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Advancing Diabetes Self-Management: A Novel Smartphone Application
Featuring a Scoring Algorithm for Tailored User Engagement

Abstract

Background: We developed and evaluated an intelligent diabetes assistant application (Diabetter) for
the self-management of diabetes. It suggested that increasing the patient’s interest and participation
in using smartphone apps is important for the effectiveness of diabetes management apps. Methods:
After evaluating all-encompassing features for diabetes management, we divided the selected
factors into sub-factors for use in the application. Then, we created the first high-fidelity prototype
using related programs and conducted early user testing to validate and improve Diabetter. To
handle the user transaction time and keep them motivated, we designed and implemented a scoring
system based on the nudge theory rules within the app. Results: To evaluate Diabetter’s impact
on diabetes self-management, we measured HbAlc levels after a prolonged period. The Diabetter
prototype was developed and modified in a revised version for better user interaction with the app.
The scoring system increased the input of users’ information, which resulted in more analysis and
recommendations to users. Clinical studies showed that as a result of continuous input of information
from users who had been using the application for a longer period of time, their HbAlc levels were
within the healthy range. Conclusions: The results demonstrate that the Diabetter application has
been able to play an effective role in diabetes self-management by increasing users’ app usage time.
However, future study is needed to provide a better interpretation.
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Introduction

Diabetes is a chronic complex disease
characterized by elevated levels of blood
glucose. This disease, which is divided
into types I and II, results either when the
pancreas does not produce enough insulin
or when the body cannot effectively use the
insulin it produces, respectively.!*?

Unfortunately, in recent years, the
prevalence of both types of diabetes has
increased significantly around the world,
which can be attributed to infectious
or non-infectious factors and unhealthy
lifestyles.P!

According to the International Diabetes
Association data, in 2019, 463 million of
the world’s adult population suffered from
diabetes, and it has been estimated that will
reach 700 million (10.9%) in 2045." In
addition to improving the patient’s general
health, self-management strategies will
reduce treatment costs and improve the
patient’s  relationship  with  healthcare
systems.>¢) These include tracking blood
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glucose levels, adhering to medication or
insulin therapy, and measures of physical
activity and dietary habits."®! For this
purpose and to continue monitoring these
factors, smart mobile applications could
be considered as a practical and attractive
option that has been used in this disease.”!!

In recent years, several smartphone
applications  have  been  developed
for diabetic persons to increase their

quality of life and improve their disease
outcomes.['>16]

Most of these apps are aimed to monitor
blood glucose, weight range, and so on.
However, persons with diabetes need
more support as they involve many daily
complex behaviors and individual medical
decisions.'!¥) Considering that people with
diabetes have to make decisions more often
than non-diabetics, and this is boring and
time-consuming, there should be a tool to
help them monitor diabetes measures.

The aim of this study was the development
of a comprehensive smartphone application
with a scoring system for the improvement
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of self-management in persons with diabetes. It is expected
that the scoring system could improve the quality of life
and will be effective in monitoring the treatment process in
diabetic persons.

Methods
Data collection and study design

The essential features and information were collected
and identified by a specialist clinical and medical team.
These factors were evaluated by field studies and library
resources. Four basic principles for diabetes control were
considered in this system: 1- control of blood glucose
level, 2- medication regimen, 3- nutritional elements, and
4- physical activity. The selected factors were divided
into subcategories to evaluate more accurately. In this
case, to calculate users’ foods and nutrition points, proper
calculations were done using optimized formulas based on
the USDA healthy eating index, which was collected from
users and clinical studies. In addition to the previous four
principles, two other factors were considered in designing
and implementing the scoring system: medication and
control of blood sugar. All of the scores of this part are
based on American Diabetes Association (ADA) guidelines,
and the scoring system adapts itself to the newly updated
guidelines. For example, if a user injects the appropriate
dose of insulin, which causes the blood glucose level to be
in the healthy range (based on the ADA guidelines) after
eating, it will take most of the scores of medication for that
specific meal.

