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There has been continuous progress in diabetes management over the last few decades, not least due to the widespread dissemination of continuous glucose monitoring (CGM) and automated insulin delivery systems. These technological advances have radically changed the daily lives of people living with diabetes, improving the quality of life of both children and their families. Despite this, hypoglycemia remains the primary side-effect of insulin therapy. Based on a systematic review of the available scientific evidence, this paper aims to provide evidence-based recommendations for recognizing, risk stratifying, treating, and managing patients with hypoglycemia. The objective of these recommendations is to unify the behavior of pediatric diabetologists with respect to the timely recognition and prevention of hypoglycemic episodes and the correct treatment of hypoglycemia, especially in patients using CGM or advanced hybrid closed-loop systems. All authors have long experience in the specialty and are members of the Italian Society of Pediatric Endocrinology and Diabetology. The goal of treating hypoglycemia is to raise blood glucose above 70 mg/dL (3.9 mmol/L) and to prevent further decreases. Oral glucose at a dose of 0.3 g/kg (0.1 g/kg for children using “smart pumps” or hybrid closed loop systems in automated mode) is the preferred treatment for the conscious individual with blood glucose <70 mg/dL (3.9 mmol/L), although any form of carbohydrate (e.g., sucrose, which consists of glucose and fructose, or honey, sugary soft drinks, or fruit juice) containing glucose may be used. Using automatic insulin delivery systems, the oral glucose dose can be decreased to 0.1 g/kg. Practical flow charts are included to aid clinical decision-making. Although representing the official position of the Italian Society of Pediatric Endocrinology and Diabetology (ISPED), these guidelines are applicable to the global audience and are especially pertinent in the era of CGM and other advanced technologies.
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1 Introduction

There has been continuous progress in diabetes management over the last few decades. The widespread dissemination and adoption of continuous glucose monitoring (CGM) and automated insulin delivery (AID) systems have completely changed the daily lives of patients with diabetes, improving the quality of life of both children and their families. Despite this, hypoglycemia remains the primary side-effect of insulin therapy. The American Diabetes Association defines hypoglycemia as “all episodes of an abnormally low plasma glucose concentration that expose the individual to potential harm”, highlighting both the physical and psychological/psychosocial dangers. In addition to the adverse effects (i.e., need to interrupt daily activities, unpleasant symptoms, social embarrassment, loss of consciousness, seizures), hypoglycemia may lead to the development of fear of hypoglycemia (FoH). Hypoglycemia and FoH represent the main obstacles to achieving optimal metabolic control. Therefore, the primary objectives of hypoglycemia management for the diabetes care team are timely recognition of hypoglycemic episodes, their prevention, and administering the correct therapy.

The objective of this work is to unify the behavior of all Italian pediatric diabetologists with respect to the timely recognition and prevention of hypoglycemic episodes and the correct treatment of hypoglycemia, also focusing on the psychophysical wellbeing of patients and their families. To achieve this, the Study Group on Diabetes of the Italian Society of Pediatric Endocrinology and Diabetology (ISPED) decided to draw up this set of recommendations on “Hypoglycemia in Children and Adolescents with Diabetes”. The evidence presented within these recommendations is based on a systematic review of the available scientific evidence and a Delphi consensus methodology that involved all participants listed as authors and in the Appendix. All relevant papers published in the last 5 years (January 1st, 2019 to December 31st, 2023) were carefully evaluated by all authors and were used to inform each section of these recommendations.

In 2022, the International Society for Pediatric and Adolescent Diabetes ISPAD released their Clinical Practice Consensus Guidelines on the assessment and management of hypoglycemia in children and adolescents with diabetes (1). Although these recommendations align with ISPAD, we also provide additional information on rapidly evolving areas of clinical interest including fear of hypoglycemia (FoH), nasal glucagon use, and educational support to fully address the needs of the local (Italian) context.

The ISPED Advisory Council approved this document, and it therefore represents its official position.




2 Defining hypoglycemia and its incidence



2.1 Definition

The American Diabetes Association defines hypoglycemia in diabetes non-numerically as “all episodes of an abnormally low plasma glucose concentration that expose the individual to potential harm” (2). Nevertheless, it is essential to identify a level of hypoglycemia that should be avoided due to its immediate and long-term impact on the individual (1). Numerical definitions (Table 1) are based on glucose values detected by self-monitoring blood glucose (SMBG), CGM, or laboratory measurement of plasma (2). Hypoglycemia is symptomatic when the child, adolescent, or parent notices the presence of one or more symptoms and verifies that the blood glucose is <70 mg/dL (3.9 mmol/L).


Table 1 | Definition of hypoglycemia and clinical targets for CGM data.



A hypoglycemic episode can be defined as:

	1) <70 mg/dL (3.9 mmol/L): clinical hypoglycemia alert, used as the threshold value for identifying and treating hypoglycemia.

	2) <54 mg/dL (3.0 mmol/L): clinically important or serious hypoglycemia. Neurogenic symptoms and cognitive dysfunction occur below this level, together with an increased risk of severe hypoglycemia (3, 4).

	3) Severe hypoglycemia: event characterized by altered mental and/or physical status (including coma and seizures) that requires assistance for resolution.



Note that as young children require assistance to correct even mild hypoglycemia, the event requires the caregiver and physician to evaluate whether the child has hypoglycemia-induced cognitive dysfunction.




2.2 Incidence

Mild hypoglycemia is common and asymptomatic events are likely to be underreported, making the exact incidence of hypoglycemia difficult to establish. However, symptomatic hypoglycemia is estimated to occur on average twice a week in >80% of people with diabetes, with countless episodes in a lifetime (5). There has been a significant reduction in the incidence rates of hypoglycemia in international registries over the last two decades (6–8).





3 Signs and symptoms

The signs and symptoms of hypoglycemia in people living with diabetes (PWD) are caused by adrenergic activation when whole blood glucose falls to 65-70 mg/dL (3.6-3.9 mmol/L) and neuroglycopenia due to glucose deprivation in the brain (9) (Table 2).


Table 2 | Hypoglycemia signs and symptoms (3) (adapted from Abraham MB, ref. 10).



The plasma glucose threshold for activation of counter-regulatory hormone secretion is thought to be higher than for initiation of autonomic warning symptoms (~70 mg/dL vs. ~60 mg/dL, respectively) (4). However, a recent systematic review (11) challenged this assumption, with release of counter-regulatory hormones in young adults with type 1 diabetes (T1D) occurring at a median plasma glucose level of 50-61 mg/dL and generation of both autonomic and neuroglycopenic hypoglycemic symptoms starting at a similar glucose level of around 54 mg/dL. These values are lower than those of non-diabetic subjects.

Within the first year of T1D, glucagon responses to hypoglycemia are blunted but epinephrine responses are not; defective and absent glucagon responses to hypoglycemia have been observed in PWD with significant residual endogenous β-cell function (12, 13). In children with T1D, the coalescence of autonomic and neuroglycopenic symptoms may indicate that both responses are generated at similar glycemic thresholds (14). Neuroglycopenic symptoms were reported more commonly in PWD who reported partial awareness of hypoglycemia than those who reported normal hypoglycemia awareness; by contrast, autonomic symptoms were reported less frequently by PWD who had hypoglycemia unawareness (15). Young children typically do not have hypoglycemia awareness or do not have the vocabulary to describe how they are feeling, so it is important to be vigilant for behavioral changes or signs (such as pallor) associated with hypoglycemia (14). The glycemic threshold for hypoglycemia symptoms may occur at a different glucose level in children for different reasons (Table 3).


Table 3 | Variables that influence threshold for onset of symptoms.





3.1 Severe hypoglycemia

In pediatric PWD, severe hypoglycemia is characterized by convulsions, coma, or other neurological symptoms of neuroglycopenia, and it requires therapy with glucagon or IV glucose (17). Risk factors for severe hypoglycemia are age, diabetes duration, glycemic control, type of treatment, unawareness, nighttime episodes, exercise, and previous episodes (10). Other possible risk factors include risky behaviors (alcohol, recreational substances, lack of preparation for sports, infrequent blood glucose monitoring, etc.), as described further below. While younger children are thought to be at higher risk of severe hypoglycemia (24), some studies have not confirmed this association (25–27). Severe hypoglycemia is probably more frequent in adolescents because of the longer duration of disease and higher insulin requirements. Low HbA1c is no longer considered a risk factor for severe hypoglycemia in young PWD since the advent of AID, but a low HbA1c value must always be carefully considered in the clinical context; on the contrary, severe hypoglycemia is followed by a progressive and lasting increase in HbA1c in children and adolescents with T1D (26). People with T1D treated with five or more daily insulin injections were shown to be at reduced risk of severe hypoglycemia compared with subjects on fewer daily injections (24). People with T1D on insulin pumps are at reduced risk of severe hypoglycemia (16), and no episodes of severe hypoglycemia were observed in most hybrid closed-loop (HCL) or advanced hybrid closed-loop (AHCL) trials (18, 19, 28).





4 Risk factors

There are several non-modifiable risk factors for hypoglycemia, including younger age, long duration of diabetes, and comorbidities. Several risk factors are, however, modifiable, for example the type of insulin treatment and insulin doses, physical activity, dietary habits, drug use or substance abuse, and others.



4.1 Alcohol and hypoglycemia

Alcohol use is common in adolescents with T1D. Since alcohol intake is more frequent during evening hours and plasma glucose mainly decreases 8-12 hours after ethanol administration (20), the risk of hypoglycemia is higher during subsequent sleep hours. Binge drinking represents one end of the spectrum of alcohol consumption, and it is more frequent in males (21). In the DPV registry of youths and young adults with T1D, alcohol use was associated with worse glycemic control, more severe hypoglycemia, and increased rates of diabetic ketoacidosis (DKA) (22).

Even though the combination of alcohol intake and fasting is assumed to induce hypoglycemia, there are few real-time studies on the topic. Garcia et al. (23) reported that moderate alcohol consumption (0.7 g of alcohol per kg of body weight, given as beer) with a mixed meal does not seem to increase the risk of postprandial hypoglycemia over at least six hours post-ingestion. A systematic review applying GRADE criteria by Tetzschner et al. (29) examined studies of alcohol-induced hypoglycemia in PWD and found that most recommendations on hypoglycemia prevention strategies were based on best clinical practice rather than on objective evidence. Overall, the first advice for subjects with T1D is to take precautions when consuming alcohol: the best prevention for alcohol-induced hypoglycemia is, in fact, an awareness of its hypoglycemic effects, especially when it is drunk without simultaneous ingestion of carbohydrates.




