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Abstract: Personal digital health apps for managing diabetes should include functions that enable the
provision of pharmaceutical care services and allow within-app communication with pharmacists and
other healthcare providers, thereby improving patient outcomes. The primary aim of this study was
to assess the functions of diabetes apps that were relevant to providing pharmaceutical care services
(i.e., medication management, adherence, non-pharmacological management, interoperability, and
communication). Sixteen criteria related to pharmaceutical care were developed and then used to
assess ten popular diabetes apps. The highest numbers of pharmaceutical care criteria were met
by the apps Diabetes:M and mySugr (11 criteria); Contour™Diabetes, Dario Health, and OneTouch
Reveal® (ten); and DiabetesConnect and ESYSTA (nine); followed by Glucose Buddy (eight), meala
(seven), and lumind (three). The most prevalent functions were related to promoting adherence
and non-pharmacological management, but most criteria relevant to medication management were
lacking. Five apps allowed within-app communication between patients and healthcare profession-
als (HCPs); however, no app included communication with pharmacists. High-quality diabetes
apps are powerful tools to support pharmaceutical care and remotely monitor diabetes patients.
Improvements are needed as they often lack many medication management functions, including
within-app communication with HCPs (especially pharmacists). To maximize diabetes app use and
improve outcomes, app developers should consider including pharmacists alongside other healthcare
providers when customizing app designs.

Keywords: pharmaceutical care; mobile apps; diabetes apps; mHealth; adherence; patient preferences;
medication management; interoperability

1. Introduction

Digital health solutions, particularly mobile health applications (mHealth apps), are
increasingly being used to monitor patients remotely and deliver healthcare services outside
conventional healthcare settings. The recent COVID-19 pandemic further intensified the
need for digital health services [1].

It is necessary to choose carefully among the widely available mHealth apps, including
disease-specific apps, as concerns exist regarding their reliability, data privacy and security,
suitability of use, and clinical benefits [1–3]. Regulatory assessments and approvals are
still not available for the majority of available mHealth apps in most countries [4]. In
2019, Germany became the first country worldwide to introduce statutorily reimbursable
“apps on prescription” (Digitale Gesundheit Anwendungen, DiGA) under the Digital
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Healthcare Act (Digitale Versorgung Gestzt—DVG) and the Digital Health Applications
Ordinance (Digitale Gesundheitsanwendungen Verordnung—DiGAV) [5]. mHealth apps
undergo a strict evaluation process to qualify for inclusion in the official DiGA directory [5].
The General Federal Institute for Drugs and Medical Devices (Bundesamt für Arzneimit-
tel und Medizinprodukte—BfArM) approved the first DiGA in October 2020, and as of
21 November 2022, it has approved a total of 33 DiGAs for different indications [6,7]. Since
the approval of the first DiGA, 50,100 DiGAs have been prescribed or approved directly by
health insurers in Germany [8].

The integration of mHealth apps into clinical practice, however, requires much greater
support by healthcare professionals (HCPs) in order to optimize the effectiveness of these
apps [9,10]. Pharmacists, as the most accessible HCPs, are in an ideal position to pro-
mote awareness and the effective use of digitally assisted health support in the form of
mHealth apps [11,12]. In addition, interactive mHealth interventions have the potential to
improve pharmaceutical care outcomes by supporting contact between pharmacists and
patients [13,14]. mHealth apps in the DiGA directory can only be prescribed by physicians
and psychotherapists or approved directly by health insurers at the patient’s request; how-
ever, two surveys of German physicians have reported very low rates of prescribing of
mHealth apps [15,16]. Adherence to mHealth apps has also been reported to be suboptimal,
with only 78% of approved or prescribed DiGAs having been activated by patients [8].
Hence, pharmacists could play an important role in recommending mHealth apps to pa-
tients and increasing adherence to their use. Data from England suggested that 56% of
respondent pharmacists were aware of mHealth apps, and 60% of those recommended
apps to patients [12].

Recently, a boom has been occurring in the global market of digital apps for diabetes
patients [17], with diabetes apps accounting for 15% of the total number of disease-specific
apps in 2021 [1]. This high interest has been reflected in the increased usage of these apps by
patients with diabetes [18]. An increasing body of evidence corroborates the effectiveness of
mHealth apps in diabetes management [10,19,20]. A systematic review and meta-analysis
of 13 interventional studies reported an improvement in glycated hemoglobin (HbA1C)
values and diabetes self-management through the use of diabetes apps [21].

When pharmacists and other HCPs are considering which diabetes app to recommend,
it is important that they consider the various capabilities of the apps. Studies have used
a number of different terms to describe the wide range of app capabilities, such as app
functionalities/functions, app characteristics, and app features [22]. A study by Smahel et al.
used the term ‘functions’ as an overreaching term to describe the various app features
which enable their users to select among a range of capabilities such as monitoring, setting
goals, planning, providing feedback on performance, and communicating with other
users [23]. Accordingly, ‘function’ is used in this evaluation to describe such features. To
our knowledge, subcategories of app functions, especially those that are clinically relevant
(i.e., pharmaceutical care criteria) have not been defined in the literature.

Selecting the appropriate mHealth diabetes app with adequate clinical functions for
pharmaceutical care and to satisfy the technological needs of both HCPs and patients is critical.
Currently, there is large variability in the key functions of diabetes apps, making it difficult to
select the app that is most appropriate for an individual [24]. Salari et al. identified a minimum
set of functions for diabetes mobile apps, which include the tracking of blood glucose, insulin
and medication, physical activity, weight and body mass index, blood pressure, and diet; the
provision of food databases, educational materials, and features that promote healthy coping,
risk reduction, and problem-solving; the ability to message, color code, customize themes,
set alerts, reminders, and target ranges and view trend charts, logbooks, and numerical
indicators; and the inclusion of preset and custom notes [25].

Current diabetes apps focus on blood glucose monitoring, self-management, mo-
tivation for medication adherence, and lifestyle modifications [26–28]. Many of these
functions including unique functionality to store and display data, to indicate trends and
patterns in blood glucose and HbA1C values, and to track medication, diet and physical
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activity, allowing pharmacists to monitor patient therapy and intervene remotely when
necessary. However, diabetes apps may lack some important functions, such as within-
app interactions with HCPs and/or pharmacists, that could enhance the provision of
pharmaceutical care. The inclusion of pharmaceutical care functions in diabetes apps is
important, as they could enhance the development of individualized pharmaceutical care
plans, thereby improving patient outcomes, as has been shown with the implementation of
other pharmacist interventions in diabetes care [29–32]. The general technological functions
of diabetes apps are also important, as are the functions that pertain to the preferences of
the individual patient.

Although the functions of diabetes apps have been previously reviewed [26,33–35], to
our knowledge, no study has evaluated the functions of currently available diabetes apps
from a pharmaceutical care perspective. Therefore, in the present study we aimed primarily
to provide information about the functions of popular diabetes apps relevant to providing
pharmaceutical care services to patients with diabetes. The first major question—‘What
functions of diabetes apps support the provision of pharmaceutical care?’—was answered
by developing evaluation criteria based on the literature.

These criteria were then used to evaluate the functions of selected diabetes apps,
thereby answering the second question—‘Which currently available diabetes apps fulfil the
criteria relevant to pharmaceutical care?’. By answering the first two questions, this study
addresses whether diabetes apps can be used as tools in pharmaceutical care and, if this is
the case, provides a resource which pharmacists and other HCPs can use to better select
apps based on their pharmaceutical care functions.

To give a more complete overview of the functions of diabetes apps, the final question
addressed in this study was ‘What additional app functions should pharmacists consider
to satisfy the technological needs and preferences of diabetes patients?’. This was answered
by developing relevant evaluation criteria, which were used to evaluate the selected
diabetes apps.

2. Methods
2.1. Developing the App Evaluation Criteria
2.1.1. Criteria Relevant to Pharmaceutical Care

To answer the three study questions, diabetes app evaluation criteria first needed to
be developed. Thus, EO, SL, BAS, AD, and SS (pharmacy faculty members of Heinrich-
Heine-University Düsseldorf; HHU) defined app evaluation criteria using the three major
study objectives: app criteria relevant to pharmaceutical care; general aspects of diabetes
apps; and special app functions and patient preferences.

