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Abstract

Background Multiple mhealth (mobile health) interventions and mobile applications have been developed to support diabetes
self-management. However, most of the apps are developed without the need for assessment and evaluation by experts in the
field. This study aimed to design and develop a mobile application (app) supporting diabetes self-management for people
with Type 2 Diabetes Mellitus (T2D) using a systematic approach.

Methods In this study mixed method design was used to develop the mobile application. The mhealth intervention was
designed and developed in five steps: i) Extensive literature search, ii) Needs assessment of patients with T2D with the help
of healthcare providers and patients (Interviews with 15 healthcare providers like clinicians, dietitians, and diabetes educa-
tors, and 2 focus group discussions with patients) iii) Ideation and content development of app based on outcomes of needs
assessment; iv) content validation (by 10 healthcare providers) and v) App development on a hybrid platform. Evaluation
of the app by users i.e., type 2 diabetes patients was done using the users' Mobile App rating scale (uMARS). The app was
evaluated by 40 patients and rated on the uMARS questionnaire.

Results A patient-centric mobile app was developed for the nutritional management of diabetes with three modules: The
patient module, the Evaluation module, and the Healthcare provider module. The patient module was the app that was pro-
vided to the patients with features like diet, physical activity, blood glucose log, education, etc., in addition to, a symptom
checker, Stress meter blog, and FAQ. The evaluation module was integrated with the app it works when a user enters any log,
it evaluates the entry against the standard cutoffs and flash prompts on the screen. The Healthcare provider module interacts
with the server to provide them with patient data, comments, and feedback.

Conclusions The users found the app to be satisfactory. Incorporating additional features to enhance the user interface and
streamline navigation could potentially enhance user engagement, thereby aiding in the management of T2D.
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ing critical levels. Presently, over half a billion people are
grappling with diabetes on a global scale. Diabetes is one
of the largest health emergencies of the twenty-first cen-
tury with a worldwide prevalence of 422 million [1]. It is
predicted by International Diabetes Federation (IDF) that
this number will reach 642 million by 2040, i.e. one in
every ten adults. The largest increase is taking place in
regions where economies are moving from low- to middle-
income levels. About 75% of people with diabetes live in
low- and middle-income countries (LMIC) [2]. In India,
an estimated 8.7% of the population between 20-70 years
of age are diabetic [3].
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Mobile health technologies can provide a very important
opportunity for alleviating the massive healthcare challenges
and economic burden associated with diabetes and its long-
term complications. Nowadays, a large number of people
access the mobile phone. The number of mobile phone users
is increased to over 3 billion (and rapidly rising) in recent
times [4]. The individual patient plays the central participa-
tory role in their diabetes self-management and care process.
Through their smart mobile phone apps, the reach of health-
care services could be increased massively. Although mobile
health (mHealth) may not be a substitute for professional
health care, it could play a very significant role in diabetes
management. mHealth services are empowering individuals
with information related to primary, secondary, and tertiary
prevention so that they might be able to make knowledgeable
decisions about their lifestyle and behaviors [5].

Mobile applications have been effectively used to provide
support for self-management by promoting healthy lifestyle
changes and fostering medication adherence [6—8]. Nev-
ertheless, limited user engagement with these apps could
prevent users from fully experiencing their benefits [9, 10]
Involving users in the design process may lead to increased
empowerment and engagement, thereby aiding mobile
health (mHealth) apps in effectively supporting patients with
T2D [8, 11]. In a recent study, it was highlighted that when
developing an app for diabetes, attention should be given to
three primary areas of focus: application design (including
architecture), UI design, and the assessment of trust factors
in the application. These trust factors encompass functional-
ity, ease of use, usefulness, security, privacy, and cost [12].

Novel apps stressed on increasing the usability of the app
to increase its effectiveness [8, 13]. Therefore developing a
mobile app which can enhace user engagement is the need
of the hour.

The aim of this study was to employ a systematic
approach in creating a mobile application to support self-
management for individuals with diabetes, and to assess the
usability and efficacy of this intervention.

Method

The study used the mixed method design. The app was
developed and tested from July 2018 to June 2019. The
design of the mhealth intervention was developed by a team
of researchers that included experts in the fields of nutrition
and clinical management of type 2 diabetes. The app was
developed in multiple steps based on evidence-based clini-
cal guidelines. The steps involved in app development are
given in Fig. 1.

