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Mobile Application for Remote Patient Education and Follow-up for the

Prevention of Diabetic Foot: M-DAKBAS

Abstract

Diabetic foot, a complication of diabetes mellitus, is a worldwide medical, social, and eco-
nomic problem. Diabetic foot ulcers that are not included in the early treatment and care
program can result in limb amputation and may be life-threatening. Early diagnosis is an
important factor to prevent limb loss due to diabetic foot ulcer. The increase in diabetes-
related complications has provided an opportunity for the development of different techno-
logical approaches to the management of these problems. The support of these technologies
by international organizations increases the interest in diabetes technologies all over the
world. The increasing use of smartphones has made the use of mobile health applications
widespread in the self-management of diseases. Mobile health applications offer the indi-
vidual the opportunity to be active 24 h a day, without experiencing time and place prob-
lems in matters related to their own health. The mobile diabetic foot personal care system
(m-DAKBAS) allows the individual with diabetes to get information about the diabetic foot
without going to the health center, to acquire the foot care behavior with its reminder and
warning system, to take care of himself in an interactive way and it helps to regulate blood
glucose, which is one of the important factors in the development of diabetic foot. In this
article, the introduction, development purpose and features of the m-DAKBAS application
developed for individual with diabetes, their relatives and health professionals are included.
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Introduction

Around the world, there are half a billion people who suffer from diabetes and one-third
of those people are at risk of developing diabetic foot ulcers during their life. Infection is
likely to occur in more than half of diabetic foot ulcers and amputation is likely to develop
in 17% of diabetic foot ulcers.*? Furthermore, it has been seen that healed ulcers often
relapse. More than 40% of diabetic foot ulcers may relapse within 1 year, 65% within 5
years and 90% within 10 years.! The mortality rates of individuals who have had lower
limb amputation for diabetic foot ulcers during the last 5 years are worrisome when
compared with the cancer statistics.®

More than one million diabetic individuals have been reported to have diabetic foot ulcers
in Turkiye, and another half a million people have been diagnosed with diabetic foot
infections.* The Ministry of Health has drawn attention to the significance of the prob-
lem with the “Project for Home Follow-up, Treatment, and Follow-up of Cases Diagnosed
with Diabetic Foot” by forming a diabetic foot study group in the fight against diabetes
and its complications.® Diabetic foot ulcer imposes a serious financial burden on both
the patient and the national economy. The cost to the healthcare system of treating dia-
betic foot ulcers in patients is 5 times more than the cost of treating diabetic patients
who do not have foot ulcers.® In a study investigating diabetic foot expenditures in five
developed European nations, it was found that the overall cost of an uninfected ulcer
climbed from $6.174 in 2002 to $14.441 in 2005, while the direct cost of an infected ulcer
increased from $2.637 to $2.957.7 According to Cavanagh, diabetic foot costs range from
$3.096 to $107.900 per patient.? In Tlrkiye, diabetic foot complications accounted for
16% of the 7.350.16 billion in the overall health cost for diabetes complications in 2012.5

The World Health Organization (WHO) highlighted in the results of the second global
e-health survey that health expenditures are substantial in almost all countries and

Meryem Kilig!®”, Ayise Karadag?

Department of Nursing, SANKO University, Faculty of
Health Sciences, Gaziantep, Turkiye

2Department of Nursing, Kog University, istanbul,
Turkiye

This research article is a part of his doctoral
thesis at Kog¢ University Faculty of Nursing,
Department of Nursing Fundamentals (Thesis
number: 532446).

It was presented as an oral abstract at
14 National (International Participation) Wound
Congress in Antalya between 12-15 December,
2019 and 5™ National and 1 International Basic
Nursing Care Congress in Antalya between 6-8
December, 2019.

Cite this article as: Kilic M, Karadag A. Mobile
application for remote patient education and
follow-up for the prevention of diabetic foot:
M-DAKBAS. J Educ Res Nurs. 2023;20(4):
393-398.