To the best of our knowledge, diabetes app functions have not previously been de-
fined and explored from a pharmaceutical care perspective. Therefore, the authors (EO,
BAS, AD, SS) performed an extensive literature search using the PubMed database. The
literature search was conducted for papers published until January 2022, using the search
terms “Pharmacy”, “digital apps”, “Mobile apps”, “mHealth”, “Pharmaceutical care”,
and “adherence”. We compiled a list of essential criteria based on the important pharma-
ceutical care interventions for diabetes management and included three major categories:
Medication Management, Adherence/Non-pharmacological Management, and Interoper-
ability/Communication [12,13,36–41]. After initially defining the app criteria, the authors
(EO, SL, BAS, AD, SS) tested the criteria in a practical elective course in February 2022 with
the final year pharmacy students to evaluate the usefulness of various digital diabetes apps
in the pharmaceutical care process, as previously reported [42]. The initial 25-item criteria
were then discussed and re-evaluated by the authors (EO, BAS, SL, AD, and SS) and the
list was refined to include the 16 most relevant criteria.

2.1.2. General Characteristic Criteria

The criteria for the general characteristics of diabetes apps were extracted from the
available literature [28,43–45], and by consulting a diabetes patient who was also an app
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developer (SK) to avoid bias. General characteristics ranged from very basic technical criteria
(e.g., operating system, category, etc.) to more precise criteria, such as regulatory aspects (e.g.,
data protection, privacy policy, Conformitè Europëenne (CE) mark, etc.), financial options
(e.g., cost, reimbursement), and the presence of scientific studies on selected apps.

2.1.3. Patient Preference Criteria

Criteria for patient preferences related to active engagement with diabetes apps were
also extracted from the available literature [28,43–45] and by consulting the diabetes pa-
tient/app developer (SK) and a pharmacist evaluator (EO) to ensure that the patient
perspective was included. Patient preference criteria that were already covered by the
pharmaceutical care criteria (e.g., reminder, food, activity functions) were excluded to
avoid duplication.

2.2. Selecting the Diabetes Apps to Be Evaluated

All the authors selected ten widely used diabetes digital apps for evaluation based on
a study by Kebede and Pischke, “Popular Diabetes Apps and the Impact of Diabetes App
Use on Self-Care Behaviour” [46]; the DiGA directory [6]; and their availability and status
in Germany [47].

2.3. Procedure for Evaluating the Apps Using the Criteria

The authors (EO, BAS, AD, SS) downloaded and installed all the apps on their smart-
phones (Android/iOS) and used the predefined evaluation criteria. Before evaluating the
apps, the authors discussed the criteria (pharmaceutical-care-related criteria and general
characteristics criteria) to ensure an understanding of all items listed for evaluation. All of
the apps were assessed in their basic and premium versions, and their corresponding apps
and app store websites were consulted to obtain information about certain functions. All
the authors independently performed the app evaluation process.

The evaluation results were double-checked, compared, and discussed during six
online meetings among evaluators. In total, there were five disagreements in the individual
assessors’ evaluations of the apps, which are presented as follows:

• Pharmaceutical care criteria: drug information item. Some apps allow logging and
tracking of medications but do not contain drug information, such as dosage, warnings,
indications, and other aspects. As some of the criteria were not quite clear in regard to
all evaluators, an additional literature review was performed in some cases so that a
consensus could be reached.

• Pharmaceutical care criteria: drug selection item. The DiabetesConnect app allows the
selection of a drug from a standard list of medications and not according to the latest
guidelines. After double-checking, all assessors agreed that this was an important
function and gave it a score of one for at least having the list of medications.

• Pharmaceutical care criteria: insulin bolus calculator item. The Dario Health bolus cal-
culator was not found within the app. However, a discrepancy was noted as the app’s
website stated that the app contained a bolus calculator. This was rechecked by the
evaluators, who confirmed that this feature was not available in the app downloaded
from the German app store. It was therefore given a score of zero.

• Pharmaceutical care criteria: communication item. Some apps (e.g., One Touch
Reveal®) offered the possibility of exchanging information through SMS, but this
was not considered within-app communication. Therefore, a score of zero was given
to all apps with SMS capability.

• General characteristic: scientific studies on apps. Initially, no scientific studies were
found for the Diabetes:M app. However, after double-checking the proceedings of a
conference, a study on Diabetes:M was found. Therefore, it was given a ‘Yes’.

After a consensus was reached, the results were collated and summarized.
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2.3.1. Criteria Relevant to Pharmaceutical Care

The authors assessed the essential functions of apps related to the provision of phar-
maceutical care by reusing anonymized data from real diabetes patients. The authors
thoroughly assessed the defined criteria within the apps and searched on app store web-
sites and on homepages of individual app developers in cases of discrepancies. The criteria
were considered absent if they were not found in any of the above mentioned sources.

The criteria relevant to digital diabetes pharmaceutical care were scored based on
an objective assessment as ‘Yes’ (1) and ‘No ‘(0) depending on the presence or absence of
specific functions, respectively. The higher the total score, the more potentially helpful the
app was in supporting pharmacists to provide pharmaceutical care to diabetes patients.

2.3.2. General Characteristic Criteria

The authors (EO, BAS, AD, SK, and SS) also analyzed the apps for their general
characteristics and made additional descriptive notes in cases of unique functionalities.
To determine whether clinical studies supporting the use of the selected app had been
published, EO, BAS, AD, and SS conducted additional PubMed and Google Scholar searches
using the name of each selected app.

2.3.3. Patient Preference Criteria

The diabetes patient/app developer (SK) evaluated the patient preference criteria for
their presence or absence in the selected apps. These criteria were further re-checked by
pharmacist evaluators (EO, BAS, AD, SS) to eliminate any discrepancies.

3. Results
3.1. App Evaluation Criteria

The 16 pharmaceutical-care-related criteria (Table 1) included: four criteria related to
medication management (e.g., insulin dose and bolus calculation, drug information and
selection, interaction checks); five related to adherence and non-pharmacological manage-
ment (reminder/alert functions, warning functions, food and sport/activity functions, and
personal notes), and seven related to interoperability and interaction/communication (e.g.,
communication and data exchange between patients and HCPs, interoperability with other
devices/software, data storage and display, and the involvement of pharmacists). These
functions, necessary to support the pharmaceutical care process, have been evaluated in all
ten selected apps (Table 2). It is important to note that these criteria were neither exhaustive,
nor were they used to evaluate the overall quality of the selected diabetes apps. Thirteen
criteria were included in the list of general characteristics to be evaluated for diabetes apps
(Table 3) and ten were included in the list of patient preferences for active engagement with
diabetes apps (Table 4).

Table 1. Description of criteria relevant to digital pharmaceutical care for patients with diabetes.

Criteria Description of the Ability of the App

Medication management

1. Drug information Able to provide information about drugs, such as indication, dosage,
warnings, and other aspects

2. Drug selection Able to help select drugs according to the latest guidelines
3. Insulin bolus calculation Able to calculate insulin bolus doses
4. Interaction check (type 2) Able to check drug interactions

Adherence/Non-pharmacological management

5. Reminder/alert Able to remind or alert users on insulin administration, blood glucose
measurements, doctor appointments, etc.

6. Warning function Able to notify or warn users about hypo-or hyperglycemic events in real time

7. Food function Able to enter additional different foods manually or via bar code scanning,
selecting from databases, taking pictures, etc.
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Table 1. Cont.

Criteria Description of the Ability of the App

8. Sports/activity function Able to log sports or other physical activities
9. Personal notes Able to add personal notes when desired

Interoperability and interaction/communication

10. Communication (between patient and HCPs) Able to communicate with HCPs (within the app)
11. Possible to exchange data with HCPs Able to retrieve and share data with healthcare professionals

12. Possible to connect to devices Able to connect to other devices, such as blood glucose measuring devices,
insulin pens, pumps, etc.

13. Smart watch compatibility Compatible with smart watches and smartwatch apps
14. Synchronization option Able to synchronize between different apps and operating systems
15. Data storage and display Able to store and display graphical and statistical data
16. Pharmacist involvement Able to allow pharmacists to intervene with a pharmacist-specific dashboard

HCP, healthcare professional.

Table 2. Evaluation scores for mobile health apps for diabetes patients based on criteria relevant to
digital pharmaceutical care for diabetes patients.

