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Abstract

Type 1 Diabetes Mellitus (T1DM) is an autoimmune, unpreventable, and incurable disease in which insulin production ceases due to pancreatic
beta-cell destruction. This work presents Techani, a web and mobile system designed to enhance treatment adherence and patient monitoring
through a culturally adapted interface tailored to the Mexican context. The system integrates Artificial Intelligence tools and incorporates a
broader range of variables than current applications, including mood, hydration, sleep, and atypical days, in addition to traditional clinical data.
A mixed-methodology approach combining Scrum, UI/UX design, and empirical data collection through physician surveys was used to identify
relevant determinants of glycemic control. The proposed system aims to strengthen patient autonomy, facilitate physician follow-up, and improve
adherence by automating carbohydrate counting using the Mexican Food Equivalents System (SMAE). Compared to existing mHealth tools,
Techani increases the number of monitored variables by more than 40% and enables potential data integration for predictive glucose modeling.
Limitations include manual data entry and a small convenience sample for usability testing. Future validation studies will evaluate its clinical
impact on glycemic control and treatment adherence, and integration with CGM data to assess its clinical impact on glycemic control.

Resumen. La diabetes mellitus tipo 1 (DMT1) es una enfermedad autoinmune inevitable e incurable en la que la produccién de insulina se
detiene debido a la destruccién de las células beta pancredticas. Este articulo presenta Techani, un sistema web y mévil disefiado para mejorar la
adherencia al tratamiento y el seguimiento de pacientes mediante una interfaz culturalmente adaptada al contexto mexicano. El sistema integra
herramientas de inteligencia artificial e incorpora una gama mdas amplia de variables que las aplicaciones actuales, incluyendo el estado de
animo, la hidratacidn, el suefio y los dias atipicos, ademds de datos clinicos tradicionales. Se utiliz6 un enfoque de métodos mixtos, combinando
Scrum, disefio de UI/UX y recopilacién de datos empiricos mediante encuestas a médicos para identificar determinantes relevantes del control
glucémico. El sistema propuesto busca fortalecer la autonomia del paciente, facilitar el seguimiento médico y mejorar la adherencia al tratamiento
mediante la automatizacioén del conteo de carbohidratos con el Sistema Mexicano de Alimentos Equivalentes (SMAE). En comparacién con las
herramientas de salud mévil existentes, Techani aumenta el nimero de variables monitoreadas en mds del 40% y permite la integracion de datos
para el modelado predictivo de la glucosa. Las limitaciones incluyen la introduccién manual de datos y la pequefiez de la muestra en las pruebas
de usabilidad. Los estudios de validacion futuros evaluaran su impacto clinico en el control glucémico y la adherencia al tratamiento, asi como su
integracion con los datos del sistema de monitorizacién continua de glucosa (MCG) para evaluar el impacto clinico en el control glucémico.

Keywords: Adherence to prescribed treatment in Diabetes, Carbohydrate Counting, Diabetes Monitoring and control, M-health, Type 1 Diabetes.
(Palabras clave: Adherencia al tratamiento en diabetes, Conteo de carbohidratos, Diabetes tipo 1, M-health, Monitoreo y control de diabetes.)
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lence observed in 1990 [2]. Although Type 2 Diabetes receives
most public health attention due to its association with obesity
and lifestyle factors, TIDM remains a life-long autoimmune
condition with no cure or prevention. In most countries, Dia-

This is an open access article under the CC BY-NC 4.0 license.

1. Introduction

Diabetes Mellitus is one of the leading causes of death world-
wide and a significant public health challenge. In Mexico, it
represents the second cause of mortality, only surpassed by

betes Mellitus is a primary concern as the figures are already
approaching a global pandemic level. Most government pro-
grams in various countries, including Mexico, are focused on
the prevention and treatment of Type 2 Diabetes Mellitus, try-
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ing to avoid, as far as possible, obesity, sedentary lifestyle,
consumption of refined sugars, and sugary drinks. However,
there are several subtypes of diabetes: type 1, type 2, gesta-
tional, Maturity-Onset Diabetes of the Young (MODY), latent
autoimmune diabetes of the adult (LADA), and that caused by
medications or other diseases [3].

T1DM is usually diagnosed in children or young adults
and requires lifelong insulin therapy to sustain life. Achiev-
ing and maintaining target glucose levels (typically 80-130
mg/dL before meals and <180 mg/dL two hours after eating)
is a significant daily challenge for both patients and physicians.
Comprehensive management of T1DM involves insulin ther-
apy, a balanced diet, regular physical activity, and continuous
glucose monitoring. Education is also crucial; as Dr. Elliott
Joslin stated, “Education is not part of the treatment of dia-
betes, it is the treatment itself.”” However, in countries such
as Mekxico, access to specialized care remains limited, and
patients often bear the financial burden of supplies, glucose
meters, and insulin. Poor glycemic control increases the risk of
complications, including neuropathy, retinopathy, renal failure,
and cardiovascular disease.

