


Glycemic control strategies and management of acute complications in children with type 1 diabetes: a systematic review
ABSTRACT
Aims: This review aims to identify and analyze the main strategies for glycemic control and the management of acute complications in children with type 1 diabetes (T1D), focusing on the effectiveness of technologies, nutritional interventions, and structured education.
Study Design: Systematic literature review.
Place and Duration of Study: Database searches (PubMed, SciELO, LILACS, BVS, and MEDLINE) were conducted between March and April 2025.
Methodology: Studies published in the last 10 years were selected according to inclusion criteria targeting children with T1D. Articles addressing glycemic control (e.g., insulin therapy, continuous glucose monitoring, closed-loop systems), nutritional therapy, diabetes education, and management of acute complications (hypoglycemia and diabetic ketoacidosis) were analyzed. Data extraction was performed independently by two reviewers and thematically organized.
Results: The findings revealed that insulin pumps and continuous glucose monitoring significantly improve glycemic control compared to multiple daily injections. Nutritional therapy with a low glycemic index and structured educational programs enhance adherence and metabolic outcomes. Acute complications such as severe hypoglycemia and diabetic ketoacidosis remain leading causes of hospitalization, especially in settings with limited access to technology. Differences between public and private healthcare systems affect outcomes, and multidisciplinary education is crucial in both hospital and home care.
Conclusion: Glycemic control in children with T1D is more effective when technology, nutrition, and education are integrated. However, disparities in access to care and technologies persist. Healthcare professionals should adopt a comprehensive, individualized approach, and policymakers must ensure equitable access to effective interventions across healthcare systems.
Keywords: Type 1 Diabetes, Glycemic Control, Pediatric Diabetes, Diabetic Ketoacidosis, Hypoglycemia, Insulin Pump, Continuous Glucose Monitoring, Diabetes Education.
INTRODUCTION
Type 1 diabetes mellitus (T1D) is one of the most prevalent chronic diseases in childhood, with a continuous increase in incidence observed across various regions of the world. Global estimates indicate an average incidence rate of 14.07 per 100,000 person-years among children and adolescents under 20 years old, with wide geographic variation. While Finland reports an incidence of 56.81 per 100,000, regions in Sub-Saharan Africa show rates below 2 per 100,000 (1). In the United States, T1D accounts for approximately 98% of diabetes cases in children under the age of 10 (2). The clinical relevance of the disease lies in the potential for both acute complications, such as severe hypoglycemia and diabetic ketoacidosis (DKA), and chronic complications, which negatively affect patients’ quality and life expectancy.
The COVID-19 pandemic has also contributed to an increase in the incidence of T1D and DKA episodes in children, suggesting a possible direct or indirect relationship between viral infection and the onset of the disease (3). According to the SEARCH study, in 2009, approximately 167,000 youths in the United States were living with T1D, with an annual incidence of 22 per 100,000 among those under 20 years old (2).
Glycemic control in children with T1D presents specific challenges, related to neuropsychomotor development, variability in eating behaviors, and dependence on caregivers. A study by Rankin et al. showed that parents face difficulties in maintaining adequate glycemic levels, especially in contexts such as school or activities outside the home, where there is less control over diet and physical activity, along with a recurrent fear of hypoglycemia (4). In a study conducted in Sudan, only 6.2% of children with T1D achieved adequate glycemic control. Contributing factors included lower frequency of self-monitoring, older age, and the presence of family dysfunction (5). These findings highlight the need for continuous educational interventions and psychosocial support to improve disease management.
Acute complications such as hypoglycemia and DKA are common and represent major causes of hospitalization and mortality in children with T1D. Severe hypoglycemia can lead to seizures, loss of consciousness, and long-term neurological impairment. DKA, in turn, is a medical emergency characterized by hyperglycemia, ketonemia, and metabolic acidosis, accounting for a significant portion of pediatric hospitalizations (6). Beyond immediate risks, studies have shown that such events are associated with cognitive impairments, including reductions in intelligence quotient (IQ), psychomotor slowing, and deficits in executive function (7). Neuroimaging evidence further indicates that DKA episodes in childhood may cause structural changes in the brain’s white matter and a reduction in brain volume, affecting neurocognitive development (8).
