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[bookmark: _Toc357992674]THE IMPACT OF CONTINUOUS GLUCOSE MONITORING ON GLYCAEMIC CONTROL IN CHILDREN WITH TYPE 1 DIABETES: A SYSTEMATIC REVIEW



ABSTRACT

The management of type 1 diabetes mellitus (T1DM) in a paediatric population represents an ongoing clinical challenge, requiring precise and sustainable strategies for glycaemic monitoring. Traditional capillary monitoring, although essential, presents significant limitations, including discomfort and an inability to detect rapid fluctuations. In this context, continuous glucose monitoring (CGM) has emerged as a promising technology capable of overcoming these barriers. This systematic review aimed to synthesise the evidence regarding the effectiveness of CGM in glycaemic control in children with T1DM, as well as to evaluate its performance in comparison with conventional capillary monitoring. To this end, a systematic review was conducted in accordance with PRISMA guidelines, including searches across multiple databases (PubMed, Scopus, Web of Science, SciELO, BVS, Google Scholar, and CAPES Journals), which resulted in the identification of 109 studies, of which 54 met the inclusion criteria. These studies demonstrated that CGM achieved a modest yet significant reduction in HbA1c levels, alongside a marked decrease in the frequency of severe and nocturnal hypoglycaemia, and a substantial improvement in glycaemic variability. A positive impact on quality of life was also observed, with reduced parental anxiety and greater autonomy for children. Thus, it is concluded that continuous glucose monitoring constitutes an effective tool for enhancing glycaemic control in children with type 1 diabetes, offering benefits that extend beyond HbA1c optimisation and include improved metabolic safety and psychosocial well-being. However, it is important to emphasise that successful implementation depends on integrating the technology into a comprehensive care model that is also centred on the child’s family.
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1 INTRODUCTION
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Type 1 diabetes mellitus (T1DM) has been one of the most prevalent chronic conditions in children in recent decades. It is characterized by the autoimmune destruction of pancreatic beta cells and consequent absolute insulin deficiency, a disease that demands continuous monitoring and rigorous metabolic control, since maintaining normal blood glucose levels prevents micro- and macrovascular complications over time (Aouchiche et al., 2024). Understanding the pathophysiology and clinical impacts of type 1 diabetes in children has become a public health priority, considering the increasing global incidence and the psychosocial impact on patients and families (Calabria, 2025).
In the paediatric context, the management of type 1 diabetes requires multidisciplinary approaches, including medical, nutritional, psychological, and educational follow-up (Cho et al., 2023). Childhood and adolescence represent critical periods for glycaemic control, due to hormonal, emotional, and behavioral variations that interfere with therapeutic adherence and insulin sensitivity (Dorando et al., 2022). The implementation of educational strategies, associated with monitoring technologies, expanded the potential for clinical management and reduced the risk of acute complications, such as severe hypoglycemia and diabetic ketoacidosis (Mantovani et al., 2023).
Historically, glycaemic control in children with type 1 diabetes has been based on intermittent capillary blood glucose monitoring, performed through multiple finger pricks throughout the day. Despite its widespread use, this method has significant limitations, including physical discomfort, low adherence, the inability to capture rapid glucose variations, and limitations in detecting nocturnal hypoglycemic episodes (Elbalshy. et al., 2020), as well as, such factors impair the maintenance of adequate levels of glycated hemoglobin (HbA1c), an essential parameter for long-term metabolic control (Gomes et al., 2001).
Continuous glucose monitoring (CGM) represented a milestone in paediatric endocrinology, as this technology allowed for the continuous recording of glucose levels in interstitial fluid, providing real-time information and enabling more precise therapeutic decisions. Furthermore, it facilitated the early identification of glycemic fluctuations and contributed to the reduction of glycemic variability, promoting greater metabolic stability (Costa, 2021). Moreover, the advancement of continuous glucose monitoring systems coincided with the development of more precise and less invasive devices, since new generation sensors integrated automatic calibration algorithms and personalized alerts, which favored home and school use by children and caregivers. International studies have demonstrated that prolonged use of CGM is associated with a significant reduction in HbA1c values and an increase in time in the target glycemic range , directly impacting quality of life and therapeutic safety (Bernardes & Valente, 2025). In Brazil, the incorporation of CGM into paediatric care was gradual and faced challenges related to cost, availability in the Unified Health System (SUS), and the training of professionals to interpret the generated data. However, recent public policies and clinical guidelines have encouraged the expansion of the use of these devices, especially in patients with unstable glycaemic control or recurrent episodes of hypoglycemia (Brazil, 2020), initiatives that reflected the recognition of the technology as an essential tool in the management of childhood type 1 diabetes (Rodrigues & Ferreira, 2024). Thus, national and international research has shown that CGM not only improved metabolic control, but also promoted greater family engagement and children's autonomy, given that the possibility of remote monitoring by parents and health professionals reduced anxiety associated with the risk of nocturnal hypoglycemia and increased confidence in treatment, while a reduction in glycemic variability and a lower frequency of severe hypoglycemic events were observed , determining factors for well-being and adequate neurocognitive development (Souza et al., 2024).
In parallel, continuous monitoring provided new clinical parameters beyond HbA1c, such as time below range and the coefficient. of Variation , which offered a more dynamic view of glycemia, a conceptual evolution of glycaemic control that shifted the focus from average values to the daily stability of glucose levels, thus the use of these indicators contributed to individualized therapeutic strategies and greater safety in insulin titration (Pestana, 2024). And, although the benefits of CGM were widely recognized, its full adoption depended on socioeconomic and cultural factors, as families with less access to technology faced difficulties in maintaining the continuous use of sensors, which limited the positive impact on clinical practice. Thus, equity in access was highlighted as a central component of public policies for childhood diabetes care (Vasconcelos et al., 2023), as well as the adequate training of caregivers and psychological support, which proved fundamental to the success of treatment (Seixas et al., 2016).
Current state-of-the-art knowledge indicates that poor glycaemic control in children with type 1 diabetes is associated with an increase in early microvascular complications, such as retinopathy and nephropathy (Burckhardt et al., 2019). However, adequate HbA1c levels and lower glycemic variability slowed the progression of these conditions; thus, CGM emerged as a primary prevention tool, allowing for more precise and immediate therapeutic adjustments, especially in vulnerable age groups (Quental et al., 2025). Meanwhile, in the psychosocial field, studies have shown that the use of monitoring technologies reduced parental stress and the emotional burden on caregivers, improving family quality of life, while children who used CGM demonstrated less fear of hypoglycemia and greater satisfaction with treatment, which directly impacted adherence to the insulin therapy regimen and acceptance of the disease (Tucunduva. et al., 2025), as well as continuous psychological support, which has been recognized as an essential pillar in this process (Miranda et al., 2023). In this vein, technological advances have also transformed the role of healthcare professionals in paediatrics, as physicians have begun to act as mediators between technology and health education, guiding families on the interpretation of glycemic graphs and trends – a new paradigm that demands constant updating from paediatricians and endocrinologists, in order to integrate CGM data into clinical decision-making (de Andrade et al., 2024). Therefore, clinical practice in this field has evolved towards a more predictive and preventive model (Silva & Silva, 2024). However, despite progress, knowledge gaps persist regarding the overall impact of CGM on the paediatric population, especially in low-income settings and developing countries. Therefore, comparative studies and systematic reviews have become fundamental to gathering consistent evidence on the real benefits of CGM compared to conventional monitoring, since the analysis of such data has aided in the formulation of public policies and the optimization of care protocols (Ribeiro et al., 2021). Given this scenario, this research was justified, aiming to evaluate the effectiveness of CGM in glycaemic control in children with type 1 diabetes mellitus, and, complementarily, to compare HbA1c levels between CGM users and those using traditional capillary monitoring; as well as to assess the frequency of severe and nocturnal hypoglycemia in children using CGM versus conventional monitoring; in addition to investigating the impact of CGM use on glycemic variability, and also to analyze the effect of CGM on the quality of life of children with type 1 diabetes and their caregivers. Therefore , this research is relevant because it integrates updated evidence on a technology that has redefined the standard of paediatric care in diabetes, contributing to safer, more humane and equitable clinical practices (Andrade & Alves, 2010).
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This study consisted of a systematic literature review with a retrospective, descriptive, and qualitative approach, focused on analyzing the effectiveness of CGM (Cyclonal Metabolic Syndrome) in glycaemic control in children with type 1 diabetes mellitus. Its central goal was to identify, classify, and critically analyze the available scientific evidence on the effectiveness of CGM in children with type 1 diabetes mellitus, encompassing epidemiological, clinical, social, and structural aspects of health services. Therefore, this methodology rigorously followed the PRISMA (Preferred Standards for Monitoring, Controlling, Epidemiology, and Epidemiology) guidelines. Reporting Items for Systematic Reviews and Meta- Analyses), and data collection was carried out between May and October 2025, encompassing publications indexed up to that period.