Criteria Relevant to
Digital Diabetes

Pharmaceutical Care a

Diabetes Mobile Health Apps

ESYSTA mySugr Diabtes:
M

ContourTM

Diabetes
Dario
Health

Diabetes
Connect

Glucose
Buddy lumind meala OneTouch

Reveal®

Medication management
1. Drug information 0 0 0 0 0 0 0 0 0 0
2. Drug selection 0 0 0 0 0 1 b 0 0 0 0
3. Insulin bolus
calculation 0 1 1 0 0 0 0 0 0 1

4. Interaction check
(type 2) 0 0 0 0 0 0 0 0 0 0

Adherence/non-pharmacological management
5. Reminder/alert 0 1 1 1 1 1 1 1 1 1
6. Warning function 1 1 1 1 1 1 0 1 0 1
7. Food function 1 1 1 1 1 1 1 0 1 1
8.Sports/activity
function 1 1 1 1 1 1 1 0 0 1

9. Personal notes 1 1 1 1 1 1 1 0 1 1

Interoperability and interaction/communication
10. Communication
(between patients and
HCPs)

1 1 0 1 1 0 0 0 1 0

11. Possible to exchange
data with HCPs 1 1 1 1 1 1 1 0 1 1

12. Possible to connect
to
devices

1 1 1 1 1 c 0 1 1 1 1 c

13. Smart watch
compatibility 0 0 1 0 0 0 0 0 0 0

14. Synchronization
option 1 1 1 1 1 1 1 0 0 1

15. Data storage and
display 1 1 1 1 1 1 1 0 1 1

16. Pharmacist
involvement 0 0 0 0 0 0 0 0 0 0

Total score (maximum
16) 9 11 11 10 10 9 8 3 7 10

HCP, healthcare professional; 1 indicates that the individual feature/function was found within the app, on app
store websites, or on the homepages of individual app developers; 0 indicates that the individual feature/function
was not found. a See Table 1 for a description of the criteria. b Drug selection according to a standard list instead
of the latest guidelines. c Only their related devices.

3.2. Selected Diabetes Apps

Of the ten diabetes apps selected for evaluation, six (mySugr, Diabetes:M, Contour™
Diabetes, OneTouch Reveal®, Dario Health, and DiabetesConnect) were selected based
on a survey of the use of popular diabetes apps in Germany by Kebede and Pischke [46]
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(continuous glucose monitoring apps were excluded). The ESYSTA app was also included,
as it was DiGA-approved for diabetes management at the time of evaluation [6]. The
lumind app was selected based on its DiaDigital app quality certificate in Germany [47]
and meala was chosen as a newer app developed by the same company. Glucose Buddy
was selected as one of the most downloaded apps in February 2022. However, the authors
of this paper are aware that there are also other potentially helpful and popular diabetes
apps in addition to those chosen for this study.

Table 3. General characteristic criteria of mobile health apps for diabetes patients.

General
Characteristics

Diabetes Mobile Health Apps

ESYSTA mySugr Diabetes:
M

ContourTM

Diabetes
Dario
Health

Diabetes
Connect

Glucose
Buddy lumind meala OneTouch

Reveal®

Category Medical Medical Medical Medical Medical Medical Medical Health &
fitness

Health &
fitness Medical

Android/iOS
operating system Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Data protection Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Privacy policy Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Medical device

classification Yes Yes Yes Yes No No Yes No No Yes

Cost Yes Yes a Yes Free Yes Yes Yes Free Free Free
Trial version/test

version Yes Yes Yes NA * Yes Yes Yes NA * NA * NA *

Reimbursement Yes Yes No NA * No No No NA * NA * NA *
Advertising No No No b No No No No No No No

Studies conducted
with apps Yes Yes Yes Yes Yes No Yes No No Yes

Offline
availability Yes Yes Yes Yes Yes Yes Yes Yes No Yes

Usable without
login/registration No No Yes c No No No No Yes Yes No

Login possible
with an existing

account
No No No No No No Yes No No No

* NA, not applicable, as app was cost-free. a Free when used with Accu-Chek® devices. b Only the basic version
included advertisements. c Could be used without logging in but with limited functionality.

Table 4. Patients’ preferences for active engagement with diabetes apps.

Patient Preferences (Description)

Diabetes Mobile Health App

ESYSTA mySugr Diabetes:M Contour™
Diabetes

Dario
Health

Diabetes-
Connect

Glucose
Buddy lumind meala One Touch

Reveal®

Peer support/exchange with other patients
Is there a way to exchange ideas

with other patients (e.g., forums)? X X

Swarm knowledge/insight into others’ experiences
Is it possible to view the

experiences of other patients and
learn from them (e.g., CGM

values)?

X

Training and information materials
Are information/training

materials available to improve
one’s knowledge and, if necessary,

healthcare?

X X X X X

Analysis of blood glucose values
Are the blood glucose values

entered automatically analyzed
and are therapy recommendations

given for optimization?

X X X X X X X X

UI/UX design
Is the app easy to understand and
is the UI/UX design appealing? X X X X X X X
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Table 4. Cont.

Patient Preferences (Description)
Diabetes Mobile Health App

ESYSTA mySugr Diabetes:M Contour™
Diabetes

Dario
Health

Diabetes-
Connect

Glucose
Buddy lumind meala One Touch

Reveal®

Accessibility
Is the app accessible to people

with visual or hearing
impairment?

X

Individual target area
Can the target range be set

manually? X X X X X X X

Individual carbohydrate units (e.g., bread units, carbohydrate units/g)
Can the unit of carbohydrates be

individually adjusted? X X X X X

Management of multiple profiles with one account
Can one account manage multiple

blood glucose profiles? X

Follower function
Can data be shared with family

and friends as “followers”? X

CGM continuous glucose monitoring; UI user interface; UX user experience.

3.3. Functions of the Apps Relevant to Pharmaceutical Care

The functions of diabetes digital apps supporting pharmacists in the pharmaceutical
care process were evaluated for all ten selected apps (Table 2). Concerning the 16 criteria
relevant to pharmaceutical care, Diabetes:M and mySugr met the most criteria, with each
meeting a total of 11 criteria; Contour™ Diabetes, Dario Health, and OneTouch Reveal®

each met ten criteria; DiabetesConnect and ESYSTA both met nine criteria; Glucose Buddy
and meala met eight and seven criteria, respectively, and lumind met only three criteria.

3.3.1. Medication Management

The Diabetes:M, mySugr, and OneTouch Reveal® apps include insulin bolus calcula-
tors to modify insulin doses according to individual needs (Table 2). The Insulin Mentor
bolus calculator in the OneTouch Reveal® app assists in calculating insulin bolus doses by
considering multiple factors such as active insulin, blood glucose values, and carbohydrate
intake. Similarly, the mySugr bolus calculator tool uses automatic algorithms and has been
tested in clinical studies [48,49]. The Diabetes:M app bolus calculator provides extended
bolus calculations by considering protein and fat intake in addition to carbohydrates.
Overall, nearly all the evaluated apps lacked criteria relevant to medication management.
None of the evaluated apps included drug information, drug interaction checking, or drug
selection according to the latest guidelines (Table 2). Only DiabetesConnect allowed for
drug selection from a list of standard medications rather than from the latest guidelines.

3.3.2. Adherence and Non-Pharmacological Management

Overall, criteria that can support pharmacists in motivating patients for medication
adherence and non-pharmacological management were met in most of the ten evaluated
apps. All of the apps (except ESYSTA) included a reminder or alert function (Table 2)
which reminded users about administering insulin, measuring blood glucose levels, doctor
appointments, taking medications, or other essential tasks as set by the users. The reminders
were in the form of text notifications or alarms or both. In addition, 80% of the apps could
warn and alert users about hypo- or hyperglycemic events with either a color scheme (color
codes indicating low, normal, and high blood glucose levels) or light (lumind). Most of
the evaluated apps also included a food function (90%), a sports/activity function (80%),
and/or the ability to add personal notes (90%).

3.3.3. Interoperability and Interaction/Communication

Half of the ten evaluated apps, namely, ESYSTA, mySugr, Contour™ Diabetes, meala,
and Dario Health possessed the ability to allow communication between patients and
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HCPs within the app (Table 2). The majority of apps (except lumind) allowed patient data
to be exported to and shared with HCPs in various formats (PDF, CSV, etc.), and through
various online platforms (e.g., email, WhatsApp). The OneTouch Reveal® app allowed the
exchange of information through the short message service (SMS) option.