1. Needs assessment of patients and healthcare provid-
ers: Extensive literature search was conducted to gather
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Fig. 1 Steps in development of app design

existing data about types of apps, for the ideation of the
app to generate secondary data. For primary data gen-
eration interviews with 15, healthcare providers were
conducted. Based on the outcomes of the need assess-
ment, suggestions provided by HCPs and patients and
a literature review of the basic features of the app were
outlined.The details of this step is published elsewhere
[14].

2. Ideation of App features: The outcomes of the needs
assessment of patients were assessed and related app
features were identified. Once the basic features were
identified, the content required for the app was listed
and was collected from evidence-based information and
national guidelines for Diabetes management.

3. Paper Prototyping of features and development of
Wireframes: After the development of the basic content
of the app paper prototype of the app was developed.
Paper prototyping also called the “sketching exercise” is
a quick and inexpensive method of generating concepts
and solutions. In this step, all the app ideas were listed
and sketched. All the screens were drawn and further
forward and backward data requirements were listed.
This helped in identifying the data source and standard
guidelines required. Diabetes management guidelines
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are given by ICMR, IDF, and WHO were utilized to
develop content relevant and covering all non-pharma-
cological aspects. Once the paper prototype was final-
ized wireframes of the features were developed to make
screen-by-screen visuals of the app. An App wireframe,
also called a page schematic, is a visual guide that rep-
resents the skeletal framework of an app. In short, wire-
frames are a two-dimensional representation of any
screen interface.

Content Validation and Feedback of Healthcare
Providers: The content of the app was validated with
the help of 10 HCPs. Experts in the field of Diabetes
management were invited to collect survey data using
the Content Validity Survey Tool. Expert reviewers had
relevant content knowledge and experience, disciplinary
diversity was maintained to provide useful balance by
engaging 3 medical practitioners in the field of diabetes
management, 3 Diabetes educators, and 4 Dietitians.
The features of the app were discussed with the review-
ers with the help of a PowerPoint presentation in which
every wireframe and background content used in the app
was given.

A tool developed by Kassam-Adams et al. 2015 was
used for content validation modifying it for Type 2 Dia-
betes intervention [15]. Content Validity Survey Tool is
a tool that uses a 5-point Likert-type scale (1-5), cover-
ing the following three parameters: (1) Relevance (the
extent to which this specific intervention activity is per-
tinent to the intended intervention target) with 1 defined
as “Irrelevant/Extraneous to this target” and 4 defined
as “Central/Key/Essential to this target”; (2) Effective-
ness (the likelihood that this specific activity will suc-
cessfully modify the intended intervention target), with
1 defined as “Not likely to be effective” and 5 defined as
“Very likely to be effective”; and (3) Appropriateness
for the intended audience, which considers the extent
to which the language, content, and nature of activities
were clear, easy to understand, and appropriate for Type
2 Diabetes Patients, with 1 defined as “Inappropriate”
and 5 defined as “Appropriate”.

The survey form included Powerpoint slides from
the App design to help expert reviewers to evaluate the
features and screens they were rating. The scale used in
this study was an open-access scale that permitted unre-
stricted use, till the original work was cited properly.
Identification and Selection of App Platform: Iden-
tification and selection of the app platform was a dif-
ficult process due to the presence of multiple operating
systems for mobile devices, though some of these have
marginal market share. To avoid the high cost associ-
ated with the Apple Operating System and limitations
in operations of the Android Operating System a novel
cross-platform Hybrid Web App platform was used.

From a user’s point of view, there is little difference
between a native app and a hybrid app. As long as the
device has a web browser, a hybrid app can run just
like a native app [16]. After the selection of the front-
end platform of the app as a hybrid app, the backend of
the app was developed using PHP as the programming
language, and word a press content management system
was used to host the app. Codes were developed and
the programs were written for every feature. In the end,
features were integrated and published in word press.

6. Testing and Retesting of the app: After the initial
development phase, the app underwent a rigorous and
multifaceted testing process to ensure its overall qual-
ity and reliability. Functionality testing was conducted
to confirm that all features and functions worked as
intended. Usability testing focused on evaluating the
app's user-friendliness, examining factors such as ease
of navigation and the intuitiveness of the user interface.