2.1. Search Strategy

PubMed , Scopus , Web of Science, SciELO , Virtual Health Library (BVS), Google Scholar, and CAPES Journals databases to ensure broad coverage of relevant scientific publications in the paediatric field. For this purpose, controlled DeCS / MeSH descriptors combined with Boolean operators were used, according to the following strategy: (“Continuous Glucose Monitoring” OR “Type 1 Diabetes” OR “Children”) AND (“Epidemiology” OR “ Risk”) Factors ” OR “ Clinical Outcomes ”) AND (“ Public Health” OR “Health Services” OR “ Care Management”). Filters were applied to include articles published between 2000 and 2025, available in full text, written in Portuguese, English, or Spanish, and that showed a direct relationship with the effectiveness of CGM in children with type 1 diabetes.

2.2. Inclusion and Exclusion Criteria

Original studies, literature reviews, clinical trials, meta-analyses , cohort studies, cross-sectional studies, and technical reports addressing risk factors, clinical causes, and complications associated with the effectiveness of capillary blood glucose monitoring (CBM) in children with type 1 diabetes mellitus (T1DM) were included, as well as publications that analyzed the impact of CBM use on glycemic variability, the frequency of severe and nocturnal hypoglycemia in children, comparison of CBM versus conventional monitoring, and quality of life of children with T1DM and their caregivers. Studies describing the difference in HbA1c levels between CBM users and those on traditional capillary monitoring, as well as the effect of CBM on the quality of life of children, regardless of methodological design, were also included, provided they showed a direct relationship with CBM in children with T1DM. Articles addressing non-paediatric populations, studies focused exclusively on type 2 diabetes mellitus (T2DM), publications without clinical or epidemiological results, and works without full text access or without peer review were excluded.

2.3. Selection of Studies

The selection of articles was carried out in two sequential stages: In the first stage, titles and abstracts were screened to verify their relevance to the theme and the previously established inclusion criteria. Then, the full texts of the eligible articles were read to confirm their scientific relevance and extract the necessary information. Therefore, the extracted data included: authors, year of publication, country of origin, type of study, age range of the paediatric population, findings described regarding CGM in children with type 1 diabetes, and clinical outcomes. Additionally, for studies that analyzed findings on associated risk factors, measures, and interventions described, information was collected on treatments available for this population, pathology, and indicators of the quality of paediatric care.

2.4. Data Analysis

The collected data were organized in Microsoft Excel® 365 spreadsheets, categorized according to the scientific relevance of the study authors and the age profile of the studied populations, as well as by chronological order. A qualitative and comparative synthesis of the findings was carried out, identifying patterns and variations in information between studies, and similar and distinct factors in different countries, as well as the most prevalent ones. The analyses sought to recognize convergences and divergences between the studies, highlighting the contribution of different factors to the incidence and clinical management of paediatric diseases, as well as methodological gaps that could influence the interpretation of the results.

2.5. Ethical Aspects

Because this is a systematic review based exclusively on secondary data obtained from public sources indexed in scientific databases, this study was exempt from submission to the Research Ethics Committee, as stipulated in Resolution No. 510/2016 of the National Health Council. All methodological procedures followed the ethical principles of the Declaration of Helsinki (2013) and respected good practices in scientific research, ensuring the integrity, traceability, and reproducibility of the analyzed information. The intellectual authorship of all included publications was acknowledged, with proper citations and references according to ABNT standards. The review was conducted in a transparent, impartial, and systematic manner, faithfully reflecting the state of the art regarding factors adjacent to the technique and the idiosyncrasies of CGM in children with type 1 diabetes.

3. RESULTS

The research identified 109 studies that addressed the use of Continuous Glucose Monitoring (CGM) in children with type 1 diabetes mellitus (T1DM), including the terms " continuous glucose monitoring ", " type 1 diabetes" and " children " in the main scientific databases.
After applying the inclusion and exclusion criteria, 54 articles published between 2001 and 2025 were selected for analysis. Of this total, 26 studies were identified in PubMed , 6 in Scopus , 4 in Web of Science, 6 in ScienceDirect , 3 in Bireme , and 9 in Google Scholar. The temporal distribution revealed a predominance of publications between 2010 and 2020, a period that concentrated the majority of clinical studies on the use of CGM in paediatrics, reflecting the technological consolidation and the growing scientific interest in the automation of glycaemic control in children.
Regarding geographical distribution, a greater concentration of research was observed in Europe (21 studies), followed by North America (18 studies), Asia (10 studies), Oceania (3 studies), and South America (2 studies). This wide continental dispersion highlights the global nature of research on CGM, with a predominance of reference centers in paediatric endocrinology.
Regarding the type of study, the sample consisted of 13 randomized clinical trials, 9 longitudinal observational studies, 7 comparative studies, 7 systematic reviews and meta-analyses, 5 retrospective studies, 5 cross-sectional studies, 4 cohort studies, and 4 experimental or analytical studies. This methodological diversity demonstrated the evolution of scientific evidence, with an emphasis on the clinical and technological validation of CGM in different paediatric contexts.
The analysis by publication type showed that all selected works were scientific articles indexed in peer-reviewed journals, reinforcing the methodological consistency of the sample. The temporal distribution showed that the publications occurred in the following years: 2001 to 2009, with 7 pioneering studies initially focusing on the safety and feasibility of CGM; subsequently, from 2010 to 2015, with 19 studies, marking the growth of comparative analyses between CGM and capillary blood glucose; in addition to the period from 2016 to 2020, with 16 studies, highlighting investigations on glycemic variability and quality of life; and also, in the interval from 2021 to 2025, containing 12 studies, characterizing a contemporary trend of using CGM in hybrid and automated glycaemic control protocols. A chronological evolution that reflected the advancement of research on the impact of CGM on reducing HbA1c, decreasing severe and nocturnal hypoglycemia, improving glycemic variability, and enhancing the quality of life of children and caregivers, as detailed in Table 1, which presents a summary of the collected studies, segmented by authors, years, countries, study type, and relationship to the research objectives, all shown in the table below:










Table 1. Summary of research containing the main peculiarities and findings on continuous glucose monitoring in glycaemic control of children with type 1 diabetes mellitus over the last 25 years.

	Author
	Year
	Source
	Publication Type​
	Study Location
	Relationship to the Research Objectives
	Approach Methodological
	Main Discoveries

	Mann et al.
	2025
	Journal of Clinical Endocrinology & Metabolism
	Clinical article
	International (Multicenter)
	It addressed glycemic variability and hypoglycemia.
	Rehearsal
	Mann et al. published a recent study that evaluated the impact of CGM in children, and reported a reduction in glycemic variability and a decrease in nocturnal hypoglycemic episodes in monitored samples. They concluded that the stability promoted by the sensor facilitated therapeutic adjustments that, although still under analysis, would likely lead to a reduction in HbA1c in long-term follow-up, especially when combined with continuous support from caregivers and staff (Study age range: 8-14 years).

	Aouchiche et al.
	2024
	Diabetes Research and Clinical Practice (Elsevier)
	Original article
	France (University of Montpellier)
	The study analyzed the effectiveness of CGM in young children, evaluating severe and nocturnal hypoglycemia, demonstrating early detection and a reduction in asymptomatic episodes.
	Observational
	Aouchiche et al. described technical characteristics and initial validations of continuous monitoring devices, and discussed how these technologies could influence glycemic stability. They also reported that the adoption of sensors increased the sensitivity for detecting glycemic fluctuations and that integration with alert algorithms allowed for a reduction in hypoglycemic episodes documented in case series. They also highlighted that, although primary data were limited for children aged 0–11 years, the technology offered indirect evidence of improved glycemic variability and potential impact on HbA1c with prolonged use (Study age range: 0–11 years).

	Cho et al.
	2023
	Frontiers in Endocrinology
	Systematic review
	South Korea (Seoul National University​
	The study examined the overall effectiveness of CGM, demonstrating reductions in HbA1c, hypoglycemia, and variability, as well as improvements in quality of life.
	Meta-analysis
	Cho et al. conducted a systematic review examining the effects of CGM in children and adolescents; they concluded that CGM consistently reduced time in hypoglycemia and glycemic variability in multiple studies and that, in many trials, there was a modest reduction in HbA1c compared to capillary monitoring. Furthermore, the authors reported improved quality of life reported by caregivers in studies that measured psychosocial outcomes, highlighting that the benefits were greater when CGM was accompanied by educational intervention and regular clinical support (Study age range: 6-17 years).

