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Aims Hypoglycemia is a frequent complication in patients with type 2 diabetes mellitus.
By providing education, awareness among diabetic patients could be increased to prevent
hypoglycemia. Indonesia has yet to widely implement smartphone-based education
programs for hypoglycemia prevention. This study aimed to assess the feasibility of a
smartphone application-based diabetes education model, developed using the health belief
model and social cognitive theory, to enhance the ability of diabetes mellitus patients to
detect hypoglycemia.

Materials & Methods This design and development research utilized a pre-test and post-test
design without a control group and was done on 64 diabetics between May and September
2023. Statistical analyses were performed using the paired t-test.

Findings The mean patient’s score on the ability to prevent hypoglycemia was 45.13 before
the intervention. After the intervention, the patient’s ability increased by 3.21 to reach 48.34.
The paired t-test yielded a p-value of 0.0001, indicating a significant difference in the ability
to detect hypoglycemia before and after the intervention.

Conclusion Nursing Education Diabetic Therapeutic Application (NEDTA) was declared
feasible to use in detecting hypoglycemia.

Keywords Diabetes Mellitus; Health Belief Model; Hypoglycemia; Smartphone
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Introduction

In addition to managing blood sugar levels, the
treatment also emphasized strategies for reducing
multifactorial risks [& 2l. The global prevalence of
diabetes mellitus has reached 424.9 million people,
with an estimated projection to increase to 628.6
million people by 2045. Approximately ninety
percent (90%) of diabetes cases are classified as type
2 diabetes mellitus (T2DM), characterized by
impaired insulin sensitivity and secretion 1.
Indonesia is ranked sixth globally in terms of the
number of people with diabetes mellitus, currently at
10.3 million people, and this number is projected to
rise to 16.7 million by 2045 4. The use of insulin or
oral hypoglycemic agents in diabetes mellitus
therapy often leads to hypoglycemic effects. This can
be caused by inadequate insulin administration,
excessive dosing, or the failure of counterregulatory
mechanisms due to the long-standing diabetes
mellitus disease process. To date, approximately 90%
of diabetic patients receiving insulin therapy have
experienced episodes of hypoglycemia [51.

The prevention of hypoglycemia involves improving
blood glucose control and early detection, which
includes educating individuals about the signs and
symptoms of hypoglycemia, interim treatments, and
other essential measures [ 7l. Assessment of
knowledge regarding self-monitoring of blood sugar
can be conducted after specific training.
Understanding hypoglycemia is crucial for
recognizing its symptoms, interpreting early signs,
and making informed decisions independently or
with assistance. Knowledge of T2DM management
and hypoglycemia symptoms positively impacts
patients' self-awareness in detecting hypoglycemia [&
9],

The continuous advancement of science and
technology has encouraged new efforts in utilizing
technological advancements within the learning
process [10. The emergence of new technologies has
broadened the scope of specialist nurses, facilitating
efficient and sustainable technology-based nursing
practices. This involves identifying suitable
technologies and application systems in accordance
with the nursing plan and the condition of the DM
patient 11 12], Multimedia refers to the presentation
of material using text and images. Learners can
achieve a better understanding when information is
presented with both text and images compared to
presentations using text alone [13l. The multimedia
cognitive theory assumes that the human data
processing system comprises multiple channels for
visual and auditory processing. Each channel has a
limited processing capacity, and active education
entails the coordinated execution of a series of
cognitive processes during learning [14].

Numerous studies have explored the use of
smartphones as educational tools for managing
diabetes mellitus and improving the quality of life.

Health Education and Health Promotion

According to research by Bonoto, smartphone
applications have shown promise in enhancing
HbA1c control for patients with type 1 and 2 Diabetes
Mellitus. These applications typically incorporate
features such as storage and feedback for blood
glucose data, dietary guidance, physical exercise
tracking, = dosage  management, medication
adherence, and access to healthcare professionals to
facilitate better glycemic control. The findings also
indicated that patients gained confidence in
managing their diabetes, leading to an improved
quality of life and a reduced fear of encountering
potential hypoglycemic episodes [15 161,

The diabetes education model was scientifically
developed as a structured learning design presented
in an academic text. It encompasses various
development stages, including model
conceptualization, product development, and field
testing. Creating a diabetes education model involves
analyzing the problem, context, and existing
literature, followed by outlining and designing an
initial prototype. This smartphone application is
known as NEDTA (Nursing Education Diabetic
Therapeutic Application).