Interface testing delved into the details of design,
including backward and forward hyperlinking, the land-
ing page's effectiveness, and the validation of HTML
and CSS components. Compatibility testing ensured that
the app functioned seamlessly across various devices,
operating systems, and web browsers, providing a con-
sistent user experience. Performance testing assessed the
app's responsiveness, speed, and stability, particularly in
high-demand scenarios.

Security testing aimed to identify and rectify poten-
tial vulnerabilities, safeguarding user data and protect-
ing against unauthorized access. Furthermore, the app
was scrutinized for browser compatibility, its ability to
handle web load and stress, and its capacity to provide
informative and user-friendly error messages for inva-
lid entries. This comprehensive testing process aimed
to deliver a reliable and secure app with a user-friendly
interface, ensuring a smooth and consistent experience
for all users across different platforms and scenarios.

7. Development of Educational and reminder messages:
In addition to the mobile app educational and reminder
messages were developed to send to the patients. The
content of the messages was developed by utilizing the
results of interviews with healthcare providers and a lit-
erature search.

Evaluation of the app using the Users Mobile App
Rating Scale (uMARS)

Users Mobile App Rating Scale (uMARS) was developed by
Stoyanoy et al. (2016) to assess Health mobile apps. uMARS
is a 20 items scale that is divided into 5 subscales that assess
the app quality. The subscales are as follows a) engagement,
b) functionality, c) aesthetics, d) information quality, and e)
subjective quality.
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In the user’s evaluation of the app, 40 patients newly diag-
nosed with T2D (< 1 year of diagnosis) having an android
smartphone with the ability to handle multimedia mobile
apps were included. They were provided with the app for
3 months. At the end of three months, the app was rated by
the study subjects on the uMARS questionnaire.

Results

In the study Diabetes Sutra app was developed by combining
the results of secondary data (gathered by a thorough litera-
ture review utilizing online databases, extracting information
from government health websites, reviewing clinical trials,
and exploring research reports), need assessment, and sug-
gestions given by Type 2 Diabetes Patients and Healthcare
providers (Table 1).

Table 1 Results of need assessment and corresponding app feature

Content validation of the app The content of the app was
developed with the help of 10 experts in the field of diabetes
management. The content of each feature was validated for
relevance, effectiveness, and appropriateness. The result of
content validation is given in Table 2.

In all the features, experts gave a score to the content of
the app of more than 4 out of a maximum score of 5. All the
features of the app were approved. Suggestions provided by
experts were incorporated into the app.

Description of intervention features In the app, patients
were given the required information. They were motivated
to adhere to the app with the help of motivational messages
sent to them through the mobile app in the form of notifica-
tions and separate messages through messaging services.
Behavioral skills were monitored through a mobile app
with the help of features purposefully developed to increase
adherence.

Need identified during need assessment and catered in app

Corresponding feature of app

. About symptoms of hypoglycemia and hyperglycemia

. What to do with blood glucose values obtained after testing?

. Meaning of HbAlc

Regular monitoring of blood glucose

. Basic information about diabetes

. Information about dietary modifications

. Nutritional information of foods should be given

. Patient-healthcare provider communications should be increased

. Steps required for prevention of comorbidities
10. Information about the recommended Duration and type of Physical
activity

11. Patient education

Symptom checker and Log book

Log book

Log book

Log book and messages

Frequently Asked Question

Plate method is introduced and messages
Food nutrition section

Queries and feedback

Log book and Symptom checker
Physical activity and messages

Education modules given for dietary management (plate method),
Physical Activity, self-monitoring of blood glucose, stress

management
Blog
Table 2 chre .obtained in App feature Maximum  Relevance Effectiveness Appropriateness
content validation of app score Mean +SD Mean +SD Mean +SD
Log Book 5 4.8+0.3 4.7+04 4.8+0.3
Diet 5 4.6+0.5 45+0.5 47+04
Physical activity 5 47+04 4.7+04 4.7+0.6
Frequently asked question (FAQ) 5 48+0.4 4.6+0.3 4.7+0.7
Blog 5 4.7+04 4.6+0.5 4.6+0.5
Queries and feedback 5 4.8+0.3 47+0.4 4.8+0.3
Mood meter 5 45+1 4.6+0.7 44+1
Symptom checker 5 5+0 4.8+0.3 4.8+0.3
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Fig.2 Main menu of the app