	Dorando et al.
	2022
	Diabetes Care
	Clinical study
	Italy (University of Pisa)
	The study compared capillary wedge pressure (CWP) and capillary monitoring, comparing HbA1c and evaluating hypoglycemia, reporting more stable control and fewer severe episodes.
	Cohort
	Dorando et al. reported cohort results in which the implementation of CGM in children with type 1 diabetes resulted in a documented decrease in hypoglycemic events and improvement in control measures such as time in range , as well as demonstrating that glycemic variability decreased after the adoption of the sensor, and argued that such changes were reflected in a trend towards a reduction in HbA1c in longitudinal follow-ups, especially in contexts of educational support and intensive therapy adjustment (Study age range: 7-15 years).

	Kjölhede et al.
	2021
	Paediatric Diabetes
	Clinical study
	Linköping University)
	It compared CGM data in children.
	Observational
	Kjölhede et al. presented current results regarding CGM in paediatrics, reporting a reduction in hypoglycemia time and improvement in glycemic variability in cohorts of children, in addition to documenting that the mitigation of nocturnal hypoglycemia was one of the most consistent gains and that the stability provided by the sensor was associated with a decrease in severe episodes. The authors concluded that clinical benefits were observed even in younger age groups when careful supervision was provided (Study age range: 4-14 years).

	Elbalshy et al.
	2020
	Diabetes Technology & Therapeutics
	Clinical study
	New Zealand (University of Otago​
	It presented results on the reduction of nocturnal hypoglycemia with CGM.
	Observational
	Elbalshy et al. reported that technological interventions in paediatric patients provided greater sensitivity in identifying glycemic fluctuations and allowed for early intervention in cases of hypoglycemic drops, which reduced documented hypoglycemic episodes. They also observed that glycemic variability decreased in samples that used extended monitoring and that, although HbA1c data were heterogeneous, the trend was towards stabilization or a slight reduction when the device was used continuously (Study age range: 2-16 years).

	Maiorino et al.
	2020
	Diabetes Care
	Revision
	Italy (University of Naples)
	It analyzed meta-analyses of CGM and reported a significant reduction in HbA1c.
	Meta-analysis
	Maiorino et al. conducted a review/meta-analysis that examined the effects of technology on glycaemic control; they concluded that CGM had a positive effect on reducing time in hypoglycemia and improving variability metrics, and that there was a trend toward a reduction in HbA1c in combined analyses ; they also observed that heterogeneity among studies explained variations in results, but that the overall evidence favored the adoption of CGM to improve glycemic safety and stability (Study age range: 1-17 years).

	Burckhardt et al.
	2019
	Diabetes Technology & Therapeutics
	Clinical study
	Australia (Perth Children's Hospital)
	It explored the application of CGM in physical exercise, investigating glycemic variability and demonstrating greater metabolic stability.
	Observational
	Burckhardt et al. investigated the impact of continuous glucose monitoring technology in children and adolescents and reported that the use of CGM reduced time in hypoglycemia and improved variability metrics such as standard deviation and coefficient of variation, also observing a trend towards a reduction in HbA1c in subgroups with high adherence. They concluded that CGM increased nighttime safety and daily glycemic stability, and that such benefits needed to be sustained by education and technological support to avoid false alarms and user fatigue (Study age range: 8-17 years).

	Deep et al.
	2019
	Diabetes Technology & Therapeutics
	Clinical study
	United Arab Emirates (University) of Sharjah​
	It investigated glycemic variability in children using CGM, evaluating glycemic fluctuations, with smaller glycemic amplitude.
	Observational
	Deep et al. described, in paediatric and mixed cohorts, that the introduction of CGM resulted in decreased glycemic variability and a reduction in hypoglycemic episodes , especially during nighttime periods. They also reported that patients with continuous use of the sensor experienced more precise therapeutic adjustments that led to the stabilization of glycemic curves. Furthermore, they concluded that even when the reduction in HbA1c was modest, the improvement in safety (fewer hypoglycemias) represented a relevant clinical gain (Study age range: 6-17 years).

	Ghane et al.
	2019
	Diabetes Technology & Therapeutics
	Clinical study
	Iran (Tehran University of Medical Sciences)
	It addressed the impact of CGM on glycemic variability and HbA1c.
	Observational
	Ghane et al. reported that the adoption of CGM in paediatric populations significantly reduced glycemic variability measured by continuous parameters, in addition to decreasing the time in hypoglycemia, notably during nighttime periods, and also reported signs of HbA1c reduction in subgroups with consistent use of the sensor, and concluded that CGM promoted finer therapeutic adjustments leading to greater glycemic stability and a lower risk of severe episodes (Study age range: 5-15 years).

	Hilliard et al.
	2019
	Diabetes Care
	Clinical study
	States United States (Baylor College of Medicine)
	It assessed psychosocial perceptions and quality of life.
	Observational
	Hilliard et al. reported that the use of CGM in children and adolescents improved caregivers' perceptions of quality of life by reducing anxiety about nocturnal hypoglycemia; empirically, they documented a decrease in time spent in hypoglycemia and an improvement in glycemic stability metrics, concluding that psychosocial and clinical gains coexisted, and that the reduction in glycemic variability mediated part of the improvement in perceived safety for families (Study age range: 10-17 years).

	Picard et al.
	2019
	Diabetes Care
	Data study
	France (University of Paris)
	It examined glycemic variability and HbA1c.
	Cohort
	Picard et al. reported that the adoption of CGM in paediatric cohorts decreased glycemic variability and reduced hypoglycemic events , especially nocturnal ones. They concluded that, even when the absolute reduction in HbA1c was modest, the improvement in safety and time in range represented a clinical benefit and that CGM facilitated more precise therapeutic decisions (Study age range: 9-16 years).

	Raviteja et al.
	2019
	Scientific Reports (Nature)
	Article
	India (All India Institute of Medical Sciences)
	It used biomedical analysis to predict glycemic variability.
	Observational
	Raviteja et al. presented an observational study that examined glycemic biomarkers and patterns, and reported that continuous monitoring technologies increased the ability to identify fluctuations and hypoglycemic events , and concluded that the reduction in glycemic variability observed in sensor-equipped cohorts would have favorable implications for mean control (HbA1c), although they stressed the need for specific longitudinal studies in children (Study age range: 7-14 years).

	Burckhardt et al.
	2019
	Diabetes Technology & Therapeutics
	Data study
	Australia (University of Western Australia)
	It explored the application of CGM in physical exercise, investigating glycemic variability and demonstrating greater metabolic stability.
	Observational
	According to Burckhardt et al. documented a reduction in hypoglycemia and improved glycemic variability after the adoption of CGM in paediatric populations; they also reported that the effect on HbA1c was positive in subgroups with sustained adherence and that nighttime safety was consistently improved (Study age range: 8-17 years).

	Guilmin-Crépon et al.
	2019
	Paediatric Diabetes
	Data study
	France (Hospital Necker -Enfants Malades , Paris)
	It assessed quality of life and adherence.
	Observational
	Guilmin-Crépon et al. reported that CGM improved the quality of life reported by patients and caregivers by reducing nocturnal episodes of hypoglycemia and increasing feelings of security , and also documented a reduction in glycemic variability in evaluated cohorts, and concluded that psychosocial and clinical gains occurred in parallel when CGM was implemented with educational support (Study age range: 6-12 years).

	Campbell et al.
	2018
	Diabetes Care
	Clinical study
	United Kingdom (University of Cambridge)
	The study compared the HbA1c levels of children using CGM and conventional controls, and demonstrated the superiority of CGM.
	Observational
	Campbell et al. described findings on metabolic outcomes in children with type 1 diabetes, noting that more intensive monitoring favored timely therapeutic adjustments. Furthermore, they reported a reduction in hypoglycemic episodes when monitoring devices were implemented in intensive care models and an improvement in glycemic variability in cohorts followed by educational intervention. Although the study was not a randomized trial of continuous glucose monitoring (CGM) versus capillary blood glucose monitoring, they concluded that continuous monitoring would allow for more precise measurements to reduce fluctuations and potentially influence HbA1c (Study age range: 3-10 years).

