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Abstract
Children/adolescents with type 1 diabetes (T1D) require holistic approach and continuous care. However, the coronavirus disease 2019 (COVID-19) pandemic has made challenges for the T1D children and their caregivers, professionals, and the healthcare system. This minireview aims to consolidate and discuss the difficulties and solutions of children with type 1 diabetes in the COVID-19 pandemic. T1D has been the most common type of diabetes in children and adolescents and the last decades has seen a rapid increase in the prevalence of T1D in youths worldwide, which deserves a public concern particularly in the COVID-19 pandemic. As reported in previous studies, T1D is a risk factor related to severe cases, while the virus may induce new-onset diabetes and serious complications. Moreover, restriction strategies influence medical availability and lifestyle, impact glycemic control and compilation management, and thus pose stress on families and health providers of youths with T1D, especially on those with certain fragile conditions. Therefore, special treatment plans are required for children provided by caregivers and the local health system. Latest health tools such as improved medical devices and telemedicine service, as well as a combined support may benefit in this period. This minireview emphasises that continued medical access and support are required to prevent deteriorated condition of children and adolescents with diabetes throughout this pandemic. Therefore, strategies are supposed to be formulated to mitigate the difficulties and stress among this group, particularly in the most at-risk population. Proposed solutions in this minireview may help individuals and the health system to overcome these problems and help youths with T1D in better diabetes management during such emergency situations.
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Core Tip: There are several reviews in the literature discussing the difficulties or solutions to the life of children with type 1 diabetes (T1D). However, this is the first review to collect and analyse the latest studies on which sub-groups of children with T1D are more likely to be influenced, how the coronavirus disease 2019 pandemic affects the treatment of children with T1D and the life of their caregivers, and what measures are supposed to be applied to deal with these dilemmas.


INTRODUCTION
Type 1 diabetes (T1D) is a heterogeneous disorder characterized by destruction of pancreatic beta cells, culminating in absolute insulin deficiency. It accounts for 5- 10% of the total cases of diabetes worldwide corresponding to 21-42 million people, while type 2 diabetes (T2D), characterized by a combination of resistance to insulin action and inadequate compensatory insulin secretory response, is the more prevalent category[1]. Particularly, in children and adolescents, T1D has been the most prevalent type of diabetes and 15%-20% of newly diagnosed patients are under age 5. Children with T1D and their caregivers are faced with challenges from various aspects such as physiology, psychology, and development[2]. 
The coronavirus disease 2019 (COVID-19) has been regarded as a global pandemic since 2020, leading to strict control policy and interrupted health care services, which contribute to challenges such as disruption in follow-up visits, restricted availability of medicines, and changes in lifestyle, particularly for those with chronic illnesses such as T1D[3,4]. 
Although there have already been some attempts to help to address these dilemmas, a systematic review on this issue has not been carried out. Since there are a large number of children and adolescents with T1D, who have specific concerns during the ongoing pandemic, we review the existing literature, related websites, and relevant guidelines to form this minireview to help resolve key questions in this area. 

T1D and its treatments
T1D is a frequent chronic diseases in infants and the most common endocrinal disease in children and adolescents[5]. To diagnose the diabetes syndrome, both the history and check results are clues: A family history of diabetes is important, while a history of previous early childhood deaths or miscarriages is relevant. Pointers in the examination include evidence of sensorineural hearing loss or vision defects or developmental delay. Useful investigations include autoantibodies to glutamic acid decarboxylase, islet cells, audiogram and visual evoked responses, and fasting insulin and C-peptide. Further specialized checks include an echocardiogram, bone marrow aspirate, skeletal survey, and genetic testing[6].
Diabetes management mandates adherence to insulin, balanced diet, regular physical activity, and self-monitoring of blood glucose to achieve good glycemic control and prevent the development of short-term and long-term complications[7]. Pediatric diabetes management needs continuous parental supervision and confronts the whole family in challenges in the daily life, including regular blood glucose monitoring, insulin application, dietary indications, etc[8]. To achieve a favorable control, it is necessary to monitor blood sugar on a regular basis in a day, while for the patients who have erratic glycemic control or intermittent hypoglycemia, it is recommended to monitor at least 4 times a day and an additional check should be performed when there are signs or symptoms related to hypoglycemia[8]. In addition, children and adolescents with T1D require multiple daily insulin injections: The major organizations recommend one to two basal insulin injections with at least three regular or rapid acting insulin injections[8].
Unsatisfying metabolic control may result in the acute complications of hypoglycemia and ketoacidosis, poor growth, and chronic microvascular and macrovascular complications. Due to the fact that children and adolescents are more sensitive to a lack of insulin than adults, the youths are at higher risk of a rapid and dramatic development of diabetic ketoacidosis. Episodes of severe hypoglycemia or ketoacidosis especially in young children are risk factors for structural brain abnormalities and impaired cognitive function[9].