Recent technological advances, including continuous glu-
cose monitoring systems, insulin pumps, and mobile health
(mHealth) applications, have significantly improved diabetes
management. Nevertheless, many available systems are costly,
incompatible with locally used devices, or not culturally
adapted. Furthermore, most commercial apps focus only on
carbohydrate intake [4] and [5], pre-meal glucose, and insulin
dose, ignoring other relevant factors that affect glycemic vari-
ability, such as sleep, hydration, emotions, or atypical days
related to illness or stress. Although numerous commercial
applications exist for glucose, insulin, and food recording, sev-
eral studies have shown that their long-term adoption among
people with TIDM is limited by usability barriers, data capture
burden, and a lack of meaningful patient feedback [6][7]. Con-
sidering these limitations, the present study proposes Techani,
a technological solution tailored to the Mexican context that
integrates multiple clinical, behavioral, and emotional vari-
ables. This system aims to enhance patient self-management,
facilitate communication with healthcare professionals, and
improve treatment adherence through an accessible, culturally
adapted, and Al-enhanced platform.

1.1 Theoretical Foundation

Many factors influence a patient’s glucose levels in patients
with any form of diabetes. Currently, patients with type 1 di-
abetes, especially those treated in the healthcare sector, are
required to maintain a record of at least the data shown in
Table 1. This record includes the date, time, pre-meal glucose
level, insulin dose, food consumed, post-meal glucose level,
exercise, correction doses, and any relevant observations. This
record is used to identify factors that influence the patient’s
glucose levels manually and to analyze the times and even the
foods during which glucose fluctuates.

Source: Prepared by the authors based on online examples

(11121 [3]

Table 1. Example of a diabetes self-monitoring log glucose table with fields that patients manually use.
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With these records, patients, caregivers, and the treating
medical team can identify factors or patterns that allow them
to adjust insulin doses. However, this is often a matter of trial
and error, primarily because it is based on pre-meal glucose
levels, the amount of carbohydrates ingested, and the size of
food portions.

In [8], it is mentioned that, when designing an intensive
regimen, a basal or background insulin dose, a bolus insulin
dose to cover carbohydrates from food, and a bolus insulin
dose to lower glucose levels when they are out of range should
be considered. This is a correction factor to return glucose to a
normal level from high levels (hyperglycemia).

Typically, traditional formulas calculate that one unit of
insulin corresponds to 12—15 grams of carbohydrate, but it can
range from 6-30 grams, depending on each patient’s insulin
sensitivity. It can also be affected by physical activity, time of
day, mood, and water intake, among other factors.

On the other hand, with a correction bolus, 1 unit of insulin
is required to lower blood sugar by 50 mg/dL, which ranges
from 30 to 100 mg/dL, depending on each patient’s insulin
sensitivity and other factors.

In [8], the daily insulin requirement is calculated based on
the formula shown in Equation 1.

However, the patient’s body may already have developed
insulin resistance, requiring higher insulin doses. Alternatively,
they may be insulin-sensitive at the time of diagnosis and need
less. Additionally, factors beyond the amount of food eaten
may affect their insulin requirements on an atypical day.

Until now, many intensive treatments have been based on
traditional formulas, including total daily dose estimates and
carbohydrate-to-insulin ratios expressed as grams of carbo-
hydrate per unit of insulin. However, many additional factors
influence blood glucose in a patient with diabetes beyond chem-
ical processes within the body and cannot be monitored without
blood tests or in a hospital or laboratory setting. In 2022, Adam
Brown documented up to 42 factors that influence glucose [9],
many of which can be monitored daily by patients or family
caregivers. This could help us better identify what increases or
decreases blood glucose. The more factors that are included
in the monitoring record, the more accurate the insulin bo-
lus calculation will be, allowing the patient to stay within the
normal glucose range established by their medical team for
an extended period and, consequently, reduce the risk of the
consequences of uncontrolled glucose.

The specific problem to be solved is accurate patient moni-
toring, enabling technological tools to aid treatment adherence
through applications accessible to any patient, adapted to the
Mexican idiosyncrasy, free, and reliable. This, derived from
this rigorous control that is recommended particularly for Type
1 Diabetes, since patients permanently and continuously record
pre- and post-meal glucose, food, among others, either manu-
ally or through applications, one area of opportunity in current
research and existing commercial applications is that many of
them focus on continuous glucose monitors, glucometers of a
specific brand, or insulin pumps, which are not available to all
patients, especially in low-resource countries like ours. Most of

this only works with estimating carbohydrates from the foods
to be consumed, pre-meal glucose, and active insulin [10][11].
However, glucose control is complex, as multiple additional
factors influence each patient’s glucose level. Therefore, a tool
that considers many more factors is needed for proper monitor-
ing and control. While it is true that carbohydrate intake and
insulin are key factors that influence glucose levels, they are
also affected by exercise, hydration, mood, hormonal factors,
sleep, the quantity and combination of foods, and possible atyp-
ical days that illness, vaccinations, menstrual periods, exams,
and overwork, among others, can cause. Additionally, most
applications do not support carbohydrate counting or are not
based on foods commonly consumed in Mexico.