Ninety percent of the evaluated apps (all but DiabetesConnect) provided the option to
connect to other devices, such as blood glucose measuring devices, insulin pens, pumps,
etc. (Table 2). However, the Dario Health and OneTouch Reveal® apps only allowed
connections with their related devices. Diabetes:M was the only app that included a smart
watch compatibility. Most (80%) apps provided the option of synchronization with other
apps or operating systems, and 90% could store and display all patient data graphically
and statistically. Some apps (ESYSTA, Diabetes:M, DiabetesConnect, and Glucose Buddy)
also allowed automatic data synchronization with an online web portal.

Although the functions promoting interoperability and exchange with HCPs were
present in most apps, no app provided direct communication between patients and phar-
macists (Table 2) or explicitly mentioned pharmacists as diabetes care providers.

3.4. General Characteristic of the Apps

The general characteristics of the evaluated diabetes apps are presented in Table 3. All
the apps were developed for both Android and iOS platforms. Most (80%) of the apps fell
into the medical category, with only lumind and meala falling into the health and fitness
category. Important aspects of data protection and privacy policy were included in all the
apps. Most of the apps (60%) contained the CE mark, which gives market authorization to
the product throughout Europe.

Four of the evaluated apps (Contour™ Diabetes, lumind, meala, and OneTouch
Reveal®) were cost-free. The remaining apps offered a trial version or free-of-cost access
in the form of a basic version, with premium versions being associated with a variety of
prices. As of March 2022, only the ESYSTA and mySugr apps could be reimbursed by the
statutory health insurance in the German healthcare system. Advertising was not present
in premium (paid) versions of any of the apps.

Studies providing evidence on app effectiveness and other patient-reported out-
comes were found for mySugr [50,51], Glucose Buddy [51,52], Diabetes:M [53], OneTouch
Reveal® [54], ESYSTA [55], Dario Health [56], and Contour™ Diabetes [57].

All the apps, except meala, could be accessed offline. Registration or login was
required for accessing most of the apps; Diabetes:M could be used without logging in
but with limited functionality, whereas lumind and meala could be used with their full
functionality without the need to log in. Only Glucose Buddy could be logged into with an
existing account (e.g., Facebook, Google, etc.).

3.5. Patients’ Preferences and Other Special Functions

The availability of patients’ preferences for active engagement with the ten selected
diabetes apps were also evaluated (Table 4). These criteria included peer support (20% of
evaluated apps), swarm knowledge (10%), training and educational material (50%), analysis
of blood glucose values and therapy recommendations (80%), usability and appealing
design (70%), app accessibility in the case of visual and hearing impairments (10%), the
ability to set individual target ranges (70%) or carbohydrate units (50%), multiple-profile
management (10%), and the ability to share data with followers (10%).

The evaluated apps also included some unique functions of interest, including moti-
vation through gamification and challenges (mySugr), emergency contact functions (Con-
tour™ Diabetes and Dario Health), estimated HbA1C function (ESYSTA, mySugr, and
Dario Health), food databases (Diabetes:M and Glucose Buddy), personal diabetes coaching
(Dario Health, mySugr, and Glucose Buddy), and a smart assistant function (Diabetes:M).
Blood pressure, weight management, and other laboratory data could also be stored in some
apps in addition to diabetes-related data (Dario Health, Diabetes:M, and DiabetesConnect),
hence offering an option for the management of multiple chronic diseases.
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The two apps belonging to the health and fitness category (i.e., meala and lumind)
offered additional unique functions. In particular, the meala app had functions to recognize
meals and avoid mistakes when estimating carbohydrates, and the lumind Habitat app
retrieved data on blood glucose levels from compatible meters and converted them into
sounds, light, and colors, which is especially useful for patients with hearing aids and
visual impairment.

4. Discussion

Pharmacists have successfully initiated various pharmaceutical care programs for
patients with diabetes by implementing pharmacological and non-pharmacological inter-
ventions [29,58]. Their success has become even more critical in the post-pandemic era in
relation to lowering the risks of diabetes-related acute complications and subsequent hospi-
talizations [59]. As the use of diabetes apps may help pharmacists improve pharmaceutical
care and outcomes in diabetes patients, it is important that pharmacists are aware of the
functions of such apps when recommending their use.

The aim of this study was to provide information about the functions of diabetes
apps related to providing pharmaceutical care services to diabetes patients. To accomplish
this, in this study we evaluated the functions of selected diabetes apps based on criteria
relevant to pharmaceutical care, as well as criteria relevant to technological needs and the
preferences of patients. We also addressed the shortcomings of the apps to unfold the full
potential for patients’ interaction with HCPs, such as direct communication with HCPs
(i.e., pharmacists) and the lack of medication management functions, which is particularly
important for polypharmacy in patients with type 2 diabetes.

The first major question to be answered in this study was ‘What functions of diabetes
apps support the provision of pharmaceutical care?’ In order to answer this, the criteria
to evaluate such functions first needed to be developed. Based on the literature, a list of
essential criteria based on the important pharmaceutical care interventions for diabetes
management was compiled. These criteria were then tested and refined to include the 16
most relevant criteria from a pharmaceutical care perspective. Criteria for evaluating the
general characteristics and patient preferences for diabetes apps were also developed based
on the available literature and consultation with appropriate individuals. These novel
evaluation criteria were then used to evaluate the selected diabetes apps, and could be
used in future evaluations of diabetes apps and refined to evaluate the functions of digital
apps for other health conditions.

The second major question to be answered was ‘Which currently available diabetes
apps fulfil the criteria relevant to pharmaceutical care?’ The results of this study revealed
that most of the evaluated digital apps for diabetes patients could help provide pharmaceu-
tical care, as eight of the ten apps integrated >50% of the criteria related to pharmaceutical
care. The total scores ranged from 3 to 11 out of a maximum score of 16; 80% of the apps
had a score of ≥8, and only 20% of apps had a score of <8. The pharmaceutical care
functions that were lacking in these apps may be due to the current lack of involvement
of pharmacists (unlike other members of the multidisciplinary diabetes care team) in the
initial design of diabetes apps.

The pharmaceutical care criteria comprised three major categories, the first of which
was ‘medication management’. Medication logging and tracking functions were available
in some of the apps. However, medication management functions, particularly for patients
with type 2 diabetes, such as drug information, drug selection according to guidelines, and
checking for drug interactions, were not provided by any app. A 2019 study also reported
a general lack of medication management functions in diabetes apps [60]. Four of the ten
evaluated diabetes apps were integrated with a bolus insulin calculator, simplifying the
complex task of insulin dose calculation, a very useful function for patients prescribed
with insulin. However, they need to be carefully and cautiously employed, as mistakes
resulting from user errors and/or software errors can lead to serious consequences [61].
Moreover, the lack of important functions to validate insulin dose calculations could result
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in harmful dose recommendations [26] and adverse events [17]. Pharmacists can have an
important role in minimizing these potential errors by carefully considering all the user-
and app-related factors. ‘Adherence/non-pharmacological management’ was the second
major category of pharmaceutical care criteria. These were the most prevalent functions of
the selected diabetes apps. Of the ten evaluated digital apps, 60% met all five criteria in this
category. Ninety percent of the apps included a reminder/alert function, personal notes,
and/or food function. In addition, 80% of the apps had a warning function and a physical
activity logging function. Evidence suggests that app-based adherence interventions for
patients with diabetes have resulted in decreasing HbA1C levels by improving adherence
behaviors to medications, diet, and exercise [62].

The final major category of pharmaceutical care criteria was ‘interoperability/
communication’. Communication between patients and HCPs through mHealth apps
serves as an alternative to in-person clinical visits and face-to-face contact. Diabetes care
can benefit greatly from patient–provider contact facilitated by apps and web portals [63].
Clinical outcomes and medication adherence among diabetes patients have been reported
to be improved by pharmacist-led follow-up interventions that involved the simplest meth-
ods of telecommunication, such as telephone calls and text messages [30–32]. Although
half of the evaluated apps (ESYSTA, mySugr, Contour™ Diabetes, meala, and Dario Health)
allowed for communication with HCPs inside the app to ensure real-time support and
feedback for diabetic patients, none of the apps allowed for communication specifically
with pharmacists. Within-app communication is also important as regular follow-up of
patients by HCPs has been shown to help prevent long-term complications of diabetes [64].
High-frequency HCP feedback through diabetes apps resulted in a mean HbA1C reduc-
tion of 1.12% compared with less frequent feedback (0.33%) and no feedback (0.24%) in a
systematic review and meta-analysis of 21 randomized trials that evaluated the effect of
diabetes apps [10]. Similar findings have been reported by other studies focusing on the
effect of real-time HCP support and communication through mobile app interventions in
diabetes management [63,65].

