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ABSTRACT

INTRODUCTION: Mobile applications are increasingly being utilized in the management of type 1 diabetes 
(T1D) in children, providing tools to enhance glycemic control, self-management, and adherence to treat-
ment protocols. However, their impact on clinical and behavioral outcomes remains understudied.

AIM: This study aimed to evaluate the differences in glycemic control, hypoglycemia frequency, and relat-
ed management behaviors between children who use mobile apps for carbohydrate counting and those who 
do not.

METHODS: A cross-sectional study was conducted among 76 children with T1D, divided into app users 
(n = 16) and non-users (n = 60). Data on demographic characteristics, glycemic control metrics, hypoglyce-
mia frequency, blood glucose monitoring methods, and challenges in carbohydrate counting were collect-
ed. Statistical analysis included chi-square tests for categorical variables and independent t-tests for contin-
uous variables.

RESULTS: App users had a significantly lower prevalence of abnormal glycated hemoglobin (HbA1c) lev-
els compared to non-users (37.5% vs. 75.0%; p = 0.005) and reported no challenges in carbohydrate counting 
(0% vs. 26.7%; p = 0.043). Hypoglycemia frequency differed significantly between groups (p = 0.027), with 
daily hypoglycemia being more common among app users (37.5% vs. 10.2%), while non-users experienced 
more weekly or less-than-weekly hypoglycemia. Time spent outside the glycemic range was not significant-
ly different between groups. Anthropometric and demographic characteristics, including age, BMI, height, 
weight, and parental education, were comparable between groups.

CONCLUSION: Mobile apps for carbohydrate counting are associated with improved glycemic control and 
fewer challenges in diabetes management. However, the higher frequency of hypoglycemia among app users 
highlights the need for app optimization to balance glycemic control while preventing hypoglycemia. These 
findings underscore the importance of integrating digital tools into pediatric diabetes care and refining 
their functionalities to maximize their clinical benefits.
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INTRODUCTION
The management of type 1 diabetes (T1D) in 

children is a multifaceted challenge requiring con-
tinuous monitoring, strict adherence to treatment 
regimens, and comprehensive glycemic control strat-
egies. As digital health technologies evolve, mobile 
applications have emerged as valuable tools in pedi-



Rositsa Stoycheva, Ruzha Pancheva

Scripta Scientifica Salutis Publicae, 2025;11:30-35
Medical University of Varna

31

ogies, such as continuous glucose monitors (CGM) 
and insulin pumps, represents a promising avenue 
for further enhancing their effectiveness (8,12).

This article explores the role of mobile apps in 
managing T1D in children, focusing on their ben-
efits, challenges, and potential for integration into 
comprehensive diabetes care. By examining their im-
pact on glycemic control, adherence, and psychoso-
cial outcomes, the study aims to provide insights into 
the opportunities and limitations of these innovative 
tools in pediatric diabetes management.

METHODS
Study Design and Participants
This cross-sectional study was conducted be-

tween 2022 and 2023 in Varna, Bulgaria. The study 
included caregivers of children diagnosed with T1D 
who had been managing their condition for at least 
one year. A total of 76 participants were recruited, 
consisting of 60 non-users and 16 users of mobile 
apps for carbohydrate counting.

Data Collection
A structured survey was administered to col-

lect data on demographic characteristics, glycemic 
control, and hypoglycemia-related parameters. The 
survey also assessed app usage patterns, challenges 
in carbohydrate counting, and methods of blood glu-
cose monitoring. The survey covered the following 
key variables:

	� Demographics: Child’s age (in years), gender, 
height, weight, BMI, BMI z-score, and parental 
age, education level.

	� Glycemic control: Frequency of abnormal 
HbA1c levels (normal range < 7%), percent of 
time below range (< 4% of time should be be-
low 3.9 mmol/L), time in range (> 70% of time 
should be within 3.9–10.00), and time above 
range (< 25% should be above 10.0 mmol/L)

	� Hypoglycemia incidence: Frequency of re-
ported hypoglycemia events (recommended 
blood glucose targets for children and adoles-
cents with diabetes are as follows: before meals: 
4.4–7.2 mmol/L; 1–2 hours after meals: < 10.0 
mmol/L, and at bedtime: 6.1–10.0 mmol/L)

	� Carbohydrate counting challenges: Caregiv-
ers were asked whether they encountered diffi-
culties in carbohydrate counting.

atric diabetes care, offering functionalities that ad-
dress key aspects of diabetes management.

Several studies have demonstrated the potential 
of mobile apps to significantly improve glycated he-
moglobin (HbA1c) levels. For instance, reductions of 
0.5%, 0.57%, and 0.58% in HbA1c levels were report-
ed in three separate investigations, highlighting the 
positive impact of these tools on glycemic control (1-
3). Apps equipped with features such as text messag-
ing and feedback systems have also been associated 
with a decrease in severe hypoglycemic events, un-
derscoring their utility in preventing acute compli-
cations (3).