1.2 Critical analysis of current relevant literature

Currently, there are mobile applications that support the glu-
cose logbook required by patients, enabling data recording
via mobile devices, smartwatches, Smartphones, or links to
specific brand glucometers. Some of these applications also
work in closed-loop systems, such as insulin pumps and sen-
sors, or in Continuous Glucose Monitors (CGMs). In some
countries of the European Union or the United States, there are
already regulations that apply to mHealth, which according to
the Global Observatory for eHealth report reviewed in 2016
by the World Health Organization, defines as "mHealth or also
known as Mobile Health or mobile health, as the use of mobile
devices: smartphones, patient monitoring devices, Personal
Digital Assistants (PDAs) and wireless devices, for medical
and public health practice [12]. ”

Systematic reviews have shown that many commercial ap-
plications feature complex screens, a lack of clinical feedback,
non-intuitive registration structures, and few robust behavior-
change techniques, thereby reducing their usefulness in com-
prehensive T1DM management [13] [14].

Some of the applications applicable to the monitoring and
control of Diabetes that have received a good evaluation by con-
sidering them suitable or reliable, were evaluated in a SANOFI
article published in 2020 [15], in the same way Internet, Health
and Society (iSYS) evaluates more than 300 mobile health ap-
plications, with the iSYScore scale [16], Table 2 summarizes
some of the functionalities of the currently best-rated applica-
tions. The functionalities proposed by the Techani system can
also be seen.

Source: Prepared by the authors using data from the Sanofi
and iSYS Foundation evaluation [15] [17] [18] [19] [20] [21]
[22] [23] [24] [25] [26].

The development of this project will help identify the dif-
ferent factors and their importance in a particular patient’s
glycemic control. It will also generate a patient-specific dataset
in the application. This will enable the graphic and tabular
representation of the impact on postprandial glucose levels.
Integrating a dataset that includes all data from this develop-
ment will allow further development to generate an automated
model that calculates and adjusts the required insulin bolus
and predicts glucose behavior using a real patient dataset. The
patient can ensure these data are accurate, thereby minimizing
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Total daily insulin requirement = 0.55 x total weight in kilograms

Equation 1: Formula for the insulin requirements of a patient by day

the risk of hypoglycemia or hyperglycemia.

By using the Mexican System of Foods and Equivalents as
the source of the food catalog data, it will allow the calcula-
tion of the carbohydrate count to be performed automatically,
without the need for the patient or caregiver to memorize the
amount of carbohydrates that a particular food contains, also
achieving that this count adheres to our idiosyncrasy, there is
evidence in the literature about the efficacy of a how a cor-
rect count of carbohydrates can help in the glycemic control
[5] and [11]. Additional factors are considered in the current
applications, allowing the registration of a greater number of
variables that influence glucose control, and being able to cre-
ate “Big Personal Health Data, considered one of the bases for
an effective glucose prediction [27]. This will allow data to be
collected and a personal database to be built for the patient,
which will allow, through the use of technology, to facilitate
glycemic control in patients with Type 1 Diabetes, which could
be an excellent support for the patient to be able to keep their
glucose within the established values for as long as possible,
to avoid the appearance of complications and side effects, such
as blindness due to diabetic retinopathy, kidney failure and
circulatory problems, among others. This will mean not only a
social impact, but also an economic one, allowing patients to
have a more economically active life and much less expensive
annual treatment costs for both patients and their families, as
well as for the public health service, given that a controlled pa-
tient, according to the Mexican Diabetes Federation, incurred
annual costs of 88,024 Mexican pesos. In comparison, an un-
controlled patient can incur costs of up to 1,163,028 Mexican
pesos [28].

2. Materials and Methods

2.1 Study design and participants

A descriptive, cross-sectional pilot study was carried out to
evaluate the usability and perceived usefulness of the Techani
system among healthcare professionals. The target population
comprised general practitioners working for the Mexican So-
cial Security Institute (IMSS). A total of 40 physicians were
recruited by convenience sampling under an institutional col-
laboration agreement.

Inclusion criteria were active clinical practice with diabetic
patients and willingness to participate and complete the survey.
Exclusion criteria included incomplete responses or lack of
access to the online instrument.

2.2 Survey instrument development and validation

A structured 20-item questionnaire was designed following a
review of current literature and clinical guidelines on diabetes
self-management and digital health solutions. The instrument
assesses usability, perceived utility, relevance of recorded clin-
ical variables, perceived impact on clinical decision-making,
and openness to using digital systems in practice.

The instrument underwent two stages of validation:

(1) Content validation: An endocrinologist and two gen-
eral practitioners reviewed the questionnaire for clini-
cal adequacy, clarity, and alignment with diabetes self-
management requirements.

(2) Pilot testing: A preliminary version was administered to
eight physicians to verify timing, flow, and comprehension.
Minor linguistic adjustments were performed based on
feedback. Formal psychometric testing (e.g., reliability
coefficient) is planned for the next development phase.

