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Abstract—As clinical treatments for type-2 diabetes patients using mobile
application on smartphones have become more widely practiced, the technology
has enabled patients to easily control and monitor their blood sugar levels themselves. Although, the technology development provides more options to improve
type-2 diabetes treatment, not all applications developed are suitable for the real
treatment as there might be different situations and treatments for different
cases.
Research questions occurred while attempting to develop a diabetes mobile
application as a supportive learning and self-monitoring tool. These research
questions are the followings: How are patients enabled to use the diabetes mobile application effectively? And what are necessary functions of the mobile application for diabetes? The objective of this research are (1) to analysis, design,
and development of a type-2 diabetes mobile application (T2DM) (2) to test the
application.
The method starts with collecting users’ requirements from diabetes experts,
type-2 diabetes patients and their relatives for using the type-2 diabetes literacylearning tool. Five qualified diabetes experts and five pairs of diabetes patients
with their relatives were investigated for gathering users’ requirements that lead
to necessary functions for the development. After the T2DM is completely developed, 18 medical staffs and 20 diabetes patients and patient relatives tested
the T2DM by using the application.
Conclusion: When designing the more effective T2DM, developing of necessary functions by users’ involvement ensures that requirements were analyzed
and tested. It has been found that the nutrition function is the most significant
piece of information for the T2DM, and also the key point of the development.
At the same time, the functions for blood sugar recording and information sending are the most supportive and helpful functions for users.
Keywords—Type-2 diabetes, mobile application, diabetes literacy learning
tool, and diabetes self-management