Therefore, prioritizing glycemic control and early management of these complications in clinical protocols and educational strategies is essential. Training caregivers, teachers, and healthcare professionals to recognize early signs of decompensation and properly apply therapeutic interventions can significantly reduce morbidity and mortality (9).
In this context, the objective of this systematic review is to analyze evidence published over the past 10 years in the PubMed, SciELO, LILACS, BVS, and MEDLINE databases, regarding the approaches used for glycemic control and the management of acute complications in children with T1D. The aim is to identify effective, safe, and clinically applicable interventions that contribute to improving care and promoting quality of life in this population.
METHODOLOGY
This is a systematic literature review aimed at identifying the main strategies for glycemic control and the management of acute complications in children with type 1 diabetes mellitus (T1D). The search was conducted between March and April 2025, using the following databases: PubMed, SciELO, LILACS, BVS, and MEDLINE. These databases were selected due to their relevance in the health sciences field and their broad coverage of national and international publications.
Controlled descriptors from the MeSH and DeCS vocabularies were used: "Diabetes Mellitus, Type 1", "Child", "Blood Glucose", "Hypoglycemia", "Diabetic Ketoacidosis", "Emergencies", "Glycemic Control", "Insulin Infusion Systems", and "Continuous Glucose Monitoring". Boolean operators AND and OR were used to combine descriptors, forming search strategies such as:
("Diabetes Mellitus, Type 1" AND "Child") AND ("Glycemic Control" OR "Hypoglycemia" OR "Diabetic Ketoacidosis" OR "Emergencies" OR "Insulin Infusion Systems" OR "Continuous Glucose Monitoring").
The time frame included studies published over the last 10 years (from January 2014 to April 2024), in order to ensure the inclusion of recent and relevant evidence. Articles published in Portuguese, English, or Spanish were considered.
Inclusion criteria were: (1) studies addressing children or adolescents with T1D; (2) focus on glycemic control strategies or the management of acute complications such as hypoglycemia and diabetic ketoacidosis; (3) study types including clinical trials, observational studies, systematic reviews, or high-quality narrative reviews. Exclusion criteria included: studies focused exclusively on adults, studies addressing only primary prevention of T1D, case reports, letters to the editor, theses, dissertations, and duplicate publications.
Study selection was performed in three stages: title screening, abstract screening, and full-text reading of eligible studies. Data extraction was conducted independently by two reviewers, who collected information regarding study type, country of origin, population, interventions/approaches described, clinical outcomes, and conclusions. The data analysis was performed qualitatively, grouping findings into core themes (glycemic control, acute complications, technologies used, diabetes education, and access to care), allowing the development of a narrative synthesis of results.







RESULTS
Effective methods for glycemic control in children with T1D
Optimal glycemic control in children with type 1 diabetes (T1D) involves multiple therapeutic strategies, with the most effective being those that include personalized insulin therapy, psychosocial support, and continuous education. Continuous subcutaneous insulin infusion (CSII), also known as an insulin pump, has shown superiority over multiple daily injection (MDI) regimens, significantly reducing glycated hemoglobin (HbA1c) levels and glycemic variability. A systematic review with meta-analysis published in 2024 found that CSII was associated with a mean HbA1c reduction of 0.48% compared to MDI (95% CI: -0.73 to -0.24; p < 0.01) (10).
In addition to the insulin regimen type, other factors influence glycemic control, such as self-monitoring frequency, family support, an appropriate school environment, and socioeconomic status. Children with lower family support, non-nuclear families, or those in socially vulnerable situations face greater challenges in achieving adequate glycemic targets (10).