Corresponding author: Meryem Kilig
E-mail: meryemcal@gmail.com

Received: December 01, 2021
Accepted: March 21, 2022
Publication Date: December 01, 2023

Copyright@Author(s) - Available online at
WWW.jer-nursing.org

Content of this journal is licensed under a
Creative Commons Attribution-NonCommercial
4.0 International License.


mailto:meryemcal@gmail.com
http://orcid.org/0000-0003-4807-5346
http://orcid.org/0000-0001-6436-1647
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

JERN 2023; 20(4): 393-398

DOI:10.14744/jern.2021.21285

Foot care training

Taking a foot image

Consultation via message

HEALTH PROFESSIONAL/SYSTEM
MANAGER

Blood glucose monitoring

Foot observation

Test yourself

Figure 1. Framework of the present mobile diabetic foot personal care system.

access to services is not at the expected level. In addition, there is a
low level of satisfaction among patients and healthcare profession-
als, as well as a shortage of physicians and nurses in almost every
country. Concordantly, WHO stressed the need for innovative service
approaches that include integrated care models for a society that is
aware of and guided to protect and manage its own health, in which
medical data from birth to death is processed and turned into infor-
mation and the patient is Figure 1 at the centre.?

Communication technologies are essential instruments in these
approaches. The existing status and forecasts for the size of the
global mobile health market indicate that this market will expand
dramatically over the next 7 years.!® It has been determined that
the use of mobile health technologies has increased throughout
the pandemic,"* and innovative patient education approaches such
as telecommunication and online technologies have been used in
the management of diabetic foot ulcer.? The system of managing
e-health, telemedicine applications, and remote patient follow-up,
treatment, and care services, which responded promptly in practice
to the COVID-19 pandemic, would be restructured in the aftermath
of the pandemic. In this respect, it is anticipated that remote patient
follow-up systems, which allow to increase compliance of diabetic
individuals with treatment and monitor their physiological indicators,
would become widespread after the pandemic.t®

Patient Education and Follow-up in the Prevention of Diabetic Foot

Structured, organized and repetitive training plays an important role
in the prevention of diabetic foot ulcers.’* On the other side, it has
been determined that foot care is affected by the regular monitoring
of diabetic persons’ feet and shoes as well as their characteristics
such as behaviors towards glycemic control,’® their health beliefs,
ages, education, social support, and self-efficacy.!’* It is important

for diabetic individuals to assume the necessary responsibility for
their foot health, to remain active, and to make the right decisions
for their foot health. The goal of the training, which is also the subject
of this article, is to increase the patient’s self-care knowledge, bring
individual preventative foot care behaviors, and increase his moti-
vation.’* The training content should include foot hygiene, wearing
protective shoes, adopting protective foot self-care behaviors and
seeking professional help for foot problems.® Furthermore, high-risk
diabetic individuals should identify the precursors of chronic wounds
and learn exactly what interventions they should take in the case of
a problem. Other important suggestions include structured train-
ing being reinforced in a few sessions and customized to the person,
taking socio-cultural characteristics into consideration. Feedback
should be taken to determine whether or not the patient completely
understands the diabetes training and demonstrates adequate self-
care abilities.’® In order to improve their abilities to deal with high-
risk persons, health-care professionals who provide these trainings
should receive regular and up-to-date training.*

Mobile Medical Applications

The use of smartphones and the Internet is constantly rising glob-
ally.” This rise is a good choice since mobile technologies are one
of important tools for promoting health. Mobile medical applications
have usage areas such as information and time management, com-
munication and consultancy, reference and information gathering,
clinical decision-making, patient monitoring, medical training, medi-
cal research, preventive health-care services, health appointments,
remote disease management, patient education, and awareness rais-
ing.20?* Medical applications on smartphones can be used as future
persuasion technologies due to their entertaining, facilitating, porta-
ble,and 24/7 service features, as well as reminder function, providing
individualized data and social interaction, and guiding features.??
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Mobile applications aim to deliver the quality health-care services by
reducing medical errors, making more efficient use of time, regulat-
ing clinical workflow, increasing sense of trust, and reducing costs.?”
The proper use of mobile medical applications helps patients to make
conscious decisions regarding their health management and treat-
ment.?°28 When combined with the correct design and communica-
tion strategies, these technologies may be effective in creating the
behavioral change and ensuring sustainable behaviours.?