2.3 Data collection

Data was collected through an online survey distributed via
institutional channels. Participants accessed the study materials
voluntarily and provided informed consent before completing
the questionnaire. No personal or identifiable data was cap-
tured.

2.4 Ethical considerations

The study adhered to the ethical principles outlined in the
Declaration of Helsinki. Participation was voluntary and non-
remunerated. Ethical approval was obtained from the relevant
institutional review board at the Technological Institute of
Morelia.

2.5 Data analysis

Survey responses were analyzed using descriptive statistics.
Closed responses were summarized using frequencies, per-
centages, and measures of central tendency. Open responses
underwent thematic categorization. The results, shown in the
graphics in Figure 1, indicate the influence of each factor on
the patient’s glucose, based on the medical staff’s experience
as reported in the survey, A Likert scale was designed to eval-
uate aspects such as patient characteristics, treatment aspects,
emotions, hydration, among others, where 1 means it does
not influence the patient’s glucose and 5 means it has a de-
cisive influence, either positive or negative, on the patient’s
glucose. According to the surveyed physicians, two of the most
important characteristics influencing glucose are weight and
BMIL

2.6 Development process

Techani was developed using an iterative development and eval-
uation process inspired by agile methodologies, including the
Scrum Agile Framework. Each development cycle (“sprint”)
lasted four weeks, for two years until now, and included:

* Requirement refinement based on medical practitioner feed-
back,

* User interface prototyping,

e Implementation: Web page with React frontend and
Supabase/PostgreSQL  backend, the Mobile App
is implemented with FlutterFlow frontend and Su-
pabase/PostgreSQL  backend, security followed the
OWASP Mobile Security Testing Guide, and testing was
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Table 2. Summary of commercial applications for diabetes management

Application Functionality

SocialDiabetes [17]. An app that tracks and monitors diseases in a digital diary, recording data such as diet,
glucose levels, insulin levels, medications, physical activity, glycosylated hemoglobin
levels, weight, blood pressure, and ketone levels. It receives recommendations, such as
whether there is a risk of hypoglycemia. An intelligent system that creates graphs and
connects to the cloud allows sharing diets and records with other users or family
members. It manages alarms and reminders and has an insulin bolus calculator. With
in-app purchases available for both Android and iOS, it is considered a Class II
Medical Device. It facilitates remote connection with other patients and with treating
physicians. Selected in 2024 as one of the Best in Class by the iSYS Foundation.

SERGAS Diabetes [18]. A diabetes tracking app developed by the Galician Health Service (SERGAS). It
facilitates self-management for diabetics. Available on Android and iOS, it has earned
a trust score for entity transparency, as it offers web support, was developed by a
healthcare institution, and facilitates condition monitoring. Selected among the best
iSYS apps in 2024.

One drop [19]. An app that allows to record weight, blood pressure, glucose levels, food, medications,
physical activity, and glycated hemoglobin. It includes automatic carbohydrate
counting, an alert system for insulin administration, and anonymous information
sharing between users. It covers areas such as managing blood sugar, weight loss,
healthy eating, exercise, maintaining a specific diet, lowering cholesterol, reducing
blood pressure, and managing stress. Medication settings are configured, health data is
imported from devices like Dexcom, and health topics are managed as support. It
records the amounts of sugar, fiber, protein, sodium, fats, carbohydrates, and calories
in food. It generates reports and graphs. Available on iOS and Android, it is considered
a medical device.

DIABTREND: Diabetes Diary [20]. A diabetes tracking app that takes pictures of meals and uses Al to calculate their
composition, among other condition-tracking features. Available on iOS and Android,
it provides web support and simplifies monitoring the condition. Patients voted it the
most popular app in 2024.

mySugr: App Diario de diabetes [21]. An app for patients with type 1 and type 2 diabetes. It records diet, physical activity,
insulin doses, medications, and alerts. It offers both a free and premium version,
syncing with the Accu-Check Instant glucometer to download blood glucose
measurement reports directly to your phone. It is considered a registered medical
device. It has a bolus calculator module. Available on iOS and Android platforms. It
features a bolus calculator module, currently available only in Europe. It has risk class
IIb approval, and the company is ISO 13485 certified. It has the CE mark for medical
devices. Evaluated as Best in Class in 2024 by the iSYS Foundation.

Diabetes: M Blood Sugar diary [22] [23]. It tracks diet, medication, insulin doses, and physical activity. It allows to import data
from various brands of glucometers and insulin pumps. It features a nutrition database,
tracking logs, and reminders. It’s compatible with smartwatches and shares data with
your doctor via email. It can import values from multiple glucometers and insulin
pumps. Available on iOS and Android, it has web support and is classified as a Class 1
medical device. It was named the Top Diabetes App in 2024 by the iSYS Foundation
evaluation.