1 Introduction
According to the World Health Organization, the number of diabetes patients has
increased steadily from 108 million in 1980 to 422 million; this information was from
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200 countries and territories in 21 regions [1]. The harmful disease of diabetes can
lead to many serious complications such as kidney disease, heart attack, blindness,
and neuropathy. It has been projected to be the seventh leading cause of death in 2030
[1]. Moreover, diabetes requires more time for medical care and loss of much money
for treatment. The majority of diabetics patients around the world are type 2 diabetes.
There are several possible causes of the disease such as their bodies do not make
enough insulin or become resistant to insulin or cannot use insulin properly. The research into the causes of type 2 diabetes is still ongoing. Since, the disease causes the
blood sugar level to become too high, most type 2 diabetes patients need medication
to keep their blood sugar level under control as normal as possible. Due to diabetes
usually to get worse, medicine dose may need to change over time to find the right
dose for each individual. Sometime, a combination of medicines may be required.
Uncontrolled type 2 diabetes can lead to long-term high blood sugar levels, which can
cause severe infections, slow-healing cuts, foot pain and/or feeling numbness in
limbs. Without any treatment, type 2 diabetes can even become life threatening. As
far as medication is concerned, unlike type 1 diabetes which only requires a strict
protocol of daily insulin injections, type 2 diabetes requires complex treatment and
medical care. Every individual with type 2 diabetes has to be treated with a different
treatment plan because of the variations in patient habits, day-to-day life activities,
genetic phenomena, ages, and stress condition [9]. Therefore, the difficulty of the
complex treatment is that there is no exact procedure for medical treatment, because
there are no daily indicators of glycemic control. To administer proper treatment to a
patient, the doctor needs to find a suitable approach for short-term and long-term
treatment plans.
Although, comprehensive medical evaluation by a doctor can improve diabetes
disease care outcomes, an excellent component of diabetes treatment is patient selfmonitoring, together with cooperation between doctor and diabetes patient [4]. On the
other hand, if the patient does not comply with doctor’s recommendation, the result
will be bound to the inadequate knowledge regarding the treatment, low selfconfidence, etc. , which will lead to poor treatment outcomes in the view of the efforts
to control the disease [3], [24], [25]. This would cause difficultly to the plan for effective medical treatment of patients with diabetes. Thus, cooperation between the doctor
and the patient is the key to the success of the treatment.
The last century witnessed a doctor-patient cooperation model with the use of smart
technology for assisting patient care [5]. At present, there has been great progress in
the area of introduction of various smart tools in medication, which has increased
ability to manage treatment plans and the likelihood of desired treatment outcomes
[2][15]. Several application on smartphones are developed for helping patients and
have been widely used for self-monitoring, providing medical suggestion, managing
patients’ health as self-management interventions, collecting real-time feedback and
also being learning tool [6] [14] [16] [21]. Smart technology seems to be a wide-
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spread, accessible and affordable solution to enhance type 2 diabetes medical treatments in the doctor-patient cooperation way.
Some of the positive impacts of the technology to patients include improvement of
the patient behavior patterns such as dietary activities, stress management and day-today life activities, enhancement of medical treatment knowledge and a doctor-patient
cooperation treatment model. Moreover, there are several application functions have
been developed and utilized to evaluate and recommend the next suitable treatment
schedule from patient’s data such as day-life activity records, blood glucose data,
nutrition levels and comorbidities records, etc. [7][11]. The benefits of smart technology are clear for diabetes patients.
There have been more than 1,100 diabetes applications available in the app market,
App Store and Google Play [17]. However, not many of them can provide support for
real medical treatments while some of them may not be effective for all patients due
to the limitation of the application usage, available languages and missed user requirements during requirements evaluation in the development process [11]. In addition, reports of several researchers state that millions of diabetes patients do not understand the information about the treatment or self-management education and never
apply smart technology for any medical advice. Corresponding to the reports [18] and
[19], in many commercial applications, there is a lack of evidence to support the recommendations of diabetes self-management through the apps. Developmental concerns have been focused on nutrition facts information that suits cultural food diversity, requirement-based functionalities and issues related to language barrier of Thai
users. Thus, addressing the issue of developing a powerful application for the
healthcare system or healthcare information technology is important before utilization
of the application in the actual medical treatment.
Regarding to the diabetes application development, there are many points of features for providing necessary diabetes information need to be considered [2]. Firstly,
collaboration between patient and doctor is an important point while designing the
features, which is necessary for patient self-monitoring. In addition, there are various
concerns about application usability, such as user acceptance, user satisfaction, system
performance, and application encouragement, which are serious points to consider
because mobile applications are different from other ordinary software [22].
Moreover, some recent reports have mentioned about a few studies which focused
on the usability of the developed diabetes mobile applications (8 from 1,189 records)
[12]. Usability test is important to investigate whether the application performs well or
not and should be done first. Then, the application can be put to review or consider by
doctors or professionals [4][10] [12].
As a consequence, to perform suitable development, the usability test examined
two indicators for providing effective functioning with regard to self-monitoring, realtime feedback, and patient involvement in diabetes treatments. Thus, type-2 diabetes
functions has been designed, developed, and tested for usability by considering in
many aspects where features of the previous developments mentioned above and the
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expected outcomes of the development for supporting type-2 diabetes patients have
been also discussed in prior to the development.
The research questions are as follows: How can the patient be enabled to use the
application effectively and what should be functions in mobile application for diabetes?
In this study, the purposes were to (1) analysis, design and develop a T2DM with
user involvement in the design, one that involves coordination between doctor and
patient; and (2) conduct an application test.

2 Experimental Procedure
2.1

Research methods

In order to facilitate the description of research participation in this study, the research has been divided into four steps. Fig. 1 illustrates the framework for developing
the T2DM self-management via mobile application.

Fig. 1.

Framework for developing the T2DM.

Step 1: Requirements collection: this step includes the involvement of the experts
from Maharaj Nakorn Chiang Mai Hospital in the Section of Endocrinology and Metabolism, Department of Internal Medicine, Faculty of Medicine; Faculty of Nursing;
and the College of Arts, Media, and Technology, Chiang Mai University presenting
the blue print of the application requirements. The necessary information for this step
were collected from five experts including doctors and nurses, five diabetes patients
and persons related to diabetes patients for application functional requirements.
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Step 2: The functions necessary for supporting diabetes treatment have been analyzed using the information from Step 1. They are collected as necessary functions for
the design based on the lack of performance treatment and by following literature
reviews.
Step 3: Android Studio, an official IDE tool and Firebase, a NoSQL cloud real-time
database were used as development tools for android operation system.
Step 4: The focus was on usability assessment testing. The step includes the evaluation of performances by applying testing methods for testing GUI, function usability,
and user confidence. There were three sample groups of users including professionals,
which were doctors and nurses from the Hospital, persons related to diabetes persons,
and diabetes patients from the Diabetes Unit from the Faculty of Medicine were asked
to test the application.
2.2