Application design and development

After considering all factors, the initial version of the
intelligent diabetes assistant application (iDia) was described
and programmed in the Android Studio programming
environment. The primary user interface was developed
on Adobe XD and upgraded based on user feedback. The
Agile mechanism was used for application development.
To achieve this, the Kanban framework was used in
conjunction with regular scrum and sprint sessions. During
these tests, each of the server-side APIs, both individually
and in combination, is subjected to multiple calls, and the
response time status of the user is measured and evaluated.
Information received from patients was stored in related
databases and tables. This portal prevents unauthorized
access to patient information through secure protocols.
After further investigation, an optimized version of the
application was developed using the Dart Programming
language (Flutter) to make it a single-source program.
In the updated version of iDia (named Diabetter), all the
features required for easy access by users were placed on
the main menu [Table 1]. In addition, the notifications are
intended to help users make the best decisions to control
diabetes in critical moments. For example, when the blood
glucose level is high, the application alerts and offers that
it is better to take the recommended dose of insulin before

eating. As a unique feature, in addition to announcing the
current condition, the application alerts the user about
any risk caused by incorrect decisions. For example, if a
user wants to inject more doses of initial insulin, they are
warned that they have already injected insulin and that
there may still be some of it in the body.

Clinical evaluation

The usability and user satisfaction of the application were
evaluated by qualified participants. This procedure was
conducted in accordance with the ethical standards of the
institutional and national research committee and with
the 1964 Helsinki declaration and its later amendments
or comparable ethical standards. The protocol was guided
by the Ethics Committee of Shahid Beheshti University
of Medical Sciences. All participants provided informed
consent prior to their inclusion in the study

5200 subjects with type 1 diabetes and 4500 with type 2
diabetes were included in the study. All of the participants
were randomly selected, and the Diabetter application was
installed on their smartphones. After training, they were
asked to record their demographic data, including height
and weight, age, and gender, as well as average glycosylated
hemoglobin levels (HbAlc) and treatment protocols.

The effects and usability of Diabetter on self-care status
were assessed using a controlled protocol during a 6-month
period. Inclusion criteria included patients in the age range
of 12-18 years with type 1 diabetes (according to the
American Diabetes Association guidelines), who had been
diagnosed for at least 1 year. In addition to not suffering
from debilitating complications of diabetes such as kidney
failure and blindness, all studied patients should have the
ability to communicate and use mobile phones. Exclusion
criteria were having type 2 diabetes or secondary diabetes
and children who did not have enough follow-up skills.
All patients included in the study were randomly divided
into two groups. The participants in the test group had the
Diabetter application installed on their smartphones. After
training, they were asked to record their demographic data,
including height and weight, age, and gender, as well as an
average of glycosylated hemoglobin levels (HbAlc) and
treatment protocols. Considering that the biosynthesis and
glycosylation process of hemoglobin A1C is carried out over
a relatively long period of 60-120 days, the duration of the
study was considered to be 6 months. Hemoglobin A1C was
measured and evaluated at the beginning and end of the study
for all patients in the control and test groups. At the end of
the study and for qualitative evaluation, the patients were
classified as follows: good control: A1C < 7.5, moderate
control: 7.5 < A1C < 9.9, and poor control: A1C < 10.

Statistical analysis

Statistical analysis was performed using SPSS version 21
software, and the results were compared and evaluated
using Chi-square, independent #-test, and paired #-test.

International Journal of Preventive Medicine 2024, 15: 20
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Table 1: List of features incorporated into the Diabetter application

Features What it does

Reason

Total Diabetter point
interactions with the application.

Diabetter point in detail (blood
sugar, insulin/medication, exercise, scenarios
food, emotions, behaviors)
Lead board

Add/Track Blood Sugar

lists
Blood Sugar Alert

decisions
Add Insulin

Association
Insulin Suggestion (This is only
a suggestion and does not force
the user to inject that amount of
insulin or so.)

Give points to each user’s behaviors and

Leaderboard displaying daily top diabetes
management among Diabetter app users
Recording of blood sugar for each meal; users
can later review daily trends via graphs and

Inform users of their blood glucose levels,
advising caution and awareness if readings
are in the hypo or hyper range to guide their

Log insulin doses per meal in the app to
monitor daily intake and track the remaining
effect of short-acting insulin, which typically
lasts two hours, as per the American Diabetes

Diabetter recommends insulin dosages for
diabetic patients based on carbohydrate
consumption and past injections, with an
editable option for personal adjustment.

Help app users with diabetes understand and manage
their condition effectively by using behavioral nudges
to overcome biases for better daily control

Informs users of the points awarded in various Improve user understanding of diabetes management

by highlighting areas needing enhancement, enabling
informed actions for better control.