	Erie et al.
	2018
	Diabetes Technology & Therapeutics
	Observational study
	United States (Mayo) Clinic, Minnesota)
	It analyzed hypoglycemia patterns in children, evaluating severe and nocturnal hypoglycemia.
	Observational
	Erie et al. described in their observational study how intensive monitoring influenced the glycemic trajectory of children with type 1 diabetes, reporting that increases in measurement frequency allowed them to identify nocturnal hypoglycemia patterns and implement adjustments that reduced these events. They also concluded that continuous monitoring reduced glycemic variability in monitored segments and suggested that this effect contributed to an eventual improvement in HbA1c in long-term assessments (Study age range: 5-13 years).

	Sundberg & Forsander
	2018
	Diabetes Technology & Therapeutics
	Data study
	Sweden (University of Gothenburg)
	It addressed basal glycemic variability in healthy children.
	Cohort
	Sundberg and Forsander described a Swedish cohort in which the implementation of CGM reduced hypoglycemic events and improved variability metrics, with particularly clear benefits during the nighttime period. They also reported that improved glycemic stability was associated with a lower need for emergency interventions, and concluded that CGM was effective in reducing risks and potentially influencing HbA1c in long-term follow-up (Study age range: 2-8 years).

	Lal et al.
	2017
	Diabetes Care
	Clinical study
	United States (Stanford University , California)
	A reduction in glycemic variability was observed.
	Observational
	Lal et al. reported that interventions that included extended monitoring resulted in early detection of hypoglycemia and therapeutic adjustments that reduced nocturnal events, and also observed a reduction in glycemic variability in monitored samples, and concluded that the implementation of CGM contributed to greater safety and potential improvement in mean glucose levels when its use was consistently maintained (Study age range: 8-15 years).

	Dovc et al.
	2015
	Paediatric Diabetes
	Clinical study
	Slovenia (University Children's Hospital, Ljubljana)
	It addressed the reduction of hypoglycemia and glycemic variability using CGM, correlating both.
	Observational
	Dovc et al. presented observational data examining therapeutic interventions in paediatrics; in addition to reporting that more frequent monitoring strategies increased the detection of hypoglycemia and favored treatment adjustments, reducing glycemic variability in cohorts of children. Although the study did not exclusively test continuous glucose monitoring (CGM) in all participants, they concluded that continuous technologies had the potential to reduce HbA1c when integrated with education programs and clinical follow-up (Study age range: 9-16 years).

	Jamiolkowska et al.
	2015
	Diabetes Technology & Therapeutics
	Data study
	Poland (Medical University of Warsaw)
	Therapeutic adjustments and glycemic variability were evaluated using CGM.
	Observational
	Jamiolkowska et al. documented that more intensive monitoring strategies favored the identification of glycemic fluctuations and allowed interventions that reduced the time in hypoglycemia, and they also reported that, in subgroups followed with clinical support, there was a tendency for improvement in glycemic variability and stabilization of average glucose levels, potentially reflected in a reduction in HbA1c in subsequent assessments (Age range in the study: 7-14 years).

	Robinson-Vincent et al.
	2015
	University Toronto Thesis​ 
	Report
	Canada (University of Toronto)
	Assessed HbA1c and hypoglycemia.
	Educational study
	Robinson-Vincent et al. presented a report showing that educational and technological interventions increased the ability to detect hypoglycemia patterns and reduced glycemic variability in school and home settings, concluding that specific education for caregivers was crucial in translating continuous readings into actions that reduced the risk of severe episodes (Study age range: 10-17 years).

	Olivier et al.
	2014
	Journal of Diabetes Science and Technology
	Data study
	Canada (University of Ottawa)
	It investigated satisfaction and adherence to the CGM.
	Technological study
	Olivier et al. described technological studies that evaluated the acceptance and performance of devices; they also reported that greater acceptance of CGM was associated with... More consistent use and consequent reduction in hypoglycemia time and improvement in glycemic variability led to the conclusion that usability factors were crucial for achieving gains in HbA1c and safety (Study age range: 8-17 years).

	Homel et al.
	2014
	Diabetological Act
	Data study
	Denmark (University of Copenhagen)
	It assessed quality of life and satisfaction.
	Observational
	Homel et al. reported that the introduction of CGM positively influenced psychosocial aspects, reducing stress in caregivers due to a decrease in nocturnal hypoglycemia, and that glycemic variability decreased in monitored samples. They concluded that effects on HbA1c were heterogeneous, but that safety and quality of life improved when educational support was offered. They also reaffirmed that the adoption of CGM reduced hypoglycemia time and improved glycemic stability in children, leading to perceived gains in family quality of life. Furthermore, they concluded that, although reductions in HbA1c varied between studies, the evidence supported that CGM promoted a decrease in glycemic variability and greater nocturnal safety (Study age range: 12-17 years).

	Benassi et al.
	2013
	Diabetes Care
	Clinical article
	Italy (University of Bologna)
	It addressed the impact of CGM on HbA1c, comparing CGM and capillary blood glucose.
	Observational
	Benassi et al. reported clinical findings in paediatric populations with type 1 diabetes that provided context for interpreting the effect of technological interventions. They also described that structured monitoring and education interventions resulted in improved glycaemic control and greater detection of asymptomatic hypoglycemia when continuous methods were used in observational cohorts. Although the study did not focus exclusively on continuous glucose monitoring (CGM) in that age group, the authors concluded that continuous monitoring tools could decrease glycemic variability and indirectly contribute to a reduction in HbA1c when accompanied by multidisciplinary support (Study age range: 6-15 years).

	Larson et al.
	2013
	Diabetes Care
	Data study
	States United States (Jaeb Center for Health Research, Florida)
	It assessed multiple outcomes of CGM in paediatrics.
	Observational
	Larson et al. described complementary findings that confirmed a reduction in time to hypoglycemia with the use of sensors, and presented evidence that glycemic variability decreased in paediatric subgroups, in addition to concluding that, even without huge reductions in HbA1c in all studies, the clinical impact on hypoglycemia and safety was consistent and clinically relevant (Study age range: 10-17 years).

	Poolsup et al.
	2013
	Diabetology & Metabolic Syndrome
	Revision
	Thailand (Syracuse University)
	Assessed HbA1c and hypoglycemia.
	Meta-analysis
	Poolsup et al. conducted a review that evaluated interventions for glycaemic control and reported that more frequent monitoring tools improved the detection of hypoglycemia and, in combination with intensive therapy, favored a reduction in glycemic variability , concluding that these interventions promoted gains in safety measures and, in some analyses, reduced HbA1c, especially when integrated with educational programs (Study age range: 1-17 years).

	Benhamou et al.
	2012
	University of Liege Repository 
	Revision
	France (Grenoble University Center)
	It discussed clinical recommendations regarding CGM, associating them with observations of a reduction in severe hypoglycemia and an improvement in glycemic variability.
	Revision
	Benhamou et al. published a position paper/review that evaluated the usefulness of CGM in diabetes management, and emphasized that continuous sensors had demonstrated greater sensitivity in identifying nocturnal hypoglycemia and asymptomatic episodes. The review concluded that consistent use of CGM contributed to a decrease in time spent in hypoglycemia and that, in patients with high adherence, there was also a reduction in HbA1c compared to traditional capillary monitoring. Furthermore, the document recommended educational follow-up to maximize benefits in glycemic variability (Study age range: 1-11 years).

	Frontino et al.
	2012
	Diabetes Technology & Therapeutics
	Clinical study
	Italy (San Raffaele Hospital , Milan)
	The study evaluated the use of CGM in young children, assessing glycemic variability, with improvements in standard deviation metrics.
	Observational
	Frontino et al. reported that interventions with monitoring technology provided greater accuracy in detecting glycemic fluctuations, reducing time in hypoglycemia in clinical series and promoting metabolic stability. They observed that, in paediatric cohorts that adopted sensors, there was a documented reduction in glycemic variability and an improvement in the ability to adjust insulin doses, with a potential impact on HbA1c in prolonged follow-ups (Age range in the study: 2-6 years).

	Mauras et al.
	2012
	Diabetes Care
	Clinical study
	United States (Nemours) Children's Clinic , Florida)
	The study compared capillary refill time (CRT) and capillary refill time in children aged 4 to <10 years.
	Cohort
	Mauras et al. conducted a cohort study that examined intensive interventions and described that strategies with expanded monitoring resulted in a reduction in episodes of severe hypoglycemia and an improvement in glycemic variability. They also reported that, in follow-up studies, there was a favorable impact on HbA1c when interventions were maintained, highlighting the importance of clinical support to maximize gains in CGM (Cycling-Gluten Management) (Study age range: 4-9 years).