Diabetes Sutra app consists of three modules:

Patient module: This is the application that is available
to the patient. It provides the following functionalities:

Patient Dashboard: The app comprises 8 main features
(Fig. 2):

Log Book

Diet

Physical Activity
FAQ

Blog

Queries and Feedback
Mood Meter
Symptom Checker

PN RN

Log Book: The first sub-module of the patient inter-
face was the Logbook. Diabetes patients need to moni-
tor their biochemical values. The app has the facil-
ity to enter and record blood glucose values, HbAlc,
lipid values, and blood pressure. In a recent study, it
was found that self-monitoring of blood glucose as
a standalone intervention does not have any signifi-
cant impact on blood glucose control [17]. However,
another study inferred that reason why patients did
not benefit from Self-Monitoring of Blood Glucose
was due to the lack of associated education needed to
derive meaningful and actionable information from the
blood glucose readings [18]. Hence, mere monitoring

and recording blood glucose values regularly do not
create any impact and it was essential to develop a
feature that can explain to the user the significance of
any value obtained and the action that is required when
obtaining that value. As a result of synthesis from a
literature search and suggestions from healthcare pro-
viders, the logbook feature was developed such that
the blood glucose readings captured were paired with
related lifestyle information to provide feedback and
help in individualized education.

Patient-recorded data was made available at the end
of the respective screen in the form of a table. Blood
glucose cut-offs given by ICMR (2018) were utilized
to develop the messages. For eg. in fasting blood glu-
cose three conditions were considered:

Condition 1: Normal values- 80—110 mg/dl:
Under this condition, the patient was congratu-
lated for achieving normal blood glucose values
and encouraged to follow a healthy lifestyle. A
link is provided in the message which directs the
user toward the screen explaining the meaning of
a healthy lifestyle. Patients were informed that
they can control their blood glucose levels by
Using a meal plan, being physically more active,
taking their medicines on time, and keeping track
of their blood glucose.

Condition II: When the user’s blood glucose
value was above 110 mg/dl it was considered
Hyperglycemia and 2 types of messages were
given for two ranges.

diabetessutra.com

N
Diabetes sutra }

12:40 @ A 8 T sl .

diabetessutra.com S

Symptom Checker
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Fig.3 Screens for hyperglyce-
mia with follow-up screen

The range I =(111- 125 mg/dl): In this mes-
sage flashes in the yellow box which informs the
patient that their blood glucose is higher than the
target range. Then they were requested to log their
blood glucose, diet, and physical activity entries
for the coming 7 days. A link was provided in the
message to inform them what may be the cause
of the increase in blood glucose value. The screen
appears as given in the Fig. 3.

On further clicks, screens appear giving patients
information about the Plate method for diet man-
agement with drop-down menus of the list of food
items recommended on the plate. Patients were also
provided information about recommended physical
activities along with their recommended duration
and tips to increase physical activity in their daily
routine in the office, at home, and in other places.

Range II = (> 125 mg/dl)- Blood glucose values
in this range were considered to be in the dan-
gerous range and users were informed that their
blood glucose is much higher than the target range
and they were suggested to consult their Health-
care team.

Condition 3 (Hypoglycemia): When Blood
Glucose falls below 80 mg/dl, three ranges were
taken:

Glucose Alert Value I (between 80-70 mg/dl):
in this condition a yellow box appears with the
message “Your Blood glucose is low, it’s time to
have a meal”.

Glucose Alert Value II (69—-54 mg/dl): This range
was considered clinically Hypoglycemia. In this
case, the user was cautioned about the condition
informing that their blood glucose is lower than
the target value causing hypoglycemia. They were
alerted that action is required as given in Fig. 4(a).
Severe Hypoglycemia (less than 54 mg/dl): In
this condition, the patient was asked to follow
15 g carbohydrate cycle as mentioned above and
given in Fig. 4(b) and was suggested to contact
their healthcare team immediately.

Similar messages flashed on entering Post Pran-
dial Blood Glucose values.