There are many applications related to diabetes on the internet that
are available to anyone. The integration of these technologies into
the health-care system, nevertheless, leads to challenges in demon-
strating their clinical effects, as well as in terms of safety, usabil-
ity, and receiving feedback.?” According to Eng and Lee,? mobile
applications offer great potential in the management of chronic dis-
eases and health. It is specifically stated that safe systems that can
be employed inside the health-care system should be established.
Turkiye is a country with a high prevalence of diabetes. Therefore,
there is a need for the use of mobile health technologies in nurs-
ing care.

Purpose of the Mobile Diabetic Foot Personal Care System
(m-DAKBAS) Application

Diabetes is a disease that is difficult to manage since it requires
patients to make adjustments to their lifestyle, may cause complica-
tions, and lasts for the patient’s whole life, and patients have to main-
tain their lives in a planned manner. Therefore, in order for patients
to effectively self-manage their diabetes, they need specialized and
sustainable care. The use of technology-based methods is suggested
in this respect.°

The goal of developing the mobile application examined in this article
is to educate the individual on how to prevent diabetic foot ulcers,
bring positive foot care behaviors, provide feedback specific to the
individual, and reduce and prevent late admissions to the hospital
as much as possible by identifying risky conditions early with remote
patient follow-up. In the United Kingdom 2014-2016 National Diabetic
Foot Audit report, it was stated that there was a significant increase
in wound healing rates of diabetic foot ulcers diagnosed early in the
first 2 weeks.’! In this context, early diagnosis of risky conditions
would contribute to a rise in the healing rate of diabetic foot ulcers,
amputation rate, and hospitalization duration, and a decrease in
expenditures.

Other contributions of the developed mobile application can be sum-
marized as follows: Guiding the diabetic individual in foot care and
taking safe, useful, and individualized feedback; raising the self-
confidence of the individual; improving communication between
patient and health-care professionals; making the individual free for
use; being a system that patients may consult without having to visit
a medical facility; preventing to forget important issues due to the
reminder system; involving the diabetic individual in their own care in
an interactive way; taking responsibility, and allowing home follow-up
and care.

Development of m-DAKBAS

The development process of the m-DAKBAS consists of 4 stages: (1)
Conceptual framework of the application (2) The text content and
general framework of the application (3) Software phase (4) Pilot
Study.

m-DAKBAS Mobil Application

Stage 1: Conceptual Framework of the Application. Self-efficacy of
individuals is importantin converting self-care knowledge into behav-
iour.’? Self-efficacy is defined as “one’s belief in own skill to execute
and implement action plans necessary to attain some gains.”** For
this reason, in this mobile application, it is aimed to improve the
behavior and self-efficacy of the diabetic individual as well as their
knowledge of foot care, and the technical details of the program are
based on this approach.

Stage 2: The text Content and General Framework of the Application.
At this stage, the authors developed the knowledge base/text con-
tent of the application in accordance with current evidence and
guidelines.®*3 The content was put into final form with the opinions
of six academic members with expertise in Endocrinology, Nursing,
Underwater and Hyperbaric Medicine who have conducted studies
on diabetes and diabetic foot. The general framework of the appli-
cation was examined under the headings of blood glucose moni-
toring, foot care training, foot imaging, foot observation follow-up,
self-test, counseling with a message and emergency communication
(Figure 1).

Technical specifications of the m-DAKBAS application

The m-DAKBAS was designed as Web-based (Figure 2). There are two
separate panels that can be used by the healthcare professionals/
administrators and the diabetic individual/user. The application is
available for download as a shortcut to the home screens of mobile
phones running the iOS operating system and the Android operating
system. The user panel of the diabetic individual has a main page, 8
interfaces and 8 sub-interfaces.