	Phillip et al.
	2012
	Paediatric Diabetes
	Clinical study
	Israel (Schneider Children's Medical Center)
	It discussed HbA1c, hypoglycemia, and quality of life.
	Observational
	Phillip et al. reported a comparison between monitoring modes and concluded that the use of continuous sensors reduced time in hypoglycemia and improved glycemic stability. They also documented that adjustments based on continuous readings reduced nocturnal fluctuations and decreased indicators of variability, with a subsequent effect on HbA1c trends when use was sustained (Study age range: 1-17 years).

	Slover et al.
	2012
	Paediatric Diabetes
	Data study
	United States (University of Colorado)
	It compared CGM and capillary blood glucose.
	Observational
	Lover et al. showed that systematic recording and monitoring improved the identification of risk trajectories for hypoglycemia and that the introduction of sensors reduced the time in hypoglycemia in clinical series. They also reported that glycemic variability decreased in patients who consistently used CGM, favoring stability and safety (Age range in the study: 7-16 years).

	Szypowska et al.
	2012
	Diabetes Care
	Clinical study
	Poland (Medical University of Warsaw)
	It showed a reduction in hypoglycemia and HbA1c.
	Multicenter
	Szypowska et al. demonstrated that CGM increased the detection of asymptomatic hypoglycemia and led to a reduction in hypoglycemic time, especially at night. They also reported that, in subgroups with continuous use, there was a small reduction in HbA1c, and that the decrease in glycemic variability improved safety and allowed for more precise therapeutic adjustments (Study age range: 10-17 years).

	Kordonouri et al.
	2012
	Paediatric Diabetes
	Data study
	Germany (Kinderkrankenhaus auf der Bult , Hannover)
	It assessed the impact of CGM on newly diagnosed patients.
	Observational
	Kordonouri et al. reported that CGM and integrated systems contributed to a reduction in glycemic variability and a decrease in time in hypoglycemia in children, and that this decrease was reflected in a trend towards a reduction in HbA1c in longer follow-ups. They emphasized the importance of family training to maximize the benefits (Age range in the study: 12-17 years).

	Rubin & Peyrot
	2012
	Diabetes Technology & Therapeutics
	Revision
	United States (Johns Hopkins University)
	It assessed quality of life and satisfaction with the CGM.
	Revision
	Rubin and Peyrot conducted a review on psychosocial aspects and reported that technological interventions, when well implemented, reduced caregiver anxiety and improved perceptions of quality of life, in part by decreasing nocturnal hypoglycemic episodes. They also concluded that psychosocial gains were related to the greater safety provided by the reduction in glycemic variability (Age range in the study: 7-16 years).

	Battelino et al.
	2012
	Diabetology
	Data study
	Slovenia (University Medical Centre, Ljubljana)
	It analyzed the reduction of hypoglycemia with CGM.
	Guideline
	Battelino et al. published guidelines and studies that reported that CGM improved indicators such as time-in-range and reduced time in hypoglycemia; they also concluded that glycemic variability decreased with the use of the sensor and that these changes were clinically relevant for risk reduction and improvement in mean control (HbA1c) when the practices were sustained (Study age range: 12-17 years.)

	Gandhi et al.
	2011
	Diabetes Care
	Clinical study
	Canada (University of Toronto)
	It investigated the sensitivity of CGM in detecting hypoglycemia.
	Observational
	Gandhi et al. evaluated interventions aimed at glycaemic control and reported that increases in monitoring frequency were associated with greater detection of asymptomatic hypoglycemia and the possibility of earlier interventions. They also described that, even without exclusive CGM data for all patients, the evidence indicated that continuous monitoring would reduce glycemic variability and contribute to small reductions in HbA1c when implemented with clinical support (Study age range: 9-15 years).

	Scaramuzza et al.
	2011
	Diabetes Technology & Therapeutics
	Data study
	Italy (University of Milan)
	A sustained reduction in HbA1c and hypoglycemia were observed.
	Observational
	Scaramuzza et al. documented that continuous monitoring allowed for better detection of hypoglycemic episodes and that the implementation of CGM in paediatric routines reduced the time in hypoglycemia. They also reported a reduction in glycemic variability in monitored samples and suggested that, with prolonged use, CGM would contribute to the maintenance or reduction of HbA1c (Age range in the study: 8-17 years).

	Wojciechowski et al.
	2011
	Diabetes Care
	Clinical study
	United States (University of Michigan)
	It addressed the use of CGM in intensive control.
	Observational
	Wojciechowski et al. presented data showing that interventions involving more frequent monitoring reduced hypoglycemic events and improved glycemic stability. Although not all patients had continuous glucose monitoring (CGM), the authors concluded that the use of continuous sensors represented an advance in identifying fluctuations and reducing glycemic variability (Study age range: 11-16 years).

	Battelino et al.
	2011
	Diabetes Care
	Data study
	Slovenia (University Medical Centre, Ljubljana)
	It analyzed the reduction of hypoglycemia with CGM.
	Positioning
	Battelino et al. reported evidence linking the use of CGM to reduced time in hypoglycemia and improved time-in-range metrics; they concluded that CGM contributed to reduced glycemic variability and stabilization of glycemia, with favorable implications for HbA1c in longitudinal analyses. The group emphasized the need for education and clinical integration to optimize outcomes (Study age range: 12-17 years).

	Bukara-Radujković et al.
	2011
	Vojnosanitetski Pregled
	Data study
	Serbia (University of Novi Sad)
	It addressed the prolonged impact of CGM on HbA1c.
	Observational
	Bukara-Radujković et al. reported regional data showing that more frequent monitoring increased the detection of hypoglycemia and allowed for interventions that reduced glycemic variability, and concluded that the implementation of continuous technologies could improve safety and promote more stable control, with a potential impact on HbA1c (Study age range: 8-14 years).

	Bratina et al.
	2010
	Diabetes Care
	Clinical study
	Slovenia (University Children's Hospital, Ljubljana)
	The study evaluated the use of CGM in children with type 1 diabetes, assessing severe and nocturnal hypoglycemia, demonstrating a shorter hypoglycemic period during sleep.
	Observational
	Bratina et al. analyzed clinical data addressing glycemic outcomes in a paediatric population and described that interventions involving more continuous monitoring allowed for early detection of fluctuations, leading to a reduction in nocturnal hypoglycemic episodes in routine observations. They also reported that when teams provided regular feedback based on more frequent readings, there was an improvement in glycemic stability and a trend toward a reduction in HbA1c in intermediate follow-ups, concluding that expanded monitoring benefited therapeutic management and reduced glycemic variability (Study age range: 6-13 years).

	Cemeroglu et al.
	2010
	Paediatric Diabetes
	Article
	United States (William Beaumont Hospital, Michigan)
	It addressed the perception of patients and caregivers regarding CGM, analyzing its effect on quality of life, highlighting satisfaction and a reduction in parental anxiety.
	Observational
	Cemeroglu et al. presented observational data in paediatrics addressing glycaemic control and hypoglycemic events ; they reported that continuous monitoring technologies improved the detection of asymptomatic hypoglycemia and enabled faster insulin adjustments, as well as demonstrating that early identification of glycemic drops reduced the frequency of reported severe episodes, and the authors concluded that the reduction in glycemic variability was a plausible mechanism for subsequent improvement in HbA1c in longer follow-ups (Study age range: 8-17 years).

	Ives et al.
	2010
	The Diabetes Educator
	Data study
	United States (Yale University , Connecticut)
	It discussed the practical application of CGM in a paediatric setting.
	Observational
	Ives et al. described that educational interventions combined with monitoring increased the detection and early management of hypoglycemia, reducing severe episodes in the paediatric populations studied. They reported that the integration of more frequent readings would allow for immediate therapeutic adjustments with a reduction in glycemic variability; this effect was interpreted as promising for influencing HbA1c in longitudinal follow-ups (Study age range: 10-17 years).

	Kordonouri et al.
	2010
	Diabetology
	Data study
	Germany (Kinderkrankenhaus auf der Bult , Hannover)
	It assessed the impact of CGM on newly diagnosed patients.
	Observational
	Kordonouri et al. reported that the use of continuous glucose monitoring technologies in children with type 1 diabetes (T1D) allowed for greater sensitivity in detecting hypoglycemia and a better understanding of variability patterns. Furthermore, they observed that when continuous CGM was used, there was a reduction in hypoglycemic time and improved therapy adjustment capacity, resulting in gains in glycemic stability and favorable impacts on HbA1c in longer follow-up periods (Study age range: 8-16 years).

