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ABSTRACT

Aim: Nutritional therapy in chronic kidney disease (CKD) requires certain regulations in the diet of the patients. Patients’
self-management becomes possible with the development of mobile phones and their software. In the current study, a
smartphone application that could be used to increase dietary compliance of CKD stage 4-5 and hemodialysis patients was
developed. It is aimed that patients can control the dietary intake of energy, protein, sodium, potassium, phosphorus, and
fluid by using the developed mobile application.

Subjects and Method: The mobile application has been developed by the researchers until the final control and test phase.
Later, the final control and test phase of the developed application were carried out by 5 expert dietitians, 5 specialist
doctors, and 5 hemodialysis patients.

Results: The majority of the participants stated that the application was easy to use, interesting, visually well designed,
contains sufficient reliable information, and that they can recommend it to other patients. Participants who examined the
application also offered suggestions about the application.

Conclusion: The application was updated according to the evaluations and suggestions of the participants. The final
application was formed to be ready for the use of the patients.

Keywords: Smartphone applications, nutrition, hemodialysis, chronic kidney disease, mobile technology

OZET

Amag: Kronik bobrek yetmezliginde beslenme tedavisi, hastalarin diyetinde belirli diizenlemeler yapilmasinm
gerektirmektedir. Hastalarin kendi kontrollerini saglayabilmesi cep telefonlarinin ve yazilimlarinin gelismesiyle mimkiin
hale gelmektedir. Bu calismada kronik bobrek yetmezligi 4-5. evre ve hemodiyaliz tedavisi alan hastalarin diyete uyumunu
artirabilecek bir akilli telefon uygulamasi gelistirilmistir. Gelistirilen uygulama ile hastalarin diyetle alinan enerji, protein,
sodyum, potasyum, fosfor ve sivi alimini kontrol edebilmesi amaclanmaktadir.

Bireyler ve Yontem: Uygulama, son kontrol ve test asamasina kadar arastirmacilar tarafindan gelistirilmistir. Daha sonra
gelistirilen uygulamanin son kontrol ve test asamasina 5 uzman diyetisyen, 5 uzman doktor ve 5 hemodiyaliz hastasi dahil
edilmigtir.
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Bulgular: Katilimcilarin ¢ogunlugu uygulamanin kullaniminin kolay oldugunu, ilgi cekici oldugunu, gorsel olarak iyi

tasarlandigini, yeterli-guivenilir bilgiler icerdigini ve diger hastalara tavsiye edebileceklerini belirtmiglerdir. Uygulamay
inceleyen katilimcilar uygulama hakkinda 6nerilerde de bulunmustur.

Sonug: Uygulama, katiimcilarin degerlendirme ve dnerileri dogrultusunda giincellenmistir. Uygulamanin son hali hastalarin

kullanimina hazir hale getirilmistir.

Anahtar kelimeler: Akl telefon uygulamasi, beslenme, hemodiyaliz, kronik bobrek yetmezligi, mobil teknoloji

INTRODUCTION

Increasing number of chronic kidney disease (CKD)
patients posing enormous challenges to society (1).
Applied medical nutrition therapy varies according
to the patient’s condition and requires certain
restrictions and regulations in the nutrition of the
patient (2,3).

Smartphones and smartphone applications have
started to take a large place in our lives with the
developing technology (4). Smartphone applications,
which have also started to be developed in the field of
health, aim to provide self-management for patients
and to facilitate their lives in addition to professional
support (5,6). Especially, mobile applications related
to nutrition come to the fore in chronic diseases where
the course of the disease improves with nutrition
therapy (7,8). Smartphone applications that keep a food
diary, offer recipes suitable for dietary restrictions of
the disease and aim to control the nutritional intake
of the patients have started to be developed for CKD,
which is one of the chronic diseases (9).

In this study, it was aimed to develop a smartphone
application specific to nutritional therapy of CKD
patients.

SUBJECTS AND METHOD

Developing of the Application

Firstly, the application to be made was planned,
the necessary analyses were formed, and finally,
suitable platforms for software development were
determined. Later, the plan, analysis, and selected
platform were checked by the researchers and the
risk analysis was evaluated with pros and cons. The

graphical user interface (GUI) of the software was
designed to produce the first prototype. The GUI was
evaluated by the researchers. The necessary code of
the software was written according to the evaluation.
The first prototype of the application developed was
controlled and tested. After the test and control steps,
researchers performed the required risk analysis.
Then, the second prototype of the application has
started to be produced. Some deficiency of the GUI
was noticed after the test and control steps. The
GUI of the application was updated to remedy the
deficiency and the updated GUI was approved by the
researchers. The program accuracy was tested by
entering the determined menus to the program after
the necessary codes were written. The final control
and test phase of the developed application were
carried out by expert dietitians, specialist doctors,
and patients. Writing the code of the final program
was started after the researchers made the last risk
analysis and GUI operations. Unit control was made
after the required code was written. After this stage,
the final application that could be used by the patients
was ready. The developed program is an application
for smart Android mobile phones. The application
was developed in the Android Studio environment
and the Android 9.0 (Pie) version was preferred due
to its widespread use (10).