Challenges of type 1 diabetes in children during COVID-19 pandemic
Risk of contracting COVID-19 in patients with T1D: Diabetes can affect the immune response to pathogens and thus make patients vulnerable to the infections[10,11]. Diabetic patients are exposed to a higher risk of being infected compared to the healthy group and the risk is even greater in T1D children than in those with T2D, which may be attributed to immune dysfunction, micro- and macro-angiopathies induced by hyperglycemia, and more needs for medical interventions in this group[12,13]. Analyses carried out in many countries revealed that people with diabetes hospitalized for COVID-19 have a greater chance to suffer more severe outcomes, including twice the risk of requiring intensive unit care and increased risk of death[14-19]. It can be attributed to free radical overproduction due to viral infection, which can burden the oxidative stress, leading to pulmonary oxidative injury and inflammation[20]. Furthermore, the virus causes glucose metabolism disorders, which may entangle the pre-existing diabetes in complications[21].

Effect of COVID-19 on development of T1D: Viral infections are associated with the development of pancreatic autoantibodies leading to T1D in genetically susceptible children, and coronavirus family was considered to be an incriminating pathogen[22]. Viral infections trigger autoimmune insulitis and pancreatic β-cell destruction by directly damaging β-cells, increasing the risk of autoantibody generation, and activating cytokine release and T cells[23]. According to previous surveys, the severe acute respiratory syndrome coronavirus 2 (SARS-CoV2) binds to angiotensin-converting enzyme 2 receptors in the pancreas, consequently damaging islet cells and reduced insulin release[24]. During the COVID-19 pandemic, similar associations have been made for children[25, 26].
The data in Figure 1 represent the situation in Western Greece. The median ages of the patients are 10.94 years old and 12.07 years old in pre-COVID-19 years and COVID-19 years, respectively.

Cautions against COVID-19 on complications of T1D: Chloroquine and hydroxychloroquine are increasingly administered to treat COVID-19. However, these drugs may increase the incidence of hypoglycemia in diabetes patients[27]. Chloroquine stimulates insulin secretion, glucose uptake, and glycogen synthase, while hydroxychloroquine decreases insulin degradation, increases intracellular insulin accumulation, and stimulates insulin-mediated glucose transport[27,28]. All these functions can lead to a low blood glucose level and therefore, patients with T1D who use these agents need should be monitored for hypoglycemia (Figure 2).

Risk of diabetic ketoacidosis: COVID-19 can increase the opportunity of diabetic ketoacidosis (DKA) and hyperosmolar hyperglycaemic state even in people without previously diagnosed diabetes[29]. Meanwhile, patients with T1D are at a greater risk of developing DKA especially in youths, and there are reports of prevalence of severe DKA in COVID children with established T1D[21,30,31]. Moreover, researchers have found that delayed diagnosis of new-onset T1D can lead to severe DKA, which may be due to reduced clinical visit for fear of being infected by SARS-CoV2, less access to emergency departments, closure of non-COVID-19-related hospital services, preoccupied doctors, and potential changes in access to insulin or self-monitoring of blood glucose test strips[32,33]. Certain features of DKA overlap with viral illnesses in youths and pediatricians should pay attention to symptoms including polyuria, polydipsia, weight loss, and Kussmaul breathing, as well as a fruity odour in breath. Ultimately, the standard of care for DKA to apply intravenous insulin may lead to a dilemma in the present pandemic because it often requires ICU admission. However, beds may be occupied for COVID-19 patients[31,34].

Influence of restriction strategies on individual T1D management: Strict isolation measures interrupt access to routine health care and social activities, thus increasing stress and anxiety among children and adolescents with T1D and their caregivers[4]. Since T1D is dominantly affected by alterations in daily routine, isolation measures pose a negative effect in glycemic control. However, interestingly, several researchers have reported contrary results that there was no deterioration or even improvement in glycemic management (Table 1).