The NEDTA enables individuals with T2DM to engage
in independent learning through a user-friendly
interface accessible on both I0S and Android
platforms. The app's simple navigation allows for
anytime usage, and its incorporation of images and
videos enhances user engagement. Through
problem-based learning and case studies, the app
fosters critical thinking skills among its users.
Additionally, the general public can utilize the app to
raise awareness and prevent and manage early-stage
hypoglycemia. Despite extensive exploration in
previous research, researchers have not identified
any similar applications.

This research holds significant importance as the
development of a diabetes education model for T2DM
patients could empower them to independently
manage their health. Moreover, this study strongly
aligns with the policies and initiatives of the
Indonesian government, aiming to prevent and
control  diabetes by fostering community
empowerment through the Non-Communicable
Disease Prevention and Control Program. Leveraging
smartphones as educational tools enables individuals
to use information technology for the enhancement
and maintenance of their health, underscoring the
crucial significance of this research. The primary
objective of this study was to develop a therapeutic
education model for diabetes mellitus, focusing on
enhancing the ability of T2DM patients to detect
hypoglycemia.

Materials and Methods

Research Design

This research adopted a design and development
approach, utilizing mixed methods [171. The
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development stage primarily emphasized the
qualitative aspects, focusing on the conceptual
model, while the product development and trial
stages incorporated a blend of qualitative and
quantitative elements. During the trial stage, the
quantitative aspect took precedence. The product
design and development process followed the ADDIE
framework across all stages [18], including analysis,
design, development, implementation, and
evaluation for the main stage, while the design stage
of the intervention product used the dick and
colleagues intervention design model [19. The media
for diabetes education, aimed at enhancing the ability
to detect hypoglycemia in T2DM patients, was
founded on the health belief model (HBM),
encompassing perceived vulnerability, perceived
severity, and perceived benefits. Additionally, the
social cognitive theory was integrated, considering
behavioral, personal, cognitive, and environmental
factors. The development stages of the diabetes
education model for improving hypoglycemia
detection in T2DM patients were aligned with
behavior change theory.

During its model development, diabetes education
entailed analyzing the problem, context, and
literature, followed by the outline and design of an
initial prototype. The smartphone application was
named NEDTA (Nursing Education Diabetic
Therapeutic Application).

This prototype was a smartphone-based educational
medium equipped with health education features
focusing on diabetes mellitus, hypoglycemia
identification, and initial hypoglycemia management.
The intervention model underwent field testing
through a quasi-experimental design, employing a
two-group pre-test and post-test design with a
control group.

Participants

This study involved 64 individuals with DM and was
conducted between May and September 2023. The
participants were randomly selected and met the
inclusion criteria of having and currently
experiencing DM, as well as possessing and being
capable of using an Android cellphone.

Sample Size

A total of 64 students were calculated using Slovin's
formula at a=0.05, and the total population was
considered to be 75 people. According to Imas
Masturoh and Nauri Anggita [20], the sample size was
calculated using the Taro Yamane formula as follows:

n=—=>"_
1+Nd?
n=number of samples
N=statistical population
d=precision
Data Collection and Instrument
The authors independently compiled the
questionnaire, which has been validated and deemed
feasible. The questionnaire comprised 20 positive
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and negative statements, with answer options,
including 'often,’ 'sometimes,’ and 'never".
Statistical Analisis
In component 1 (analysis), qualitative data were
obtained during the initial observation activities,
precisely at the needs analysis stage. The subsequent
analysis stage was constructed from the bottom up,
also known as inductive analysis. Univariate analysis
was performed on the quantitative data to determine
the percentage or magnitude of the problem or
indicators under scrutiny. The quantitative data,
collected from individuals with DM during the needs
analysis stage, were then subjected to descriptive
statistical analysis. This process involved narration
and interpretation to underscore its urgency for the
practical resolution of the identified issues.
In the prototype development component, expert
validation was presented qualitatively. During the
field test, the data were presented descriptively,
accompanied by the frequency distribution. Data
were analyzed using descriptive analysis and
inferential statistics. Numerical data were presented
as mean, median, standard deviation, minimum, and
maximum. The paired t-test was then utilized to
assess the impact of product usage.