Content of the Application

Patients can calculate the intake of energy, protein,
sodium, potassium, phosphorus, and fluid with the
developed application by entering the daily food
intake into the application. The energy and nutrient
contents of foods were defined by the researchers
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for the application. In particular, upper limits for the
restricted intake of sodium, potassium, phosphorus,
and fluid were defined in the application and the
application warns patients who exceeded the intake
limit to be careful. After the warning, patients can
switch to the recommendation screen and see the
recommendations for nutrients exceeding the intake
limit. The recommendations of energy, nutrients, and
fluids were determined based on the guideline of the
National Kidney Foundation (11).

Nutrition database was created for this mobile
application and nutrient contents of foods in this
database were taken from the Beslenme Bilgi Sistemi
(BeBIS [Nutrition Information System]) program (12).
The energy, nutrients (protein, sodium, potassium,
and phosphorus), and fluid amounts of meals in this
database were calculated by forming the portion
contents. The amount of the foods included in the
meals was taken from Tiirk Mutfagindan Ornekler
(Examples from Turkish Cuisine), Standart Yemek
Tarifeleri (Standard Recipes), and Geleneksel Tiirk
Mutfagindan Se¢meler: Besin Ogeleri Acisindan
Degerlendirilmesi (Selections from Traditional Turkish
Cuisine: Evaluation in terms of Nutrients) (13-15).
All meals included in the database were calculated
without salt. In the application, the measurement
of foods and meals such as tablespoons, teaspoons,
dessert spoons, water glasses, small size, large size,
pieces, slices, bowls, and portions were performed by
using units that were understandable by the patients.
Yemekve Besin FotografKatalogu (Meal and Food Photo
Catalog) was used to determine the measurements
and amounts defined in the application (16).

Sampling

After developing the application, 5 expert dietitians,
5 specialist doctors, and 5 patients were asked to
examine and evaluate the application. Participants
were asked to evaluate the application in terms of its
content and competence with the questionnaire form.
In addition, suggestions to improve the application
were collected from healthcare professionals and
patients. The collected suggestions and evaluations

regarding the application constituted the final
control and testing phase of the application. After the
evaluation phase, the application was updated in light
of the suggestions.

Evaluation of the Data

The data were evaluated using the SPSS version 22.0
package program. Number (n) and percentage values
(%) for qualitative data, mean (X), standard deviation
(SD), median, minimum (Min), and maximum (Max)
values were calculated for quantitative data.

RESULTS

The application was examined by 5 expert dietitians,
5 specialist doctors, and 5 patients to perform the
final control and test of the application. Participants
that examined the application were 33.3% men and
66.7% women. The average age of the participants
was 37.3£9.22 years and the average education span
was 18.5+5.63 years. It was stated that the application
was easy to use by 60% of expert dietitians, 100% of
specialist doctors, and 80% of patients. Eighty percent
of expert dietitians and specialist doctors and all
patients found the application content interesting.
When the application was evaluated visually, 60%
of the expert dietitians, all specialist doctors, and
patients stated that the application was visually well
designed. All participants thought that the application
contained sufficient information. The reliability
of the information in the application was asked
to be evaluated only by health professionals. Both
dietitians and doctors stated that the information in
the application was reliable. All participants stated
that the application would be beneficial and therefore
could be recommended to other patients. Participants
were asked to give points from 1 (very poor) to 5 (very
good) for the application. Expert dietitians, specialist
doctors, and patients gave 4.4+0.89, 4.8+0.45, 5.0+0.00
points to the application as average, respectively
and total average points of the application was
calculated as 4.7+0.59 points. General information of
the participants and suggestions about the application
were given in Table 1.
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Tablo 1. General information and suggestions about the application of expert dietitians, specialist doctors, and patients