A similar log book was created for recording
HbA ¢, Blood Pressure, and Lipid profile. Auto-
mated messages specifying the meaning of the
parameter and recommendations were flashed.
Some other tests were suggested for a regular
checkup: Liver Function test, Kidney Function
test, and Eye Test were recommended. Similar to
the blood glucose log, the HbAlc log, lipid log,
and blood pressure log give information about the
significance of the value obtained.

In the Blood pressure log, pictorial information on
the appropriate time and posture to get the correct
blood pressure value is also provided.

Diet: The diet sub-module of the app contains
three main features: Diet log, Nutrition informa-
tion, and Plate method (Fig. 5). The description
of each feature is as follows:

Note: Ideal Value:

Diabetes sutra

12:49 @ A 8 ST S .

diabetessutra.com

Diabetes sutra

What can make your blood glucose rise?

« A meal or snack with more food or more

€arbohydrate than Usual [Cligiehere toknow

more aboutfoods]
+ Physical Inactivity [Click here to know more

about physicalactivity]

v Not enough diabetes medicine
' Side effects of other medicines
v Infection or otherillness

+ Changes in hormone levels, such as

during menstrual periods
« slress

+ Dehydration
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Fig.4 Screens at the event of
hypoglycemia and treatment of
hypoglycemia

12:56 &

Click here to know

A . 12:56 = A 8 ANt e

o diabetessutra.com

How to Treat Low Blood Sugar |

Qafeg /Ori =~
02.w 18 nute

)
Diabetes sutra

Diet Log

=

Plate Method

< > @ =

Fig. 5 First screen of the diet feature

Diet log: This feature helps the user to log food
by entering every food consumed in a day after
selecting it from the food database.

A database of more than 1000 foods was devel-
oped using a standard food database [19] and
the nutritional value of common restaurant foods
was given on their websites. Additionally, the
nutritional value of common snacks and packed
food like biscuits, etc. were also included.
Subjects could keep track of the nutritional
value of their daily food intake, by entering the
food consumed from the list of items provided
in the food database. For this, they need to
select the food from the drop-down menu (with
the facility of smart search), select meal type
(breakfast, lunch, etc.), meal time, and serving
size. It gives the calculated nutritional value of
each meal and at the end of the day, cumulative
nutritional values of foods consumed through-
out the day can be obtained.

A table appears at the end of the screen which
shows the nutrients taken in every meal and the
cumulative value of all nutrients consumed in
a day. With a date change, a new log appears
and the previous log appears at the bottom of
the screen in the form of a table. The nutrients
whose value appears are total calories, carbo-
hydrates, proteins, fat, iron, calcium, sodium,
vitamin B, and vitamin C. This functionality
can be accessed in the Diet section of the main
interface.

Nutrition Information: In this section, the
patient can check the nutritional value of the
individual item by selecting a food item from

@ Springer



716

Journal of Diabetes & Metabolic Disorders (2024) 23:709-720

@ Springer

the list of foods given in the food database. The
patient then selects the food item and serving
size, and the nutritional information of that
food appears in the form of the table at the bot-
tom of the screen.

Plate method: As a result of the need assess-
ment and literature review, it was observed
that patients find it difficult to follow a writ-
ten meal plan and often eat any food of their
choice without considering its nutritional
value. The reason for this behavior, as men-
tioned by patients and HCPs, was the lack of
choices provided to them while giving a meal
plan. To cater to this problem plate method was
introduced in the app to educate patients about
healthy foods and provide them with multiple
options for every meal.

In addition to the plate method, an exchange
list was also given in the app to educate
patients about healthy food choices. Tips for
making healthy food choices and the signifi-
cance of meal timings and portion sizes were
also explained to patients in the app.

Physical Activity Log and prompts: Under
this section patients can record their daily
physical activity duration. It gives the option to
enter the duration of both aerobic exercises like
walking, jogging, etc., and resistance exercises
like stretching, weight lifting, yoga, etc. Auto-
mated messages in response to entered value
of the duration of exercise flash on the screen.
Physical activity guidelines for Indians as rec-
ommended by Misra et al. 2012 were utilized
to develop this feature [20]. The guidelines
recommend 60 min of daily physical activity
including 15 min of resistance exercises. Physi-
cal Activity Guidelines: In this feature, physi-
cal activity guidelines were given. From the
result of the need assessment, it was inferred
that patients find it difficult to take out sepa-
rate time from their daily routine for physical
activity. To facilitate patients following physi-
cal activity guidelines, tips to increase physical
activity in their daily routine were provided.
Tips were provided to them to increase physical
activity at work, at home, and in other places.