Application taxonomy

To understand diabetes mobile application taxonomy for self-management, the review in [19] over 1,559 applications from the App Store and Google Play were taken
into consideration. The functions of the application can be classified by preliminary
taxonomy of apps for diabetes self-management into three components. This is based
on the functional modules that work in diabetes application as discussed in many
literature reviews[17] [26] [27] [28] [29][30].
For functional module: This module includes recording the self-monitoring; recording the activities, dilates, and weight; feedback alert; reminder to take medications;
nutrition management; insulin calculator; and medication.
For general education module: This module includes display of data in a structured
way, instructions on nutrition facts information, and education regarding diabetes
information.
For communication module: This module includes involving users to the treatment,
communicating with the doctor, real-time interactions and data transmission, data
representation, telephone coaching, and social networking.
With regard to the above-mentioned functionality, the T2DM was developed based
on reviews and analysis functions, which is illustrated in Fig. 1.
2.3

Application development testing

Mobile application testing is a very important point because the development of
mobile applications is different from other ordinary applications such as web applications or other traditional websites [22]. It requires a different approach to ensure application quality and reliability, to build high quality applications and to make the
software reliable.
There are several usability models available for mobile application testing. According to [23], usability testing is a technique that presents application performance,
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which is devided into five elements: efficiency, satisfaction, learnability, memorability, and errors. There is another testing technique called the People at the Center of
Mobile Application Development (PACMAD), which combines two additional attributes: effectiveness and cognitive load and also identifies three aspects that effect a
mobile application usability including user, task and context of use [13]. This research
employed the PACMAD as a tool for usability testing for the mobile application development.
The testing criterions were design by including five rating scales as the following,
and then the analysis has been carried out:
Part 1: Graphic user interface criteria
•
•
•
•
•
•
•
•
•
•

Press buttons on the screen which are easy to use
There is clear distinction of the screen between foreground and background
The screen colors are appropriately designed
Each image of the menu communicates with the user effectively
The number of menu items is suitable and easy to use
The font size is suitable for the screen and easy to read
Textured wallpapers are suitable
The proportion of display areas is appropriate
The contrast of the display screen is beautiful
The alignment of the graphics and symbols is easy to understand
Part 2: Function usability criteria

• The application is intuitive and understandable for users on the trial
• The application provides useful information on medication for primary selftreatment
• The medication notification function is useful for treatment
• The blood sugar recording function is easy to use and helps to motivate users to
save their data to the app
• The summary of blood sugar readings recorded in the app is useful to the treatment
team to plan treatment courses for regulating the patient’s blood sugar
• The map function for demonstrating hospitals and nearby agency locations provides emergency contact information
• The phone contact function helps facilitate diabetes treatments
• Transmission of patient information via email to the treatment team is useful for
planning treatment courses
• The nutrition information on the app helps users to plan for diabetes treatment
• The diabetes treatment information is useful for the treatment
Part 3: User confidence criteria
• The user will use information from the app for nutrition planning
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• The user will record the sugar level for his/her own benefit in treatment planning
and use it for treatment planning
• The user believes that the nutrition information received from the app will help
him/her in planning a personalized diet plan correctly
• The user believes that the information from the app will help him/her in planning
the treatment correctly
• The user believes that the suggestions given by the app do no harm to users
• The user believes that using the app can reduce personal health expenditure
• The application makes type 2 diabetes treatment easier
• The user believes that using the app will help in motivating users toward type 2
diabetes self-caring
• The user agrees with the application usage and will suggest to his/her friends to use
the same information
• The user will definitely download the application and recommend it to others
Table 1. List of Patients’ Notes and Doctors’ Suggestions
Problem
Doctors
Patients
Found that patients always miss
Loss of information, forgot to
recording of weight, nutrition,
record the information to report
etc., which causes difficulties in
to the doctor.

the medical treatment plan.
Found that patients provide
results of low outcome of
treatment.

Found that there is a trend of
patients losing information
regarding their sugar levels.
Found that patients do not have
exact information regarding the
diagnosis during meeting the
patients in each round meeting.

2.4

Issue Discussion
Need a recording function for
demographic information on the
patient.

Forgot to take medicine.
- No plan, or uncontrolled
nutrition.
- Cannot understand which type

Need a recording function /
Search function for nutrition
information.

- Forgot to record the sugar
level every day.

Need a recording function to
record sugar levels.