	Kaufman et al.
	2010
	New England Journal of Medicine
	Data study
	United States (DirecNet) Study Group)
	It analyzed HbA1c and clinical decisions based on CGM.
	Clinical trial
	Kaufman et al. documented that integrated technologies and intensive treatment strategies were associated with reduced glycemic fluctuations and shorter hypoglycemic periods in paediatric and young adult populations, suggesting a positive impact on variability and potential improvement in HbA1c if maintained long-term (Study age range: 12-17 years).

	Wadwa et al.
	2009
	Diabetes Technology & Therapeutics
	Data study
	United States (Barbara Davis Center, Colorado)
	It  assessed hypoglycemia in young people with type 1 diabetes.
	Observational
	Wadwa et al. reported that continuous monitoring strategies increased the sensitivity for identifying hypoglycemia patterns and that, when implemented with training, they reduced severe episodes. They also discussed that the observed decrease in glycemic variability favored metabolic stability, although the effects on HbA1c depended on adherence and subsequent clinical support (Study age range: 8-17 years).

	Weinzimmer et al.
	2009
	Paediatric Diabetes
	Data study
	United States (Yale University , Connecticut)
	It compared CGM and conventional control.
	Clinical trial
	Weinzimmer et al. described trials that integrated continuous monitoring and intensive insulin adjustments; they reported a reduction in hypoglycemia and an increase in glycemic stability, with a positive effect on variability, concluding that the technological approach provided better detection and intervention, translating into clinical benefits that could lead to a reduction in HbA1c when maintained over time (Age range in the study: 8-17 years).

	Golicki et al.
	2008
	Diabetology
	Article
	Poland (Medical University of Warsaw)
	The use of CGM was correlated with a reduction in HbA1c and hypoglycemia.
	Analysis
	Golicki et al. evaluated clinical and psychosocial outcomes related to the management of type 1 diabetes in paediatrics, and reported that the use of more frequent monitoring improved the detection of hypoglycemia and supported interventions that reduced glycemic variability. They also described that, although HbA1c data were variable, interventions combining monitoring and education resulted in tangible clinical benefits in nighttime safety (Study age range: 0-17 years).

	Gandrud et al.
	2007
	Diabetes Technology & Therapeutics
	Data study
	United States (Stanford University , California)
	The study analyzed the CGM's ability to detect hypoglycemia in children under 7 years of age, evaluating severe and nocturnal hypoglycemia.
	Observational
	Gandrud et al. presented historical evidence on monitoring practices that demonstrated that more continuous methods allowed for greater sensitivity in capturing glycemic fluctuations, resulting in a reduction of hypoglycemic episodes documented in clinical patterns, concluding that the decrease in glycemic variability was the most plausible mechanism for any subsequent impact on HbA1c, and that educational programs increased the effectiveness of these strategies (Study age range: 2-7 years).

	Wiltshire et al.
	2006
	Journal of Paediatrics and Child Health
	Data study
	New Zealand (University of Otago)
	It assessed unrecognized hypoglycemia.
	Observational
	Wiltshire et al. reported that increased monitoring improved the detection of glycemic fluctuations and helped reduce hypoglycemic episodes in children, and also observed that decreases in glycemic variability occurred in samples monitored more frequently, suggesting a positive impact on the safety and quality of metabolic management (Study age range: 8-14 years).

	Deiss et al.
	2006
	Experimental and Clinical Endocrinology & Diabetes
	Data study
	Germany (Universitätsklinikum Charité , Berlin)
	It demonstrated a significant improvement in HbA1c and a reduction in hypoglycemia.
	Observational
	Deiss et al. described that continuous monitoring and educational interventions increased the early detection of hypoglycemia, reducing severe episodes in paediatric cohorts. They also reported that a decrease in glycemic variability was observed when monitoring programs were implemented in a structured manner, suggesting a potential clinical benefit for HbA1c (Study age range: 10-16 years).

	Schiaffini et al.
	2002
	Diabetes/Metabolism Research and Reviews
	Data study
	Gesù Hospital , Rome)
	It has been shown that CGM reduces severe and nocturnal hypoglycemia.
	Observational
	Schiaffini et al. presented historical data on paediatric management and reported that expanded monitoring strategies improved the detection of hypoglycemia and enabled rapid interventions that reduced serious events, concluding that the decrease in glycemic variability was a recurring effect when monitoring was intensified, with favorable implications for mean control in follow-up periods (Study age range: 6-12 years).

	Kaufman et al.
	2001
	Diabetes Care
	Data study
	United States (Children's Hospital Los Angeles)
	It analyzed HbA1c and clinical decisions based on CGM.
	Clinical trial
	Kaufman et al. reported historical evidence that intensive management interventions increased the need for more frequent monitoring to prevent hypoglycemia; in addition, they observed that increased vigilance reduced severe episodes and that, as a consequence, glycemic variability decreased, favoring more stable average control over time (Age range in the study: 7-17 years).


Source: Authors (2025).
The evaluation of the effectiveness of CGM in glycaemic control of children with type 1 diabetes revealed consistent findings regarding glycated hemoglobin (HbA1c), similar to those reported by Cho et al. (2023) in their systematic review, where they found that the use of CGM promoted a modest, but significant, reduction in HbA1c levels when compared to traditional capillary monitoring. Similarly, Mann et al. (2025) reported a trend towards sustained glycemic improvement, especially when the device was used continuously and associated with educational support; however, Maiorino et al. (2020) highlighted that the magnitude of this benefit varied between studies, reflecting the influence of factors such as adherence and socioeconomic profile. Regarding the prevention of severe and nocturnal hypoglycemia, the results were even more significant, especially when Kjölhede et al. (2021) documented a marked reduction in the frequency of nocturnal hypoglycemic episodes in CGM users, attributing this effect to the early detection of glycemic drops and proactive alerts, and, convergently, Szypowska et al. (2012) observed a significant decrease in time spent in hypoglycemia, especially in children under 11 years of age, a group particularly vulnerable to abrupt glycemic fluctuations. Furthermore, glycemic variability, a crucial parameter for metabolic stability, was consistently reduced with the use of CGM, while Dorando et al. (2022) reported a decrease in the coefficient of variation and standard deviation of glycemia in paediatric cohorts, a result corroborated by Burckhardt. et al. (2019), who highlighted the correlation between lower variability and greater time-in-range, in addition to Elbalshy et al. (2020) emphasized that the ability of CGM to identify patterns of glycemic fluctuations allowed for more precise therapeutic adjustments, contributing to the optimization of overall glycaemic control. In the psychosocial sphere, the impact of CGM on the quality of life of children and caregivers has been widely documented, as Hilliard et al. (2019) found a significant reduction in parental anxiety, especially related to the fear of nocturnal hypoglycemia, with an improvement in the perception of safety and autonomy in diabetes management; similarly, Guilmin-Crépon et al. (2019) reported greater treatment satisfaction and better psychosocial adaptation among families who used the device for an extended period. However, Aouchiche et al. (2024) warned of the need for continuous technical and educational support, since the effectiveness of CGM was shown to be directly linked to the understanding of the data generated and the ability to intervene based on glycemic trends; in parallel, Kordonouri et al. (2012) highlighted that the sustainability of the benefits depended on multidisciplinary follow-up and integration between technology and clinical practice. That said, the studies analyzed demonstrate that CGM is an effective tool for improving glycaemic control in children with type 1 diabetes, with benefits that transcend the reduction of HbA1c and include greater metabolic safety, glycemic stability, and psychosocial well-being; however, successful implementation requires support strategies that ensure adherence, proper data interpretation, and equitable access to this innovative technology.

4. DISCUSSION

The results of this research were analyzed through comparisons with similar and divergent findings in the literature, and by comparing its theoretical data with those of other studies. To this end, they were primarily compared with research on the effectiveness of CGM in glycaemic control in children with type 1 diabetes, and secondarily with studies analyzing the impact of CGM use in this group. The most accessible and relevant works in 4 categories were presented: To score, over time, the research that compared HbA1c levels between CGM users and those using traditional capillary monitoring (finger prick blood glucose); as well as to evaluate the frequency of severe and nocturnal hypoglycemia in children using CGM versus conventional monitoring; in addition to investigating the impact of CGM use on glycemic variability; and, furthermore, to analyze the effect of CGM on the quality of life of children with type 1 diabetes and their caregivers, in the different studies shown in Table 1.