4.2 Exercise

Exercise can increase the risk of hypoglycemia via several mechanisms: increased glucose consumption, depletion of glycogen stores, increased insulin sensitivity, and exercise-induced counterregulatory hormone deficits (30). The increased risk of hypoglycemia and FoH are a barrier to exercise for PWD (31). The risk of hypoglycemia is greater with aerobic or endurance exercises than with anaerobic or high-intensity exercises (32). The intensity, duration, and type of physical activity, timing to and site of insulin infusion/injection, carbohydrate intake, glucose profile pre-exercise, type of insulin, insulin treatment (MDI/CSII/AID), hydration status, level of training, and age influence the personal risk of hypoglycemia during exercise (33, 34). The risk of hypoglycemia increases with moderate-intensity exercise, immediately after activity, and 7 to 12 hours after exercise (35).

The risk of hypoglycemia is further increased by the reduced counter-regulatory response induced by exercise itself and during sleep (36). Optimizing the glucose profile is fundamental: the appropriate reduction in insulin (basal and bolus insulins) before and after exercise, adequate intake of carbohydrate (before and after exercise), and monitoring of glucose profiles, recognizing that all glucose sensors are less accurate during exercise and in the hypoglycemic range (35).

Another strategy to minimize exposure to hypoglycemia after exercise is to plan exercise sessions at high intensity: counter-regulatory hormones can, in fact, increase endogenous glucose production and maintain glycemia at a higher range than sessions of moderate-to-intense exercise alone (37).




4.3 Nocturnal hypoglycemia

Nocturnal hypoglycemia has always been scary for PWD and their parents, significantly affecting their sleep quality and, consequently, quality of life (38). New long-acting insulins have significantly reduced the risk of nocturnal hypoglycemia, especially when compared to NPH insulins. More specifically, degludec and U-300 glargine best prevent nocturnal hypoglycemia in children (39). Furthermore, advances in CGM technology and alarm systems have significantly reduced the risk of hypoglycemia at night (40). The use of HCL with low-glucose suspend (LGS) and the possibility of establishing a specific sleep-hours algorithm have significantly diminished the risk of hypoglycemia (41).




4.4 Others

In case of unexplained and repeated hypoglycemic episodes (42), celiac disease (43), Addison’s disease (44), hypothyroidism (45), and factitious hypoglycemia (including Munchausen-by-proxy) should be considered. However, the evidence that subclinical hypothyroidism is a cause of repeated hypoglycemia is weak.





5 Treatment of severe hypoglycemia

The primary goal of treatment is to raise blood glucose above 70 mg/dl and to prevent further decreases in blood glucose levels (42). After a severe hypoglycemia episode, it is essential to discuss the reasons why the episode occurred with the subject and caregivers. In addition, close follow-up and regular glucose monitoring are necessary in the days and weeks after the episode.



5.1 In-hospital treatment

In a hospital setting, intravenous glucose must be immediately administered to maximally limit exposure to hypoglycemia. The recommended dose of dextrose (glucose) is 0.2 g/kg; this dose can reverse hypoglycemia without the risk of unintentional osmotic diuresis (2). It is essential to pay attention to the concentration of glucose solution and the infusion rate. Highly concentrated glucose solutions (dextrose 50%) or infusion rates >5 mg/kg/min should be avoided due to the risk of excessive rate of osmotic change and, consequently, the risk of hyperosmolar cerebral injury (46). Moreover, highly concentrated glucose solutions can cause peripheral vein sclerosis, so administering glucose solutions at concentrations greater than 25% dextrose is not recommended. 10% dextrose has been shown to be effective and safe for treating hypoglycemia in a randomized controlled trial (47). The recommended dose of dextrose (0.2 g/kg) equals 2 mL/kg 10% dextrose solution. The maximum dose is 0.5 g/kg of body weight, corresponding to 5 mL/kg. In cases of recurrent hypoglycemia with the inability to take an adequate amount of carbohydrates orally, it is possible to prolong the intravenous infusion of 10% dextrose with a glucose infusion rate of 2-5 mg/kg/min (1.2-3.0 mL/kg/h).




5.2 Treatment at home and school

At home and in school, severe hypoglycemia should be immediately treated by administering glucagon. Glucagon can rapidly reverse severe hypoglycemia, except in situations of liver glycogen depletion after prolonged fasting, where intravenous administration of glucose solutions is more effective (48).

Children and adolescents with T1D of all ages with severe hypoglycemia can be treated with intramuscular (IM) or subcutaneous (SC) injection of recombinant crystalline glucagon available as a lyophilized (freeze-dried) powder. This formulation needs to be reconstituted to a concentration of 1 mg/mL with sterile water in a series of multiple steps immediately prior to injection. Two commercial glucagon rescue kits are currently available in Italy: GlucaGen® HypoKit 1 mg (Novo Nordisk®A/S, Bagsvaerd, Denmark) and Glucagon Emergency Rescue Kit (Baqsimi, formerly Eli Lilly and Company, Indianapolis IN, USA, now Amphastar Pharmaceuticals, Inc., Rancho Cucamonga, CA, USA). The recommended dose of glucagon depends on body weight: adults and children >25 kg should receive 1 mg, whereas children should be treated with 0.5 mg. Nasal glucagon can be used from 4 years of age and above.

In recent years, intranasal (IN) glucagon has been increasingly used due to its easier administration. The IN formulation (Baqsimi™) is composed of glucagon as a powder with beta-cyclodextrin plus dodecylphosphocholine as the promoter for nasal absorption. Clinical trials have demonstrated that administration of IN glucagon is safe and effective for raising blood glucose levels during moderate hypoglycemia episodes under controlled conditions in adults (49) and children (50) with T1D, without being affected by the common cold and concomitant administration of nasal decongestant. Moreover, simulation studies have shown that the administration of nasal glucagon is faster and easier than injectable glucagon (51). The recommended dose of IN glucagon is 3 mg, equal to one puff. A recent meta-analysis demonstrated that intranasal glucagon and subcutaneous (SC)/intramuscular glucagon were equally effective for treating hypoglycemia (52). Moreover, additional real-life evidence has demonstrated the efficacy of IN glucagon in a large cohort of Italian children and adolescents (53). Common side-effects of IM and SC recombinant crystalline glucagon are nausea and vomiting and, in addition to these known side-effects, nasal glucagon may cause headache, upper airway discomfort, or nasal congestion (53).




5.3 Treatment of mild-to-moderate hypoglycemia

Mild-to-moderate hypoglycemia should be treated with rapidly absorbed carbohydrates. Subjects should re-test and re-ingest carbohydrates every 15 minutes until they recover from hypoglycemia (Figure 1).




Figure 1 | Flow chart of the treatment of hypoglycemic episodes in patients using multiple daily injections.



The recommended dose of carbohydrate for children and adolescents is 0.3 g/kg oral glucose, which has been shown to be effective in increasing glucose levels by around 36 mg/dL within 15 minutes of ingestion in children (54). This approach was also found to be effective in children on insulin pumps (55).

Glucose-containing products (e.g., Glucosprint, Fastup, etc) are more effectively and quickly increase glucose levels than sucrose and fructose-containing products (56, 57). Glucose-containing tablets or drinks are currently not reimbursed by the National Health System in Italy, and they are more expensive than non-glucose-containing products. For these reasons, dietary sucrose and fructose-containing products (e.g., candy, sugar cubes, juice) are more frequently recommended in daily clinical practice. Both sucrose and fructose are required in greater amounts to provide the same increase in blood glucose compared with oral glucose (e.g., 20 g in the form of glucose tablets corresponds to 40 g of juice). Moreover, the rise in glycemia after sucrose ingestion is around half as fast as after glucose ingestion and could be even slower with fructose (56).

Parents of toddlers sometimes use honey and milk, but this approach should be discouraged: honey has a fructose content of around 70%, and the total sugar content is highly variable. Milk contains approximately 5 g of carbohydrate in 100 mL, and it causes a minimal rise in glycemia (around 4-5 mg/dL) (58). Complex carbohydrates and foods containing fats (e.g., chocolate) should also be avoided due to delayed intestinal absorption and the slow rise in glucose obtained.




5.4 Mini-dose glucagon

In cases of nausea, vomiting, or food refusal, small doses of subcutaneous glucagon can be administered to restore plasma glucose to normal. Using a standard U-100 insulin syringe, two units (20 μg) for children ≤ 2 years and 1 unit/year for children aged 3-15 years to a maximum dose of 150 μg or 15 units can be administered subcutaneously. If the blood glucose does not increase within 30 minutes, the initial dosage can be repeated. These dosage and treatment protocols are safe and effective in children, including toddlers, and increase glucose by 60-90 mg/dL within 30 minutes of administration (59).




5.5 Hypoglycemia treatment at school

School personnel should receive an appropriate diabetes education program to identify hypoglycemia signs and symptoms. In the “Hypoglycemia” section of the Diabetes Management Plan, it is essential to define individual signs and glycemic values that define intervention and glucagon use (60). Blood glucose meters should be available in school as a “first aid hypoglycemia management pack” containing glucose, glucose tablets, fast-acting sugar sources, and extra snacks, which should be available in the classroom or the bag of the child or adolescent with T1D.




5.6 Treatment using AID systems

Although AID systems have been shown to reduce episodes of hypoglycemia (19, 20, 28), they do not completely avoid them. Automated systems can reduce insulin delivery to zero for a period such that, during a hypoglycemia episode, there is usually less active insulin than with traditional insulin pump therapy. However, using these advanced systems, an excess of insulin and consequent hypoglycemia due to human mistakes (for example, a wrong bolus dose) or an unplanned intense physical activity can occur.

Although the traditional oral treatment of mild-to-moderate hypoglycemia in a conscious child involves a correction of 0.3 g/kg of glucose in a PWD using an insulin pump integrated with advanced algorithms, this correction is not always required. It is only necessary in a hypoglycemia alert in symptomatic subjects or within two to three hours of a bolus with excess active insulin. In real life, the current approach is correction with simple sugar/glucose at a dosage of 0.1 g/kg, resulting in 4-8 g of total carbohydrates, but waiting at least 15 minutes before treating to avoid glucose value oscillations. This practical advice arises from two considerations: these systems, in particular AID systems, continue to intervene in the administration of insulin, and subjects are significantly less insulinized than with conventional therapy; therefore, given that the system is reactive to blood sugar, if a sudden increase is detected (hypercorrection), an automatic corrective bolus is delivered that can help propagate new hypoglycemia (61, 62). Moreover, AID systems and sensors in general significantly reduce both severe and mild-to-moderate hypoglycemia episodes (61, 62), especially in the context of a structured educational program (62).

A summary of recommendations for hypoglycemia treatment in children and adolescents using AID systems is shown in Table 4 and Figure 2.