Freestyle LibreLink [24]. An app for exclusive use with Freestyle Libre 1 and 2 sensors. Glucose levels are
scanned using either the scanner or your phone. It sends alerts when glucose levels are
high or low, allowing to check them on the fly. The sensors are only valid for 14 days,
and readings can be downloaded, providing graphs and trends, as well as calculated
glycosylated hemoglobin levels. It is considered a medical device and is available on
i0S and Android. It offers transparency and support through a website. Selected in
2024 as one of the Best in Class by the iSYS Foundation.

Contour Diabetes [25]. An app that helps detect and correct blood glucose patterns, sends notifications, and
tracks these patterns over time. It displays data using a color scale and presents them in
timelines, combining data on insulin, carbohydrates, physical activity, and summaries
from the past week. It allows real-time information sharing. Available on iOS and
Android, it is considered a medical device with CE certification. The iSYS Foundation
named it among the Best in Class of 2024.

Techani It is a web system and a mobile application that allow the monitoring and control of
any Diabetes, but especially type 1, with a record of all the necessary information,
such as type of insulin, dose, type of measurement, glucose levels, food data, amount
of carbohydrates with support for their counting based on the SMAE, observations,
record of mood in the emotion diary, exercise performed, hydration and atypical days
(caused, for example, by illness, vaccines, menstrual period, exams, overwork, etc.), as
well as control of the appointment schedule and management of medical records in the
cloud, with reminders for the patient and alerts for registered family members, allows
the download of tables and graphs for monitoring and control, and also sends positive
messages that will enable increasing self-care and generate historical information of
the patient in a unique dataset per patient.
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Figure 1. Example of results from surveys of medical workers at the
Mexican Social Security Institute in Morelia, Michoacén; each bar
represents the mean Likert score assigned by surveyed physicians
to the perceived influence of each factor on glycemic variability in
patients with TIDM. Source: Own elaboration

performed with Flutter Test, Jenkins, and Firebase Test
Lab. In Figure 2, examples of user stories are presented
using JIRA.

* Internal testing and debugging.

* User-centered evaluation with physicians.
All improvement requests were documented in the project
repository and prioritized based on clinical relevance, fea-
sibility, and impact on user experience.

2.7 System Diagrams

The use case diagram for Techani System is shown in Figure
4, which shows the options or functionalities available to each
user.

2.8 System description

Techani is part of a comprehensive technological framework
designed to support the management, monitoring, and con-
trol of Type 1 Diabetes Mellitus. The system consists of two
interconnected subsystems. The first, described in this paper,
is a web and mobile platform that enables patients to record,
monitor, and visualize their clinical and behavioral data. The
second subsystem, currently under development, applies Arti-
ficial Intelligence to identify glycemic patterns and optimize
insulin bolus calculation.

Techani is a web page and a mobile health system designed
to support diabetes monitoring by enabling structured record-
ing, visualization, and interpretation of multiple clinically rel-
evant variables. The application was developed using React
for the web page, FlutterFlow for the mobile app, and Su-
pabase/PostgreSQL as the backend platform, ensuring interop-
erability and scalability.

The system is organized into several functional modules,
including:

(1) Patient registration and clinical profiling. Basic demo-
graphic and medical information is captured on first use.

(2) Self-monitoring of diabetes management. Users can reg-
ister variables such as:

* Pre-prandial and post-prandial glucose.

* Insulin bolus and basal doses.

* Meal carbohydrate content (estimated using SMAE)

* Physical activity.

» Hydration.

* Mood.

* Sleep diary, with hours, quality, and recommendations for
better sleep.

* Atypical days: like exams, menstrual period, vaccine appli-
cations, stress, diseases, among others.

* Observations.

(3) Data visualization and feedback. The system generates
graphs and structured logs to facilitate clinical interpreta-
tion and support patient—physician communication.

(4) Medical review dashboard. A companion medical in-
terface allows summarizing the patient’s history and sup-
ports professional evaluation and adjustment of therapeutic
plans.

(5) Utilities. Alarms and reminders for the patient, medical
appointments, glucose records, motivational messages and
recommendations, as well as messages for registered fam-
ily members when glucose measurements are out of range.

(6) Files and reports. The system can generate PDF files
containing the patient’s historical records in tables and
graphical reports.

2.9 Implementation

The Techani system enables comprehensive recording and mon-
itoring of clinical, behavioral, and emotional variables. Unlike
most current applications, Techani integrates additional factors
influencing glycemic variability, providing a holistic view for
personalized management. Its automatic carbohydrate calcula-
tion based on the SMAE ensures cultural and nutritional rele-
vance. Motivational tools and family alerts strengthen patient
adherence and engagement. A comparative analysis (Table 3)
revealed that Techani covers over 40% more variables than
leading apps, such as Social Diabetes or mySugr. Its accessibil-
ity and open architecture make it suitable for a wide range of
clinical contexts. Clinically, the system supports individualized
datasets that can serve as input for predictive insulin models.
Preliminary feedback highlighted its usability and potential
clinical value; however, validation studies are still required.
Strengths include adaptability, cultural contextualization, and
low implementation cost; limitations involve manual data entry
and limited initial sampling. Future development will integrate
CGM data and Al-based bolus prediction through the com-
plementary GIO subsystem, which will be presented in other
work. Figures 5-14 show the Techani system’s functionalities.

