such as diabetesis not a novel concept, but
the extent to which specific features may improve adherence
along with rea-world application by physicians has been
minimally explored [25,30-35]. Features that should be
considered by app developers are graph customization,
availability of data backup, records of previous entries, and
syncing directly from glucometers without the need for manual
input of values. Two apps allowed syncing of glucose values
directly from patient glucometers, which should increase ease
of use. Ibgstar Diabetes Manager by Sanofi connects the
glucometer directly to an iPhone or iPod touch and inputs
glucose readingsinto the app. The Diabetes Pal App by Telcare
provides similar functions and integration, but data from the
glucometer is instead sent over wi-fi directly to the Telcare
website, after which it can be synced to the app. The Telcare
device was well received, whereas the Sanofi meter received a
number of reviews complaining about lack of functions.
Technology can assist in increasing patient compliance and
quality of life in managing chronic illness, however, it is
important for app developersto realize that ease, feasibility of
customization, and number of functionsisimportant for patient
reliance, though developers should not get carried away and
deviate from the origina goal of working with patients and
prescribersin order to improve health outcomes.
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Multimedia Appendix 1
Attributes of the top 15 apps for diabetes self-management available in the iOS App Store.
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