Table 4 | Recommendations for hypoglycemia treatment in patients using HCL/AHCL systems.






Figure 2 | Flow chart of the treatment of hypoglycemic episodes in patients using automatic insulin delivery systems.



Since alterations in glucose homeostasis might reduce gray and white matter volume and alter brain metabolism, it is important to note that hyperglycemia more than hypoglycemia can damage the brain. This is particularly interesting in relation to the therapeutic habit of preferring higher blood sugar levels in children with T1D rather than risk unwanted hypoglycemia. In this respect, using an AID system, especially in young children with T1D, can help to prevent both hypo- and hyperglycemia (63).





6 Prevention

Hypoglycemia is preventable because it is frequently predictable (1). Approaches to preventing hypoglycemia include glucose monitoring, patient education, meal planning, insulin therapy adjustment, glucose sensors, and AHCL pumps. To prevent hypoglycemia, diabetes education is essential. All children and adolescents and their caregivers should be educated on the risk factors for hypoglycemia to alert them to the times and situations where increased glucose monitoring is required and when treatment regimens need to be adjusted (3). For documented hypoglycemia without symptoms or impaired awareness of hypoglycemia, parents should contact their diabetes care team to review the care plan. To prevent hypoglycemia, it is extremely important to set AHCL systems to “activity” or “exercise” mode or set a temporary basal rate. These settings must be reevaluated periodically.

To prevent hypoglycemia, it is essential to encourage regular meal consumption and teach PWD how to count the carbohydrates contained in foods to administer the correct insulin dose. In addition to carbohydrates, fat and alcohol intake can influence glycemic trends. An excessive amount of fat in a meal slows down digestion and gastric emptying, thus making the insulin-carbohydrate association difficult to predict. Excessive fat favors the onset of hypoglycemia within the two hours following a meal and can delay hyperglycemia. Therefore, adequate food education is necessary to promote regular meal consumption and to learn how to count carbohydrates and calculate insulin doses. A suggestion for PWD and families is, therefore, to 1) follow their meal plan, 2) eat at least three evenly spaced meals each day with between-meal snacks as prescribed, and 3) plan meals no more than four to five hours apart. Families and caregivers of young PWD also need education on the risk factors for hypoglycemia so that they know when increased glucose monitoring is required and when treatment regimens need to be changed. Glucose monitoring using either flash or CGM should be performed before exercise, and extra carbohydrates may be consumed based on the glucose level and the expected exercise intensity and duration. Blood glucose targets may need to be adjusted upwards in children, adolescents, or young adults with diabetes with recurrent hypoglycemia and/or impaired hypoglycemia awareness.




7 Morbidity and mortality



7.1 Morbidity from hypoglycemia

Interest in the role of hypoglycemia as a cause of long-term morbidity has diminished. Exposure to chronic and repetitive hyperglycemia is now seen as a significant cause of permanent brain damage (64, 65). Transient cognitive dysfunction secondary to an episode of hypoglycemia is followed by a generally complete recovery within one hour of correction of low glucose levels. However, recovery from severe events can take up to 36 hours (66).




7.2 Mortality from hypoglycemia

Hypoglycemia has been proposed as a possible cause of “death in bed”, which seems to be more frequent in children with T1D than in the healthy population (67). However, it is difficult to demonstrate a causal link between the hypoglycemic event and the cause of death; even the recent ISPAD hypoglycemia guidelines (1) attribute the fatal event mainly to arrhythmic causes, autonomic neuropathy, and genetic predisposition (68–70), not hypoglycemia per se. For these reasons, it is wiser to certify death as a concurrent series of causes that include hypoglycemia.





8 Fear of hypoglycemia and psychological impact

Fear of hypoglycemia (FoH) is a fear that affects the quality of life and diabetes outcomes in PWD (68). While adequate concern about hypoglycemia is functional for good glucose management, FoH is a specific and extreme fear evoked by the risk and/or occurrence of low blood glucose levels.

Despite hypoglycemia still being a significant impediment to glycemic control, especially in the pediatric age range, the inappropriate self-management of some PWD may be due to FoH rather than the hypoglycemia itself (71). Fear of hypoglycemia can lead to an excessive delay in the administration of boluses with negative effects on metabolic control (72). Furthermore, FoH reduces the propensity for physical activity (73).

FoH is a phenomenon that involves both parents and children. Frequently, subjects and caregivers attribute their high level of anxiety about hypoglycemia to previous severe hypoglycemic episodes (74). The impact of FoH on PWD manifests both at the psychological level and in glycemic control due to behavioral avoidance and affective distress. Symptoms of hypoglycemia can compromise social lives, and FoH can be so strong that PWD avoid social activities. Moreover, the potential risk of hypoglycemia can lead to excessive vigilance in glucose management, with high anxiety levels (75). Progressive and persistent increases in HbA1c after episodes of severe hypoglycemia have been described (76, 77). Routine screening for FoH is vital to identify those who would benefit from intervention (77).



8.1 Predictors of fear of hypoglycemia

While the strongest predictor of parental FoH is the experience of a severe hypoglycemic event with their child, fear can occur without previous hypoglycemia (77). FoH may be neither consciously perceived nor explicitly declared. Therefore, clinicians need to suspect and seek it out and have an especially high index of suspicion for “over-compensatory behaviors” (e.g., decreasing in insulin dosage or snacking), “avoidance behaviors” (e.g., limiting physical or social activities), acceptance of persistently high blood glucose levels, excessive daily blood glucose checks, and not implementing “agreed” treatment changes to lower blood glucose levels.




8.2 Measurement of FoH

A commonly used screening tool for FoH is the Hypoglycemia Fear Survey (HFS), which has been adapted for parents as the Hypoglycemia Fear Survey-Parents (78) and parents of young children as well as adolescents and children themselves (79, 80). The Children’s Hypoglycemia Index (CHI) is another scale that has the added benefit of assessing FoH in specific situations such as only at night or school (80).




8.3 Fear of hypoglycemia and technologies

Advanced AID systems help to reduce nocturnal hypoglycemia, time spent in hypoglycemia, hyperglycemic episodes, and patient discomfort without increasing the risk of diabetic ketoacidosis or severe hypoglycemia (81). However, studies have not always reported greater satisfaction with treatment and a reduction in FoH with these systems (81). Patients who discontinued CGM showed a worsening of HbA1c levels compared with those who continued with CGM, who had a reduced FoH without improvements in glycemic levels (82). CGM systems with predictive alarms might reduce the time spent in hypoglycemia after physical activity (83), thereby contributing to the propensity for physical activity in PWD. Some believe that improvements in sleep quality and QoL in children and parents using these technologies are attributable to easier night-time control (84). Finally, the use of advanced technologies result in significant improvements in parents’ and children’s sleep quality and in parents’ FoH (85). The advancement and widespread deployment of such technologies has the potential to improve mental and physical health among PWD (86).

It is important to evaluate the psychosocial needs of young people with diabetes and their families when patients start using AID systems and during follow-up (87), establishing realistic expectations about the pros and cons of AID systems (86). Therefore, technological advances must be accompanied by well-timed training and adequate and continuous support (87, 88) and education.




8.4 Therapeutic interventions for FoH

Cognitive behavioral therapy and psychoeducational approaches have been shown to reduce this fear in adults. However, no studies have focused on children and adolescents, although these interventions may benefit older children (89). FoH contributes to the increased frequency of anxiety and depression in PWD and must be evaluated with a structured approach that includes specific screenings. Training must be individualized and take into account that those who have limited access to food due to cost also have limited options for dealing with hypoglycemia (90). A careful evaluation must also consider the coexistence of FoH in disadvantaged families (90).

The opinions of healthcare workers established using Delphi methodology indicated a need for specialized and expert staff (specialized nurses, educators) to train PWD on technologies applied to diabetes (91). Behavioral interventions for family members have shown persistent psychosocial benefits. CGM-focused education with behavioral support probably helps parents of young children with T1D reduce short- and long-term burden and worries (91). Furthermore, a telehealth approach may be helpful in the treatment of FoH (92).





9 Impaired awareness of hypoglycemia

Impaired awareness of hypoglycemia (IAH) is defined as the failure to perceive the appearance of autonomic warning symptoms and, consequently, the loss of ability to detect the onset of hypoglycemia and treat it promptly (93). IAH is associated with an approximately six-fold increased risk of developing severe hypoglycemia and represents a significant barrier to achieving optimal therapeutic goals. Four validated methods for assessing IAH are currently recognized: Clarke score, Gold score, Pedersen method, and HypoA-Q (94–97). Of these, the more detailed Clarke method seems to have higher specificity and accuracy for predicting the risk of clinically significant hypoglycemia (73) and, therefore, is preferred. CGM systems are also valuable tools for diagnosing IAH, especially if combined with one of the validated methods (98, 99).

According to epidemiological studies, the prevalence of IAH in children and adolescents with T1D assessed by the Clarke questionnaire varies from 16% to 22.4% (94, 100, 101). Younger age is the most reported factor associated with impaired hypoglycemia awareness (102–104).

IAH is also hypothesized to have a neurological component to its pathogenesis. Some brain regions, including the left amygdala and bilateral ventral striatum, show attenuated activation during hypoglycemic episodes, suggesting habituation of higher behavioral responses to hypoglycemia as a basis for unawareness (105). Recurrent hypoglycemia may be related to increased γ-aminobutyric acid inhibitory tone in the ventromedial hypothalamus and, thus, may be considered a mediator of hypoglycemia-associated autonomic failure (106, 107).



9.1 Restoring hypoglycemia unawareness

As the most critical risk factor for IAH is recurrent antecedent hypoglycemia, it is reasonable that the most crucial goal should be to reduce the incidence of hypoglycemia. Good metabolic control does not appear to increase the risk of unrecognized hypoglycemia, which is often associated with severe hypoglycemia and FoH (108).

Avoiding hypoglycemia interrupts the vicious cycle that impairs the ability of the adrenal medulla to produce epinephrine (a minor component of the counterregulatory response to hypoglycemia, which is primarily due to sympathetic neural activation) in response to blood glucose levels, restoring hypoglycemia awareness (109).

Technology can also help to restore hypoglycemia awareness; indeed, CGM is associated with a significant reduction in time spent in hypoglycemia episodes. Moreover, stopping insulin infusions when a low blood glucose value is encountered helps to avoid hypoglycemia and to re-start hypoglycemic symptoms. However, an unexpected limitation to restoring hypoglycemia awareness is that adolescents show a high acoustic arousal threshold from sleep (98), so they commonly continue to sleep through an alarm. Structured education on insulin administration, hypoglycemia training, blood glucose targets, and exercise management have also been shown to improve awareness of hypoglycemia (110–112).