Role of technologies in glycemic control: CGM, insulin pump, and artificial pâncreas
Technological advancements have played a central role in pediatric T1D management. Continuous glucose monitoring (CGM) allows real-time assessment of glycemic levels, providing alerts and trend data that facilitate immediate clinical decisions. Its use, particularly when combined with automated insulin delivery systems, has shown significant improvement in time-in-range (70–180 mg/dL), HbA1c reduction, and less time in hypoglycemia (11).
The insulin pump alone is already an effective option, enabling fine-tuned dosing and programmable basal rates. Studies have demonstrated improvements not only in metabolic control but also in quality of life for both children and their caregivers, with a reduced perceived therapeutic burden (12).
The artificial pancreas—a closed-loop system integrating CGM and an insulin pump with algorithm-based control—is considered the most promising technology to date. A multicenter randomized clinical trial published in the New England Journal of Medicine showed that the Control-IQ system significantly increased time-in-range (from 53% to 67% in 13 weeks) and reduced hypoglycemic episodes without increasing adverse effects (13).
Contributions of nutritional therapy and diabetes education to glycemic control
Nutritional therapy is a foundational aspect of effective T1D management in children. Low glycemic index (GI) diets are associated with more stable glycemia and fewer postprandial spikes, with evidence showing improved HbA1c levels when adherence is adequate (14). However, dietary adherence is particularly challenging in pediatrics. A balanced intake of foods with varying GIs is recommended, prioritizing low GI foods and limiting moderate and high GI options (15).
Additionally, nutrition education conducted through practical interventions, such as diabetes camps for children, has been shown to improve glycemic control and disease-related knowledge, highlighting the clinical impact of contextualized educational strategies (15).
Diabetes education itself is an essential component of pediatric care. A prospective study demonstrated that implementing a structured 1-year education program for children newly diagnosed with T1D resulted in significant HbA1c reduction within the first months and improved caregiver confidence (16). Successful programs integrate health education strategies, parental reinforcement, self-monitoring techniques, and meal management guidance, with an emphasis on developing safe, sustainable routines.
Differences in effectiveness between MDI and CSII
Several studies have compared the effectiveness of multiple daily injections (MDI) versus continuous subcutaneous insulin infusion (CSII) in children with T1D. CSII has consistently proven more effective in achieving glycemic control, with better HbA1c outcomes and reduced glycemic variability. A recent meta-analysis found that CSII use led to a significant reduction in HbA1c compared to MDI, with a mean difference of -0.30% (p < 0.05), in addition to reducing the risk of severe hypoglycemia and diabetic ketoacidosis (DKA) (17).
Furthermore, a randomized clinical trial involving newly diagnosed children and adolescents showed that CSII led to greater time-in-range (70–180 mg/dL) and fewer adverse events related to glycemic control when compared to MDI, even in early disease stages (18). These findings support the recommendation that CSII should be considered for pediatric patients, especially those who struggle to achieve adequate control with conventional MDI therapy.
Main acute complications in children with T1D: severe hypoglycemia and diabetic ketoacidosis
The two primary acute complications in children with T1D are severe hypoglycemia and diabetic ketoacidosis (DKA). Severe hypoglycemia is characterized by blood glucose levels below 70 mg/dL and symptoms such as sweating, tachycardia, confusion, seizures, and, in more severe cases, coma. It is a common emergency in pediatric patients and, if recurrent and untreated, may result in irreversible neurological damage (19).
DKA is defined by persistent hyperglycemia, ketonemia, and metabolic acidosis, and remains one of the leading causes of hospitalization and mortality in children with T1D. Clinically, DKA presents with symptoms such as abdominal pain, vomiting, Kussmaul respiration, fruity breath, lethargy, and altered consciousness (20). In addition to the immediate clinical risk, the occurrence of these complications is directly linked to inadequate disease management and thus serves as an important marker of care quality.
