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Brief Communication

ABSTRACT
Nowadays, the introduction of the so-called ‘diabetes technology’, either hardware/de-
vice or software, to different aspects of day-to-day living in patients with diabetes aims 
to improve blood glucose control and various lifestyle features. The coordination of 
vast context of diabetes education/training, particularly in the area of medical nutrition 
therapy, is considered as a great concern. On the other hand, Iranian food culture con-
sists of a set of traditional dietary patterns and food consumption habit. The study was 
aimed to develop “the Comprehensive Mobile Application of Advanced Carbohydrate 
Counting and Diet- and Insulin-Regimen Planning” to help type 1 diabetic patients, 
improving their health status. The programming language of Kotlin, JavaScript, Node 
JS, and HTML5 was used for the mobile app development. The app was developed 
with the following abilities: 1) educating users on different aspects of disease control 
including, updated general treatment guidelines on physical activity, medical nutrition 
and insulin therapy, stress management, and the patient’s specific goals and dietary 
needs, 2) performing advanced carbohydrate counting using both picture-represented 
and kitchen-scale of carbohydrate foods as well as traditional Iranian foods, 3) recom-
mending the patient’s specific insulin dose, either short- or rapid-acting, based on the 
carbohydrate content of the selected meal or the selected amount of Iranian foods, 4) 
recommending the personalized insulin dose needed for decreasing the high blood 
glucose levels, and 5) performing 3 and 4 simultaneously. Developing Carbulin was an 
effort to increase type 1 diabetes self-management using the traditional Iranian dietary 
pattern and menu.
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Introduction

Diabetes mellitus (DM), as a third leading cause of death world-
wide, is a complex, chronic metabolic disorder, demanding sus-
tained medical care with multifactorial risk-reduction strategies 

(further than glycemic control) [1]. With the increasing trend of global 
incidence and the ongoing high prevalence rate of DM in the Middle 
East and North Africa Region (MENA), estimated by International Dia-
betes Federation [2], the concern doubles for the affected nations as well. 

Iran is an aging developing country, experiencing transitional peri-
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od with the increasing health burden of non-
communicable diseases, especially diabetes, 
[3] and has an approximate number of 7800 
children and adolescents 0–19 years with type 
1 DM [2].

Besides, regarding the proportions of type 
1 DM (11.4%) based upon the first Nation-
wide Diabetes Report of National Program 
for Prevention and Control of Diabetes 
(NPPCD-2016), further updated novel preven-
tion and management strategies are still de-
manded to alleviate the correspond economic 
burden on national health care system [4, 5].

Moreover, pharmacotherapy, regular physi-
cal activity, and medical nutrition therapy 
have long been demonstrated to have integral 
roles in achieving individualized treatment 
goals in diabetes chronic management [6, 7]. 
The coordination of vast context of diabetes 
self-management, education/training, and 
treatment planning with active participation 
of the patient (and his/her family), particularly 
in the area of carbohydrate counting regard-
ing insulin regimen and the development of 
an individualized eating plan, is highly recom-
mended [7].

On the other hand, culinary culture of an in-
dividual country, as a collection of human di-
etary behavior, traditional diet, and food con-
sumption pattern, is reliant on the geographical 
environment and available food items. Iranian 
dietary culture is therefore, different from 
those of western countries [8]. Such issue 
should be addressed carefully during menu 
design and dietary planning for general popu-
lation and patients, both in-person and virtual 
self-management education. 

The introduction of the so-called ‘diabetes 
technology’, either hardware/device or soft-
ware, to different aspects of day-to-day living 
in patients with diabetes aims to improve blood 
glucose control and various lifestyle features. 
Though traditionally attributed to the devices, 
by which either insulin injected or blood glu-
cose monitored, diabetes technology has more 
recently been ascribed to hybrid device(s) 

with the two functions or software(s), facilitat-
ing diabetes self-management education and 
support. Proposed softwares are further rec-
ommended to be individualized based on the 
patient’s needs, desires, skill level, and avail-
ability of devices [9].