Findings

The majority of respondents were female, accounting
for 71.9% of the total. Furthermore, 43.8% of
participants had attained a high school education
level, while 40.6% were identified as housewives.
Additionally, a significant percentage of participants,
approximately 62.5%, reported a history of
hypoglycemia. Table 1 shows the characteristics of
respondents.

Table 1. Characteristics of respondents

Characteristics Value
Age (year) 64.22+6.1
Duration of diabetes (year) 10.97+9.85
Gender

Male 18(28.1)
Female 46(71.9)
Educational level

Elementary 20(31.2)
Junior School 8(12.5)
High School 28(43.8)
Bachelor 8(12.5)
Occupation

Employees 6(9.4)
Retiree 32(50)
Housewife 26(40.6)
Hypoglycemic history

Yes 40(62.5)
No 24(37.5)

Values are expressed as No. (%) or meanz SD.

1- Problem Analysis

The author conducted an analysis of the issues that
require attention and the objectives to be achieved
through health education activities. Problem analysis
served as the initial and crucial step in program
planning and development. One notable gap in this
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context was that individuals with DM often
attempted to reduce blood sugar levels using
antidiabetic medication without being fully aware of
the potential side effects, such as hypoglycemia.

The author conducted an interview with the person
in charge of the non-communicable disease (NCD)
program at the Jambi City health office. According to
the NCD Coordinator, there was no specific program
for DM as it falls under the category of non-
communicable diseases. DM case identification was
primarily conducted through screening procedures.
Social media platforms such as Instagram were
utilized, and all activities were integrated into the city
Health Office website. There was no designated
platform specifically catering to DM patients for
obtaining information about their condition. The
activities at the city Health Office predominantly
revolved around non-communicable diseases. More
specific initiatives were carried out at the public
health center (PHC) level, serving as the technical
implementer for the non-communicable disease
prevention and control program.

To analyze the issues and assess the role of health
services in providing health education to DM
patients, an interview was conducted with the Head
of PHC Simpang Empat Sipin. According to the
interviewee, the management of diabetes mellitus
primarily took place in the general clinic and elderly
clinic, as a significant proportion of DM patients
belong to the elderly demographic. Health workers at
the PHC were unable to directly identify instances of
hypoglycemia among individuals with DM. Typically,
patients themselves conveyed information regarding
hypoglycemic episodes after experiencing them at
home.

Health services and education for DM patients were
typically provided during the Elderly Program
(Prolanis) activities in the form of counseling.
Additionally, there was a collaboration with a private
clinical laboratory (Prodia) for HbAlc testing and
light exercise sessions for DM patients. However,
there was no specific platform employed as a
dedicated source of information for DM patients at
PHC Simpang IV Sipin. The PHC Simpang IV Sipin
operated Instagram and Facebook accounts, where
they showcased implemented activities and those
scheduled for the future.

The author identified the challenges faced by
individuals with DM in preventing the recurrence of
hypoglycemia. The initial survey results were based
on five individuals with T2DM who had experienced
hypoglycemia. Some studies have highlighted that
educating patients about the early symptoms of
hypoglycemia served as the main strategy in
controlling its occurrence. Health education played a
crucial role in enhancing knowledge and
understanding of hypoglycemia, including its
recognition, interpretation of early symptoms, and
decision-making regarding interventions, whether
independently or with the assistance of others. Based