The third and final question to be answered in this study was “What additional app
functions should pharmacists consider to satisfy the technological and health-related needs,
and preferences of diabetes patients?’ The general technological characteristics of the
evaluated diabetes apps were assessed descriptively to ensure an understanding of their
usability, regulatory requisites, cost, reimbursement, and outcomes as published in studies
in the scientific literature. It is also important for pharmacists to review these aspects before
recommending apps to their patients. Most of the apps belonged to the medical category
and contained a CE mark, which means that they met the standards set by the Medical
Device Regulation policy standards [27]. However, the presence of a CE mark does not
mean that the app has been tested for accuracy and clinical outcomes [66]. Disclosures
of privacy policies and data protection policies were present in all apps. Only four of
the apps were free to use; however, nearly all other apps offered a test or trial version.
Reimbursement through statutory health insurance was only possible for the ESYSTA and
mySugr apps at the time of evaluation.

Studies in the scientific literature were found for 70% of the apps, with a range
of beneficial study outcomes. Two broader categories of study outcomes were clinical
outcomes (e.g., impact on HbA1C, glycemic variability, etc.) and self-reported outcomes
(e.g., self-care, quality of life, patient empowerment, satisfaction, engagement, etc.). A
study by Drincic et al. reported similar findings regarding safety and efficacy outcomes for
diabetes apps based on the published literature [67].

Patients’ preferences for certain functions are very important in order to foster their
long-term and consistent engagement with diabetes apps [44] and, in turn, guide HCPs
to recommend suitable apps [28]. We believed it was important to evaluate diabetes
apps according to patients’ perspectives, since the insufficient assessment of end-users’
expectations has been related to a low level of app adoption and use [44]. In addition to
the most used and preferred functions of blood glucose tracking, carbohydrate/calorie
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counting, and physical activity tracking [45,68], the present study also included more
sophisticated functions. Training and educational material, analysis of blood glucose
values and therapy recommendations, usability and appealing design, individual target
range settings, and individual carbohydrate unit functions were available in most of the
assessed apps. However, the ability to share data with followers, access to peer support
and swarm knowledge, multiple profile management, and app accessibility in the case of
visual and hearing impairments were found in very few diabetes apps.

In the context of “apps on prescription” (DiGA), pharmacists in Germany are often
confronted by patients with questions about mHealth apps and their effectiveness. There-
fore, this review of app functionality could help practicing pharmacists to become familiar
with the essential aspects of apps and to become aware of the need to educate and counsel
their patients about practical app usage during patient encounters. Although the focus of
this study was diabetes apps, the findings from this study can be applied to evaluate the
pharmaceutical-care-related functions of other disease-specific apps.

The study has several limitations. The general characteristics of the diabetes apps
were evaluated only on a descriptive level, as a more detailed assessment was outside
the scope of this study. Once each assessor had independently evaluated the various app
criteria, the assessors met to double-check, compare, and discuss their results and resolve
any discrepancies in their evaluations via a consensus. The inter-rater variability among
all four authors was not determined and therefore the lack of statistical analyses of the
inter-rater reliability of the assessors is a potential limitation of the study. In addition,
some of the personal preference criteria were vague and subjective, i.e., the criteria ‘Is
the app easy to understand and is the UI/UX design appealing?’, and the results may
have been influenced by the experience and knowledge of the diabetes patient who
was also an app developer and assessor. It may have been more appropriate to have
this criterion evaluated by other diabetes patients rather than by individuals who were
familiar with such apps. Furthermore, this review is limited by the selection of only
ten diabetes apps for evaluation, which could limit the generalizability of our findings.
Moreover, only one diabetes patient was involved in the evaluation process; however,
this individual had profound knowledge and experience in designing and developing
apps. Finally, app functions are continuously updated, and there is a possibility that
many of the apps will have been upgraded with new functions by the time the results of
this study are available.

5. Conclusions

Our evaluation showed that diabetes apps were equipped with the necessary func-
tions to support pharmacists and other HCPs in providing pharmaceutical care services
to patients with diabetes. Nonetheless, improvement in their functions is needed as
they often lacked medication management functions. Furthermore, the careful super-
vision of diabetes self-management through apps is necessary in order to amplify app
effectiveness, increase app adherence, and mitigate the risks associated with improper
use. On the other hand, the provision of app-integrated pharmaceutical care could
provide an unprecedented opportunity for pharmacists to develop active interactions
with their patients through remote monitoring and intervention, which is currently not
possible. The evaluation of digital diabetes apps shows that apps can be powerful tools
for pharmaceutical care; however, they are still broadly underutilized by pharmacists.
Hence, diabetes app providers should recognize pharmacists’ expertise and specifically
include them alongside other clinicians in customized versions of diabetes apps. In
addition, a direct exchange through the app between patients and pharmacists (i.e., a
chat function) would further enhance the pharmaceutical care process and help improve
diabetes outcomes.



Int. J. Environ. Res. Public Health 2023, 20, 64 13 of 16

Author Contributions: Conceptualization, E.O. and S.L.; methodology, E.O., S.L., B.A.S., A.D., S.S.,
S.K. and S.L.; validation E.O., S.L., B.A.S., A.D. and S.S.; formal analyses E.O., S.L., B.A.S., A.D. and
S.S.; resources, E.O. and S.L.; data curation, E.O., S.L., B.A.S., A.D., S.S. and S.K.; writing—original
draft preparation, E.O. and B.A.S.; writing—review and editing, E.O., B.A.S. and S.L.; visualization,
E.O. and B.A.S.; supervision, E.O. and S.L. All authors have read and agreed to the published version
of the manuscript.

Funding: This research was funded by ROTTENDORF STIFTUNG (HHU Project-number: A020412003),
Ostenfelder Str. 51–61; 59306 Ennigerloh, Germany.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: The authors thank the Rottendorf Stiftung; the National University Singapore,
Department of Pharmacy and Katherine A. Lyseng-Williamson for editing and critically reviewing
the manuscript. The research work of BAS was supported by a scholarship from Higher Educa-
tion Commission (HEC), Pakistan in collaboration with the German Academic Exchange Program
(DAAD), Germany.

Conflicts of Interest: S.K. works as Project and Communication Manager for meala GmbH, and
meala was one of the apps evaluated in this work. The funder (Rottendorf Stiftung Germany) had no
role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of
the manuscript; or in the decision to publish the results.

References
1. Digital Health Trends 2021: Innovation, Evidence, Regulation, and Adoption. Available online: https://www.iqvia.com/insights/

the-iqvia-institute/reports/digital-health-trends-2021 (accessed on 22 June 2022).
2. Wangler, J.; Jansky, M. The use of health apps in primary care-results from a survey amongst general practitioners in Germany.

Wien Med. Wochenschr. 2021, 171, 148–156. [CrossRef] [PubMed]
3. Byambasuren, O.; Beller, E.; Glasziou, P. Current Knowledge and Adoption of Mobile Health Apps Among Australian General

Practitioners: Survey Study. JMIR Mhealth Uhealth 2019, 7, e13199. [CrossRef] [PubMed]
4. Fleming, G.A.; Petrie, J.R.; Bergenstal, R.M.; Holl, R.W.; Peters, A.L.; Heinemann, L. Diabetes Digital App Technology: Benefits,

Challenges, and Recommendations. A Consensus Report by the European Association for the Study of Diabetes (EASD) and
the American Diabetes Association (ADA) Diabetes Technology Working Group. Diabetes Care 2020, 43, 250–260. [CrossRef]
[PubMed]

5. Legal Basis: Digital Health Care act (DVG) and the Digital Health Applications Ordinance (DiGAV). Available online: https:
//www.bfarm.de/EN/Medical-devices/Tasks/Digital-Health-Applications/_node.html (accessed on 6 June 2022).