Though several efforts have been made to 
develop the expert system software addressing 
diabetes self-management education (consid-
ering diet/nutrition) particularly in the last two 
decades [10-12], recent advances in smart-
phone technology and the proliferation of data 
connectivity have led to introduce mobile ap-
plication (app) for the purpose [13-15].

Any effort in developing disease-specific 
self-management software/app should prefer-
ably be accompanied by the use of the perti-
nent national dietary pattern and menu [8]. In 
this regard, Carbulin is primarily developed 
for dietary management of type 1 DM and 
also helps the user improve his/her knowl-
edge and nutritional skills in advanced car-
bohydrate counting in order to achieve and 
maintain optimal glycemic control, consider-
ing Iranian menu. It also enables the user to 
prevent and deal with acute or chronic compli-
cations associated with the disease (ex: hyper-
glycemia, hypoglycemia, microvascular and 
macrovascular complications).

Material and Methods

Carbulin programming language
Carbulin android application is in Kotlin 

programming language and is compiled with 
Android SDK Version 25. Latest program-
ming design patterns have been incorporated 
into the application to ensure enhanced stabil-
ity, optimal performance, and great maintain-
ability.

Javascript and NodeJS are used as the pro-
gramming language and the Javascript runtime 
engine of the Carbulin server, respectively. 
The server uses a request response methodol-
ogy to communicate with the application in 
a client-server fashion. MongoDB is further 
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served as an open source high performance 
NoSQL document based database manage-
ment system. 

Carbulin server holds all the information 
about diabetes, its pharmaceutical and non-
pharmaceutical management options, food 
ingredients, and user characteristics entered, 
both about their self and about their insulin 
regimen. Aside from giving the information 
to the users by browsing, data on the current 
blood sugar level, measured by glucometer, as 
well as multiple food items and/or traditional 
Iranian menu can be given to the app to find 
out how much insulin has to be injected to the 
user for normalizing the blood glucose level. 
In this regard, needed personalized data is ei-
ther taken in the first time or asked to be con-
firmed for other times.

The energy and carbohydrate contents of dif-
ferent food items given in the Food Data Cen-
tral of U. S. Department of Agriculture, food 
album, and standard Iranian menu were also 
applied, where needed.

Results
The app was developed to provide the fol-

lowing features, as discussed below:

Anthropometrics, target treatment 
goals, and nutritional require-
ments

To get started, the user (the patient or his/her 
parent/caregiver) has to enter the age, gender, 
anthropometric measures (body height and 
weight), type of diabetes, and insulin regimen 
(including, insulin type and unit administered 
by physician). Data either on children and 
adolescents’ growth status or on adults’ obe-
sity status (i.e. height-for-age (H/A) and body 
mass index (BMI)-for-age (BMI/A) z scores, 
and the relevant interpretation for the former 
or BMI, percentage of body fat, and the re-
lated elucidation (based upon World Health 
Organization (WHO) criteria or Durenberg 
equation for the latter)) can then be visualized 
to the user. In the case of lower or higher than 

the appropriate recommended values for each, 
the app alerts, represents the normal ranges of 
the parameter, and gives him/her one- or two-
sentence advisory statement. 

In the next section of the app, the patient-
specific glycemic targets including, target 
preprandial, postprandial, and bedtime blood 
glucose (BG) concentrations (mg/dL and/
or mmol/L) and glycosylated hemoglobin 
(HbA1c) (%) and frequency of self-blood glu-
cose monitoring (SBGM) are emerged on the 
screen to remind the user the importance of 
achieving glycemic control. Other therapeutic 
objectives recommended to minimize the risk 
of vascular complications (including, high and 
low density lipoprotein cholesterol (HDL-C; 
LDL-C; mg/dL), triglyceride (TG; mg/dL), 
and blood pressure (BP; mmHg)) can be fur-
ther visualized by selecting ‘view more clini-
cal targets’ as well. 

Suggested daily requirements of energy 
(kcal) and macronutrients (including, protein, 
carbohydrate and fat (g and kcal % of total 
kcal)) tailored to individual needs will be rec-
ommended by the app then.