Health Education and Health Promotion

on information gathered from five individuals with
DM, it was discovered that all participants had
previously experienced hypoglycemia. This history
instilled concerns about the likelihood of recurrence,
prompting them to pay closer attention to their
health maintenance efforts. Due to the lack of
glucometers among most respondents, they were
unable to confirm a weakened physical state as an
indication of reduced blood sugar levels.
Consequently, they tend to consume sugary drinks as
a habit when experiencing weakness and fatigue. All
participants possessed smartphones, considering
them as readily available communication tools that
enabled easy access to information. This foundation
presented an opportunity for patients to access
applications tailored, specifically for DM patients,
particularly aiding in recognizing hypoglycemia.
Enhanced knowledge about DM and hypoglycemia,
coupled with improved skills in utilizing applications
to monitor hypoglycemic status, empowered DM
patients to proactively prevent hypoglycemic
episodes. In the future, this heightened awareness
could enable early identification of hypoglycemia,
allowing family members to promptly provide initial
management at home.

2- Design and Construction

The design and development represented the
embodiment of the conceptual framework stemming
from the conducted problem analysis. This was
manifested through the creation of a prototype for a
health promotion model, aiming to enhance the self-
detection of transmission risks among close contacts
of tuberculosis patients. The device was meticulously
designed and constructed, incorporating information
technology that leveraged computer hardware and
software resources, alongside the availability of an
Internet network.

The design of the prototype should primarily
emphasize message design, which entails careful
consideration of aspects, such as word and language
selection, visual design, and audio design. The entire
construction of the message design was delineated in
the storyboard, which served the crucial role of
ensuring effective and efficient communication of
each message component. Moreover, the storyboard
facilitated the establishment of a well-defined
interaction design.

3- Prototype Development

The prototype development stage materialized in the
form of hypoglycemia prevention applications
designed for DM patients. The website can be
accessed through https://deteksihipoglikemia.com
after completing the initial registration process. The
prototype development proceeded through an
evaluation or validation process conducted by
experts or practitioners.

4- Expert Validation

The material validation instrument contained seven
questions related to the content of hypoglycemic
prevention material in DM patients (Table 2).
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Table 2. Comments/suggestions on product validity by practitioner validators

No Comments/Suggestions Revision

1 Was the material in the smartphone media in accordance with the health program to detect hypoglycemia in patients None
with Type 2 DM in the community?

2 Were the learning objectives formulated in accordance with the material in the smartphone media? Exclusion

3 Did the smartphone app provide an overview of diabetes mellitus and hypoglycemia detection in people with Type 2 DM Exclusion

in the community?

4 Did the presentation of the material provide attractiveness and ease for the target (DM sufferers) to understand the

material in a meaningful way?

5 Was the presentation of material in the application easy to understand for people with T2DM in the community?
6 Was the presentation of material in the application presented systematically?
7 Did the material coverage on the application reflect the ability to detect hypoglycemia?

Exclusion

Exclusion
Exclusion
Exclusion

The results of material validation, conducted by
expert validators of the health promotion material,
indicated the necessity for several revisions in the
academic paper. These revisions were essential to
ensure that the content aligned with the material
elements and was compatible with the ongoing
prototype development. The expert validators had
recommended the creation of an application user
manual that offered a comprehensive explanation of
the application/media's development process.
Ultimately, the expert validators concluded that the
educational media for preventing hypoglycemia in
individuals with DM was viable for further trials,
provided that the suggested revisions were
incorporated (Table 3).

Table 3. Comments/suggestions on product validity by media
expert validators

No Comments/Suggestions Revision
1 Appropriateness of software type selection for None

development

2 Use of software as an effective and efficient None
medium

3 Simplicity of use None

4  Presentation of learning objectives Exclusion

5 Suitability of media content with learning Exclusion
objectives

6  Appropriateness of the use of learning strategies Exclusion
in the media

7  Selection of learning methods None

8  Orderliness of material None

9 Evaluation presentation None

10 Generates learning motivation Exclusion

11 Contextual and actual Exclusion

12 Communicative Exclusion

13 Creative Exclusion

14 Audio-visual display and quality Exclusion

The results of material validation by multimedia
expert validators suggested that the NEDTA was
suitable for use by individuals with DM. The expert
validators had recommended improvements in
several areas. The conclusion drawn by the media
expert validator was that the educational media for
preventing hypoglycemia in patients with DM was
considered feasible for a trial, provided that the
suggested revisions were implemented.