6. DiGA Directory. Available online: https://www.diga-verzeichnis.de/ (accessed on 21 November 2022).
7. Sauermann, S.; Herzberg, J.; Burkert, S.; Habetha, S. DiGA—A Chance for the German Healthcare System. J. Eur. CME 2022,

11, 2014047. [CrossRef]
8. Dahlhausen, F.; Zinner, M.; Bieske, L.; Ehlers, J.P.; Boehme, P.; Fehring, L. There’s an app for that, but nobody’s using it: Insights on

improving patient access and adherence to digital therapeutics in Germany. Digit. Health 2022, 8, 20552076221104672. [CrossRef]
9. Gordon, W.J.; Landman, A.; Zhang, H.; Bates, D.W. Beyond validation: Getting health apps into clinical practice. NPJ Digit. Med.

2020, 3, 14. [CrossRef]
10. Hou, C.; Xu, Q.; Diao, S.; Hewitt, J.; Li, J.; Carter, B. Mobile phone applications and self-management of diabetes: A systematic

review with meta-analysis, meta-regression of 21 randomized trials and GRADE. Diabetes Obes. Metab. 2018, 20, 2009–2013.
[CrossRef]

11. Valliant, S.N.; Burbage, S.C.; Pathak, S.; Urick, B.Y. Pharmacists as accessible health care providers: Quantifying the opportunity.
J. Manag. Care Spec. Pharm. 2022, 28, 85–90. [CrossRef]

12. Kayyali, R.; Peletidi, A.; Ismail, M.; Hashim, Z.; Bandeira, P.; Bonnah, J. Awareness and Use of mHealth Apps: A Study from
England. Pharmacy 2017, 5, 33. [CrossRef]

13. Kosse, R.C.; Bouvy, M.L.; de Vries, T.W.; Kaptein, A.A.; Geers, H.C.; van Dijk, L.; Koster, E.S. mHealth intervention to support
asthma self-management in adolescents: The ADAPT study. Patient Prefer. Adherence 2017, 11, 571–577. [CrossRef]

14. mHealth—Use of Mobile Health Tools in Pharmacy Practice. Available online: https://www.fip.org/files/content/young-
pharmacists-group/ypg-activities/mHealth-Use-of-mobile-health-tools-in-pharmacy-practice.pdf (accessed on 23 June 2022).

15. Richter, J.G.; Chehab, G.; Stachwitz, P.; Hagen, J.; Larsen, D.; Knitza, J.; Schneider, M.; Voormann, A.; Specker, C. One year
of digital health applications (DiGA) in Germany—Rheumatologists’ perspectives. Front. Med. 2022, 9, 1000668. [CrossRef]
[PubMed]

https://www.iqvia.com/insights/the-iqvia-institute/reports/digital-health-trends-2021
https://www.iqvia.com/insights/the-iqvia-institute/reports/digital-health-trends-2021
http://doi.org/10.1007/s10354-021-00814-0
http://www.ncbi.nlm.nih.gov/pubmed/33570692
http://doi.org/10.2196/13199
http://www.ncbi.nlm.nih.gov/pubmed/31199343
http://doi.org/10.2337/dci19-0062
http://www.ncbi.nlm.nih.gov/pubmed/31806649
https://www.bfarm.de/EN/Medical-devices/Tasks/Digital-Health-Applications/_node.html
https://www.bfarm.de/EN/Medical-devices/Tasks/Digital-Health-Applications/_node.html
https://www.diga-verzeichnis.de/
http://doi.org/10.1080/21614083.2021.2014047
http://doi.org/10.1177/20552076221104672
http://doi.org/10.1038/s41746-019-0212-z
http://doi.org/10.1111/dom.13307
http://doi.org/10.18553/jmcp.2022.28.1.85
http://doi.org/10.3390/pharmacy5020033
http://doi.org/10.2147/PPA.S124615
https://www.fip.org/files/content/young-pharmacists-group/ypg-activities/mHealth-Use-of-mobile-health-tools-in-pharmacy-practice.pdf
https://www.fip.org/files/content/young-pharmacists-group/ypg-activities/mHealth-Use-of-mobile-health-tools-in-pharmacy-practice.pdf
http://doi.org/10.3389/fmed.2022.1000668
http://www.ncbi.nlm.nih.gov/pubmed/36388899


Int. J. Environ. Res. Public Health 2023, 20, 64 14 of 16

16. Dahlhausen, F.; Zinner, M.; Bieske, L.; Ehlers, J.P.; Boehme, P.; Fehring, L. Physicians’ Attitudes Toward Prescribable mHealth
Apps and Implications for Adoption in Germany: Mixed Methods Study. JMIR Mhealth Uhealth 2021, 9, e33012. [CrossRef]
[PubMed]

17. Eng, D.S.; Lee, J.M. The promise and peril of mobile health applications for diabetes and endocrinology. Pediatr. Diabetes 2013,
14, 231–238. [CrossRef] [PubMed]

18. Hunt, C.W. Technology and diabetes self-management: An integrative review. World J. Diabetes 2015, 6, 225–233. [CrossRef]
19. Eberle, C.; Löhnert, M.; Stichling, S. Effectiveness of Disease-Specific mHealth Apps in Patients with Diabetes Mellitus: Scoping

Review. JMIR Mhealth Uhealth 2021, 9, e23477. [CrossRef] [PubMed]
20. Whitehead, L.; Seaton, P. The Effectiveness of Self-Management Mobile Phone and Tablet Apps in Long-term Condition

Management: A Systematic Review. J. Med. Internet Res. 2016, 18, e97. [CrossRef] [PubMed]
21. Bonoto, B.C.; de Araújo, V.E.; Godói, I.P.; de Lemos, L.L.; Godman, B.; Bennie, M.; Diniz, L.M.; Junior, A.A. Efficacy of Mobile

Apps to Support the Care of Patients with Diabetes Mellitus: A Systematic Review and Meta-Analysis of Randomized Controlled
Trials. JMIR Mhealth Uhealth 2017, 5, e4. [CrossRef]

22. Bhuyan, S.S.; Lu, N.; Chandak, A.; Kim, H.; Wyant, D.; Bhatt, J.; Kedia, S.; Chang, C.F. Use of Mobile Health Applications for
Health-Seeking Behavior Among US Adults. J. Med. Syst. 2016, 40, 153. [CrossRef]

23. Smahel, D.; Elavsky, S.; Machackova, H. Functions of mHealth applications: A user’s perspective. Health Inform. J. 2019,
25, 1065–1075. [CrossRef]

24. Doupis, J.; Festas, G.; Tsilivigos, C.; Efthymiou, V.; Kokkinos, A. Smartphone-Based Technology in Diabetes Management. Diabetes
Ther. 2020, 11, 607–619. [CrossRef]

25. Salari, R.; Niakan Kalhori, S.R.; Fatehi, F.; Ghazisaeedi, M.; Nazari, M. Determining minimum set of features for diabetes mobile
apps. J. Diabetes Metab. Disord. 2019, 18, 333–340. [CrossRef] [PubMed]

26. Ahn, D.T.; Stahl, R. Is There an App for That? The Pros and Cons of Diabetes Smartphone Apps and How to Integrate Them Into
Clinical Practice. Diabetes Spectr. 2019, 32, 231–236. [CrossRef] [PubMed]

27. Doyle-Delgado, K.; Chamberlain, J.J. Use of Diabetes-Related Applications and Digital Health Tools by People With Diabetes and
Their Health Care Providers. Clin. Diabetes 2020, 38, 449–461. [CrossRef] [PubMed]

28. Ristau, R.A.; Yang, J.; White, J.R. Evaluation and Evolution of Diabetes Mobile Applications: Key Factors for Health Care
Professionals Seeking to Guide Patients. Diabetes Spectr. 2013, 26, 211–215. [CrossRef]

29. Orabone, A.W.; Do, V.; Cohen, E. Pharmacist-Managed Diabetes Programs: Improving Treatment Adherence and Patient
Outcomes. Diabetes Metab. Syndr. Obes. 2022, 15, 1911–1923. [CrossRef] [PubMed]

30. Goruntla, N.; Mallela, V.; Nayakanti, D. Impact of Pharmacist-directed Counseling and Message Reminder Services on Medication
Adherence and Clinical Outcomes in Type 2 Diabetes Mellitus. J. Pharm. Bioallied. Sci. 2019, 11, 69–76. [CrossRef]