Clinical signs and current protocols for managing acute complications
Early recognition of clinical signs and adherence to standardized protocols are fundamental for the effective management of acute complications in T1D. In cases of severe hypoglycemia, signs include pallor, sweating, tremors, confusion, and, in more serious situations, seizures or unconsciousness. Treatment must be immediate and depend on the child’s level of consciousness: if conscious, fast-acting oral glucose should be administered; if unconscious, intravenous glucose or subcutaneous/intramuscular glucagon should be given (21,22).
DKA management requires intensive care, including fluid resuscitation, correction of electrolyte imbalances, and intravenous insulin administration. Monitoring of electrolytes, blood pH, and capillary glucose should be frequent. Clinicians must also be vigilant for signs of severe complications such as cerebral edema, which is more common in children and may be fatal (20,21). Standardized national and international protocols highlight the importance of continuous training for healthcare teams to ensure timely and effective response to glycemic emergencies.
Interventions associated with better clinical outcomes
Various interventions have demonstrated positive outcomes in glycemic control and the reduction of acute complications in children with T1D. CSII via insulin pump has been linked to lower HbA1c levels, less glycemic variability, and increased time-in-range compared to MDI. CGM use has also proven effective by allowing faster therapeutic adjustments and fewer hypo- and hyperglycemic episodes. Beyond technology, structured educational programs—especially those involving parents and caregivers—have been associated with better treatment adherence, appropriate self-care, and lower hospitalization rates for acute events (23).
Differences in management: hospital vs. home setting
T1D management in children varies substantially between hospital and home environments. In hospitals, care is provided by multiprofessional teams with continuous monitoring, access to lab testing, and immediate insulin and electrolyte adjustments. At home, treatment success relies heavily on the training and preparedness of caregivers and the child regarding insulin administration, glycemic monitoring, nutrition, and early recognition of warning signs. The use of CGM and insulin pumps enhances autonomy and safety in home settings, provided that high-quality education accompanies it. The literature emphasizes that family training programs are directly linked to fewer episodes of decompensation and hospital readmissions (24).
Impact of glycemic emergencies on pediatric morbidity and mortality
Glycemic emergencies such as severe hypoglycemia and diabetic ketoacidosis (DKA) remain major causes of morbidity and mortality in children with T1D. Severe hypoglycemia can cause seizures, coma, and, when recurrent, permanent cognitive deficits. DKA continues to be the leading cause of hospitalization in this population and can be fatal, especially when symptom recognition is delayed. A recent study identified that factors such as infections, missed insulin doses, and lack of awareness of early DKA signs are directly related to hospitalization and worse prognosis. The implementation of continuous education strategies, improved access to care, and the use of technologies are essential for reducing morbidity and mortality associated with these complications (25).
DISCUSSION
Advances and gaps in pediatric T1D management
In recent decades, significant advances have been observed in the management of type 1 diabetes mellitus (T1D) in children, primarily driven by the development of technologies such as continuous glucose monitoring (CGM), insulin pumps, and artificial pancreas systems. These innovations have led to increased time in target glycemic range, reductions in glycated hemoglobin (HbA1c), and lower frequency of severe hypoglycemic events (26). In addition, structured education strategies involving both parents and children have contributed to improved treatment adherence and metabolic control (27).
However, important gaps remain. Socioeconomic barriers, unequal access to technology, and psychosocial difficulties directly affect treatment adherence and disease outcomes. Children from low-income families, racial minorities, or those who rely exclusively on public health services tend to experience poorer glycemic outcomes, higher rates of diabetic ketoacidosis (DKA), and limited access to specialized educational support (28). Furthermore, the transition from adolescence to adulthood represents a critical period, with an increased risk of metabolic decompensation and loss of continuity with healthcare services (29).