- Lost contact with the doctor on
leaving for home.

Need a communication function
or the facility to export patient
information before meeting the
doctor in each round meeting.

of medicine to eat with each
meal.

Designing diabetes mobile application

The diabetes mobile application, T2DM has been designed by taking the theoretical method of “design thinking” which adopts a human-centered approach to the designing [20] [11]. The functionality of the application was analyzed from the viewpoint of the needs of patients and doctors who monitor the patient. The involvement of
both doctors and patients and the cooperation between in modern health care system
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as reviewed from recent research studies were analyzed and the result leads to the
prototyping and designing of the first mobile application.
Waterfall methodology was employed for the development by using the functional
requirements from the involvement. The objective was to identify the appreciated
functions and the challenges. Table 1. illustrates issues regarding the involvement of
the patients and the doctor’s suggestions.
The T2DM has been investigated for feasibility regarding functional requirements
and considered appropriate for use for diabetes patients. Then, the doctors made the
final decision after analyzing which functions are appropriated for the use. Fig 1 illustrates the state diagram as the blueprint for the T2DM mobile application, which has
been developed on the Android operating system. Fig. 1 contains four functionalities,
which correspond to the functions in Table 1. The states in Fig 1 include the designing of the T2DM, which designed to support online operation mode. In terms of consistency, up-to-date information about nutrition facts of common Thai foods and
phone numbers are pieces of information that doctors of diabetes are concerned about,
as they need to know the amount of nutrition obtained by the patients in their daily
lives. The website Firebase.google.com was applied as the Backend-as-a-Service
(BaaS), and it provides a simple technique to save the binary files that are used for
database management of nutrition and information regarding the phone number.

Fig. 2.

2.5

State diagram for T2DM mobile application development

Application development functions

The objective was to support clinical treatment of type 2 diabetes via a mobile application. Fig. 3 shows a screenshot of the main menu where the middle panel is the
logging-in function for users via google accounts, whereas the right panel shows the
application main menu. The left panel in Fig. 4 shows the recording function of blood
sugar, which is indicated by the calendar display view. A text box on this screen is for
entering blood sugar level by user. The right panel in Fig. 4 shows a bar chart represents blood sugar levels.
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Fig. 3.

The application screens of the main function which need to be logged in via a google
account.

Fig. 4.

The application screens of the blood sugar recording function which contains
the retrieving history of the blood sugar order by day and month, in addition to
the bar chart data visualization.

Fig. 5 illustrates a list of common Thai foods, which classified into four categories
including food, drink, dessert and fruit. Each of the food items contains nutrition facts
information such as the carbohydrate amount (grams) and energy units (calories).
This function allows users to calculate the amount of carbohydrates and the calories in
each meal and record the information for treatment planning when consulting with
their doctor. The objective is to improve the outcome of the treatment plan, allow
diabetologists to nutritional coach, and provide indirect information and education
about food nutrition facts especially the carbohydrate amount for diabetes patients.

Fig. 5. The application screens of the nutrition function, which contains a list of common
Thai foods and nutrition facts information of each food item.
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Fig. 6 shows the application function for improving the treatment outcome by reminding patients to take medicines. The function for recording the list of medicines
when the diabetologist prescribes them for patients was used to prevent the patient
from forgetting to take them. Fig. 7 demonstrates the function that transfers patients’
information via direct email to their doctors. The sending packet covers the blood
sugar level as well. Fig. 8 displays the emergency call function, which used for recording contact persons when the patient needs help. It will also show the contact phone
number of the hospital nearby.

Fig. 6.

The application screens of the function of recording medical information.

Fig. 7. The application screens of the function for reporting patient information regarding
blood sugar to the diabetologist via email exportation.