Factors that worsen glycemic control: Difficulties in access to medical care was particularly prevalent in families with a lower socio-economic condition[35,36]. The COVID-19 pandemic has led to an economic crisis, and those whose financial stability was already difficult were first to suffer[37]. Researchers found that minority children had a higher glycosylated hemoglobin (HbA1c) level both in the pre-pandemic and the lockdown period than white race[38-40]. Similarly, patients with medical aid had a notably higher HbA1c and increase in HbA1c during the lockdown than those with private insurance[38]. Other publications have also indicated that youth whose families are in a disadvantaged financial condition have poorer glucose control[38-40]. The reason can be ascribed to the fact that many of those are supported by various programs for regular supply of insulin and glucose meterstrips[41]. However, these medicine and devices may be unavailable because of closure of nodal healthcare facilities and local transport facilities during the lockdown. Sequentially, the limited availability and the fear of shortage of medical supply forced these children with T1D to reduce glucose monitoring, which caused more frequent hypo-/hyperglycemic excursions[42]. Moreover, consequent DKA may emerge with unavailability of any type of insulin or technology-related problems such as pump dysfunction[43].
Female gender was a risk factor for unfavorable glycaemic control due to more mental effect[44,45]. Glycemic control interacts with stress, which may directly disturb glucose regulation, or indirectly result in non-adherence to treatment and unhealthy daily routine[46]. Previous epidemiological publications reported that females are at a greater risk for psychological disorders and perceived stress is more prevalent among females compared with males in the lockdown[47]. Interestingly, one study indicated that the glycemic control of males was more adversely affected in this period, which may be ascribed to more changes in almost all aspects of lifestyle among boys compared to girls[36].

Factors that improve glycemic control: Glycemic level in the school age children had significantly improved during the lockdown period, which may be attributed to more supervision of insulin injections and overall health care from their parents[48]. On the contrary, the pubertal adolescents group showed an adverse trend, which may be attributed to a change in independence from the parents during this age and more pressure from peer and themselves[36].
Although children and adolescents performed less physical activity and engaged in more sedentary behavior during the lockdown which impeded glycemic control, the changes in eating habits seemed to play a more essential role in glycemic management[49]. Healthy diet is essential for glycemic control. Evidence revealed that hyperglycemia is a significant predictor of some viral infections including COVID-19 which can exacerbate the complications of diabetes mellitus (DM)[50]. According to the literature review, adequate intake of dietary protein, fiber, essential fatty acids, and some micronutrients especially vitamins D, C, and B12, folate, zinc and selenium are beneficial to the prevention and treatment of COVID-19 in diabetic patients through modulation of innate and adaptive immune responses or direct effects on virus enzymes or cell entrance[50]. Due to home confinement, parents may monitor their children’s behavior throughout the day. Particularly, compared to those with a longer duration of the disease, children with newly diagnosed or less than a year diabetes got more benefit from improvement in eating behaviors, which may be partially ascribed by taking over diabetes control from their caregivers[51]. Furthermore, outside dining and junk food consumption are prone to be limited due to the lockdown, which may have reduced opportunities to adopt or engage in the unhealthy dietary habits or weight control practices that have been frequently observed in youths with diabetes[43,52]. In addition, the isolation measures may have reduced or canceled activities and contexts typically linked to social situation with peers that usually challenge good diabetes management and lead to behaviors negatively influencing glycemic control[53]. However, in certain areas, because of strict lockdown and suspension of food supplies, regular supply of important components of their healthy diet plan may be not available, which obstructs medical nutrition therapy and deserves the concern of government[54].

Hard time for caregivers of T1D children: Before the pandemic, caregivers played a fundamental role in family diabetes control and short or long-term consequence resolving[55]. Pediatric T1D is a very fragile context, in which the pandemic can lead to emotional adaptation disorders[56]. In some families of children and adolescents with T1D, the school nurse provided most of the diabetes care. However, because of the sudden closure of school, parents who needed extra help may have less access to adequate training[38]. The unavailability of medical appointments, the lack of information about the relationship between COVID-19 and T1D, the difficulty in obtaining specialized support, and the inability to provide quality food and supplies for diabetes during the pandemic may generate negative feelings and insecurity in these caregivers[57,58]. Ultimately, the emotional burden of caregivers might not only influence the parents’ mental health, but also negatively affect blood sugar control of their children[59].