10 Executive summary and recommendations

This document provides a series of clinical recommendations to prevent and treat hypoglycemia in children and adolescents with diabetes. All authors have long experience in the specialty and are members of the ISPED.

Overview

	Insulin-induced hypoglycemia and fear of hypoglycemia (FoH) are major limiting factors in glycemic management and a significant concern for children and adolescents with diabetes and their caregivers.

	Hypoglycemia is defined by autonomic or neuroglycopenic symptoms, low plasma glucose levels (<70 mg/dL), and symptomatic response to carbohydrate administration.

	Symptoms of hypoglycemia result from adrenergic activation (palpitations, sweating, shaking sensation) and neuroglycopenia (headache, drowsiness, difficulty concentrating). Younger children may exhibit behavioral changes such as irritability, restlessness, calmness, and tantrums.

	Three clinical levels of hypoglycemia are recognized:

○ Level 1 – Clinical hypoglycemia alert

A glucose value of <3.9 mmol/L (70 mg/dL) is an alert value that requires attention to prevent more severe hypoglycemia. The alert can be used as the threshold value for identifying and treating hypoglycemia in children with diabetes due to the potential for glucose levels to drop further.

○ Level 2 - Clinically important or severe hypoglycemia

Glucose values <3.0 mmol/L (54 mg/dL) indicate clinically significant or serious hypoglycemia. These low levels may lead to defective hormonal counter-regulation and impaired awareness of hypoglycemia (IAH). Neurogenic symptoms and cognitive dysfunction occur below this level, with a subsequent increased risk of severe hypoglycemia.

○ Level 3 – Severe hypoglycemia

Severe hypoglycemia is an event associated with severe cognitive impairment (including loss of consciousness and seizures) that requires the assistance of another person to administer intravenous carbohydrates, glucagon, or glucose.

	Children with diabetes can experience impaired hypoglycemia awareness and, when present, it is associated with a significantly increased risk of severe hypoglycemia.

	There have been significant reductions in the incidence rates of severe hypoglycemia over the past two decades for several reasons, not least the introduction of insulin analogues, improved diabetes technologies, and improved hypoglycemia education.

	Younger children often exhibit non-specific and behavioral symptoms due to combined adrenergic and neuroglycopenic responses, so the observed signs are more important than symptoms.

	Transient cognitive dysfunction secondary to a hypoglycemic episode is usually followed by complete recovery within one hour of correction of low glucose levels. However, recovery from severe events can take up to 36 hours. There is currently no high-quality evidence on the impact of hypoglycemia on lifelong cognitive impairment.

	Currently, available technologies such as continuous glucose monitoring (CGM), predictive low glucose management (PLGM), and automated insulin delivery (AID) systems reduce the frequency and duration of hypoglycemic episodes.

	Modifiable hypoglycemic risk factors include the type of insulin treatment and doses, physical activity, diet and alcohol habits, and drug use or substance abuse.

	The risk of hypoglycemia is greater with aerobic than anaerobic exercise. Nighttime hypoglycemia following exercise is mainly due to depletion of glucose stores, impaired counter-regulatory hormone responses during sleep, and increased insulin sensitivity due to nighttime fasting.

	Celiac disease, Addison’s disease, and hypothyroidism should be considered in children with unexplained hypoglycemia.



Management

	The goal of treatment is to raise blood glucose above 70 mg/dL and to prevent further decreases.

	Oral glucose at a dose of 0.3 g/kg is the preferred treatment for the conscious individual with blood glucose <70 mg/dL (3.9 mmol/L), although any form of carbohydrate containing glucose may be used. Blood sugar levels increase about twice as fast with glucose than with sucrose (Figure 1).

	In patients treated with AID systems, non-severe hypoglycemia does not always need to be corrected. Correction is only needed for a hypoglycemia alert in symptomatic patients or within two to three hours of a bolus with an excess of active insulin, and usually a glucose dose of 0.1 g/kg is enough to raise glycemia above a safe level (Figure 2).

	Severe hypoglycemia occurring at home or school should be treated immediately with subcutaneous or intranasal glucagon.

	To treat severe hypoglycemia in a hospital setting, intravenous glucose (recommended dose 0.2 g/kg) must be administered immediately to limit exposure to hypoglycemia. Highly concentrated glucose solutions (50%) or infusion rates >5 mg/kg/min should be avoided due to the risk of excessive rate of osmotic change and, consequently, hyperosmolar cerebral injury.



Prevention

	Hypoglycemia should be prevented, as it is associated with severe physical and psychological distress in both patients and caregivers.

	Education and diabetes technologies are the primary tools for preventing hypoglycemia.

	Extending diabetes education to parents, schoolteachers, and other health professionals is a priority so that they can recognize early warning signs of hypoglycemia and treat low blood glucose immediately and appropriately.

	Glucose monitoring should be performed before physical activity, and carbohydrate correction should be performed as needed. Oral glucose should always be available during exercise.

	Adjusting insulin doses and changing glycemic targets may be necessary in children with frequent hypoglycemia.

	For documented hypoglycemia without symptoms or impaired awareness of hypoglycemia, parents should contact their diabetes care team to review the care plan.

	Impaired awareness of hypoglycemia should be routinely tested in clinical practice. Clarke, Gold, or Pedersen-Bjergaard scores are useful for assessing impaired awareness. Reductions in hypoglycemia episodes may reduce impaired awareness of hypoglycemia.

	All children and adolescents with diabetes should be prescribed intranasal or subcutaneous glucagon. Patients, parents, and caregivers must be trained in its use.

	Periodic screening of children and parents for FoH helps to identify cases where more educational intervention is needed.



Future directions

	It is important to identify gaps in the skills and self-efficacy of children and adolescents with T1D and their families, especially when from a different cultural, socioeconomic, or educational background together with other perceived enablers of, and barriers to, self-management in this population.

	Specific educational paths are essential to help these people to correctly manage, treat, and prevent hypoglycemia episodes.

	Diabetes healthcare stakeholders may consider strategies for regular educational reinforcement in patients to foster healthy coping with diabetes stress, exercise planning to avoid hypoglycemia, interpreting blood glucose patterns, and adjusting medications or foods to reach target blood glucose levels.

	Furthermore, designing interventions that capitalize on how to use relevant technological devices could enhance diabetes self-management.







Author contributions

SZ: Conceptualization, Methodology, Supervision, Validation, Writing – original draft, Writing – review & editing. ST: Methodology, Supervision, Validation, Writing – review & editing, Data curation, Investigation. AS: Conceptualization, Data curation, Investigation, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. RB: Conceptualization, Supervision, Validation, Writing – review & editing. MD: Data curation, Investigation, Writing – review & editing. RF: Data curation, Investigation, Writing – review & editing. DI: Data curation, Investigation, Writing – review & editing. LL: Data curation, Investigation, Writing – review & editing. EM: Data curation, Investigation, Writing – review & editing. SP: Data curation, Investigation, Writing – review & editing. CP: Data curation, Investigation, Writing – review & editing. IR: Data curation, Investigation, Writing – review & editing. NR: Data curation, Investigation, Writing – review & editing. AR: Data curation, Investigation, Writing – review & editing. CR: Data curation, Investigation, Writing – review & editing. GS: Data curation, Investigation, Writing – review & editing. SS: Data curation, Investigation, Writing – review & editing. RS: Data curation, Investigation, Writing – review & editing. AZ: Data curation, Investigation, Writing – review & editing. VC: Conceptualization, Data curation, Investigation, Methodology, Supervision, Validation, Writing – original draft, Writing – review & editing.





Group members of Diabetes Study Group of the Italian Society for Pediatric Endocrinology and Diabetes

Albino Claudia Accursia, Aloe Monica, Anzelotti Maria Teresa, Arnaldi Claudia, Barbetti Fabrizio, Bassi Marta, Berioli Maria Giulia, Bernardini Luca, Bertelli Enrica, Biagioni Martina, Bobbio Adriana, Bombaci Bruno, Bonfanti Riccardo, Bonura Clara, Bracciolini Giulia Patrizia, Bruzzese Mariella, Bruzzi Patrizia, Buono Pietro, Buscarino Piera, Cadario Francesco, Calcaterra Valeria, Calzi Elena, Cappa Marco, Cardani Roberta, Cardella Francesca, Cardinale Giuliana Marcella, Casertano Alberto, Castorani Valeria, Cauvin Vittoria, Cenciarelli Valentina, Ceruti Franco, Cherubini Valentino, Chiarelli Francesco, Chiari Giovanni, Cianfarani Stefano, Cicchetti Mario, Cipriano Paola, Cirillo Dante, Citriniti Felice, Coccioli Maria Susanna, Confetto Santino, Contreas Giovanna, Coro Anna, Correddu Antonella, Corsini Elisa, Crino’ Antonino, d’Annunzio Giuseppe, De Berardinis Fiorella, De Donno Valeria, De Filippo Gianpaolo, De Marco Rosaria, De Sanctis Luisa, Del Duca Elisabetta, Delvecchio Maurizio, Deodati Annalisa, Di Bonito Procolo, Di Candia Francesca, Faleschini Elena, Fattorusso Valentina, Favia, Anna, Federico Giovanni, Felappi Barbara, Ferrari Mara, Ferrito Lucia, Fichera Graziella, Fontana Franco, Fornari Elena, Franceschi Roberto, Franco Francesca, Franzese Adriana, Frongia Anna Paola, Frontino Giulio, Gaiero Alberto, Galassi Sabrina Maria, Gallo Francesco, Gargantini Luigi, Giani Elisa, Gortan Anna Jolanda, Graziani Vanna, Grosso Caterina, Gualtieri Antonella, Guasti Monica, Guerraggio Lucia Paola, Guzzetti Chiara, Iafusco Dario, Iannicelli Gennaro, Iezzi Maria Laura, Ignaccolo Maria Giovanna, Innaurato Stefania, Inzaghi Elena, Iovane Brunella, Iughetti Lorenzo, Kaufmann Peter, La Loggia Alfonso, Lambertini Anna Giulia, Lapolla Rosa, Lasagni Anna, Lazzaro Nicola, Lazzeroni Pietro, Lenzi Lorenzo, Lera Riccardo, Levantini Gabriella, Lezzi Marilea, Lia Rosanna, Liguori Alice, Lo Presti Donatella, Lombardo Fortunato, Lonero Antonella, Longhi Silvia, Lorubbio Antonella, Lucchesi Sonia, Maccioni Rosella, Macedoni Maddalena, Macellaro Patrizia Cristiana, Madeo Simona Filomena, Maffeis Claudio, Mainetti Benedetta, Maltoni Giulio, Mameli Chiara, Mammì Francesco, Manca Bitti Maria Luisa, Mancioppi Valentina, Manco Melania, Marigliano Marco, Marino Monica, Marsciani Alberto, Matteoli Maria Cristina, Mazzali Elena, Minute Marta, Minuto Nicola, Monti Sara, Morandi Anita, Morganti Gianfranco, Morotti Elisa, Mozzillo Enza, Musolino Gianluca, Olivieri Francesca, Ortolani Federica, Pampanini Valentina, Pardi Daniela, Pascarella Filomena, Pasquino Bruno, Passanisi Stefano, Patera Ippolita Patrizia, Pedini Annalisa, Pennati Maria Cristina, Peruzzi Sonia, Peverelli Paola, Pezzino Giulia, Piccini Barbara, Piccinno Elvira Eugenia Rosaria, Piona Claudia, Piredda Gavina, Piscopo Alessia, Pistone Carmelo, Pozzi Erica, Prandi Elena, Predieri Barbara, Prudente Sabrina, Pulcina Anna, Rabbone Ivana, Randazzo Emioli, Rapini Novella, Reinstadler Petra, Riboni Sara, Ricciardi Maria Rossella, Rigamonti Andrea, Ripoli Carlo, Rossi Virginia, Rossi Paolo, Rutigliano Irene, Sabbion Alberto, Salvatoni Alessandro, Salvo Caterina, Salzano Giuseppina, Sanseviero Mariateresa, Savastio Silvia, Savini Rosanna, Scanu Mariapiera, Scaramuzza Andrea Enzo, Schiaffini Riccardo, Schiavone Maurizio, Schieven Eleonardo, Scipione Mirella, Secco Andrea, Silvestri Francesca, Siri Giulia, Sogno Valin Paola, Sordelli Silvia, Spiri Daniele, Stagi Stefano, Stamati Filomena Andreina, Suprani Tosca, Talarico Valentina, Tiberi Valentina, Timpanaro Tiziana Antonia Lucia, Tinti Davide, Tirendi Antonina, Tomaselli Letizia Grazia, Toni Sonia, Torelli Cataldo, Tornese Gianluca, Trada Michela, Trettene Adolfo Andrea, Tumini Stefano, Tumminelli Marilena, Valerio Giuliana, Vandelli Sara, Ventrici Claudia, Zampolli Maria, Zanatta Manuela, Zanfardino Angela, Zecchino Clara, Zonca Silvia, Zucchini Stefano.





Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.




Acknowledgments

We would like to thank Nextgen editing for their careful editing and harmonization of the manuscript.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.





References

1. Abraham, MB, Karges, B, Dovc, K, Naranjo, D, Arbelaez, AM, Mbogo, J, et al. ISPAD Clinical Practice Consensus Guidelines 2022: Assessment and management of hypoglycemia in children and adolescents with diabetes. Pediatr Diabetes. (2022) 23:1322–40. doi: 10.1111/PEDI.13443

2. International Hypoglycaemia Study Group. Glucose Concentrations of Less Than 3.0 mmol/L (54 mg/dL) Should Be Reported in Clinical Trials: A Joint Position Statement of the American Diabetes Association and the European Association for the Study of Diabetes. Diabetes Care. (2017) 40:155–7. doi: 10.2337/dc16-2215

3. Cryer, PE. Mechanisms of hypoglycemia-associated autonomic failure in diabetes. N Engl J Med. (2013) 369:362–72. doi: 10.1056/NEJMra1215228

4. Mitrakou, A, Ryan, C, Veneman, T, Mokan, M, Jenssen, T, Kiss, I, et al. Hierarchy of glycemic thresholds for counterregulatory hormone secretion, symptoms, and cerebral dysfunction. Am J Physiol Metab. (1991) 260:E67–74. doi: 10.1152/ajpendo.1991.260.1.E67

5. Cryer PE. Hypoglycemia in type 1 diabetes mellitus. Endocrinol Metab Clin North Am. (2010) 39:641–54. doi: 10.1016/j.ecl.2010.05.003

6. Gubitosi-Klug, RA, Braffett, BH, White, NH, Sherwin, RS, Service, FJ, Lachin, JM, et al. Risk of severe hypoglycemia in type 1 diabetes over 30 years of follow-up in the dcct/edic study. Diabetes Care. (2017) 40:1010–6. doi: 10.2337/dc16-2723

7. Haynes, A, Hermann, JM, Miller, KM, Hofer, SE, Jones, TW, Beck, RW, et al. Severe hypoglycemia rates are not associated with HbA1c: a cross-sectional analysis of 3 contemporary pediatric diabetes registry databases. Pediatr Diabetes. (2017) 18:643–50. doi: 10.1111/pedi.12477

8. Cherubini, V, Pintaudi, B, Rossi, MC, Lucisano, G, Pellegrini, F, and Chiumello, G. Severe hypoglycemia and ketoacidosis over one year in Italian pediatric population with type 1 diabetes mellitus: a multicenter retrospective observational study. Nutr Metab Cardiovasc Dis. (2014) 24:538–46. doi: 10.1016/j.numecd.2013.11.004

9. Cryer, PE. Symptoms of hypoglycemia, thresholds for their occurrence, and hypoglycemia unawareness. Endocrinol Metab Clin North Am. (1999) 28:495–500, v–vi. doi: 10.1016/s0889-8529(05)70084-0

10. Urakami, T. Severe hypoglycemia: is it still a threat for children and adolescents with type 1 diabetes? Front Endocrinol (Lausanne). (2020) 11:609. doi: 10.3389/fendo.2020.00609

11. Verhulst, CEM, Fabricius, TW, Teerenstra, S, Kristensen, PL, Tack, CJ, McCrimmon, RJ, et al. Glycaemic thresholds for counterregulatory hormone and symptom responses to hypoglycaemia in people with and without type 1 diabetes: a systematic review. Diabetologia. (2022) 65:1601–12. doi: 10.1007/s00125-022-05749-8

12. Arbelaez, AM, Xing, D, Cryer, PE, Kollman, C, Beck, RW, Sherr, J, et al. Blunted glucagon but not epinephrine responses to hypoglycemia occurs in youth with less than 1 yr duration of type 1 diabetes mellitus. Pediatr Diabetes. (2014) 15:127–34. doi: 10.1111/pedi.12070

13. Sherr, J, Xing, D, Ruedy, KJ, Beck, RW, Kollman, C, Buckingham, B, et al. Lack of association between residual insulin production and glucagon response to hypoglycemia in youth with short duration of type 1 diabetes. Diabetes Care. (2013) 36:1470–6. doi: 10.2337/dc12-1697

14. McCrimmon, RJ, Gold, AE, Deary, IJ, Kelnar, CJ, and Frier, BM. Symptoms of hypoglycemia in children with IDDM. Diabetes Care. (1995) 18:858–61. doi: 10.2337/diacare.18.6.858

15. Hepburn, DA, Deary, IJ, and Frier, BM. Classification of symptoms of hypoglycaemia in insulin-treated diabetic patients using factor analysis: relationship to hypoglycaemia unawareness. Diabetes Med. (1992) 9:70–5. doi: 10.1111/j.1464-5491.1992.tb01718.x

16. Birkebaek, N, Drivvoll, A, Aakeson, K, Bjarnason, R, Johansen, A, Samuelsson, U, et al. Incidence of severe hypoglycemia in children with type 1 diabetes in the Nordic countries in the period 2008–2012: association with hemoglobin A 1c and treatment modality. BMJ Open Diabetes Res Care. (2017) 5:e000377. doi: 10.1136/bmjdrc-2016-000377

17. Abraham, MB, Jones, TW, Naranjo, D, Karges, B, Oduwole, A, Tauschmann, M, et al. ISPAD Clinical Practice Consensus Guidelines 2018: Assessment and management of hypoglycemia in children and adolescents with diabetes. Pediatr Diabetes. (2018) 19:178–92. doi: 10.1111/pedi.12698

18. Piccini, B, Pessina, B, Casalini, E, Lenzi, L, and Toni, S. Long-term effectiveness of advanced hybrid closed loop in children and adolescents with type 1 diabetes. Pediatr Diabetes. (2022) 23:1647–55. doi: 10.1111/pedi.13440

19. Pulkkinen, MA, Varimo, TJ, Hakonen, ET, Harsunen, MH, Hyvönen, ME, Janér, JN, et al. MiniMed 780G™ in 2- to 6-year-old children: safety and clinical outcomes after the first 12 weeks. Diabetes Technol Ther. (2023) 25:100–7. doi: 10.1089/dia.2022.0313

20. Turner, BC, Jenkins, E, Kerr, D, Sherwin, RS, and Cavan, DA. The effect of evening alcohol consumption on next-morning glucose control in type 1 diabetes. Diabetes Care. (2001) 24:1888–93. doi: 10.2337/diacare.24.11.1888

21. Valerio, G, Mozzillo, E, Zito, E, De Nitto, E, Maltoni, G, Marigliano, M, et al. Alcohol consumption or cigarette smoking and cardiovascular disease risk in youth with type 1 diabetes. Acta Diabetol. (2019) 56:1315–21. doi: 10.1007/s00592-019-01415-5

22. Hermann, JM, Meusers, M, Bachran, R, Kuhnle-Krahl, U, Jorch, N, Hofer, SE, et al. Self-reported regular alcohol consumption in adolescents and emerging adults with type 1 diabetes: A neglected risk factor for diabetic ketoacidosis? Multicenter analysis of 29 630 patients from the DPV registry. Pediatr Diabetes. (2017) 18:817–23. doi: 10.1111/pedi.12496

23. García, A, Moscardó, V, Ramos-Prol, A, Díaz, J, Boronat, M, Bondia, J, et al. Effect of meal composition and alcohol consumption on postprandial glucose concentration in subjects with type 1 diabetes: a randomised crossover trial. BMJ Open Diabetes Res Care. (2021) 9:e002399. doi: 10.1136/bmjdrc-2021-002399

24. Johansen, A, Kanijo, B, Fredheim, S, Olsen, B, Hertz, B, Lauridsen, MH, et al. Prevalence and predictors of severe hypoglycemia in Danish children and adolescents with diabetes. Pediatr Diabetes. (2015) 16:354–60. doi: 10.1111/pedi.12171

25. Cooper, MN, O’Connell, SM, Davis, EA, and Jones, TW. A population-based study of risk factors for severe hypoglycaemia in a contemporary cohort of childhood-onset type 1 diabetes. Diabetologia. (2013) 56:2164–70. doi: 10.1007/s00125-013-2982-1

26. Maahs, DM, Hermann, JM, DuBose, SN, Miller, KM, Heidtmann, B, DiMeglio, LA, et al. Contrasting the clinical care and outcomes of 2,622 children with type 1 diabetes less than 6 years of age in the United States T1D Exchange and German/Austrian DPV registries. Diabetologia. (2014) 57:1578–85. doi: 10.1007/s00125-014-3272-2