The mobile app also includes a pedometer. In the My
Records option, patients can filter by date and download a
table of records for the selected period as a PDF. The patient
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Figure 3. Techani Type 1 Diabetes Management, Monitoring, and Control System Process. Source: Own elaboration
can then send the table to the treating physician or print it, as the number of servings can be selected from a catalogue of pre-
shown in Figure 6. viously captured foods based on the SMAE, making it easier

In the food record, as shown in Figures 7 and 8, foods and for the patient or caregivers to count carbohydrates automati-
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Figure 4. Use case diagram. Source: Own elaboration

cally. Many applications do not have this particularity; patients
must manually count and record their carbohydrates, which can
improve the precision of carbohydrate calculation compared
to having users do it themselves, as has been demonstrated in
other systems [29].

As shown in Figure 9, the patient’s exercises are recorded
and tracked and can be filtered by date. The records also appear
in the downloaded report.

The patient’s mood is an essential factor often overlooked
in current applications and significantly influences glucose
levels. This variable was deemed necessary to better monitor
and manage the condition and to keep the patient within range
for as long as possible. Figure 10 shows how this record is
made, which was designed to be patient-friendly:

Additionally, patients can upload documents from their stud-
ies and clinical analyses, as shown in Figure 11, ensuring they
always have a digital record on hand.

Another valuable tool for patients and their medical teams
is the generation of graphs, such as time-in-range, glucose,
glucose vs. carbohydrates, cholesterol, and triglycerides, as
shown in Figure 12.

An essential element in glucose control is undoubtedly the
quantity and quality of sleep, which is why a record of this
is also made, as can be seen in Figure 13. Here, the Techani
system shows suggestions that have been reviewed with an
endocrinologist. In other parts of the system, motivational
messages are also sent to the patient to help them improve
treatment adherence and not be discouraged if, at any time,
they have inadequate records.

3. Results and Discussion
4. Results

The results obtained from the SUS evaluation and the compara-
tive analysis are presented below. Subsequently, these findings
are discussed in relation to existing mHealth tools.

4.1 System Usability Scale

A usability evaluation of the Techani website yielded 68 re-
sponses. Additionally, a System Usability Scale (SUS) ques-
tionnaire was administered, with the following questions eval-
vated using a Likert scale. The results are shown in Table 3,
with the average final score per question. The questionnaire
was administered to 68 people: 1 patient, 4 graduate students,
1 professor, 1 engineer, and 61 undergraduate students in Com-
puter Systems Engineering enrolled in Software Engineering
and a specialty program. Feedback was also provided by an
endocrinologist who guided us through the design process and
requirements aspects, and by four patients and a psychologist
who is also a patient. Most SUS respondents had a software
development background, which may introduce usability bias
and limit generalizability to real-world T1DM patients. How-
ever, early-stage usability testing with technically trained users
is a common practice in iterative system design to identify
interface and interaction issues before clinical validation. The
final usability evaluation is planned to take place during the
next stage of clinical trials with real volunteer patients.

In general, the actual results indicates that the review of the
site is good, given that they do not consider it to be challenging
to use, or that it is complex or inconsistent, nor do they con-
sider that they need specific knowledge or technical assistance
to be able to use it and although it was the first time they used
the application, they were able to do so without problems or
additional questions about its use, so can be considered that it
is intuitive and that although the evaluation in some questions
was neutral, they were able to use Techani System and made
the solicitated registers quickly and without additional com-
plications. The observations and suggestions primarily relate
to form rather than substance, but they will help us improve
the user experience and identify priorities for future clinical
evaluation.

Participants were asked to perform the following actions:

* Glucose log reported with a completion time of 27 seconds.
Insulin log with a completion time of 63 seconds. Water
Consumption with a recording time of 20 seconds. Record
of an atypical day with a time of 73 seconds. The food
log was reported with a time of 55 seconds per food. The
registration of new foods into the system was reported in
29 seconds. The registration of exercise takes 27 seconds.
Registering a new medical appointment took an average
of 14 seconds. Mood checks were reported as taking 11
seconds. Uploading PDF files of clinical analysis reports
took 24 seconds, even after the PDFs were available. The
recording of hours and sleep quality was reported to have
taken 13 seconds.

* View graphs of entered data, which was reported in 20
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Figure 5. Records screen
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Figure 6. Downloading log report

» Reviewing file data takes 16 seconds.

* View existing reports in the menu takes 22 seconds.

* Log out was completed in an average of 8 seconds.

These actions led to suggestions and feedback to improve
the system’s design and user experience. Some relevant

(1) Trecommend checking the box for the food already added

seconds.

suggestions were:

Bienvenido, Pruebas Techani

Registros Disponibles
Registro de Glucosa

Registra tus niveles
de glucosa y lleva un
control de tus niveles
de azicar en la
sangre.

Registrar >

Registro de Agua

" )

Registra el agua que

Registro de Insulina

Registra tu dosis de
insulina y el tipo de
medicion que

realizaste.