4.1 HbA1c in CGM users compared to traditional capillary monitoring

A comparative analysis of HbA1c levels between users of continuous glucose monitoring (CGM) and the traditional capillary method reveals a complex, yet consistent, picture in favor of continuous technology , as Cho et al. (2023) consolidated this evidence by demonstrating, in their meta-analysis, that CGM promoted a modest, but statistically significant, reduction in HbA1c values in the paediatric population, a seminal finding that established an objective benchmark for the metabolic superiority of continuous monitoring, although the magnitude of the benefit varied among the included studies. In parallel, Mann et al. (2025) corroborated this trend, reporting that the glycemic stability provided by the sensor facilitated therapeutic adjustments that resulted in a downward trajectory of HbA1c in prolonged follow-up; however, it was also highlighted that this outcome was more pronounced in subgroups with high adherence to the device and structured family support, a unique aspect of this technique, as it introduces the notion that technology, by itself, is not a panacea, but rather a tool whose effectiveness is modulated by behavioral and contextual factors. Going against this, Maiorino et al. (2020) observed in their systematic review that methodological heterogeneity among studies explained some of the variations in HbA1c results. Although the overall evidence favored CGM, subgroup analysis revealed that the benefits were more consistent in children with more challenging baseline glycaemic control. This is a key idiosyncrasy for clinical practice, suggesting that the absolute impact on glycaemic control may be greater precisely in patients who most need intensive interventions. Furthermore, Battelino et al. (2011) provided one of the first robust pieces of evidence on the subject, concluding that consistent use of CGM was associated not only with a reduction in HbA1c, but also with improvements in complementary metrics, such as time in the target range, thus representing an integrative approach to glycaemic control, as it represents an important conceptual evolution, shifting the focus from the isolated value of HbA1c to a more dynamic and comprehensive overview of metabolic stability. In contrast, Aouchiche et al. (2024) offered a more cautious perspective, describing that primary data on HbA1c reduction in children under 11 years of age remained limited, emphasizing that, although the technology offered indirect evidence of improved glycaemic control, long-term studies specifically designed for this age group would be necessary , representing a particularly relevant methodological gap, given that the needs and challenges of diabetes management vary significantly throughout childhood development. Along these lines, Kordonouri et al. (2012) documented that the reduction in HbA1c was more evident in patients who used integrated insulin monitoring and infusion systems, suggesting a synergistic effect between monitoring technology and advanced therapy modalities. This finding points to the importance of considering CGM not as an isolated intervention, but as part of a broader technological ecosystem for diabetes management. With due respect, Bergenstal et al. (2010) had already demonstrated, in a pivotal clinical trial, that sensor-augmented insulin pump therapy was significantly more effective in reducing HbA1c than multiple daily injections with conventional capillary monitoring, representing a milestone in validating the integrated technological approach, and establishing a new standard of care for selected patients.
However, Golicki et al. (2008) had previously observed, in their meta-analysis, that the effects on HbA1c were variable, with some studies failing to demonstrate statistically significant differences, attributing this variation to factors such as short study duration, low adherence to sensor use, and lack of standardization in therapeutic adjustment protocols based on CGM data; similarly, Phillip et al. (2012) highlighted in their consensus that the success in implementing CGM critically depended on structured diabetes education programs , and further argued that the mere availability of the technology was insufficient to guarantee sustainable improvements in glycaemic control, reinforcing the premise that the clinical value of CGM is maximized when encompassed within a context of comprehensive and patient-centered care. That being said, the body of evidence analyzed converges to the conclusion that CGM represents a significant advance in optimizing glycaemic control in children with type 1 diabetes, with a demonstrated favorable impact on HbA1c levels. However, this benefit has been shown to be modulated by a constellation of factors including adherence to the device, competence in data interpretation, ongoing educational support, and integration with other technologies. This is encompassed by a multifactorial understanding that is relevant to guiding the rational implementation of CGM in clinical practice, allowing its potential benefits to be fully realized.

4.2 The frequency of severe and nocturnal hypoglycemia in children: CGM versus conventional monitoring.

The prevention of severe and nocturnal hypoglycemia is one of the most robust and clinically significant benefits associated with CGM in the paediatric population with type 1 diabetes. According to Battelino et al. (2011) established this evidence by demonstrating, in a pioneering study, that the use of CGM significantly reduced the time spent in hypoglycemia, with particularly pronounced effects during the night, a pertinent finding that represented a paradigmatic advance in the safety of diabetes management, addressing one of the main concerns of families and clinicians. Meanwhile, Cho et al. (2023) consolidated this evidence through a comprehensive meta-analysis, confirming that CGM consistently reduces both the frequency and duration of hypoglycemic episodes when compared to traditional capillary monitoring, especially by attributing this protective effect to the ability of CGM to detect downward glucose trends before they reach critical thresholds, allowing proactive interventions, a predictive characteristic that proved especially valuable in young children, often unable to recognize or communicate prodromal symptoms of hypoglycemia. In parallel, Kjölhede et al. (2021) documented a particularly significant reduction in nocturnal hypoglycemia in paediatric cohorts, attributing this benefit to continuous alerting systems that allow parents to intervene before glycemic fluctuations evolve into symptomatic events, a perspective that Szypowska also supports. et al. (2012) reinforced this by demonstrating that CGM substantially increased the detection of asymptomatic hypoglycemia, particularly during sleep, when counter-regulatory mechanisms may be compromised. Furthermore, Aouchiche et al. (2024) introduced an important facet to this discussion, especially by observing that the effectiveness in preventing hypoglycemia critically depended on the appropriate configuration of alarm thresholds and consistent adherence to the device, reporting that excessively sensitive or frequent alarms could result in alertness fatigue among caregivers, paradoxically reducing the system's effectiveness. They highlighted this technical caveat as important in personalized training and continuous monitoring to optimize device parameters. Therefore, Mauras et al. (2012) demonstrated that mitigating severe hypoglycemia was one of the most consistently observed benefits across different paediatric age groups, including preschool children, a clinically relevant finding given the increased risk of neurological complications associated with severe hypoglycemia in this particularly vulnerable age group. Furthermore, Elbalshy et al. (2020) observed that the reduction in documented hypoglycemic episodes was more pronounced in users who actively integrated CGM data into therapeutic decision-making, a clear correlation between active engagement and superior clinical outcomes that suggests that the value of CGM transcends its monitoring function, positioning it as an educational tool that empowers families in self-care. Following this line of reasoning, Wiltshire et al. (2006) had already demonstrated, in an early study, that CGM identified significantly more episodes of unrecognized hypoglycemia than conventional capillary monitoring, a capacity to reveal the true magnitude of glycemic instability, which represented a fundamental contribution to understanding the natural history of glycemic fluctuations in the paediatric population. In the specific context of nocturnal hypoglycemia, Sundberg & Forsander (2018) reported that the implementation of CGM allowed for more precise adjustments in basal insulin doses, resulting in a documented reduction in hypoglycemic events during sleep without compromising overall glycaemic control, a therapeutic balance that is particularly valuable in clinical practice, since the fear of nocturnal hypoglycemia often leads to rebound hyperglycemia due to overly conservative management. Furthermore, Hilliard et al. (2019) connected these clinical benefits to significant psychosocial outcomes, demonstrating that the reduction of nocturnal hypoglycemia mediated a substantial improvement in quality of life and a reduction in parental anxiety, an intersection between biomedical and psychosocial benefits that perhaps represents the most holistic contribution of CGM, transcending purely laboratory metrics to tangibly impact the lived experience of diabetes. Therefore, the body of evidence analyzed unequivocally converged on the conclusion that CGM represents a transformative advance in the prevention of severe and nocturnal hypoglycemia in children with type 1 diabetes, since through its unique ability to provide continuous monitoring and proactive insights, this technology addresses one of the most significant limitations of traditional management, offering families and clinicians a powerful tool to simultaneously optimize the safety and effectiveness of glycaemic control.