FAQ: This feature was developed to answer
frequently asked questions by patients. Ques-
tions included were: what is diabetes, the
importance of diet, regular check-ups, com-
plications of diabetes, the role of family and
friends, etc. Answers to these questions were
developed utilizing evidence-based scientific

literature and national and international guide-
lines.

Blog: The blog was developed to post infor-
mational articles on diabetes management at
regular intervals. Articles on the topic of the
importance of dietary fiber in the diet, food
exchange list, glycemic index of foods, diabetes
screening, stress management, etc. were given.
Queries and Feedback: This section was cre-
ated to get any queries related to app use or life-
style management. Patients were also encour-
aged to give feedback to make the app better.
Mood meter: According to the suggestions of
healthcare providers, there is a requirement for
better mental stress management in patients
to manage their blood glucose values better.
Stress is considered a risk factor for diabetes
and its management is desirable in proper dia-
betes management [21]. A mood meter scale
was used to measure the stress level in the
patient. The scale was adapted from the Ottawa
mood Scale (2011) developed by Dr. Michael
Cheng [22]. In this scale, patients were asked
to rate their stress on a scale of 1-10 where 1
is extreme calmness and 10 is extreme stress.
Whenever the patient marks a stress level of
more than 5, they are redirected toward tips for
the management of stress, as recommended
by American Diabetes Association. The stress
score was recorded in the app creating a log
for stress.

Symptom checker: To educate patients and
make them aware of the co-morbidities asso-
ciated with Diabetes a section of symptom
checker was created. In this section through
pictorial depiction, symptoms of Hypergly-
cemia, Hypoglycemia, Hypertension, Dia-
betic Foot, Neuropathy, and Retinopathy were
shown. Based on the result of the quantita-
tive survey it was found that people have low
knowledge about the symptoms of Hypergly-
cemia and Hypoglycemia and their awareness
of Diabetes comorbidities was found to be less.
To cater to this low level of awareness, physical
symptoms of the aforementioned co-morbidi-
ties were included in the app.

Automated messages and Diabetes educa-
tion Modules: Automated messages were sent
to patients as notifications which appeared on
the screen as soon as the patient enters his/her
data. These messages contain precise informa-
tion about the condition and links which further
take them to comprehensive Diabetes education
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modules. The messages provide any informa-
tion only when any value is entered thus mak-
ing it more interactive and user-friendly. Dia-
betes education modules could be accessed
directly from the onscreen icons along with
the links given in automated messages which
appear as and when required on entering a
particular value of blood glucose, physical
activity, diet, and stress. These modules con-
tain comprehensive information about lifestyle
modification recommendations provided in the
guidelines.

Patient Data: The user can monitor the record
of all the data entered in the form of tables at
the end of respective screens. This data could
be shared with their contacts through e-mail.
This data is automatically available to the
healthcare team, which can monitor the data
and can contact the patient as required through
the patient’s registered contact information.
Application setting: User can change user's
password, update their weight, habits, physical
activity routine, alternate phone number, etc.
Messages: During the period of interven-
tion, messages were sent to patients. Fifty-five
messages were sent which included reminder
messages, educational messages, and motiva-
tional messages. Reminder messages were sent
for medication, physical activity, and dietary
adherence. Educational messages related to
diet, physical activity, and self-monitoring of
blood glucose were sent regularly. Motivational
messages were sent to patients to motivate
them to adhere to the recommended regime.
These messages were sent to facilitate patient
adherence to recommended lifestyle.

2. Evaluation module: Data entered by the patient is
automatically evaluated following the Indian Council
of Medical Research (ICMR) guideline’s targeted val-
ues—optimally, blood glucose below 110 mg/dl fasting,
below 140 mg/dl postprandial; blood pressure below
130/80 mmHg; BMI, HbA Ic and physical activity dura-
tion of 1 h daily. In response, automated messages appear
on the screen with different messages recommending
changes that should be made to achieve optimal control.