Registrar >

Registro de Dia Atipico

Registra si en el dia

tuviste alguna

has consumido actividad atipica que
durante el dia. pueda afectar tus
mediciones.

Registrar >
Registrar >

Bienvenido, Pruebas Techani

Registros de Glucosa

Fecha inicio: 01/01/2025 8 | Fecha fin:

Nombre .i, Descargar todo
a Registro 2025-04-09.pdf Iil
a Registro 2025-04-24.pdf S

(2) Adjust the modal to select the food responsively at the top.

(3) Make the buttons slightly larger and include warnings in
case they can’t be used and make it more practical when
entering dates and times. Similarly, fields that could be
filled with pre-defined data would be more intuitive and
easier to implement.

(4) Include a timeline that could be Glucose Log -> Food Log
-> Exercise Log -> Emotions Log.
The questionnaire that was applied for the usability evalua-

when selecting, so you can also delete it.
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Seleccione un alimento

Tipo de alimento

Cereal

Q, Buscar alimento...

Figure 7. Food capture

Comida Cantidad

Barrita de
granola o
avena

0.5 pieza

Bollo de

hamburguesa 0.5 pieza

0.25

Camote .
pieza

Canelones 4 pieza
Cascara de

. . 3 taza
papa sin freir

Agregar alimento

Porcion Alimento Cantidad Carbs por porcion Carbs totales
1 Barrita de granola o avena 0.5 pieza 10 10
1 Camote 0.25 pieza 7 7
1 Céascara de papa sin freir 3 taza 1 1

Figure 8. Carbohydrate calculation

tion of the system

Source: Own elaboration with the results of the SUS evalua-
tion.

4.2 Comparative analysis with existing M-Health tools

There are usability studies in the literature on mobile apps
for diabetes, as well as evaluations of existing mobile apps
[30][31], and others on patients’ needs, such as photo recog-
nition, insulin calculation, and personalized bolus calculation
[32]. Table 4 shows the comparison of the functionalities of
Techani with other apps, to see the contribution of this project:

Source: Own elaboration based on the descriptions and func-
tionalities of the applications published on Google Play app
stores, the vendor pages, articles from journals, and the appli-
cations pages themselves, accessed April-Nov 2025.

Carbohidratos totales: 18

5. Analysis and Discussion

This study presents the development and preliminary evalua-
tion of Techani, a web page and a mobile solution designed
to expand the scope of diabetes self-monitoring, particularly
in low-resource settings. Compared with commercial systems,
Techani incorporates a broader set of clinical, behavioral, nu-
tritional, and lifestyle variables, including culturally adapted
carbohydrate estimation using SMAE. This offers an advan-
tage in contexts such as Mexico, where diet patterns differ
substantially from those used by Western food databases.
Compared with widely used applications such as Social-
Diabetes, mySugr, or LibreLink, Techani emphasizes the in-
tegration of data relevant to clinical decision-making (e.g.,
insulin bolus and basal dosages, meal composition, mood, hy-
dration, and sleep). While commercial systems frequently rely
on CGM integration or automated data ingestion, many lack
support for multi-domain tracking or culturally localized nutri-
tional databases, both of which are necessary for individualized
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Ejercicios anteriores
Filtro por rango de fecha

Del 01/09/2024 (] al 20/04/2025 (] m

N

Actividad: Natacion
Fecha: 2025-04-01

Tiempo: 30 minutos

Figure 9. Exercise log history

:Como te sientes hoy?

Seleccionar estado de animo:

an ow s TR
~ -~ L1 [ '.'
Alegria Orgullo Depresion Miedo
AR L)
.~ -
- (- o
Valentia Optimismo Entusiasmo Frustracion
ol 2.8 o0 O
- - | L3 ~
Apatia Aislamiento Vulnerabilidad Desconfianza

#Con cuanta intensidad sientes tu emocién?

En que tiempo del dia haces el registro:

-- Selecciona una opcion -~

Figure 10. Mood log

carbohydrate estimation across populations.

However, Techani currently relies primarily on manual data
entry, which increases user burden and may limit long-term
adoption. Likewise, the system has not yet undergone clini-
cal validation in patients to measure its effect on glycemic
outcomes such as HbAlc or time-in-range. These aspects rep-
resent the necessary next steps in the system’s roadmap.

Results from the SUS evaluation suggest that the system is
perceived as clinically relevant and easy to interpret, supporting
its further development and evaluation. Nevertheless, pilot

N

Actividad: Basquetball
Fecha: 2024-11-05

Tiempo: 30 minutos

N

Actividad: Basquetball
Fecha: 2024-11-04

Tiempo: 30 minutos

@ an, PR
b d -
> a -~
Ira Gratidud Esperanza Satisfaccion
5 (36 e po
P ) A ene
Desesperacion Ansiedad Culpa Verglenza
sl bd ><
- i~ w~

Escepticismo Resentimiento Estrés

sampling was limited to convenience sampling, and future
studies should incorporate a broader range of professional
profiles and direct testing with T1DM patients in real-world
care settings.