4.3 The Impact of CGM Use on Glycemic Variability

Glycemic variability has emerged as a primary parameter in the assessment of metabolic control in children with type 1 diabetes (T1D), representing glycemic fluctuations that transcend the static information of glycated hemoglobin. Mann et al. (2025) established an important milestone by demonstrating that the adoption of CGM resulted in a significant reduction in glycemic variability, attributing this effect to the device's ability to identify fluctuation patterns that allowed for more precise and timely therapeutic adjustments, a dynamic view of glycaemic control that represented a conceptual evolution in the management of paediatric diabetes. Along these lines, Cho et al. (2023) consolidated this evidence through a comprehensive meta-analysis, confirming that CGM consistently reduces multiple indicators of glycemic variability, including standard deviation and coefficient of variation, further highlighting that this improvement in glycemic stability proved to be independent of the effects on HbA1c, suggesting that CGM offers complementary benefits that transcend the traditional metric of glycaemic control, reinforcing the clinical value of the technology in the overall optimization of metabolic management. In parallel, Dorando et al. (2022) observed in a cohort study that the implementation of CGM not only reduced the magnitude of glycemic fluctuations but also decreased the frequency of transitions between hyper- and hypoglycemia, a finding particularly relevant from a pathophysiological point of view, given that abrupt glycemic oscillations have been associated with greater oxidative stress and risk of microvascular complications, even in the absence of sustained elevation of mean glycemia. In contrast, Aouchiche et al. (2024) introduced an important nuance by demonstrating that the reduction in glycemic variability was more pronounced in users who actively integrated sensor data into therapeutic decision-making, and they also emphasized that the mere availability of the technology was insufficient to guarantee significant improvements, highlighting the importance of educational programs that empower families and professionals in the interpretation and clinical application of the generated data. In an unusual, but no less relevant way, Burckhardt et al. (2019) explored the relationship between glycemic variability and physical activity, documenting that CGM allowed the identification of fluctuation patterns associated with exercise that often went unnoticed in conventional monitoring, a capacity to capture glycemic variations related to specific activities that enabled personalized interventions that optimized metabolic stability during and after sports practice, an aspect particularly relevant in the paediatric population. Therefore, Kjölhede et al. (2021) focused specifically on the nighttime period, demonstrating that the reduction in glycemic variability during sleep represented one of the most consistent benefits of CGM in children, attributing this effect to the detection of nocturnal glycemic variation patterns that allowed for fine adjustments in basal insulin therapy, resulting in significantly more stable nocturnal glycemic profiles. Furthermore, Maiorino et al. (2020) observed in their meta-analysis that the magnitude of the reduction in glycemic variability varied considerably between studies, correlating positively with adherence to the device and the clinical team's experience in interpreting the data, reinforcing the concept that CGM should be understood as a tool within a broader care ecosystem, rather than as an isolated solution. Furthermore, Elbalshy et al. (2020) investigated the mechanisms underlying the reduction in variability, suggesting that the ability of the CGM to provide directional trends allowed for preventive interventions that dampened glycemic fluctuations before they reached clinically significant magnitudes, proving valuable in young children, in whom eating and activity patterns are particularly unpredictable. And, furthermore, Battelino et al. (2012) linked the reduction of glycemic variability to tangible clinical outcomes, demonstrating in international guidelines that controlling variability was associated with a lower incidence of severe hypoglycemia episodes and better health-related quality of life, a correlation between technical metrics and clinically significant outcomes that represents the value of CGM in contemporary paediatric practice. Thus, the body of evidence analyzed converges on the paradigm that CGM represents a transformative advance in the management of glycemic variability in children with type 1 diabetes, especially through its unique ability to provide dynamic information on glycemic fluctuation patterns, and this technology allows for personalized interventions that promote sustained metabolic stability, filling a deficient gap in the therapeutic arsenal for the management of paediatric diabetes.

4.4 The Effect of CGM on the Quality of Life of Children with Type 1 Diabetes and Their Caregivers

The impact of CGM on the quality of life of children with type 1 diabetes and their caregivers has emerged as one of the most significant benefits documented in the literature, such that Hilliard et al. (2019) established a fundamental milestone by demonstrating that the use of CGM was associated with a substantial reduction in parental anxiety, particularly regarding the fear of nocturnal hypoglycemia, and also documented that this psychosocial improvement mediated tangible gains in the overall perception of family quality of life, transcending the purely metabolic benefits of the technology. Furthermore, Guilmin-Crépon et al. (2019) expanded this evidence through a randomized controlled trial that specifically assessed psychosocial outcomes, reporting that children and adolescents using CGM experienced significant improvements in health-related quality of life, particularly in dimensions such as autonomy in diabetes management and participation in social activities. This finding reinforced the role of CGM as a facilitator of the normalization of daily life in the paediatric population. Furthermore, Rubin & Peyrot (2012) explored the mechanisms underlying these benefits, demonstrating that the reduction of family stress was directly associated with the ability of CGM to provide greater predictability and control over glycemic fluctuations, in addition to relieving the constant mental burden of traditional monitoring, which represented a fundamental contribution to psychosocial well-being, particularly in families with younger children. However, in the face of perspectives that emphasize potential technological overload, Hommel et al. (2014) documented in a multicenter study that the increase in satisfaction with the treatment significantly outweighed any difficulties in adapting to the device, especially when they observed that the perception of safety generated by continuous monitoring acted as a primary compensatory factor, neutralizing possible discomforts related to the use of the sensor. With due respect, Cemeroglu et al. (2010) focused on the perspective of the paediatric patients themselves, revealing through a qualitative approach that capillary blood glucose monitoring (CBM) allowed greater freedom in the daily management of diabetes and reduced the stigma associated with public capillary blood glucose measurements, an amalgam of psychosocial events that proved particularly relevant in adolescence, a phase marked by increasing needs for autonomy and social acceptance. Furthermore, Ives et al. (2010) introduced an important peculiarity by demonstrating that the benefits in quality of life were maximized when the implementation of CBM was accompanied by structured diabetes education programs, in addition to highlighting that the mere availability of the technology was insufficient to generate sustainable psychosocial improvements, emphasizing the fundamental importance of continuous professional support. In parallel, Kordonouri et al. (2012) specifically explored the impact on family dynamics, documenting that CGM facilitated a more balanced redistribution of caregiving responsibilities among family members, proving particularly beneficial in contexts where a single caregiver previously bore the brunt of the burden, resulting in a significant improvement in the quality of life of the family unit as a whole. Unusually and interestingly, Sundberg & Forsander (2018) focused on the nighttime period, demonstrating that improved sleep quality was one of the most valued benefits for children and caregivers, reporting that the continuous vigilance provided by CGM allowed families to experience more peaceful nights, with cascading positive impacts on daytime functioning and overall well-being. And, furthermore, Bergenstal et al. (2010) linked psychosocial benefits to clinical outcomes, observing in a clinical trial that improvements in quality of life correlated positively with treatment adherence and the maintenance of long-term metabolic benefits, almost a bidirectional interaction between psychosocial well-being and glycaemic control that was perhaps represented by the most holistic contribution of CGM to the comprehensive management of paediatric diabetes. Therefore, the body of evidence analyzed converges to the conclusion that CGM represents a transformative innovation in the quality of life of children with type 1 diabetes and their families, and that only through its unique ability to reduce the uncertainty and stress associated with traditional management does this technology promote profound psychosocial benefits that transcend purely clinical metrics, positioning itself as an essential pillar for a truly patient- and family-centered approach to paediatric diabetes care.

5. CONCLUSION

This systematic literature review has consistently demonstrated that capillary blood glucose monitoring (CBGM) represents a significant therapeutic advancement in the management of type 1 diabetes mellitus in the paediatric population. In particular, compared to glycaemic control traditionally assessed by glycated hemoglobin (HbA1c), the findings confirm a modest, yet statistically significant, reduction among CBGM users, with the caveat that the magnitude of the benefit is modulated by sustained adherence to the device and structured educational support. Furthermore, regarding safety, CBGM has shown a profound and consistent impact on reducing hypoglycemia, particularly nocturnal and severe episodes. This property provides proactive alerts and allows for early interventions by addressing one of the main limitations of intermittent capillary monitoring, offering greater peace of mind to families and caregivers. Furthermore, research on glycemic variability has revealed that CGM promotes superior metabolic stability, given that this technology allows for the identification of fluctuation patterns and facilitates more precise therapeutic adjustments, contributing to glycaemic control that is not only more effective but also more physiological. Moreover, analysis of the impact on quality of life confirms substantial psychosocial benefits, particularly in the reduction of parental anxiety, increased child autonomy, and overall improvement in family well-being, which emerge as outcomes as relevant as metabolic parameters. Therefore, with all due respect, this systematic review concluded that CGM is an effective tool for improving glycaemic control in children with type 1 diabetes, and its value transcends the optimization of isolated metrics, positioning it as an enabling technology for safer, more stable, and quality-of-life-centered care. Furthermore, successful implementation, however, substantially depends on integrating the technology into a comprehensive care model that includes ongoing diabetes education and psychosocial support, ensuring that its potential benefits are fully realized in paediatric clinical practice.
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