Comparison between different healthcare settings: SUS versus private systems
Evidence shows significant disparities in T1D management between children followed in public healthcare systems, such as Brazil’s SUS, and those assisted by private insurance or services. In private settings, there is greater access to modern technologies like CGM and insulin pumps, as well as more frequent follow-up with multidisciplinary teams—factors associated with better clinical indicators and fewer acute complications (30). In contrast, although the SUS provides established protocols and important health education initiatives, access to technological devices remains limited, and many patients face logistical and financial barriers to maintaining adequate treatment (31).
A recent Brazilian study demonstrated that having private health insurance was a positive predictor for CGM use in young children, regardless of baseline glycemic control, reinforcing the impact of healthcare access on treatment equity (30). These disparities highlight the urgent need for public policies that expand access to technologies, medical supplies, and continuous education for all children with T1D, in order to reduce inequalities in clinical outcomes and ensure equitable care.
Consensus and divergence in pediatric T1D management approaches
Despite the existence of well-established international guidelines, such as those from the International Society for Pediatric and Adolescent Diabetes (ISPAD), which recommend specific glycemic targets, the use of technologies like insulin pumps and CGM, and continuous psychosocial support, there is still variation in the clinical implementation of these recommendations (32). These differences are observed both between countries and within national healthcare systems, influenced by factors such as resource availability, training of multidisciplinary teams, and local funding policies.
A recent study conducted in Germany revealed that even in a universal healthcare system with broad coverage, disparities in the care of children with T1D persist, particularly related to socioeconomic status and adherence to clinical guidelines. This finding suggests that access alone does not guarantee standardized and equitable care (33). In Brazil, this divergence is even more pronounced between users of the public system (SUS) and private networks, as previously discussed, underscoring the urgent need for policies that ensure uniform implementation of best clinical practices.
Contributions of the findings to clinical practice and health policy
The findings of this systematic review highlight the importance of expanding equitable access to technologies such as CGM, insulin pumps, and closed-loop systems in the management of pediatric T1D. These tools are associated with better glycemic outcomes, fewer hypoglycemic episodes, and lower hospitalization rates due to acute complications, and are recommended by several international guidelines (32). Incorporating these technologies into Brazil’s public healthcare system through national funding policies and acquisition programs may represent a major step toward equity in care.
Moreover, the data reinforce the need for diabetes education programs targeting children and their families, emphasizing self-care, recognition of complications, and proper use of therapeutic devices. Strategies implemented in school settings—such as the presence of trained health professionals to assist with insulin devices and glucose monitoring—have proven effective in improving glycemic control and reducing school absenteeism and hospitalizations (34). Finally, the continuous training of primary care professionals and interdisciplinary collaboration are essential for translating evidence into effective clinical practice, promoting comprehensive and humanized care.
CONCLUSION
This systematic review identified effective strategies for glycemic control and the management of acute complications in children with type 1 diabetes mellitus (T1D). Among the approaches analyzed, continuous subcutaneous insulin infusion (insulin pumps), continuous glucose monitoring (CGM), and hybrid closed-loop systems stood out as superior to multiple daily injection (MDI) regimens in most clinical outcomes. Individualized nutritional therapy and structured diabetes education programs—targeted at both children and their caregivers—also played a key role in improving metabolic control and preventing emergencies such as severe hypoglycemia and diabetic ketoacidosis.
Despite these advances, significant gaps remain. Inequities in access to technology and multidisciplinary follow-up between public and private healthcare settings compromise the equity of care. Additionally, there is a lack of evidence regarding specific interventions for vulnerable populations and the long-term effects of new technologies across different socioeconomic contexts.
In light of these findings, healthcare professionals are encouraged to adopt an integrated approach, focusing not only on insulin therapy but also on ongoing education, family support, and psychological care. For policymakers and public health administrators, it is urgent to expand access to glycemic control technologies within public health systems and to strengthen diabetes education strategies, in order to ensure high-quality, equitable, and child-centered care.
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