Research shows comparing with others increases
attention, guiding our user engagement strategy

It is necessary for a diabetic person to record their
blood sugar.

Diabetics must track glucose levels. The app alerts
to critical values without causing stress, prompting
corrective measures

Diabetter alerts users to recent insulin injections,
emphasizing the importance of consistent logging
and caution to prevent blood sugar drops from dosage
overlap

Our app aids diabetics in insulin dosage decisions
by providing suggestions based on a detailed food
database for precise carbohydrate calculation and
meal-specific insulin requirements

Note: This applies to short-acting insulin,
typically for type Type 2 diabetics managing

mealtime injections
Add Food/Track Food

Users can choose their meals from our food
database to view nutritional content, including

Diabetter enables diabetic patients to select meals
from a vast food database, assess nutritional details,

carbohydrates, to determine the insulin needed and understand the physical activities needed to offset

for that meal. They can also track their daily
food intake by saving the meal information
Users can choose their current mood from
the app’s emotion list and track their feelings
throughout the day for better emotional

Emotions Tracking

calorie intake, promoting informed decisions for better
health management

Diabetter’s emotion tracking feature helps users
observe how different emotions affect blood sugar
levels, highlighting the importance of emotional

insight. awareness in diabetes management.

Daily Notifications Diabetter provides personalized daily Diabetter uses nudge theory and behavioral science to
notifications that act as a digital assistant, provide notifications that guide users and remind them
offering nudges, advice, and support throughout the day. These notifications help individuals
throughout the day. with diabetes make decisions and prevent errors by

offering clear guidance, ultimately giving users a sense
of freedom in line with libertarian paternalism

Results After the optimization of the application, the users’

Through content analysis of different features necessary
for the development of a mobile app, the primary version
of the Diabetter application was designed for iOS and
Android systems by using Swift and Java languages,
respectively. The graphical format and user-interface
screen of the iDia (initial version) and Diabetter (final
version) are shown in Figures 1 and 2, respectively. In
the finalized version of the application, an enhanced
scoring feature was implemented, accompanied by
an upgraded graphical interface for superior user
experience [Figure 3].

International Journal of Preventive Medicine 2024, 15: 20

interaction with Diabetter increased. The user must create
an account for the first login, and after registration, they
can enter their demographic and clinical information. In the
primary version, the registration process was longer with
more additional information, which caused many users
to refuse the registration process. This was optimized in
the updated version, and only the necessary information
for the user scoring system was received and others were
only received if needed. In the final version, the user
does not need to enter information with the keyboard,
which caused a significant increase in the rate of users
completing their registration and using the app. Enhanced

3



SMIAGZIUMIPXZOBBAeOATIAEIDVIHSALLIAIPOOAEIEAHIOINI/AOAU

MY TXOMADYOINXYOHISABZIYTCN+eyNIOITWNOIZTARY HARSHINQUE Ag woll/woo:mm| sfeuinoly:dny woly papeojumoq

¥20¢/22/L0 uo

Tebianian and Jahromi: Advancements in diabetes self-management via smartphone app

Old Registration Process:

Current Registration Process (New Version):

diabetter diabetter

Login/Register Ploase Enter Verification Code

diabetter

Create Account

diabetter

Create Profile

Create Profile
Disbetes Typo?

Activity Lovel:

Figure 1: The registration sections and screenshots for initial (a) and upgraded (b) versions of the Diabetter application

Welcome Back!

®

flg tsutin

You've done great today!

“‘ Blood Sugar

186 85

Blood Sugar Average Total Insulin Doses

_+

(%

145 Ko

Blood Sugar
Average

214

Remaining

Figure 2: The clinical information and the level of user activity in the
initial (a) and upgraded (b) versions of the Diabetter application

recommendation algorithms within the application led to
a higher engagement among active users, who frequently
logged their blood glucose data. This resulted in a greater
proportion of recorded blood glucose levels falling within

the normal range.

4

The usability and user satisfaction of the application
were evaluated in qualified participants. For this reason,
56 subjects aged 16-25 with a history of type 1 diabetes
were included in the study; 38 of them were women,
and 18 were men. Most of these patients were in the age
group of 16 years. Based on hemoglobin A1C results
at the beginning of the study, 11 subjects were in the
group with optimal control (A1C < 7), 31 in moderate
control (7 < AI1C < 9), and 14 in poor control (A1C > 9)
groups [Table 1]. After a period of 3 months of using
the Diabetter application, the number of people in the
optimal control group increased to 19, four of whom were
already in the same group. Nine subjects from the medium
group and six from the poor control were transferred to
this section. The subjects present in the moderate control
increased to 32 people, 21 of whom were already in the
same group. Four people from the optimal and seven from
the poor control groups were transferred to this part. There
were five people in the poor control group, two of them
were from the optimal, one from the moderate, and two
from the poor control group.