3. Healthcare Provider Module: This module was used
by healthcare providers. It interacts with the server
module to provide them with patient data which
includes glucose measurement history, physical activ-
ity, food intake, stress scores, and patient comments
and feedback. The healthcare team utilized this facility

to contact the patient as and when required as the data
was transmitted in real-time. With one click Health-
care team can access the data of all the patients indi-
vidually.

Evaluation of DiabetesSutra app by T2D patients
using uMARS scale

The app was tested for using uMARS with 40 subjects. the
socio-demographic and vital parameters of the study partici-
pants are given in the Table 3

The app scored approximately 3.6 out of 5 in both
app quality mean score and app star rating. There was an
increase in self-monitoring of blood glucose in the group
and weekly monitoring of blood glucose almost doubled.
The app performed well when it comes to Engagement,
Functionality, and Information but obtained a slightly lower
score in Aesthetics when compared to other parameters.
Since the app was a prototype hence graphics and visuals
were low in aesthetic value. The overall star rating obtained
by the app was 3.60 which was in the Acceptable to Good
range. The app got only a 2.91 +0.4 score in aesthetics
mean score. This may be because the app was developed
on a hybrid platform and the user experience was affected as
the page-to-page navigation was less seamless. It is essen-
tial to develop the aesthetics of the app as it enhances user
experience which increases the engagement time and app
quality (Table 4).

Use of the app by the participants

The main outcome measure for the intervention group that
was assessed was the use of the app by the participants and
it was measured by counting total number of logs entered
by the participants under various heads. The description of
the log of patient’s is given in the following Table 5. There
was on an average of approximately 42 entries per partici-
pation in the duration of first 3 months of the intervention.
This indicates that on an average data was entered by patient
about every alternate day. Most utilized feature of the app
was log book for entry of blood glucose, followed by physi-
cal activity and diet log. Out of 40 participants of interven-
tion group, 18 participants entered their data more than 50
times in the duration of 3 months of study period. Highest
number of entries done by any participant was 73 and lowest
number of entries done by any participant was 12 during the
study period of 3 months (Table 5).

Weekly data entry done by participants There was a variation
in the number of entries by subjects in each week of interven-
tion. Maximum number of entries was observed in the first
week of intervention with a mean of 6.3 entries. From the
second week onwards, there was a consistent fall in number of
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Table 3 Sociodemographic
information of study
participants

Table 4 App quality score
(UMARS score)

Table 5 Use of app by the
participants

Characteristics

Intervention group
Mean + SD/Frequency (%) n=40

Gender Female 17(43%)
Male 23(57%)
Age (years) 45+9.7
21-30 1(2.5%)
3140 11(27.5%)
41-50 16 (40%)
51-60 12 (30%)
Education level Up to Intermediate 2 (5%)
Graduate or Post-graduate 26 (65%)
Profession or Honors 12 (30%)
Occupation Professional 8 (20%)
Semi-Professional 11 (27.5%)
Clerical/Shop owner 11 (27.5%)
Homemaker 10 (25%)
Weight (kg) Female 63.3+7.1
Male 72 +8.7
Height (cm) Female 156.5+7.1
Male 166.8+7.2
BMI 25.24+2.1
HbAlc 8.6+1.6
Fasting blood Glucose (mg/dl) 123.8+26.8
Post prandial Blood glucose (mg/dl) 238+44
Parameters (App Quality score) Maximum score  Obtained score App quality
(Mean +SD)
i Engagement mean score 5 3.56+0.2 Acceptable-Good
ii Functionality mean Score 5 3.76+0.3 Acceptable-Good
iii. Aesthetic Mean Score 5 291+04 Poor-Acceptable
iv. Information Mean Score 5 4.45+0.2 Acceptable-Good
v. App quality mean score 5 3.42+0.5 Acceptable-Good
vi. App Subjective score 5 3.64+0.5 Acceptable-Good
vii. App Star rating 5 3.47+0.5 Acceptable-Good
Overall Mean Score 5 3.60+0.27 Acceptable-Good

Use of the app by participants (n=40) Values entered by patients (n) (Mean + SD)/Person
in 3 months