Beyond glycemic control, mobile apps contrib-
ute to improved adherence to glucose monitoring. 
Research has shown that apps integrated with glu-
cometers can enhance the frequency of self-mon-
itoring of blood glucose (SMBG), a critical compo-
nent of effective diabetes management (4,5). More-
over, these tools support data collection and analy-
sis, enabling predictive analytics through algorithms 
like k-nearest neighbor for abnormal condition pre-
diction based on meal sequences (6). Real-time data 
analysis facilitated by telemedicine provides person-
alized management plans while reducing the burden 
of daily data logging (7,8).

Despite their promise, the use of mobile apps 
in pediatric diabetes care is not without challeng-
es. The quality of available apps varies considerably, 
with many lacking essential features such as emo-
tion management and tailored interventions for chil-
dren (2). Long-term adherence to app usage may also 
be hindered by technical issues, unappealing inter-
faces, and the cognitive load of constant data entry 
(7,9). From a psychosocial perspective, while mobile 
apps can reduce parental intrusions for children who 
measure regularly, they may inadvertently increase 
parent-child conflict in cases of irregular monitor-
ing (10). Behavioral interventions adapted to devel-
opmental stages can mitigate such challenges, opti-
mizing device usage and alleviating parental distress 
(11).

Although preliminary evidence underscores the 
potential of mobile apps to enhance diabetes man-
agement, larger and longer-term studies are needed 
to validate their clinical efficacy conclusively (1,9). 
Integrating mobile apps with other diabetes technol-
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INCLUSION AND EXCLUSION 
CRITERIA
Inclusion criteria:

1.	 Children aged between 3 and 18 years with a 
confirmed diagnosis of T1D.

2.	Caregivers providing informed consent to par-
ticipate in the study.

3.	 Children who used or did not use mobile apps 
for carbohydrate counting.
Exclusion criteria:

1.	 Children with less than one year of T1D 
diagnosis.

2.	Participants who could not complete the survey 
due to language or cognitive barriers.
Statistical Analysis
The collected data were analyzed using inde-

pendent samples t-tests and chi-square tests. Con-
tinuous variables, such as the child’s age, BMI, BMI 
z-score, and HbA1c levels, were expressed as means 
with standard deviations. The categorical variables, 
such as hypoglycemia frequency and carbohydrate 
counting challenges, were presented as percentages 
and compared between the two groups (app users vs. 
non-users).

The statistical significance threshold was set at 
p < 0.05. All analyses were performed using Jamovi 
2.4 statistical software. Demographic data and re-
sults from the survey were summarized descriptive-

ly, and the differences between groups were assessed 
based on app usage.

Ethical Considerations
The study was approved by the ethics com-

mittee of the relevant institution in Varna, Bulgar-
ia. Written informed consent was obtained from all 
caregivers prior to participation in the study. The 
study complied with the principles outlined in the 
Declaration of Helsinki.

RESULTS
Demographic Characteristics
The demographic characteristics of partici-

pants were largely comparable between app users and 
non-users, with no statistically significant differenc-
es observed (Table 1). The mean age of children was 
slightly lower in app users (11.0 years, SD = 4.2) com-
pared to non-users (11.9 years, SD = 4.1; p = 0.399). 
Similarly, anthropometric measures, including BMI, 
height, and weight, showed no significant differences 
between groups (p > 0.05).

Parental education levels were also compara-
ble, with slightly higher proportions of fathers and 
mothers with higher education in the app user group, 
but these differences were not statistically significant 
(p = 0.364 for fathers and p = 0.384 for mothers).

In summary, the demographic profiles of app 
users and non-users were broadly similar, without 
significant differences in key characteristics.

Characteristic App Users (n, %, Mean, 
SD)

Non-App Users (n, %, 
Mean, SD) p-value

Age (years) 11.0 (4.2) 11.9 (4.1) 0.399
Boys (n, %) 10 (62.5%) 32 (53.3%) 0.512
BMI z-score 0.407 (1.12) 0.425 (1.05) 0.954
BMI (mean, SD) 18.7 (3.1) 20.0 (4.3) 0.284
Height (cm, mean, SD) 146.4 (23.1) 149.2 (23.2) 0.676
Weight (kg, mean, SD) 42.0 (17.0) 47.1 (19.7) 0.344
Father‘s higher education (n, %) 6 (37.5%) 20 (33.3%) 0.364
Father‘s lower education (n, %) 10 (62.5%) 40 (66.7%) 0.364
Mother‘s higher education (n, %) 9 (56.3%) 22 (36.7%) 0.384
Mother‘s lower education (n, %) 7 (43.8%) 38 (63.3%) 0.384

Table 1. Demographic characteristics of app users and non-users.
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Glycemic Control and Related Characteristics
Key characteristics related to glycemic control 

and app usage are presented in Table 2. The frequen-
cy of eating in kindergarten or school was similar be-
tween groups, with 18.8% of app users and 23.3% of 
non-users reporting this practice (p = 0.696).

The analysis of hypoglycemia frequency re-
vealed significant differences between groups 
(p = 0.027). Daily hypoglycemia was more frequently 
reported among app users (37.5%) compared to non-
users (10.2%), while weekly or less-than-weekly hy-
poglycemia events were more common among non-
users (45.8% and 44.1%, respectively) than among 
app users (37.5% and 25.0%, respectively).