27. Cherubini, V, Rabbone, I, Lombardo, F, Mossetto, G, Orsini Federici, M, and Nicolucci, A. Incidence of severe hypoglycemia and possible associated factors in pediatric patients with type 1 diabetes mellitus in the real-life, post-DCCT setting: a systematic review. Pediatr Diabetes. (2019) 20(6):678-692. doi: 10.1111/pedi.12876

28. Peacock, S, Frizelle, I, and Hussain, S. A systematic review of commercial hybrid closed-loop automated insulin delivery systems. Diabetes Ther. (2023) 14:839–55. doi: 10.1007/s13300-023-01394-5

29. Tetzschner, R, Nørgaard, K, and Ranjan, A. Effects of alcohol on plasma glucose and prevention of alcohol-induced hypoglycemia in type 1 diabetes-A systematic review with GRADE. Diabetes Metab Res Rev. (2018) 34:e2965. doi: 10.1002/dmrr.2965

30. Cockcroft, EJ, Narendran, P, and Andrews, RC. Exercise-induced hypoglycaemia in type 1 diabetes. Exp Physiol. (2020) 105:590–9. doi: 10.1113/EP088219

31. Giblin, S, Scully, P, Dalton, N, Connolly, M, McCaffrey, A, Sheikhi, A, et al. Parent and child perceptions of physical activity with type 1 diabetes. BMJ Open Diabetes Res Care. (2022) 10:e002977. doi: 10.1136/bmjdrc-2022-002977

32. Särnblad, S, Ponsot, E, Leprêtre, P, and Kadi, F. Acute effects of aerobic continuous, intermittent, and resistance exercise on glycemia in adolescents males with type 1 diabetes. Pediatr Diabetes. (2021) 22:610–7. doi: 10.1111/pedi.13194

33. García-García, F, Kumareswaran, K, Hovorka, R, and Hernando, ME. Quantifying the acute changes in glucose with exercise in type 1 diabetes: A systematic review and meta-analysis. Sport Med. (2015) 45:587–99. doi: 10.1007/s40279-015-0302-2

34. Pitt, JP, McCarthy, OM, Hoeg-Jensen, T, Wellman, BM, and Bracken, RM. Factors influencing insulin absorption around exercise in type 1 diabetes. Front Endocrinol (Lausanne). (2020) 11:573275. doi: 10.3389/fendo.2020.573275

35. Riddell, MC, Gallen, IW, Smart, CE, Taplin, CE, Adolfsson, P, Lumb, AN, et al. Exercise management in type 1 diabetes: a consensus statement. Lancet Diabetes Endocrinol. (2017) 5:377–90. doi: 10.1016/S2213-8587(17)30014-1

36. MacDonald, MJ. Postexercise late-onset hypoglycemia in insulin-dependent diabetic patients. Diabetes Care. (1987) 10:584–8. doi: 10.2337/diacare.10.5.584

37. Lee, AS, Way, KL, Johnson, NA, and Twigg, SM. High-intensity interval exercise and hypoglycaemia minimisation in adults with type 1 diabetes: A randomised cross-over trial. J Diabetes Complications. (2020) 34:107514. doi: 10.1016/j.jdiacomp.2019.107514

38. Johnson, SR, Cooper, MN, Davis, EA, and Jones, TW. Hypoglycaemia, fear of hypoglycaemia and quality of life in children with Type 1 diabetes and their parents. Diabetes Med. (2013) 30:1126–31. doi: 10.1111/dme.12247

39. Battelino, T, Danne, T, Edelman, SV, Choudhary, P, Renard, E, Westerbacka, J, et al. Continuous glucose monitoring-based time-in-range using insulin glargine 300 units/ml versus insulin degludec 100 units/ml in type 1 diabetes: The head-to-head randomised controlled InRange trial. Diabetes Obes Metab. (2023) 25:545–55. doi: 10.1111/dom.14898

40. Alotaibi, A, Al Khalifah, R, and McAssey, K. The efficacy and safety of insulin pump therapy with predictive low glucose suspend feature in decreasing hypoglycemia in children with type 1 diabetes mellitus: A systematic review and meta-analysis. Pediatr Diabetes. (2020) 21:1256–67. doi: 10.1111/pedi.13088

41. Verbeeten, KC, Perez Trejo, ME, Tang, K, Chan, J, Courtney, JM, Bradley, BJ, et al. Fear of hypoglycemia in children with type 1 diabetes and their parents: Effect of pump therapy and continuous glucose monitoring with option of low glucose suspend in the CGM TIME trial. Pediatr Diabetes. (2021) 22:288–93. doi: 10.1111/pedi.13150

42. Monzani, A, Savastio, S, Manzo, A, Scalogna, A, Pozzi, E, Sainaghi, PP, et al. Not only for caregivers: intranasal glucagon for severe hypoglycaemia in a simulation study. Acta Diabetol. (2022) 59:1479–84. doi: 10.1007/s00592-022-01952-6

43. Khoury, N, Semenkovich, K, and Arbeláez, AM. Coeliac disease presenting as severe hypoglycaemia in youth with type 1 diabetes. Diabetes Med. (2014) 31:e33–6. doi: 10.1111/dme.12488

44. Mortimer, B, Naganur, VD, Satouris, P, Greenfield, JR, Torpy, DJ, and Rushworth, RL. Acute illness in patients with concomitant Addison’s disease and type 1 diabetes mellitus: Increased incidence of hypoglycaemia and adrenal crises. Clin Endocrinol (Oxf). (2020) 93:104–10. doi: 10.1111/cen.14219

45. Mohn, A, Di Michele, S, Di Luzio, R, Tumini, S, and Chiarelli, F. The effect of subclinical hypothyroidism on metabolic control in children and adolescents with Type 1 diabetes mellitus. Diabetic medicine: J Br Diabetic Assoc. (2002) 19:70–3. doi: 10.1046/j.1464-5491.2002.00635.x

46. Wood, SP. Is D50 Too Much of a Good Thing?: A reappraisal of the safety of 50 percent dextrose administration in patients with hypoglycemia. JEMS J Emerg Med Serv. (2007) 32:as0197251007700906. doi: 10.1016/S0197-2510(07)70090-6

47. Moore, C, and Woollard, M. Dextrose 10% or 50% in the treatment of hypoglycaemia out of hospital? A randomised controlled trial. Emerg Med J. (2005) 22:512–5. doi: 10.1136/emj.2004.020693

48. Pearson, T. Glucagon as a treatment of severe hypoglycemia. Diabetes Educ. (2008) 34:128–34. doi: 10.1177/0145721707312400

49. Rickels, MR, Ruedy, KJ, Foster, NC, Piché, CA, Dulude, H, Sherr, JL, et al. Intranasal glucagon for treatment of insulin-induced hypoglycemia in adults with type 1 diabetes: A randomised crossover noninferiority study. Diabetes Care. (2016) 39:264–70. doi: 10.2337/dc15-1498

50. Deeb, LC, Dulude, H, Guzman, CB, Zhang, S, Reiner, BJ, Piché, CA, et al. A phase 3 multicenter, open-label, prospective study designed to evaluate the effectiveness and ease of use of nasal glucagon in the treatment of moderate and severe hypoglycemia in children and adolescents with type 1 diabetes in the home or school setti. Pediatr Diabetes. (2018) 19:1007–13. doi: 10.1111/pedi.12668

51. Yale, J-F, Dulude, H, Egeth, M, Piché, CA, Lafontaine, M, Carballo, D, et al. Faster use and fewer failures with needle-free nasal glucagon versus injectable glucagon in severe hypoglycemia rescue: A simulation study. Diabetes Technol Ther. (2017) 19:423–32. doi: 10.1089/dia.2016.0460

52. Pontiroli, AE, and Tagliabue, E. Intranasal versus injectable glucagon for hypoglycemia in type 1 diabetes: systematic review and meta-analysis. Acta Diabetol. (2020) 57:743–9. doi: 10.1007/s00592-020-01483-y

53. Zucchini, S, Ripoli, C, Cherubini, V, Coccioli, MS, Delvecchio, M, De Marco, R, et al. Nasal glucagon is safe and effective in children with type 1 diabetes: a real-life prospective cohort study. Diabetes Obes Metab. (2023). doi: 10.1111/dom.15330

54. McTavish, L, and Wiltshire, E. Effective treatment of hypoglycemia in children with type 1 diabetes: a randomised controlled clinical trial. Pediatr Diabetes. (2011) 12:381–7. doi: 10.1111/pdi.2011.12.issue-4pt2

55. McTavish, L, Corley, B, Weatherall, M, Wiltshire, E, and Krebs, JD. Weight-based carbohydrate treatment of hypoglycaemia in people with Type 1 diabetes using insulin pump therapy: a randomised crossover clinical trial. Diabetes Med. (2018) 35:339–46. doi: 10.1111/dme.13576

56. Husband, AC, Crawford, S, McCoy, LA, and Pacaud, D. The effectiveness of glucose, sucrose, and fructose in treating hypoglycemia in children with type 1 diabetes. Pediatr Diabetes. (2009) 11:154–8. doi: 10.1111/pdi.2010.11.issue-3

57. Carlson, JN, Schunder-Tatzber, S, Neilson, CJ, and Hood, N. Dietary sugars versus glucose tablets for first-aid treatment of symptomatic hypoglycaemia in awake patients with diabetes: a systematic review and meta-analysis. Emerg Med J. (2017) 34:100–6. doi: 10.1136/emermed-2015-205637

58. Brodows, RG, Williams, C, and Amatruda, JM. Treatment of insulin reactions in diabetics. JAMA. (1984) 252:3378–81. doi: 10.1001/jama.252.24.3378

59. Tinti, D, and Rabbone, I. Mini-doses of glucagon to prevent hypoglycemia in children with type 1 diabetes refusing food: a case series. Acta Diabetol. (2020) 57:359–65. doi: 10.1007/s00592-019-01443-1

60. Lawrence, SE, Albanese-O’Neill, A, Besançon, S, Black, T, Bratina, N, Chaney, D, et al. ISPAD Clinical Practice Consensus Guidelines 2022: Management and support of children and adolescents with diabetes in school. Pediatr Diabetes. (2022) 23:1478–95. doi: 10.1111/pedi.13432

61. Pinsker, JE, Bartee, A, Katz, M, Lalonde, A, Jones, R, Dassau, E, et al. Predictive low-glucose suspend necessitates less carbohydrate supplementation to rescue hypoglycemia: need to revisit current hypoglycemia treatment guidelines. Diabetes Technol Ther. (2021). doi: 10.1089/dia.2020.0619