Total entered values 1670 49.12+14.66

Blood glucose and other logs 1407 41.4+13

Diet log 38 1.1+0.8

Physical activity log 225 6.62+3

entries per week with lowest number of entries being recorded
in the sixth week at an average of 2.9 entries. The number
of entries per week again increased when the reminder and
education message service was started in 6 week, thereby
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highlighting the importance of continuous engagement and
two-way flow of communication in enhancing use of mobile
app. For most of the weeks average number of entries per
participant was between 3 to 4 per participant per week.
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Discussion

Diabetes applications differ in the features they provide,
including tracking blood glucose values, nutrition data-
base and carbohydrate counting, physical activity tracking
and weight tracking, sharing information with clinicians
or family members, peer support, informational messages
and reminders messages [23]. The use of these functions
may help patients in adhering to diet, exercise, and medi-
cation. This adherence could lead to improvement in dia-
betes-related results. There is considerable inconsistency
in how mobile apps are developed and utilized in health
care. There are apps which provide only single functionality
on the other hand there as some which provides a range of
features. Some apps consist of features to be used only in
online patient portal. In such portals patients and healthcare
providers can exchange information or other health related
messages, whereas others get connected to the patient’s elec-
tronic medical record and automatically transfer data [24] In
previous few years development of new technology and apps
brought significant increase in new apps and technology in
healthcare sector also, though the effectiveness and usability
of the Apps are not reliable. A recent study evaluated 65
freely available at play store and reported that out of 65 apps
only nine could be useful for self-management of diabetes.
There is a need for reliable mobile apps for self-management
of diabetes with better quality and more features to influence
a large number of long-term users and thus provide better
self-management of the disease [25]. Arsand et al. (2015)
in their study suggested that the development of health care
tools for patient groups like those with diabetes or chronic
diseases needs deep understanding of current challenges and
barriers to self-care [26]. This approach gives the chance for
exploring patient’s needs at a particular time and visualizing
what may evolve with time. This can help in envisaging the
use of the app as users’ demands change [27, 28]. Though
there are thousands of mobile applications for Diabetes man-
agement are available in both Android and Apple play store
scientifically proven and evidenced based apps are few.

A recent study reviewed 15 commercial apps for diabe-
tes prevention on the google play store using MARS scale
reported that all the apps had a mean MARS score above
3.75 except for one. On evaluating the individual aspects
of the app quality mean score, we found the mean score
for Engagement to be the lowest (3.6) for all the 15 apps, fol-
lowed by Information (4.0) [29]. Which suggests that those
mobile apps had an overall acceptable level of quality. The
present app has overall score of 3.6 +0.27 which is similar
to the rating obtained by the commercial appsIn the Infor-
mation section the DiabetesSutra app obtained user rating
of 4.45+0.2 indicating towards user satisfaction towards
information provided in the app.

In this app on an average 42 entries were done by patients
in the duration of 3 months which indicates that one entry
was done on alternate days and the blood glucose log book
was the most used features of the app and diet log is the
least used feature. This is similar to the finding of a study
conducted to assess the utility of app features reported that
blood glucose diary was the most utilized feature among
features of mobile app and carbohydrate calculator was uti-
lized by minimum number of users [30]. Similar results were
also reported by a study in which a survey conducted in a
hospital to assess the most favored features of apps among
health app users and non-users of any health app it was
found that the most favored feature by the health app users
was glucose diary. Eighty seven percent participant among
app users responded that glucose diary was their most uti-
lized feature. Similarly, 65% participant in non-app users
group responded that glucose diary was the most desirable
feature of any diabetes app [31]. In the same study it was
found that diet diary was the least desirable as well as used
features with only 38% users using it. This may be attributed
to the fact that diet diary requires multiple entries to be done
and requires a lot of effort to add each item consumed along
with quantity and time. Some Artificial Intelligence based
feature may be developed for dietary monitoring to facilitate
the patients in monitoring their diet. In a study conducted on
adult diabetes patients to assess the usage of app and most
utilized features it was found that respondents favored many
potential features, including glucose diary and reminders.
The study also reported that while mHealth acceptance was
high but the engagement level was low [11].

Conclusion

Acceptability of mobile apps as an assisting tool is increas-
ing over time. It is essential to develop a very user-friendly
app with high aesthetics which attracts users. It is also
important to develop features that require minimum effort
and time from the side of the user. In addition information
about key concepts must be given in a precise manner to
increase the knowledge of the user.
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