31. Shane-McWhorter, L.; McAdam-Marx, C.; Lenert, L.; Petersen, M.; Woolsey, S.; Coursey, J.M.; Whittaker, T.C.; Hyer, C.; LaMarche,
D.; Carroll, P.; et al. Pharmacist-provided diabetes management and education via a telemonitoring program. J. Am. Pharm. Assoc.
2015, 55, 516–526. [CrossRef]

32. Peasah, S.K.; Granitz, K.; Vu, M.; Jacob, B. Effectiveness of a Student Pharmacist-Led Telephone Follow-Up Intervention to
Improve Hemoglobin A(1C) in Diabetic Patients. J. Pharm. Pract. 2020, 33, 832–837. [CrossRef]

33. Jimenez, G.; Lum, E.; Car, J. Examining Diabetes Management Apps Recommended From a Google Search: Content Analysis.
JMIR Mhealth Uhealth 2019, 7, e11848. [CrossRef]

34. Chomutare, T.; Fernandez-Luque, L.; Arsand, E.; Hartvigsen, G. Features of mobile diabetes applications: Review of the literature
and analysis of current applications compared against evidence-based guidelines. J. Med. Internet Res. 2011, 13, e65. [CrossRef]

35. Tran, J.; Tran, R.; White, J.R., Jr. Smartphone-Based Glucose Monitors and Applications in the Management of Diabetes: An
Overview of 10 Salient “Apps” and a Novel Smartphone-Connected Blood Glucose Monitor. Clin. Diabetes 2012, 30, 173–178.
[CrossRef]

36. Gandapur, Y.; Kianoush, S.; Kelli, H.M.; Misra, S.; Urrea, B.; Blaha, M.J.; Graham, G.; Marvel, F.A.; Martin, S.S. The role of mHealth
for improving medication adherence in patients with cardiovascular disease: A systematic review. Eur. Heart J. Qual. Care Clin.
Outcomes 2016, 2, 237–244. [CrossRef] [PubMed]

37. Milne-Ives, M.; Lam, C.; De Cock, C.; Van Velthoven, M.H.; Meinert, E. Mobile Apps for Health Behavior Change in Physical
Activity, Diet, Drug and Alcohol Use, and Mental Health: Systematic Review. JMIR Mhealth Uhealth 2020, 8, e17046. [CrossRef]

38. Backes, C.; Moyano, C.; Rimaud, C.; Bienvenu, C.; Schneider, M.P. Digital Medication Adherence Support: Could Healthcare
Providers Recommend Mobile Health Apps? Front. Med. Technol. 2020, 2, 616242. [CrossRef]

39. Bingham, J.M.; Black, M.; Anderson, E.J.; Li, Y.; Toselli, N.; Fox, S.; Martin, J.R.; Axon, D.R.; Silva-Almodóvar, A. Impact of
Telehealth Interventions on Medication Adherence for Patients with Type 2 Diabetes, Hypertension, and/or Dyslipidemia: A
Systematic Review. Ann. Pharmacother. 2021, 55, 637–649. [CrossRef]

40. Markossian, T.W.; Boyda, J.; Taylor, J.; Etingen, B.; Modave, F.; Price, R.; Kramer, H.J. A Mobile App to Support Self-management
of Chronic Kidney Disease: Development Study. JMIR Hum. Factors 2021, 8, e29197. [CrossRef]

41. McCartney, E.; Bacci, J.L.; Ossman, K.L.; Richardson, R.M.; DelPizzo, D.; DeJames, J.; McGivney, M.S. Mobile application features
sought after by patients of a regional grocery store chain pharmacy. J. Am. Pharm. Assoc. 2016, 56, 62–66.e1. [CrossRef]

42. Obarcanin, E.; Ali-Sherazi, B.; Dabidian, A.; Schlottau, S.; Deters, M.A.; Läer, S. Introducing m-Health and Digital Diabetes Apps
in Clinical Pharmacy Education in Germany. J. Diabetes Clin. Res. 2022, 4, 17–19.

http://doi.org/10.2196/33012
http://www.ncbi.nlm.nih.gov/pubmed/34817385
http://doi.org/10.1111/pedi.12034
http://www.ncbi.nlm.nih.gov/pubmed/23627878
http://doi.org/10.4239/wjd.v6.i2.225
http://doi.org/10.2196/23477
http://www.ncbi.nlm.nih.gov/pubmed/33587045
http://doi.org/10.2196/jmir.4883
http://www.ncbi.nlm.nih.gov/pubmed/27185295
http://doi.org/10.2196/mhealth.6309
http://doi.org/10.1007/s10916-016-0492-7
http://doi.org/10.1177/1460458217740725
http://doi.org/10.1007/s13300-020-00768-3
http://doi.org/10.1007/s40200-019-00417-y
http://www.ncbi.nlm.nih.gov/pubmed/31890658
http://doi.org/10.2337/ds18-0101
http://www.ncbi.nlm.nih.gov/pubmed/31462879
http://doi.org/10.2337/cd20-0046
http://www.ncbi.nlm.nih.gov/pubmed/33384470
http://doi.org/10.2337/diaspect.26.4.211
http://doi.org/10.2147/DMSO.S342936
http://www.ncbi.nlm.nih.gov/pubmed/35757195
http://doi.org/10.4103/JPBS.JPBS_211_18
http://doi.org/10.1331/JAPhA.2015.14285
http://doi.org/10.1177/0897190019857409
http://doi.org/10.2196/11848
http://doi.org/10.2196/jmir.1874
http://doi.org/10.2337/diaclin.30.4.173
http://doi.org/10.1093/ehjqcco/qcw018
http://www.ncbi.nlm.nih.gov/pubmed/29474713
http://doi.org/10.2196/17046
http://doi.org/10.3389/fmedt.2020.616242
http://doi.org/10.1177/1060028020950726
http://doi.org/10.2196/29197
http://doi.org/10.1016/j.japh.2015.11.007


Int. J. Environ. Res. Public Health 2023, 20, 64 15 of 16

43. Izahar, S.; Lean, Q.Y.; Hameed, M.A.; Murugiah, M.K.; Patel, R.P.; Al-Worafi, Y.M.; Wong, T.W.; Ming, L.C. Content Analysis of
Mobile Health Applications on Diabetes Mellitus. Front. Endocrinol. 2017, 8, 318. [CrossRef]

44. Adu, M.D.; Malabu, U.H.; Malau-Aduli, A.E.O.; Malau-Aduli, B.S. Users’ preferences and design recommendations to promote
engagements with mobile apps for diabetes self-management: Multi-national perspectives. PLoS ONE 2018, 13, e0208942.
[CrossRef]

45. Lithgow, K.; Edwards, A.; Rabi, D. Smartphone App Use for Diabetes Management: Evaluating Patient Perspectives. JMIR
Diabetes 2017, 2, e2. [CrossRef] [PubMed]

46. Kebede, M.M.; Pischke, C.R. Popular Diabetes Apps and the Impact of Diabetes App Use on Self-Care Behaviour: A Survey
Among the Digital Community of Persons with Diabetes on Social Media. Front. Endocrinol. 2019, 10, 135. [CrossRef] [PubMed]

47. DiaDigital. Available online: https://www.diabetesde.org/diadigital (accessed on 23 January 2022).
48. Secher, A.L.; Pedersen-Bjergaard, U.; Svendsen, O.L.; Gade-Rasmussen, B.; Almdal, T.; Raimond, L.; Vistisen, D.; Nørgaard, K.

Flash glucose monitoring and automated bolus calculation in type 1 diabetes treated with multiple daily insulin injections: A
26 week randomised, controlled, multicentre trial. Diabetologia 2021, 64, 2713–2724. [CrossRef] [PubMed]

49. Ehrmann, D.; Eichinger, V.; Vesper, I.; Kober, J.; Kraus, M.; Schäfer, V.; Hermanns, N.; Kulzer, B.; Silbermann, S. Health care effects
and medical benefits of a smartphone-based diabetes self-management application: Study protocol for a randomized controlled
trial. Trials 2022, 23, 282. [CrossRef] [PubMed]

50. Debong, F.; Mayer, H.; Kober, J. Real-World Assessments of mySugr Mobile Health App. Diabetes Technol. Ther. 2019, 21, S235–S240.
[CrossRef]

51. Maharaj, A.; Lim, D.; Murphy, R.; Serlachius, A. Comparing Two Commercially Available Diabetes Apps to Explore Challenges in
User Engagement: Randomized Controlled Feasibility Study. JMIR Form. Res. 2021, 5, e25151. [CrossRef]

52. Kirwan, M.; Vandelanotte, C.; Fenning, A.; Duncan, M.J. Diabetes self-management smartphone application for adults with type
1 diabetes: Randomized controlled trial. J. Med. Internet Res. 2013, 15, e235. [CrossRef]

53. Korbut, A.I.; Myakina, N.; Bulumbaeva, D.M.; Fazullina, O.N.; Koroleva, E.A.; Klimontov, V.V. Reducing of Glycemic Variability
in Patients with Type 1 Diabetes by Automated Calculation of Bolus Insulin Doses using Mobile Devices. In Proceedings of the
2019 International Multi-Conference on Engineering, Computer and Information Sciences (SIBIRCON), Novosibirsk, Russia,
21–27 October 2019; pp. 372–375.