Fig. 8. The left panel shows the function of adding contact persons, the middle panel shows
the list of contact persons, and the right panel shows the nearby hospital contacts.
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2.6

Results

The results of the test with regard to the technical functions of the T2DM were collected from participant observation during the period from January 10, 2018, to January 30, 2018. The testing aimed to review the functional capacity in terms of using the
application in real-life situations by diabetes patients. Fig. 9 includes the first part of
the data collection which contains 11 general investigation criteria which shows varied demographic characteristics of all respondents. The majority of the respondents
were female (65.5% female, 35.5%male). Where 64.24% of the respondents belonged to
the doctor–nurse group, 22.45% made up persons related to diabetes patients and
13.31% was the percentage of diabetes patients. The age range of the respondents is
concerned; the data shows that the largest proportion of the respondents were between
the ages of 31–35. With regard to the education of the respondents, receipt of a Bachelor’s degree was the most common educational attainment of the respondents.
Regarding the mobile operation used by the respondents, android held the highest
proportion with 62.42%, at the same time, the group of persons related to diabetes
patients was the group that had the highest proportion of respondents using this operation. To a query regarding using smartphones for finding information, persons related
to diabetes patients and diabetes patients, with high proportions at 97.56% was claimed
that they use smartphones for finding information, whereas, only 2.44% of the respondents responded that they never used smartphones for finding information. The
majority of the respondents usually spend time more than 3 hours a day using mobile
phones: both the persons related to diabetes patients and the diabetes patients registered high proportions.
When the respondents were queried about the knowledge of mobile applications for
health information, 62.17% answered that they knew about applications before, whereas 37.83% answered that they never known about it. In addition, 54.79% had already
installed at least a healthcare application on their mobile phones where 45.21% never
installed. 65.48% paid for the application, and the majority were the doctor–nurse
group. Regarding their knowledge about diabetes mobile applications, the group of
doctors and nurses responded positively that they know such applications, with a high
proportion, of 59.48%, whereas persons related to diabetes patients and diabetes patients responded negatively that they did not know, with a high proportion of 40.52%.
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Fig. 9. The result of general questions put forward to the respondents in order to obtain the
response as user information.

Fig. 10. The result of the application test, which corresponds to section 2.3, which is the
application development testing section.

The T2DM development were tested for successful measurement using a five rating scale evaluation survey; then, the mean score of each question and respondent
group were summarized.
Fig. 10 demonstrates the results of the criteria application testing which included
three parts corresponding to the application development testing discussed in section
2.3.
The first part focused on the graphic user interface, specifically on the point that
the contrast of the display screens need to be improved as revealed by the responses
from the doctor–nurse group. The doctor–nurse group has scored different from the
other groups did. They gave the reason that improving display screen contrast could
make the application simpler and more visible. More criteria are useful for development where the scores of the evaluation are higher than 3.00 in average.
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The second part takes into consideration for function usability; it was found that
from the summary of requirements, the functions that received encouragement from
all the groups, regarding the usage of the function, were map function, phone contact
function, and transmitting of patient information to the doctor function. However, the
nutrition information function was concerned seriously to all the groups, as the application could not provide correct information such as local food information, unit of
measurement for carbohydrates, etc.
Part 3 focused on user confidence of the T2DM. The results show that the doctor–
nurse group had a lower score than the other groups, whereas persons related to diabetes patients and diabetes patients agreed with similar confidence trends in all the criteria. As already seen, the nutrition planning function was unable to provide useful information. While, having accurate nutrition information would significantly affect
users’ beliefs and convictions as the doctor–nurse group agrees to suggest to other
people to use this application.
2.7