In summary, Techani advances the field by offering a low-
cost, locally adaptable digital solution that integrates multiple
domains of diabetes management, but further development
is required to automate data acquisition, evaluate real-world
effectiveness, and align with regulatory and interoperability
standards for medical software.
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Mis Analisis Clinicos

}. Hemoglobina glicosilada
Fecha:
Jo  2024-11-06

Observaciones:

Anélisis de hemoglobina glicosilada

Anterior Siguiente

Figure 11. My clinical analysis

Graficas

Registros de Glucosa

Fecha inicio: | 01/01/2025 B3 | Fecha fin: | 19/05/2025 B |

Tiempo en rango =

BBajo MNormal WAl

Registros

0 20 40 60 80 100
(a)
Fecha inicio: | 01/01/2025 B | Fecha fin: | 19/05/2025 O |

Datos de Glucosa

360
300

240
o N
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o B B EEEEENEEEREREREREREERERERERERERERRRERERERERRERRERRERRERRERRERBRNNHRS.]

0
9/4/2025 24/4/2025 24/4/2025 24/4/2025 24/4/2025 24/4/2025 24/4/2025
@ Datos de Glucosa @ Rango Bajo Rango Alto

(b)
Figure 12. Graphs
6. Conclusions 1 Diabetes. The system is functional, intuitive, and culturally
This study presented Techani, a system that integrates clini- adapted, facilitating personalized data tracking for patients and

cal, behavioral, and emotional variables for managing Type ~ healthcare professionals.

doi: 10.17488/RMIB.47.SI-TAIH.1559 12 0f 17


https://doi.org/10.17488/RMIB.47.SI-TAIH.1559

Revista Mexicana de Ingenieria Biomédica

Vol. 47, No. SI-TAIH, 2026

Bienvenido, Pruebas Techani

Registro de suefio
Fecha de registro

dd/mm/aaaa [}

Horas de suefio

Ingrese las horas que durmié

Calidad de suefio

Ingrese la calidad en un rango del 1 al 5, donde 5 es excelente.

Ingrese la calidad de suefio

Historial de Suefio

Lunes, 4 de noviembre de 2024
Horas de suefio: 8
Calidad de suefio: Regular

Figure 13. Sleep log.

Table 3. Results of the System Usability Scale questionnaire survey

Jueves, 30 de enero de 2025

Horas de suefio: 6
Calidad de suefio: Regular

o

TIPS PARA MEJORAR TU CALIDAD DE SUENO

El ejercicio diario mejora la calidad del suefio, pero evita hacerlo
justo antes de dormir ya que puede activar tu cuerpo y dificultar que
te relajes.

Questions

Average

1.1 think I would want to use this website frequently if I had the condition it tracks 3.7 Neutral with a tendency to agree

(Type 1 Diabetes Mellitus).

2.1 found the site unnecessarily complex.

3. I think the site is easy to use.

4. I think I would need technical support to be able to use the site.
5.1 found the features to be well integrated.

6. 1 felt there was too much inconsistency on the site.

7.1 imagine most people would learn to use the site quickly.

8.1 found the site very complicated to use.

9. I felt confident using the site.

10. I would need to learn many things before I could use the site.

2.5 Disagree

3.5 Neutral

2.8 Disagree with a tendency toward neutral
3.6 Neutral with a tendency to agree

2.1 Disagree

3.6 Neutral with a tendency to agree

2.3 Disagree

3.4 Neutral

2.6 Disagree

Techani’s main contribution is the combination of techno-
logical innovation, cultural adaptation, and clinical relevance.
It extends the range of monitored variables, automates car-
bohydrate counting through SMAE, and enables OCR-based
glucose entry. As a scalable biomedical engineering frame-
work, it supports data-driven, Al-based insulin optimization,
promoting treatment adherence and patient empowerment.

Current limitations include reliance on manual data entry
and a limited initial sample. Future research will expand clini-
cal validation and integrate CGM and wearable data. A second-
phase usability and clinical pilot is planned with N=12 TIDM
patients, focusing on time-in-range and HbA1c (Glycosylated
hemoglobin) pre and post 3 months, and user-centered metrics
(SUS, task completion time, error rates), and the third phase
implementing the Glucose Insulin Optimized (GIO) subsystem
for predictive insulin modeling and glycemic trend analysis
with the application of AI models. Another limitation at this
moment is that most SUS respondents had a software develop-
ment background, which may introduce usability bias and limit

generalizability to real-world TIDM patients. This is planned
to be resolved in the next phase of clinical evaluation with real
patients.

Finally, Techani represents an innovative, culturally adapted,
and clinically relevant solution for diabetes management in
Mexico. By bridging patient self-management with clinical
supervision, it advances digital health integration and improves
adherence, reduces complications, and enhances quality of life
for individuals with Type 1 Diabetes.

Next steps include clinical testing in patients with TIDM,
integration with CGM data streams, and assessment of clinical
outcomes, such as time-in-range and HbAlc.
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