62. Messer, LH, Berget, C, and Forlenza, GP. A clinical guide to advanced diabetes devices and closed-loop systems using the CARES paradigm. Diabetes Technol Ther (2019) 21(8):462-469. doi: 10.1089/dia.2019.0105

63. Cacciatore, M, Grasso, EA, Tripodi, R, and Chiarelli, F. Impact of glucose metabolism on the developing brain. Front Endocrinol (Lausanne). (2022) 13:1047545. doi: 10.3389/fendo.2022.1047545

64. Cameron, FJ, Northam, EA, and Ryan, CM. The effect of type 1 diabetes on the developing brain. Lancet Child Adolesc Heal. (2019) 3:427–36. doi: 10.1016/S2352-4642(19)30055-0

65. Mauras, N, Mazaika, P, Buckingham, B, Weinzimer, S, White, NH, Tsalikian, E, et al. Longitudinal assessment of neuroanatomical and cognitive differences in young children with type 1 diabetes: association with hyperglycemia. Diabetes. (2015) 64:1770–9. doi: 10.2337/db14-1445

66. Strachan, MW, Deary, IJ, Ewing, FM, and Frier, BM. Recovery of cognitive function and mood after severe hypoglycemia in adults with insulin-treated diabetes. Diabetes Care. (2000) 23:305–12. doi: 10.2337/diacare.23.3.305

67. Tu, E, Twigg, SM, and Semsarian, C. Sudden death in type 1 diabetes: the mystery of the “dead in bed” syndrome. Int J Cardiol. (2010) 138:91–3. doi: 10.1016/j.ijcard.2008.06.021

68. Gagnum, V, Stene, LC, Jenssen, TG, Berteussen, LM, Sandvik, L, Joner, G, et al. Causes of death in childhood-onset Type 1 diabetes: long-term follow-up. Diabetes Med. (2017) 34:56–63. doi: 10.1111/dme.13114

69. Zaccardi, F, Dhalwani, NN, Webb, DR, Davies, MJ, and Khunti, K. Global burden of hypoglycaemia-related mortality in 109 countries, from 2000 to 2014: an analysis of death certificates. Diabetologia. (2018) 61:1592–602. doi: 10.1007/s00125-018-4626-y

70. Novodvorsky, P, Bernjak, A, Chow, E, Iqbal, A, Sellors, L, Williams, S, et al. Diurnal differences in risk of cardiac arrhythmias during spontaneous hypoglycemia in young people with type 1 diabetes. Diabetes Care. (2017) 40:655–62. doi: 10.2337/dc16-2177

71. Annuzzi, G, Triggiani, R, De Angelis, R, Rainone, C, Corrado, A, Scidà, G, et al. Delayed prandial insulin boluses are an important determinant of blood glucose control and relate to fear of hypoglycemia in people with type 1 diabetes on advanced technologies. J Diabetes Complications. (2024) 38:108689. doi: 10.1016/j.jdiacomp.2024.108689

72. Donat Ergin, B, Ergin, I, and Gökşen, D. Fear of hypoglycemia and longer disease duration associated with physical activity avoidance in children and adolescents with type 1 diabetes mellitus. J Clin Res Pediatr Endocrinol. (2023) 15:238–47. doi: 10.4274/jcrpe.galenos.2023.2022-9-13

73. Driscoll, KA, Raymond, J, Naranjo, D, and Patton, SR. Fear of hypoglycemia in children and adolescents and their parents with type 1 diabetes. Curr Diabetes Rep. (2016) 16:1–14. doi: 10.1007/s11892-016-0762-2

74. Majidi, S, Driscoll, KA, and Raymond, JK. Anxiety in children and adolescents with type 1 diabetes. Curr Diabetes Rep. (2015) 15:47. doi: 10.1007/s11892-015-0619-0

75. Patton, SR, Dolan, LM, Henry, R, and Powers, SW. Parental fear of hypoglycemia: young children treated with continuous subcutaneous insulin infusion. Pediatr Diabetes. (2007) 8:362–8. doi: 10.1111/j.1399-5448.2007.00242.x

76. Haugstvedt, A, Wentzel-Larsen, T, Graue, M, Søvik, O, and Rokne, B. Fear of hypoglycaemia in mothers and fathers of children with Type 1 diabetes is associated with poor glycaemic control and parental emotional distress: a population-based study. Diabetes Med. (2010) 27:72–8. doi: 10.1111/j.1464-5491.2009.02867.x

77. Pacaud, D, Hermann, J, Karges, B, Rosenbauer, J, Danne, T, Dürr, R, et al. Risk of recurrent severe hypoglycemia remains associated with a past history of severe hypoglycemia up to 4 years: Results from a large prospective contemporary pediatric cohort of the DPV initiative. Pediatr Diabetes. (2018) 19:493–500. doi: 10.1111/pedi.12610

78. Clarke, WL, Gonder-Frederick, LA, Snyder, AL, and Cox, DJ. Maternal fear of hypoglycemia in their children with insulin dependent diabetes mellitus. J Pediatr Endocrinol Metab. (2011) 11:189–94. doi: 10.1515/JPEM.1998.11.S1.189

79. Gonder-frederick, LA, Fisher, CD, Ritterband, LM, Cox, DJ, Hou, L, DasGupta, AA, et al. Predictors of fear of hypoglycemia in adolescents with type 1 diabetes and their parents. Pediatr Diabetes. (2006) 7:215–22. doi: 10.1111/j.1399-5448.2006.00182.x

80. Kamps, JL, Roberts, MC, and Varela, RE. Development of a new fear of hypoglycemia scale: Preliminary results. J Pediatr Psychol. (2005) 30:287–91. doi: 10.1093/jpepsy/jsi038

81. Godoi, A, Reis Marques, I, Padrão, EMH, Mahesh, A, Hespanhol, LC, Riceto Loyola Júnior, JE, et al. Glucose control and psychosocial outcomes with use of automated insulin delivery for 12 to 96 weeks in type 1 diabetes: a meta-analysis of randomised controlled trials. Diabetol Metab Syndr. (2023) 15:190. doi: 10.1186/s13098-023-01144-4

82. Lee, MA, Holmes-Walker, DJ, Farrell, K, and Clark-Luccitti, A. Impact of continuous glucose monitoring in youth with type 1 diabetes aged 15–21 years. Intern Med J. (2023) 53:209–15. doi: 10.1111/imj.15347

83. Rilstone, S, Oliver, N, Godsland, I, Tanushi, B, Thomas, M, and Hill, N. A randomized controlled trial assessing the impact of continuous glucose monitoring with a predictive hypoglycemia alert function on hypoglycemia in physical activity for people with type 1 diabetes (PACE). Diabetes Technol Ther. (2024) 26:95–102. doi: 10.1089/dia.2023.0376

84. Cobry, EC, Pyle, L, Karami, AJ, Sakamoto, C, Meltzer, LJ, Jost, E, et al. Impact of 6-months of an advanced hybrid closed-loop system on sleep and psychosocial outcomes in youth with type 1 diabetes and their parents. Diabetes Res Clin Pract. (2024) 207:111087. doi: 10.1016/j.diabres.2023.111087

85. Wong, JJ, Hood, KK, Hanes, SJ, Lal, RA, and Naranjo, D. Psychosocial effects of the loop open-source automated insulin delivery system. J Diabetes Sci Technol. (2022) 17:1440–7. doi: 10.1177/19322968221105288

86. Franceschi, R, Mozzillo, E, Di Candia, F, Maines, E, Leonardi, L, Girardi, M, et al. A systematic review on the impact of commercially available hybrid closed loop systems on psychological outcomes in youths with type 1 diabetes and their parents. Diabetes Med. (2023) 40:e15099. doi: 10.1111/dme.15099

87. Liakos, A, Karagiannis, T, Avgerinos, I, Tsapas, A, and Bekiari, E. Burden and coping strategies of hypoglycemia in people with diabetes. Curr Diabetes Rev. (2023) 20. doi: 10.2174/0115733998271244231010100747

88. Zeitoun, MH, Abdel Reheem, AA, Kharboush, IF, Sheshtawy, H, Assad, DH, and El Feky, AY. Relationship between depressive and anxiety symptoms and fear of hypoglycemia among adolescents and adults with type 1 diabetes mellitus. Prim Care Diabetes. (2023) 17:255–9. doi: 10.1016/j.pcd.2023.03.002

89. Reid, LA, Zheng, S, Mendoza, JA, Reboussin, BA, Roberts, AJ, Sauder, KA, et al. Household food insecurity and fear of hypoglycemia in adolescents and young adults with diabetes and parents of youth with diabetes. Diabetes Care. (2023) 46:262–9. doi: 10.2337/dc21-1807

90. Orozco-Beltrán, D, Pineda, AL, Quesada, JA, Artime, E, Díaz-Cerezo, S, Redondo-Antón, J, et al. Barriers and solutions for the management of severe hypoglycaemia in people with diabetes in Spain: A Delphi survey. Prim Care Diabetes. (2023). doi: 10.1016/j.pcd.2023.11.007

91. Commissariat, PV, DiMeglio, LA, Kanapka, LG, Laffel, LM, Miller, KM, Anderson, BJ, et al. Twelve-month psychosocial outcomes of continuous glucose monitoring with behavioural support in parents of young children with type 1 diabetes. Diabetes Med. (2023) 40. doi: 10.1111/dme.15120

92. Patton, SR, Clements, MA, Marker, AM, and Nelson, EL. Intervention to reduce hypoglycemia fear in parents of young kids using video-based telehealth (REDCHiP). Pediatr Diabetes. (2020) 21:112–9. doi: 10.1111/pedi.12934

93. Cryer, PE. The barrier of hypoglycemia in diabetes. Diabetes. (2008) 57:3169–76. doi: 10.2337/db08-1084

94. Clarke, WL, Cox, DJ, Gonder-Frederick, LA, Julian, D, Schlundt, D, and Polonsky, W. Reduced Awareness of Hypoglycemia in Adults With IDDM: A prospective study of hypoglycemic frequency and associated symptoms. Diabetes Care. (1995) 18:517–22. doi: 10.2337/diacare.18.4.517

95. Gold, AE, Macleod, KM, and Frier, BM. Frequency of severe hypoglycemia in patients with type I diabetes with impaired awareness of hypoglycemia. Diabetes Care. (1994) 17:697–703. doi: 10.2337/diacare.17.7.697

96. Pedersen-Bjergaard, U, Pramming, S, and Thorsteinsson, B. Recall of severe hypoglycaemia and self-estimated state of awareness in type 1 diabetes. Diabetes Metab Res Rev. (2003) 19:232–40. doi: 10.1002/dmrr.377