54. Grady, M.; Katz, L.B.; Cameron, H.; Levy, B.L. Diabetes App-Related Text Messages from Health Care Professionals in Conjunction
With a New Wireless Glucose Meter With a Color Range Indicator Improves Glycemic Control in Patients With Type 1 and Type 2
Diabetes: Randomized Controlled Trial. JMIR Diabetes 2017, 2, e19. [CrossRef]

55. Emperra® E-Health Technologies. Wissenschaftliche Auswertung des ESYSTA® S-T-A-R-T Projektes. Available online: www.
emperra.com/wp-content/uploads/2019/06/Whitepaper-START_RZ_web_2018.pdf (accessed on 23 June 2022).

56. Fundoiano-Hershcovitz, Y.; Feniger, E.; Dar, S.; Ritholz, M.; Schorr, A.B.; Goldstein, P. Digital Therapeutics for Type 2 Diabetes:
Incorporating Coaching Support and Validating Digital Monitoring. J. Diabetes Sci. Technol. 2021, 15, 1188–1189. [CrossRef]

57. Fernandez-Garcia, D.; Aguilera, E.; Arranz Martin, J.A.; Gonzalez, B.; Jauregui, B.G.; Menendez-Torre, E.; Reyes-Garcia, R.;
Gonzalez, A.S.; Tejera, C.; Torrecillas, B.F.; et al. 71-LB: Contour Next One Used with the Smartphone Application Contour
Diabetes App Improved Self-Management and Adherence without Reducing Quality of Life in Patients with Diabetes. Diabetes
2020, 69, 71. [CrossRef]

58. Council of Europe. Resolution CM/Res (2020) 3 on the Implementation of Pharmaceutical Care for the Benefit of Patients and
Health Services. Available online: https://rm.coe.int/09000016809cdf26 (accessed on 23 June 2020).

59. Elnaem, M.H.; Cheema, E. Caring for patients with diabetes during COVID-19 pandemic: Important considerations for pharma-
cists. Res. Soc. Adm. Pharm. 2021, 17, 1938–1941. [CrossRef] [PubMed]

60. Huang, Z.; Lum, E.; Jimenez, G.; Semwal, M.; Sloot, P.; Car, J. Medication management support in diabetes: A systematic
assessment of diabetes self-management apps. BMC Med. 2019, 17, 127. [CrossRef] [PubMed]

61. Hirsch, I.B.; Parkin, C.G. Unknown Safety and Efficacy of Smartphone Bolus Calculator Apps Puts Patients at Risk for Severe
Adverse Outcomes. J. Diabetes Sci. Technol. 2016, 10, 977–980. [CrossRef] [PubMed]

62. Joshi, R.; Joshi, D.; Cheriyath, P. Improving adherence and outcomes in diabetic patients. Patient Prefer. Adherence 2017, 11, 271–275.
[CrossRef]

63. Quinn, C.C.; Shardell, M.D.; Terrin, M.L.; Barr, E.A.; Ballew, S.H.; Gruber-Baldini, A.L. Cluster-randomized trial of a mobile
phone personalized behavioral intervention for blood glucose control. Diabetes Care 2011, 34, 1934–1942. [CrossRef]

64. Baynest, H.W. Classification, Pathophysiology, Diagnosis and Management of Diabetes Mellitus. J. Diabetes Metab. 2015, 6, 1–9.
[CrossRef]

65. Lee, E.Y.; Cha, S.A.; Yun, J.S.; Lim, S.Y.; Lee, J.H.; Ahn, Y.B.; Yoon, K.H.; Hyun, M.K.; Ko, S.H. Efficacy of Personalized Diabetes
Self-care Using an Electronic Medical Record-Integrated Mobile App in Patients with Type 2 Diabetes: 6-Month Randomized
Controlled Trial. J. Med. Internet Res. 2022, 24, e37430. [CrossRef]

66. Mortara, A.; Vaira, L.; Palmieri, V.; Iacoviello, M.; Battistoni, I.; Iacovoni, A.; Macera, F.; Pasqualucci, D.; Bochicchio, M.; De Maria,
R. Would You Prescribe Mobile Health Apps for Heart Failure Self-care? An Integrated Review of Commercially Available Mobile
Technology for Heart Failure Patients. Card Fail. Rev. 2020, 6, e13. [CrossRef]

http://doi.org/10.3389/fendo.2017.00318
http://doi.org/10.1371/journal.pone.0208942
http://doi.org/10.2196/diabetes.6643
http://www.ncbi.nlm.nih.gov/pubmed/30291051
http://doi.org/10.3389/fendo.2019.00135
http://www.ncbi.nlm.nih.gov/pubmed/30881349
https://www.diabetesde.org/diadigital
http://doi.org/10.1007/s00125-021-05555-8
http://www.ncbi.nlm.nih.gov/pubmed/34495375
http://doi.org/10.1186/s13063-022-06248-2
http://www.ncbi.nlm.nih.gov/pubmed/35410241
http://doi.org/10.1089/dia.2019.0019
http://doi.org/10.2196/25151
http://doi.org/10.2196/jmir.2588
http://doi.org/10.2196/diabetes.7454
www.emperra.com/wp-content/uploads/2019/06/Whitepaper-START_RZ_web_2018.pdf
www.emperra.com/wp-content/uploads/2019/06/Whitepaper-START_RZ_web_2018.pdf
http://doi.org/10.1177/19322968211017901
http://doi.org/10.2337/db20-71-LB
https://rm.coe.int/09000016809cdf26
http://doi.org/10.1016/j.sapharm.2020.05.030
http://www.ncbi.nlm.nih.gov/pubmed/32507575
http://doi.org/10.1186/s12916-019-1362-1
http://www.ncbi.nlm.nih.gov/pubmed/31311573
http://doi.org/10.1177/1932296815626457
http://www.ncbi.nlm.nih.gov/pubmed/26798082
http://doi.org/10.2147/PPA.S122490
http://doi.org/10.2337/dc11-0366
http://doi.org/10.4172/2155-6156.1000541
http://doi.org/10.2196/37430
http://doi.org/10.15420/cfr.2019.11


Int. J. Environ. Res. Public Health 2023, 20, 64 16 of 16

67. Drincic, A.; Prahalad, P.; Greenwood, D.; Klonoff, D.C. Evidence-based Mobile Medical Applications in Diabetes. Endocrinol.
Metab. Clin. N. Am. 2016, 45, 943–965. [CrossRef]

68. Rafiullah, M.; David, S.K. Health apps usage and preferences among Saudi patients with diabetes: A survey. Int. J. Clin. Pract.
2019, 73, e13345. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.ecl.2016.06.001
http://doi.org/10.1111/ijcp.13345

	Introduction 
	Methods 
	Developing the App Evaluation Criteria 
	Criteria Relevant to Pharmaceutical Care 
	General Characteristic Criteria 
	Patient Preference Criteria 

	Selecting the Diabetes Apps to Be Evaluated 
	Procedure for Evaluating the Apps Using the Criteria 
	Criteria Relevant to Pharmaceutical Care 
	General Characteristic Criteria 
	Patient Preference Criteria 


	Results 
	App Evaluation Criteria 
	Selected Diabetes Apps 
	Functions of the Apps Relevant to Pharmaceutical Care 
	Medication Management 
	Adherence and Non-Pharmacological Management 
	Interoperability and Interaction/Communication 

	General Characteristic of the Apps 
	Patients’ Preferences and Other Special Functions 

	Discussion 
	Conclusions 
	References