Discussion

In this study, a mobile application for type 2 diabetes was developed by using user
involvement by including users such as doctors and nurses, persons related to diabetes
patients, and diabetes patients; this was for analyzing and designing the T2DM functions. Five medical school experts, diabetes-patients, and persons related to diabetes
patients were selected for investigating their requirements together with consideration
of the recently conducted research studies to specifically identify what functions are
suitable and necessary for the T2DM. The development of the application followed
the application taxonomy for diabetes self-management, and the learning tool was
designed by following the studies of [17][26][27][28][29][30]. The human-centered
theory with reference to GUI were employed for user-friendly GUI design [11] [20].
According to literature reviews, although, there are many necessary functions for
diabetes mobile application developing, the proposed development of the application
included only the real functional requirements of users and experts. In this study, the
T2DM focused on four main functions including blood sugar function, nutrition function, patient information function, and emergency contact function.
There have been many researchers claimed that mobile applications can be used as
a tool for managing patients’ health, self-management interventions, and real-time
feedback in diabetes patients [3][6][14] [16][21]. For the analysis step, the T2DM has
been developed by following the same framework under Thai context.
After the development was completed, testing started. There were 38 users including doctors, nurses, and diabetes patients were asked to test the features of the application such as the application GUI, function usability, and user confidence.
When considering the testing criteria Part 1, the test for GUI, it shows that the satisfactory scores from the doctor–nurse group was lower than the other groups. From
the low score point, it is evident that the contrast of the display screen is considered as
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providing poor visibility. This issue needs to be addressed and improved in the next
development.
When considering the testing criteria Part 2, which includes the function usability
test, the doctor–nurse group had serious concerns in every criterions excluding the
criterion discussed in section 2.2. Although, the T2DM offers all the important functions, and the researchers claim that their application’s functions are powerful and
effective enough for use by diabetes patients, the result reveals that the group of doctors and nurses gave lower scores than the other groups did.
The question to be addressed is why the doctor–nurse group did reflect poor acceptance. When considering each criterion, it has been found that in-depth information
from the doctor–nurse group reveals that as far as context of the use is concerned, the
criterion may not be applicable to general people. This is because, in the application,
some functions have to be carried out manually which, in turn, it will provide general
understanding and literacy regarding information on diabetes. This would increase the
diabetes self-care knowledge for patients such as how to record blood sugar and how
to calculate sugar levels, and etc.
Moreover, everybody who uses this application should gain some experience and
literacy regarding using IT health applications. This corresponds to the result given in
the general questions section, items 8-11, in Fig. 9, where the proportion of persons
related to diabetes patients and diabetes patients has a lower score in the perception of
using mobile applications for diabetes. Although, the common academic level of the
respondents was a Bachelor’s degree, IT literacy and diabetes knowledge of the user
can affect the usability of the application. Hence, the mobile application design for
diabetes should consider the users’ appropriation and contents by the suggestion of
[23].
Furthermore, regarding to the nutrition function of the T2DM, the doctor–nurse
group suggested that this part is a necessary function which could help diabetes patients and persons related to diabetes patients to calculate the carbohydrate amount in
their meals; this part has been concerned by following researchers Adam, P. in [7],
Petersen, M., and Hempler, N. F. in [11] for example.
In this development, it has been found that the application may not contain accurate information especially information on local food nutrition levels and some of the
meal information may not provide information on the carbohydrate levels. This function is extremely important for diabetes treatment because the T2DM is also aimed to
be a learning tool as well as a tool for self-monitoring.
In addition, in the development of this application, with regard to real requirements
from stakeholders, it has been found that communication function is also an important
function for doctors and patients for exchanging the patient data obtained from the
self-monitoring. Additionally, map function and phone contact function are also useful
functions, since they could help patients in the search for facilitation of treatment.
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These functions corresponds to several studies [7][11]. The application is different
from many applications in the app market [17].
When considering part 3, which consists of user confidence, the result obtained
from diabetes patients and diabetes patients’ related persons reveals that they agreed to
apply the T2DM in their treatment as tools for helping them. However, when it comes
to the question of confidence regarding accurate nutrition information provided by the
T2DM, the result shows that there was a lack of confidence in the application performance, which is a result similar to the result shown in step 2. To develop a useful
diabetes application, the factor of nutrition function should be the first priority to
concern.
Consequently, in the T2DM, while some functions can perform well from the evaluation, some are poor, based on this case development report. At least, the benefits of
the T2DM are because of the fact that it has been developed using the procedure for
role model development from an understanding of the requirements through involvement of real medical professionals and groups of patients and patients’ relatives.
The T2DM application can be further developed and its performance can be increased by improving the nutrition information in the nutrition function. Additionally,
the part of the learning function for learning about diabetes information should be also
developed.
2.8

Conclusion

In this study, the purpose was to analyze, design, develop, and test the T2DM with
user involvement between stakeholders including diabetes professionals and diabetes
patients and their relatives. This case development report presents the results of the
development. The analyzed necessary functions have been developed, which also
revealed the functions that are actually necessary for the T2DM.
The most effective application development of the T2DM started by developing
the functions that are necessary obtained through stakeholders involvement and requirements analysis. Stakeholders include real users such as diabetes patients and
persons related to diabetes patients as well as medical professionals. The result of the
application testing was satisfactory but not in the functional cases.
The study found that functions of communication in the T2DM such as maps,
phone contacts, and patient information interchanging are necessary basic functions
for supporting users. Nevertheless, blood sugar recording and data visualization are
also necessary basic functions, whereas the nutrition function is a seriously concerned
function, which should be considered in the next development of diabetes
applications.
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2.9
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