Expert Dietitian Specialist Doctor Patient Total
(n:5) (n:5) (n:5) (n:15)
n (%) n (%) n (%) n (%)
Gender
Male 1 (%20) 2 (%40) 2 (%40) 5 (%33,3)
Female 4 (%80) 3 (%60) 3 (%60) 10 (%66,7)
Is it easy to use?
Yes 3 (%60) 5 (%100) 4 (%80) 12 (%380)
Undecided 2 (%40) - 1 (%20) 3 (%20)
Is the content interesting?
Yes 4 (%80) 4 (%80) 5 (%100) 13 (%86.7)
Undecided 1 (%20) 1 (%20) - 2 (%13.3)
Is it visually well designed?
Yes 3 (%60) 5 (%100) 5 (%100) 13 (%86.6)
No 1 (%20) - - 1 (%6.7)
Undecided 1 (%20) - - 1 (%6.7)
Does it contain enough information?
Yes 5 (%100) 5 (%100) 5 (%100) 15 (%100)
Is the information reliable? *
Yes 5 (%100) 5 (%100) - 10 (%100)
Would you recommend it to someone else?
Yes 5 (%100) 5 (%100) 5 (%100) 15 (%100)
X +SD X +SD X +SD X +SD
Median Median Median Median
(Min-Max) (Min-Max) (Min-Max) (Min-Max)
29.2+1.64 42.0+10.49 40.6+7.86 37.319.22
Age (years) 28 46 40 32
(28-31) (30-54) (32-52) (28-54)
20.0+0.00 23.6+3.36 11.8+2.86 18.5+£5.63
Education span (years) 20 25 12 20
(20-20) (18-26) (8-16) (8-26)
. 4.4+0.89 4.8+0.45 5.0£0.00 4.7+0.59
Average points
(1 very poor-5 very good) > > > >
(3-5) (4-5) (5-5 (3-5)

*This question was asked only to health professionals.

The suggestions and statements of the participants
about the application were given in Table 2. The
application was updated according to the evaluations
and suggestions of the participants and made ready
for the evaluation of its effectiveness on patients.

The developed application was created by going
through two prototypes and a final product phase.

Created prototypes consisted of a total of 4 activity
screens: information entry, food record, evaluation,
and advice screens. In the final version of the
application, a user manual screen was added in
addition to these screens. The stages of the information
entry screen were shown in Figure 1. The English
translations of the Turkish words in the application
were expressed with the red dash lines in Figure 1-4.
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Tablo 2. The suggestions and statements of the participants

Dietitian 1

Dietitian 2

Dietitian 3
Dietitian 4

Dietitian 5

Tulum cheese (traditional cheese ripened in a goatskin casing) and peanuts are not on the list.
Preparing a user manual at the beginning of the page may be more beneficial for patients.

It is better if the search button is blank when entering the name of the food.

If the food and portioning place are different in color, it is easier to distinguish.

The application seems very useful for patients; thus, I do not have any problems or suggestions.
Purslane, red mullet, milk powder, starch, vermicelli, meat-free legumes meal (dry beans, chickpeas, and
peas), okra, spinach with olive oil should be added to the menu.

Bread size should be specified as a thin slice.

The biscuit should be specified such as cream or plain.

Ready two or three-in-one coffees can be added to the menu.

Chocolates can be specified in detail as milk chocolates, hazelnut or pistachio.

Menu should be in alphabetical order.

The application can be made more visual; the background color can be a soft color.

Cheese types can be expanded.

Delete command can be changed to remove from the list.

Doctor 1 ¢ Menu should be in alphabetical order.
Doctor 2 * The application can be made more visual; the background color can be a soft color.
Doctor 3 * Cheese types can be expanded.
Doctor 4 * Delete command can be changed to remove from the list.
Doctor 5 » Application requires patient compliance; I recommend preinformation.
* There is no purslane and lentil noodle soup in meals, these can be added.
Patient 1 » Usage of the application is a little complicated, some explanation before use may be good.
Patient 2 ¢ Idonot know my urine output, I had trouble entering the information on the information screen.
Patient 3 * The application is complicated to use at first, but it is noticed that it is easy to use later. The use of the
application can be explained.
Patient 4 * Icannot estimate the amount of fat in meals in tablespoons.
+ “Maximum” and “Consumed” expressions should be changed for understandable.
Patient 5 * Menu can be grouped or sorted alphabetically.
» The bottom buttons are not visible. You need to notice and scroll down the page.
_____ ™
e . — Ll
) ) lerk Bilgleriniz - ~
{ Yourname , ™ Feray Adiniz Feray
————— Bilglerniz
R sovedne  GencerBingdl 2000 2 DRS00 e e e
( Yoursuname), = Genger Bingdl Soyadiniz Genger Bingtl (__ Name _, & Feray
T T TTN e 186 e S - ———
{_Ytl_"fjfgfi J Bayy 166 Boyunuz 166 cm f__&::n_imﬂc_  Soysd Genger Bingdl
T T O onis ” TR
{tlo_ﬂ?'f*giﬂ: e & 2 . Komiz 0 - Pigiere (__ Height ) BoyUmniugs 166 en
(__ Yourage 1o 28 wil vear Ya 28 ] \ _(Staged-5)_/ T g
et g _)_ o ’ {Tfmrrxﬁcmw (_ Weight _ ) voouswin 70 &
KBY(Evre3-5) 0 e | (N i R
— ldracMiktan 250 mL N _ Patiemt _ |
Giincelle \ _(lig_g&i_-ji/j (_I"’_;;;"_‘MPE’: - — {-_ _‘4_3?_ _ /B 28w
(" Updne_ | Hemodidysi] R _ Dicberes_ i 1000
ol i L Y \ _ Patient Diyabet Yok S
—_— |_No diabetes Hemodivaliz Hastast -
( Gincelle " 5
Diyabet Var .
(a) (b) (c)