5- Implementation and Evaluation Results (Field
Trial)

Field trials were conducted on 35 respondents, all of
whom were introduced to the application following
the updated application instructions. The testing
objective  centered around evaluating the
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application's impact and effectiveness within the
community.

The average patient's ability to prevent
hypoglycemia  was  45.13+4.02.  After the
intervention, the patient's ability increased by 3.21 to
48.34+4.04 (paired t-test p-value=0.0001), signifying
a significant difference in the ability to detect
hypoglycemia before and after the intervention.

Discussion

The present study aimed to develop a smartphone
application-based DM therapy education model to
enhance the ability to detect hypoglycemia in T2DM
patients. The fundamental theories employed in this
study for improving hypoglycemia detection among
patients with T2DM include the HBM and social
cognitive theory. The results indicated a significant
difference in the ability to detect hypoglycemia
before and after the intervention.

The HBM served as a conceptual framework used to
assess health behaviors and understand the
rationales behind compliance or non-compliance
with recommended health management strategies.
The HBM posits that individuals were likely to
respond positively to health-related measures when
they perceived the risk (perceived susceptibility),
understood the severity of the risk (perceived
severity), and recognized the potential benefits of
behavioral changes (perceived benefit) [21. They
could remove barriers to health behavior (perceived
barriers). On the other hand, self-efficacy refers to the
belief in the ability to act, improve one's health
behaviors, and withdraw behaviors that were
detrimental to health [22. The study conducted by
Megawati et al. [23] on the impact of educational
interventions based on the HBM in promoting self-
care behavior among patients with T2DM, revealed
an increase in the average values of vulnerability,
severity, benefits, obstacles, self-efficacy, and
attitudes. Notably, self-care showed a significant
improvement [23-27],

Perceived susceptibility refers to an individual's
belief regarding their vulnerability to a health
condition, thereby motivating them to adopt
healthier behaviors. On the other hand, perceived
severity encompassed an individual's understanding
of the gravity of the illness they might face.
Furthermore, perceived severity could stem from an
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individual's perception of the severity of a particular
ailment and its potential impact on their life [28.29],
Perceived benefits exhibited a significant positive
correlation with patient adherence to the correct
insulin usage. The greater the patients' awareness of
the benefits associated with adopting healthy
behaviors, the more likely they were to adhere to
using insulin at the appropriate time, place, and
dosage.

Mobile apps were highly sought-after to facilitate the
self-management of health, owing to their
accessibility, portability, affordability, ease of use,
and extensive reach. Statistics showed that at least
50% of smartphone users had employed one or more
mobile health apps [3%. The incorporation of mobile
health technology in diabetes education represented
an innovative approach to learning that held the
potential to actively involve patients and encourage
positive health behaviors. Leveraging technology for
the management of DM could enhance
communication between nurses and patients, leading
to effective information exchange and improving the
quality of life for those affected 3132, An important
goal of treatment utilizing information technology is
to maintain effective nurse-patient learning without
interruption [32.33],

The NEDTA offered individuals with T2DM the
opportunity to engage in independent learning.
Accessible on both 10S and Android platforms via a
touchscreen interface, the user-friendly app
incorporates engaging multimedia elements, such as
images and videos, facilitating an immersive learning
experience. Through problem-based learning and
case studies, the app fostered critical thinking skills
among users. Moreover, the app served as a tool for
the general public to raise awareness, prevent, and
manage early instances of hypoglycemia. Notably,
despite extensive exploration in previous research,
no similar applications had been identified by
researchers [2.34],

The limited number of samples served as a limitation
in this study. Consequently, for future studies, it was
imperative to assess the effectiveness of the next
stage through randomized controlled trials (RCTs)
involving a larger sample size.

Conclusion

Implementing the NEDTA diabetes education model
relying on smartphone applications is effective in
enhancing the ability to detect hypoglycemia in
patients with T2DM.
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