Overall, during the study period, a total of 40 subjects
had a decrease in hemoglobin A1C, while it remained
unchanged in four people and increased in 12. Interestingly,
21 subjects with A1C reduction had a higher score than the
average value (12.39). However, three people with a score
above the average showed an increase in A1C, and one
person did not show any change [Table 2].

International Journal of Preventive Medicine 2024, 15: 20
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Table 2: Distribution of the Diabetter application user demographics and health metrics, categorized by gender, age,
glycated hemoglobin (A1C) levels, and average engagement score

No. Gender Age First End Average AlC No. Gender Age First End Average AlC
Al1C AlC Score Difference Al1C AlC Score Difference

1 Female 16 6.5 4.7 2.19 -1.8 29  Female 17 8 7.1 7.06 -0.9
2 Male 21 7 5.1 2.80 -1.9 30  Male 25 10 7.1 14.62 -29
3 Female 21 7.3 52 8.24 -2.1 31  Male 17 8.8 7.2 3.19 -1.6
4 Female 16 10 53 3.75 —4.7 32 Female 24 7 7.3 4.37 0.3

5 Female 23 9 5.5 10.12 =35 33 Female 23 7.4 7.3 20.08 —0.1
6 Male 20 6.5 5.7 33.50 —-0.8 34 Female 24 7.5 7.3 20.16 -0.2
7 Female 19 10 5.7 6.13 —4.3 35 Male 22 6 7.4 29.03 1.4
8 Female 25 11 5.7 19.89 -53 36  Female 21 9 7.4 22.86 -2.6
9 Female 24 7.5 5.9 2.37 -1.6 37  Female 24 7.5 7.5 5.73 0

10 Male 24 7.5 59 14.85 -1.6 38  Male 19 7.8 7.5 20.62 —0.3
11 Male 18 6 6 31.89 0 39  Male 25 9.5 7.5 12.93 -2

12 Female 23 5.6 6.1 4.97 0.5 40  Male 25 8 7.6 5.37 -0.4
13 Male 18 14 6.1 30.55 -7.9 41  Female 16 16 7.6 17.56 -8.4
14 Female 24 7.4 6.2 4.10 -1.2 42 Male 22 8.9 7.7 16.57 -1.2
15 Female 17 13 6.2 14.90 —6.8 43 Female 16 6.5 7.8 7.62 1.3

16 Female 21 7 6.3 10.52 -0.7 44 Female 21 8 7.9 2.79 0.1
17 Female 18 9 6.3 18.43 —2.7 45  Male 20 13 7.9 4.19 =5.1
18 Female 19 13 6.3 7.58 -6.7 46  Male 22 8 8 18.09 0

19 Female 16 7 6.4 24.86 —-0.6 47  Female 16 12 8 9.60 —4

20 Female 17 8 6.6 13.68 -1.4 48  Female 25 7.8 8.3 25.44 -0.5
21 Male 17 7.1 6.7 2.72 -0.4 49  Female 23 6.7 8.5 13.06 1.8

22 Female 25 9 6.7 7.17 -33 50  Female 18 12.6 8.7 20.93 -39
23 Male 16 7 6.9 3.07 —0.1 51  Female 22 11.1 8.8 9.11 -2.3
24 Female 23 6.8 7 10.82 0.2 52 Female 23 7.7 9.6 12.01 1.9
25 Female 25 7 7 6.01 0 53 Female 16 6.5 9.7 3.25 32
26 Female 25 8 7 9.75 -1 54  Male 20 9.6 10.2 5.02 0.6
27 Female 22 7 7.1 10.12 0.1 55  Female 16 6.9 10.6 26.13 3.7
28 Male 16 7.7 7.1 14.75 —0.6 56  Female 16 6 12.2 6.93 6.2

as diabetes.'®? They can have access to various

Rankings

98

Points.