Figure 1. The stages of the information entry screen; (a) First prototype, (b) Second prototype, (c) Final product
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The CKD stage of the patients who could use the
application between the first prototype and the
second prototype was updated and corrected as could
be seen in Figure 1. In addition, whether the patient
has diabetes and the output of urine were added to
the list on the information entry screen. Information
such as “Your Height” instead of “Height” between

arranged. Furthermore, the user manual button was
added to the application in the final product. It was
noticed that people had difficulty while using the
application and this button was added to facilitate the
use of the application in line with the suggestions of
the participants. After clicking the Update button, the
food record screen appears as in Figure 2.

the second prototype and the final product were

Figure 2.
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The stages of the food record screen; (a) First prototype, (b) Second prototype, (c) Final product
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The changes between prototypes of the food record
screen were shown in Figure 2. Button locations
shown as a deficiency in the first prototype were
arranged in the second one. Following changes were
applied between the prototypes; the objects were
centered and the number of meals in the menu
containing 13 foods were increased to 296. Finally,
when the food is selected from the menu during the
prototype development, the visibility of the list was
changed. The difficulties experienced in the visibility
adjustment of this menu have been eliminated in the
final product. In the final product, the missing foods
were determined as a result of the evaluation and

EnFazla Tiiketilen

the number of food was increased to 314 by adding
the determined foods to the application. In line with
the criticisms received that the selected food was
difficult to perceive, the “Chosen Food” section was
added to the amount addition section. In line with
the same criticisms, the “Clear” and “Delete” buttons
were changed to “Clear List” and “Delete Selected” to
make them more understandable. Finally, the process
of finding food from the list was simplified by listing
the foods alphabetically. Development stages of the
evaluation screen, which was activated when the
“calculate” button was pressed, were shown in Figure

EnFazla  Tiiketilen
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Figure 3. The stages of the evaluation screen; (a) First prototype, (b) Second prototype, (c) Fmal product in normal dietary

intake, (d) Final product in exceeded dietary intake
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The updates between the prototypes of the evaluation
screen were presented in Figure 3. While creating the
second prototype from the first prototype, a graphic
screen showing the dietary intake percentages
was added. While creating the final product, it was
criticized that when the daily dietary intake was
exceeded, the warning could not be read owing to
the small screen size. The enlarged warning balloon
was placed in the middle of the screen to solve the

Renal Diyet

problem as seen in Figure 3d. In addition, since it was
stated during the evaluations that the expressions
“Maximum” and “Consumed” are incomprehensible;
instead “Maximum recommended intake” and
“Today dietary intake” was used according to the
interpretation. The development stages of the advice
screen, which were activated when the advices button
was pressed, were presented in Figure 4.

>, - .3
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Figure 4. The stages of advices screen; (a) First prototype, (b) Second prototype, (c) Final product in normal dietary intake,

(d) Final product in exceeded dietary intake
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can cause an irregular
heartbeat or heart attack.
1o reduce potassium
intake;

You should avoid foods
such as vegetables, fruits,
milk, yogurt, legumes, nuts,
whole grain products,

\ chocolate, tahini, mafasses.//
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The advices screen was left blank in the first prototype
as could be seen in Figure 4a. Before the expert
dietitian, specialist doctor, and patient evaluation
stage, the advice information was added as shown in
Figure 4b. Since no comments were received in the
evaluations after this stage, the same screen was used
as shown in Figure 4c-d.