Practical insulin use recommenda-
tion

The main section of Carbulin is devoted to 
‘insulin calculation’; initially, Carbulin asks 
the user to refresh/confirm the information 
on the insulin type and dose and to enter the 
fasting blood sugar (FBS) of the two previ-
ous days as the predictive variable of general 
glycemic control. In case of poorly controlled 
FBS levels, the app alerts and gives an adviso-
ry statement to visit physician for providing a 
more sustainable glycemic control. Otherwise, 
the app proceed to ask the user for the particu-
lar purpose as follows: 1) recommending the 
patient’s specific insulin dose (either short- or 
rapid-acting), based on the carbohydrate con-
tent of the selected foodstuff or Iranian meals, 
2) recommending the personalized insulin 
dose (either short- or rapid-acting) needed for 
decreasing the high blood glucose levels, or 3) 
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performing both 1 and 2, simultaneously.
In case of selecting the first path, the user 

can further choose different kinds of food 
items categorized into 5 different food groups 
of grains, fruits, vegetables, dairy, proteins, 
according to MyPlate defined by Food and 
Nutrition Service of US Department of Ag-
riculture (USDA). High carbohydrate items 
entitled ‘sometimes foods’, and traditional 
Iranian meals can also be visualized by either 
entering the food name or turning the relevant 
filter of each food group ‘on’. The amount of 
each food item can be selected based on either 
of two different scales of house-hold scales, 
including glasses and tablespoon with stan-
dard colored picture of food album, or gram. 
The respective carbohydrate content of the se-
lected foodstuff, will then be summed to cal-
culate pre-meal bolus insulin by the use of in-
sulin to carbohydrate ratio. Different amounts 
of a standard portion of the Iranian food, can 
also be selected as a single food of the selected 
food list.

If high BG is measured, then the second path 
can be chosen. Importing the current BG, the 
insulin dose recommended by Carbulin can be 
visualized, regarding target BG for the speci-
fied age span by the use of correction factor. 

In case of selecting the third path, the insulin 
dose required for effective BG control of pran-
dial glucose, when high BG is measured, can 
be visualized.

Diabetes-related information
By browsing Carbulin, a section can be 

dedicated to increase the knowledge and self-
management skills of the user about diabetes. 
Users are educated on the disease moiety, its 
particular acute or chronic complications, the 
probable causes, and the relevant prevention 
and management considerations of each. Dif-
ferent aspects of disease control including, 
updated general international guidelines on 
physical activity, medical nutrition and insulin 
therapy, and stress management can be visual-
ized to the user by selecting the appropriate 

topic. 
Data on different types of insulin, onset and 

peak of action, usual effective duration, rec-
ommended time to monitor the effect of each, 
and instruction and the correct choice of in-
sulin injection sites in different situations can 
be further browsed by the user as a result of 
attaining the educational purpose of Carbulin.

Additional drug information on the indica-
tion, site and mechanism of action, dosages 
(for pediatrics or adults), possible associated 
side effects, interaction, warning, precaution, 
and nutrition consideration can also be found 
in the section of ‘pharmaceutical care of type 
2 diabetes’.

Discussion
Identified as one of the biggest challenges 

faced by the patients with type 1 diabetes 
(and/or their parents/caregivers) to overcome, 
carbohydrate counting approach for meal 
planning, regarding intensive, but flexible in-
sulin regimen is considered as the basis of the 
glycemic control and disease management. 
In this regard, the present study suggests the 
opportunity for developing a mobile app for 
diabetes self-management education and sup-
port. Considering nation-specific differences 
in dietary pattern, the proposed app is ex-
pected to be widely used by Iranian patients, 
but not non-native users. Extensive directions 
are in progress focusing on the adoption of a 
randomized double-blinded design to test the 
hypothesis of the efficacy of such intervention 
before its wide use.

Conclusion
The present mobile app is proposed to in-

crease diabetes self-management and to cope 
with the most important challenge (i.e. at-
taining glycemic control) to lower the risk of 
acute and chronic complications and improve 
longevity and quality of life. Though as an ef-
fort to introduce a user-friendly app, limited 
skill of the users may still restrain its use. In-
corporating national Iranian recipes, however, 
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makes the app more suitable for the user.
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