Information on the definition of diabetic foot, risk factors, and foot
care is provided through the “Inform” and “Prevention” interfaces
(Figures 3 and 4). Through the “Messaging” interface, individuals
may communicate with healthcare professionals, as well as receive
messages that are motivational, informative, and customized to the
individual's needs. The “foot observation” interface is an essen-
tial one for the early diagnosis of diabetic foot. It was designed to
identify possible risky conditions in the foot. The interface includes
checkboxes for assessing dryness, swelling, ulcer, heat, callus, fis-
sure, tingling, burning, unusual sensations, and pain on the foot skin.
Using the interface, the user may share the findings of the self-foot
examination with healthcare professionals by checking the appropri-
ate boxes (Figure 5). The “Blood glucose” interface was created to
help diabetic individuals in regulating their blood glucose levels. The
individual may record their fasting and postprandial blood glucose
levels in the morning, lunchtime, and evening and share them with
healthcare professionals. Healthcare professionals may assess blood
glucose values and provide customized feedback (Figure 6). The “Test
yourself” interface enables the diabetic individual to test his/her
knowledge and thus to have knowledge about foot care. Through the
“Photo sharing” interface, the diabetic individual may share images of
his feet with healthcare professionals. Possible foot problems may be
diagnosed early by healthcare professionals, and positive foot care
behaviors can be observed.

The admin panel allows healthcare personnel/system administra-
tors to verify user records and update the information content of the
application. It may keep track of any negative findings reported by
diabetic individuals. It may send individual reminders and informative
messages regarding his disease.
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T

SISTEM MESAJLARI )iyabeti 1gin Nede

Saglikli Bir Sonu icin Liitfen Giinliik Ayak
Gozlemlerinizi Yapiniz Figure 3. Information interface screenshot.

Figure 2. Main interface screenshot. | I l e D a k b a s
\ Mo\bil Diyabetik Ayak Kisisel Bakim Sistemi
Stage 3: At this stage, the software process was completed. While T ¢
developing the interfaces of the application, the researcher’s expe-
rience with diabetic individuals was taken into consideration. The
professionals who work in information technology developed the
software of the application. A domain name and hosting were pur-
chased for the researcher. An information technology specialist
developed the software. Following the first introduction of the appli-

b4 3
Anasayfaya don Cikis yapin
cation, necessary adjustments were made, and it was offered to a

small group of diabetic individuals (n=10). Following this preliminary

implementation, the pilot study was started by making adjustments

in the “Test yourself” and “Messaging” interfaces based on the feed- EME
back received.

Stage 4: At this stage, the pilot study of the application was car-
ried out. The study was conducted based on a randomized controlled
(experiment=44-control=44) experimental design. As a result of

Sn. Kullanicr Hosgeldiniz..

v MUTLAKA YAPILMALI

the study, it was determined that the training and follow-up made X ASLA YAPILMAMALI
through the mobile application offered a better increase in the
knowledge, behavior, and self-efficacy scores of diabetic individu- ’ TEHLIKELi DURUMLAR

als compared to routine verbal training. Following the completion
of the study, it was determined that the knowledge score of the

experimental group was significantly higher than the control group. m
Although there was no significant increase in the foot care behav- »y>e-— - >

ior score, positive foot care behaviors were determined in the foot

. P Figure 4. Prevention interface screenshot.
examination.
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m-DAKBAS Mobil Application

Conclusion
We believe that m-DAKBAS is a diabetes-friendly system since it

m = D a k b a S enables diabetic individuals to engage in the self-management in rela-
Mobil Diyabetik Ayak Kisisel Bakim Sistemi ti.on to foot §are, raises s.elf-(':onfidence, establishes 'an ea'rly diagno-
sis of diabetic foot complications, enhances the relationship between
individuals and healthcare professionals, is easy to access and use, is
Anasayfa'ya Dén.. portable, gives patients the ability to consult without having to physi-
cally visit a health-care facility, allows home follow-up and care, and
makes possible for individuals to be involved in their own care inter-
Not: Bu Formu Hergtin Mutlaka 1 Defa acti.vely and to.tak.e responsibili.ty for their own health.' ansequehtly,

Gondermelisiniz patient education is an essential component of a holistic and high-
guality health-care service. It is recommended that mobile applications
be further developed, improved, and tested to develop self-care com-

Ayak Gozlem Programi

Lutfen Ad ve Soyad Giriniz petence in diabetic individuals, which is an essential subject of this
3 component, reduce the risk of diabetic foot development, and diag-
Dolasnm\ nose diabetic foot ulcers and other potential complications early. It is

suggested to assess the usability of the m-DAKBAS on larger patient

Usti Solukluk M Yok . o . . L
iy ~iie S ot groups by having to put it into routine use in clinics.
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