Unlike the prototypes, a user manual was prepared
according to the recommendations to integrate the
final product. The user manual screen is the screen
containing information about the usage of the
application. This screen includes the use of the buttons
in the application and the portion information of the
foods. As a result of the evaluations, the development
stages of the visual theme of the application could be
divided into two parts as the visually of the buttons
and the background. While a green to white image
was used as the background visual between the first
and second prototype, a pinkish color was used in the
final product according to the recommendations. The
button was updated visually according to the selected
background color.

DISCUSSION

Chronic kidney disease patients quite often have
difficulty in compliance with dietary restrictions that
is an important part of the therapeutic approach for
these patients. The burden of following guidelines
and recommendations is important not only for the
patients, but also for the families and caregivers of
patients in need of care (17). With the widespread use
of smartphones, these systems are also beginning to
be used for the needs of patients. Careful monitoring
of the intake of various nutrients is essential because
metabolic abnormalities are common in CKD patients
(18). Renal diet applications encourage patients
to make better choices to increase their dietary
compliance by comparing protein, sodium, potassium,
phosphorus, and fluid contents of foods with other
foods and recipes (9).

There are many mobile applications that were
developed for CKD patients in app stores and these

applications are mostly available in the English
language. However, most of the current renal
applications do not reflect evidence-based guidelines
and information (19). This application was developed
in the Turkish language taking into account evidence-
based guidelines. In a systematic review by Sing et al.
(20), mobile applications related to 28 kidney diseases
were examined. It has been determined that only 7
of these applications have monitoring and warning
features and only 2 of these 7 applications warn the
user when abnormal values are entered. The current
application gives a warning when entering abnormal
height and body weight values. In addition, when
nutrient intake exceeds normal limits, the information
turns red and patients are directed to the advices
screen. It is seen that the applications developed are
mostly created by individual developers instead of
health professionals, health groups, and universities.
This situation can pose a risk for both the health of the
patients and the security of their personal information.
Therefore, the safety of the information presented in
mobile applications, the orientation of the patients,
and the protection of the personal information are
extremely important (21). This application is a mobile
application developed by healthcare professionals.
At this stage, raising awareness of reliable nutrition
mobile applications and providing these options can
encourage patients to use these applications. Mobile
apps should not be expected to replace the expertise
and social support provided by dietitians. However,
these mobile apps can be useful in addition to
nutritional counseling to improve the efficiency and
quality of nutritional care (22).

There are different mobile applications and studies
for CKD patients in the literature. Attitudes of the
patients towards mobile nutrition applications were
questioned in a study conducted in Canada. Ninety
percent of the participants stated that they were
interested in using the mobile nutrition application. In
addition, the participants recommended that features
such as portion sizes, weekly meal plans, CKD-
friendly recipes could be included in the developed
applications (23). In this study, the majority of the
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patients were interested in using the application and
stated that they would recommend it to other patients
since it is useful.

In a study conducted in Brazil, a mobile application
was developed for self-management of dialysis
patients. Patients were enabled to follow food intake,
fluid intake, and medications using the application.
It was seen that they could successfully control
themselves with the mobile application and positive
improvements were found in blood findings when the
patients were evaluated with the medical condition
self-management scale (18). Educational videos,
recipes suitable for the disease, nutrient calculation
screen, and laboratory findings monitoring screen
were presented in another mobile nutrition
application developed for hemodialysis patients (19).
A dietary intake monitoring application in the USA
was developed to be used on a personal digital. It is
seen that the developed application has the feature
of tracking the daily nutrient and fluid intake with
its universal product code scanning, sound recording
feature, and the content of the defined foods and
meals (24). Another mobile application was developed
to control the general health of CKD patients in a study
conducted in Taiwan. Daily records (blood glucose,
blood pressure, body weight), laboratory results and
change graphs, diet and care information for each
stage were provided to patients with the application.
However, there is no detailed food consumption entry
and control of daily intake in the application (25).
Application developed in this study enables patients
to control energy, protein, sodium, potassium,
phosphorus, and fluid intake by entering daily food
intake. In addition, patients see their daily intake on a
graphic and are informed about what to do in case of
excessive intake.

There are certain limitations in this study. The
application is designed in the Turkish language for the
use of patients in Turkey. For this reason, it cannot be
used by patients not speaking Turkish. Furthermore,
the developed application is compatible for Android
users. For this reason, it cannot be used on phones
with other operating systems.

As a result, the application developed in this study for
CKD patients has received positive reactions and well
received by healthcare professionals and patients.
Additionally, it is thought that the changes made in
line with the recommendations made the application
better. In the next stage of the study, it is aimed to
evaluate the effect of the developed application on
the anthropometric measurements and biochemical
findings along with food and fluid intake of the
patients.
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