) Mohammad Ali

& Hamed

Figure 3: Schematic representation of the user scoring system in the
Diabetter application

Discussion

Mobile-based

opportunity to explore new approaches for monitoring

applications represent a technological

and self-care assessment in chronic conditions such

International Journal of Preventive Medicine 2024, 15: 20

possibilities regarding their daily decision and habits,
which are extremely important for their health condition.
Considering that diabetes is a chronic disease, the
patients have positive contributions to disease control by
performing self-care activities. For this reason, a person
should continuously monitor important factors, including
blood glucose level, proper diet, adjustment of insulin
dose, and regular physical activities. Thus, it seems
that self-management and monitoring systems based on
smartphone applications could reduce health problems,
prevent late complications, and improve the quality of life
of patients with diabetes.[!121:22]

Numerous studies have demonstrated the efficacy of
gamification techniques (GTs) and behavioral economics in
aiding users to modify detrimental habits and enhance their
diabetes management.[**¥ Following extensive research and
consultations with diabetes experts, it became evident that
a gap existed in the intersection of mathematics, diabetes
management, and habitual behaviors. In response to this
identified gap, we embarked on the creation of a scoring
system designed to empower users in comprehending their

5
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diabetes status. This innovative scoring system not only
addresses the user’s diabetes status but also encompasses
their lifestyle, utilizing challenges seamlessly integrated
into the application. The objective is to induce positive
behavioral changes by engaging users in a dynamic and
interactive manner.

The HbAlc level decreased in patients who continuously
used this application, and it seems that there is a direct
relationship between the duration of application usage and
HbAlc level. The Diabetter users who scored better by
making more accurate decisions at key moments received
a better understanding of how they were controlling their
blood glucose, leading to lower HbA1C over time.

Motivation is considered critical to the success of a
diabetic application in the case of helping users with
diabetes management. Prior studies have shown that lack
of motivation is associated with low adoption of diabetic
applications. For diabetic patients, one of the causes of this
lack of motivation is that they do not understand what they
are doing in case of their diabetes management. Thus, by
this scoring system, which is from 0 to 100, we simplify
diabetic patients’ diabetes management into a single number
so that they will understand how they are controlling their
diabetes. As diabetes is a lifelong disease, there should be
a middleman to encourage the diabetic person to control
their disease. For this reason, we provide smart notifications
based on user status each day with their points. For instance,
if a user has eaten foods with high carbohydrates during the
rest of the day, the application will suggest them to eat food
with lower carbohydrates to cover all groups of nutrition
provided in the healthy eating index (HEI).

The clinical impact of smartphone apps for the improvement
and reduction of HbAlc levels in different populations and
conditions of diabetic patients is associated with complex
interventions, and it is difficult for a proper and complete
conclusion.*>*! However, some studies have shown that
long-term use of apps can have a dramatic decrease in
HbAlc levels.?"2¥

One of the novel features of this application is a scoring
system that gives points to users in terms of how to enter
information and input factors. This feature can solve one of
the common problems of using similar apps, which includes
decreasing interaction over time, making it more effective
for continuous providers’ attention and self-management.

The scoring system could act as a nudge by shaping the
choice architecture of people with diabetes and making it
easier for them to choose healthy behaviors. The scoring
system could also appeal to people’s cognitive biases,
such as loss aversion, social norms, or framing effects, to
influence their decisions. For example, the scoring system
could show people how much they could lose or gain by
following or not following their diabetes plan, how their
scores compare to other people with diabetes, and how

6

their scores reflect their progress and achievements. The
scoring system could also use positive reinforcement, such
as praise, rewards, and gamification, to increase people’s
engagement and satisfaction.!?’3%

Previous reports have indicated that mobile-based
applications can be useful in diabetes self-management,
but their effectiveness largely depends on the time the user
spends on disease management.”® Thus, we created an
intelligent scoring system based on the nudge theory, which
can motivate patients and lead to more often contact with
providers.

Conclusions

Based on the results, it seems that the Diabetter application
will be greatly beneficial for diabetes self-management.
The most important aspects of this application are suitable
and easy-to-use preferences for both patients and doctors,
as well as a scoring system for comparing the progress of
users’ results with each other, which can be very effective in
increasing user knowledge-based skills for diabetes-related
symptom relief and management; moreover, it will
motivate the user to have a better score (which means
better diabetes control) to be able to compete with other
users. In addition, the clinical experts mentioned that they
had a better understanding of the patient’s condition since
their last visits.
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