97. Speight, J, Barendse, SM, Singh, H, Little, SA, Inkster, B, Frier, BM, et al. Characterising problematic hypoglycaemia: iterative design and preliminary psychometric validation of the Hypoglycaemia Awareness Questionnaire (HypoA-Q). Diabetes Med. (2016) 33:376–85. doi: 10.1111/dme.12824

98. Hatle, H, Bjørgaas, MR, Skrivarhaug, T, Åsvold, BO, Graveling, AJ, Frier, BM, et al. Assessing awareness of hypoglycemia in children and adolescents with type 1 diabetes: Evaluation of established questionnaires. Pediatr Diabetes. (2020) 21:300–9. doi: 10.1111/pedi.12951

99. Kubiak, T, Hermanns, N, Schreckling, HJ, Kulzer, B, and Haak, T. Assessment of hypoglycaemia awareness using continuous glucose monitoring. Diabetes Med. (2004) 21:487–90. doi: 10.1111/j.1464-5491.2004.1136.x

100. Demir, G, Özen, S, Çetin, H, Darcan, Ş, and Gökşen, D. Effect of education on impaired hypoglycemia awareness and glycemic variability in children and adolescents with type 1 diabetes mellitus. J Clin Res Pediatr Endocrinol. (2019) 11:189–95. doi: 10.4274/jcrpe.galenos.2019.2019.0009

101. Ghandi, K, Pieri, B, Dornhorst, A, and Hussain, S. A comparison of validated methods used to assess impaired awareness of hypoglycaemia in type 1 diabetes: an observational study. Diabetes Ther. (2021) 12:441–51. doi: 10.1007/s13300-020-00965-0

102. Alkhatatbeh, MJ, Abdalqader, NA, and Alqudah, MAY. Impaired awareness of hypoglycemia in children and adolescents with type 1 diabetes mellitus in north of Jordan. BMC Endocr Disord. (2019) 19. doi: 10.1186/s12902-019-0441-9

103. Graveling, AJ, Noyes, KJ, Allerhand, MH, Wright, RJ, Bath, LE, Deary, IJ, et al. Prevalence of impaired awareness of hypoglycemia and identification of predictive symptoms in children and adolescents with type 1 diabetes. Pediatr Diabetes. (2014) 15:206–13. doi: 10.1111/pedi.12077

104. Ly, TT, Gallego, PH, Davis, EA, and Jones, TW. Impaired awareness of hypoglycemia in a population-based sample of children and adolescents with type 1 diabetes. Diabetes Care. (2009) 32:1802–6. doi: 10.2337/dc09-0541

105. Dunn, JT, Cranston, I, Marsden, PK, Amiel, SA, and Reed, LJ. Attenuation of amydgala and frontal cortical responses to low blood glucose concentration in asymptomatic hypoglycemia in type 1 diabetes: A new player in hypoglycemia unawareness? Diabetes. (2007) 56:2766–73. doi: 10.2337/db07-0666

106. Chan, O, Cheng, H, Herzog, R, Czyzyk, D, Zhu, W, Wang, A, et al. Increased GABAergic tone in the ventromedial hypothalamus contributes to suppression of counterregulatory reponses after antecedent hypoglycemia. Diabetes. (2008) 57:1363–70. doi: 10.2337/db07-1559

107. Chan, O, Paranjape, S, Czyzyk, D, Horblitt, A, Zhu, W, Ding, Y, et al. Increased GABAergic output in the ventromedial hypothalamus contributes to impaired hypoglycemic counterregulation in diabetic rats. Diabetes. (2011) 60:1582–9. doi: 10.2337/db10-1579

108. Hatle, H, Skrivarhaug, T, Bjørgaas, MR, Åsvold, BO, and Rø, TB. Prevalence and associations of impaired awareness of hypoglycemia in a pediatric type 1 diabetes population – The Norwegian Childhood Diabetes Registry. Diabetes Res Clin Pract. (2024) 209:111093. doi: 10.1016/j.diabres.2024.111093

109. Fritsche, A, Stefan, N, Häring, H, Gerich, J, and Stumvoll, M. Avoidance of hypoglycemia restores hypoglycemia awareness by increasing β-adrenergic sensitivity in type 1 diabetes. Ann Intern Med. (2001) 134:729. doi: 10.7326/0003-4819-134-9_Part_1-200105010-00009

110. Ly, TT, Jones, TW, Griffiths, A, Dart, J, Davis, EA, Stick, S, et al. Hypoglycemia does not change the threshold for arousal from sleep in adolescents with type 1 diabetes. Diabetes Technol Ther. (2011) 14:101–4. doi: 10.1089/dia.2011.0144

111. Cox, D, Gonder-Frederick, L, Polonsky, W, Schlundt, D, Julian, D, and Clarke, W. A multicenter evaluation of blood glucose awareness training-II. Diabetes Care. (1995) 18:523–8. doi: 10.2337/diacare.18.4.523

112. de Zoysa, N, Rogers, H, Stadler, M, Gianfrancesco, C, Beveridge, S, Britneff, E, et al. A psychoeducational program to restore hypoglycemia awareness: the DAFNE-HART pilot study. Diabetes Care. (2014) 37:863–6. doi: 10.2337/dc13-1245




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2024 Zucchini, Tumini, Scaramuzza, Bonfanti, Delvecchio, Franceschi, Iafusco, Lenzi, Mozzillo, Passanisi, Piona, Rabbone, Rapini, Rigamonti, Ripoli, Salzano, Savastio, Schiaffini, Zanfardino, Cherubini and Diabetes Study Group of the Italian Society for Pediatric Endocrinology and Diabetes. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Recommendations for recognizing, risk stratifying, treating, and managing children and adolescents with hypoglycemia

      

        		

          1 Introduction

        



        		

          2 Defining hypoglycemia and its incidence

        

          		

            2.1 Definition

          



          		

            2.2 Incidence

          



        



        



        		

          3 Signs and symptoms

        

          		

            3.1 Severe hypoglycemia

          



        



        



        		

          4 Risk factors

        

          		

            4.1 Alcohol and hypoglycemia

          



          		

            4.2 Exercise

          



          		

            4.3 Nocturnal hypoglycemia

          



          		

            4.4 Others

          



        



        



        		

          5 Treatment of severe hypoglycemia

        

          		

            5.1 In-hospital treatment

          



          		

            5.2 Treatment at home and school

          



          		

            5.3 Treatment of mild-to-moderate hypoglycemia

          



          		

            5.4 Mini-dose glucagon

          



          		

            5.5 Hypoglycemia treatment at school

          



          		

            5.6 Treatment using AID systems

          



        



        



        		

          6 Prevention

        



        		

          7 Morbidity and mortality

        

          		

            7.1 Morbidity from hypoglycemia

          



          		

            7.2 Mortality from hypoglycemia

          



        



        



        		

          8 Fear of hypoglycemia and psychological impact

        

          		

            8.1 Predictors of fear of hypoglycemia

          



          		

            8.2 Measurement of FoH

          



          		

            8.3 Fear of hypoglycemia and technologies

          



          		

            8.4 Therapeutic interventions for FoH

          



        



        



        		

          9 Impaired awareness of hypoglycemia

        

          		

            9.1 Restoring hypoglycemia unawareness

          



        



        



        		

          10 Executive summary and recommendations

        



        		

          Author contributions

        



        		

          Group members of Diabetes Study Group of the Italian Society for Pediatric Endocrinology and Diabetes

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/fendo-15-1387537-g001.jpg
Patients using multiple daily
injections

. Clycemia <54 mg/dl (3 mmol/l)

Glycemia <70->54 mg/dl (3.9-3
mmol/l)

Glycemia >70 mg/dl (3.9
mmol/l)






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo.2024.1387537_cover.jpg
& frontiers | Frontiers in Endocrinology

Recommendations for recognizing, risk
stratifying, treating, and managing children
and adolescents with hypoglycemia





OEBPS/Images/table2.jpg
Autonomic Shakiness, sweatiness, trembling palpitations, pallor

Neuroglycopenic = Poor concentration

Blurred or double vision, disturbed color vision
Difficulty hearing

Slurred speech

Poor judgment and confusion, problems with short-term
memory

Dizziness and unsteady gait

Loss of consciousness, seizure, death

Behavioral rritability, erratic behavior, agitation, nightmares,
inconsolable crying

Non-specific Hunger, headache, nausea, tiredness





OEBPS/Images/table4.jpg
‘WHEN >15 minutes at <70 mg/dL, hypoglycemia alert event
START Treatment with 4-8 g carbs (0.1-0.15 g/kg)

EXCEPTIONS | - Hypoglycemia with exercise
(more carbs) - When the PWD suspects a significant overestimation of
carbs/meal bolus

WAIT 15 minutes before re-treating hypoglycemia to avoid
oscillating glucose levels






OEBPS/Images/table3.jpg
Symptoms of hypoglycemia and physiological counter-
regulatory hormone release occur at a higher glucose level in
children than in adults (16).

Duration
of diabetes

Chronic
hyperglycemia

Recent
hypoglycemia

The symptoms of hypoglycemia lessen with increasing
duration of diabetes. There is a progressive loss of glucagon
response to insulin-induced hypoglycemia over the 12 months
after diabetes onset and it is lost in most people with T1D by
5 years (17, 18). Thus, half of adult patients with long-term
diabetes have experienced unawareness of hypoglycemia,
leading to severe episodes (19), while no data are available for
children and adolescents.

Chronic hyperglycemia and poor glycemic control can result
in an adaptive shift of the threshold of onset for hypoglycemic
symptoms to a higher glucose level (20) than in persons
without diabetes (21), up to normoglycemic levels (16).

Glycemic thresholds for symptoms of hypoglycemia shift to
lower plasma glucose concentrations after recent antecedent
hypoglycemia (22). Hypoglycemia begets hypoglycemia, and
recurrent episodes of mild hypoglycemia contribute to the
development of defective counter-regulatory hormone

responses to subsequent reductions in blood glucose
levels (23).





OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/fendo-15-1387537-g002.jpg
. Clycemia <54 mg/dl (3 mmol/l)

Patients using automatic insulin

delivery system Glycemia <70->54 mg/d| (3.9-3
mmol/l)

Glycemia >70 mg/dl (3.9
mmol/l)






OEBPS/Images/table1.jpg
Definition Clinical hypoglycemia Clinically important Severe hypoglycemia

alert hypoglycemia

Threshold <3.9 mmol/L or <70 mg/dL <3.0 mmol/L or <54 mg/dL No specific threshold but linked
to symptoms

CGM target <4% or <1 hour/day <1% or <15 min/day
for hypoglycemia