Blood glucose monitoring methods did not dif-
fer significantly between groups (p = 0.576). The ma-
jority of participants in both groups relied on sensors 
only (43.8% of app users and 45.0% of non-users), fol-
lowed by glucometers only (25.0% vs. 35.0%), and a 
combination of sensors and glucometers (31.3% vs. 
20.0%).

Abnormal HbA1c levels were significantly more 
prevalent in non-users (75.0%) compared to app us-
ers (37.5%; p = 0.005). Additionally, challenges in car-
bohydrate counting were reported by 26.7% of non-
users, whereas no app users reported difficulties (p 
= 0.043).

Time spent outside the glycemic range showed 
no significant differences between groups (Fig. 1). 
App users spent less time above the glycemic range 
(mean = 33.50%, SD = 20.45) compared to non-us-

ers (mean = 45.88%, SD = 19.19; p = 0.084). Similar-
ly, time spent below the glycemic range was slightly 
higher in app users (mean = 8.70%, SD = 9.81) than in 
non-users (mean = 6.02%, SD = 7.01; p = 0.340).

DISCUSSION
This study highlights the potential benefits and 

challenges of using mobile applications for the man-
agement of T1D in children. App users demonstrated 
a significantly lower prevalence of abnormal HbA1c 
levels compared to non-users (37.5% vs. 75.0%; 
p = 0.005), supporting evidence that mobile apps can 
enhance glycemic control. Additionally, no app us-
ers reported challenges with carbohydrate count-
ing, compared to 26.7% of non-users (p = 0.043), 
emphasizing the potential of these tools to improve 
the usability of diabetes management practices. In-
terestingly, app users reported a higher frequency 

Characteristic App Users (n, %, Mean, SD) Non-App Users  
(n, %, Mean, SD) p-value

Eating in kindergarten/school 14 (23.3%) 3 (18.8%) 0.696
Hypoglycemia frequency 0.027
   - Daily 6 (10.2%) 6 (37.5%)
   - Weekly 27 (45.8%) 6 (37.5%)
- Less than weekly 26 (44.1%) 4 (25.0%)
Blood glucose monitoring method 0.576
   - Sensor + glucometer 12 (20.0%) 5 (31.3%)
   - Glucometer only 21 (35.0%) 4 (25.0%)
   - Sensor only 27 (45.0%) 7 (43.8%)
Abnormal HbA1c (n, %) 6 (37.5%) 45 (75.0%) 0.005

Table 2. Glycemic control and related characteristics by app usage.

Fig. 1. Comparison of metrics between users and non-
users of mobile apps.
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of daily hypoglycemia (37.5%) compared to non-us-
ers (10.2%), while weekly or less-than-weekly events 
were more common among non-users. This may re-
flect heightened awareness and monitoring enabled 
by apps, though it also underscores the need for opti-
mization to prevent hypoglycemia among app users.

The impact of mobile apps on time spent with-
in or outside glycemic range was less conclusive. Al-
though app users spent less time above the glycemic 
range and slightly more time below it, these differ-
ences were not statistically significant. This finding 
contrasts with studies such as Ahmadi and Lucero 
(13), which demonstrated a significant improvement 
in time-in-range and reduced time-above-range 
among children using gamified apps connected to 
CGM. Differences in app functionalities and study 
designs may account for these discrepancies.

The educational level of parents appeared to 
play a role in app adoption. Higher parental educa-
tion levels were slightly more common among app 
users, though the difference was not statistically sig-
nificant. Previous research suggests that parental ed-
ucation may influence the ability to engage with and 
benefit from digital health technologies (14). 

Our findings are consistent with broader evi-
dence on mobile health technologies. For instance, 
the Diactive-1 study (15) demonstrated that person-
alized exercise interventions delivered through apps 
can improve insulin requirements and glycemic con-
trol in children. Similarly, Zholdas et al. (16) report-
ed that mHealth technologies significantly enhance 
self-management and parental oversight through 
personalized recommendations and continuous 
monitoring. However, other studies, such as Cuixart 
et al. (17), showed that apps like mySugr® produced 
outcomes similar to usual care, suggesting variability 
in app effectiveness depending on their features and 
integration into clinical workflows.

A key strength of this study is its focus on pe-
diatric populations, addressing a gap in research that 
often emphasizes adults with T1D. Nonetheless, the 
study has limitations, including its cross-section-
al design and reliance on self-reported data, which 
may introduce bias. Future longitudinal studies are 
needed to evaluate the long-term impact of app us-
age on glycemic control and other diabetes manage-
ment outcomes.

CONCLUSION
In conclusion, mobile apps show promise as 

tools for improving glycemic control and addressing 
challenges in carbohydrate counting among children 
with T1D. However, variations in effectiveness high-
light the need for tailored app functionalities and 
comprehensive integration with clinical care. Future 
research should explore the mechanisms underlying 
these outcomes and identify strategies to optimize 
the use of mobile health technologies in pediatric di-
abetes management.
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