Challenges related to the healthcare system: Patients with T1DM require continuous access to healthcare services. However, the lockdown and closure of healthcare centers may deprive these patients of access to medical support for their daily disease management and complication treatment. In addition, emergency issues like hypoglycemia or DKA requiring hospitalization may be precipitated, while infections such as COVID-19 or any other cases, may also lead to glycemic fluctuations and increase the risk of hospitalization[43,60]. How to deal with all the factors mentioned above poses challenges for the healthcare system.

Possible solutions for the difficulties
Self-management: Patients with T1DM need to adhere to frequent glucose monitoring, proper dietary behaviors, adequate hydration, and dose titration of glucose-lowering medication. As signified in publications, the up-to-date medical devices and test methods may bring convenience to these procedures. For instance, continuous glucose monitoring (CGM) and fast glucose monitoring systems are proved to be useful[61]. Moreover, percentage time in range and other CGM-derived metrics are the substitutes of HbA1c in the absence of routine laboratory tests related to the pandemic, which are potential to monitor the glycemic control[62]. Meanwhile, transitioning to CGM indicates “fewer finger punctures and less pain” for children and caregivers can constantly monitor the insulin level with the device[63]. In addition, the insulin pump allows T1D patients to achieve a better control as it tracks the glucose level and injects a proper dose of insulin automatically, thus generating a more comfortable alternative compared to multiple daily insulin injections[64].
The importance of management in sick days should be highlighted to avoid glycemic fluctuations and subsequent risk of DKA or hypoglycemia. As mentioned in publications, when children with T1D are under stress and acute infections, less food intake and more stress hormones may affect glycemic control, therefore it should be cautioned about the rising risk of either hyperglycemia or hypoglycemia[65]. Moreover, patients are recommended to take symptomatic therapy to reduce fever[66]. Ultimately, regular education about diabetes-related symptoms may contribute to a faster diagnosis of T1D and reduce the prevalence of DKA in children and adolescents, along with more rigorous adherence to “sick-day rules” which are recommended to diagnosed T1D patients[67].
Mental outcomes of the COVID-19 pandemic should be taken into consideration in the further treatment plan for children and adolescents with T1D[56]. To vent out distress, the most common method was sharing problems with companions[68].

Physical activities: As recommended by the World Health Organization, young people are supposed to practice more than 1 h per day, doing moderate or vigorous intensity physical activity[69]. However, the physical activity level of T1D children was low before the lockdown and further reduced in the pandemic[36]. Therefore, innovative methods such as appropriate indoor exercises may be a potential way to maintain or lift physical activity levels during the restriction of outdoor activities[36]. For instance, taking online physical training which provides various indoor exercise selections could be a beneficial choice for teenagers.

Use of telemedicine: A move towards telemonitoring to provide healthcare services for patients with diabetes has been part of a long-term plan in the management of the disease[70]. Hopefully, the public health emergency of the COVID-19 pandemic has accelerated the process[71]. Telemedicine services means that digital services substitute for the routine care to offer reviews and self-management advice on diabetes[71]. Telemedicine consultation minimizes the risk of virus transmission by maintaining physical distancing, while remote monitoring of electronic data enables health-care workers to provide in-time support in patients with worsening condition based on available data, which may benefit clinical outcomes[72].
However, there are still limitations in telemedicine including unavailability to perform a suitable physical examination, obstacles in wide spread because of difficulty of Internet construction in certain regions and populations, and challenges in establishing harmonious relationship with patients or helping resolve behavior problems or making effective communication and gaining collaboration[73,74]. In addition, it should be emphasized that in-clinic visits are indispensable in some care processes at a certain frequency. Meanwhile, patients with a more acute disease including DKA or hyperosmolar hyperglycemic state should not simply adapt the transition to telemedicine[75]. Moreover, insulin initiation in new-onset T1D is typically required in in-clinic attendance and face-to-face training. Therefore, in the future, telemedicine is not merely about keeping patients away from hospitals, but it is about knowing who should be asked to come to the clinic and when at the same time[71].

Relieving the stress of caregivers: There are several possible strategies that should be used to reduce the mental impact on caregivers[58]. To begin with, channels for these caregivers’ voice and guidance on emotional self-relief should be provided to eliminate the sense of overloading[58]. In addition, the multidisciplinary ways which provide physical, psychological, and nutritional guidance for children and adolescents with T1D should be economically accessible[58]. Nevertheless, creating social media groups to promote peer interaction in communicating their perceptions and helping each other could be beneficial[58].

Responsibility of medical providers: The whole is greater than the sum of its parts. To provide efficient help, local support groups should coordinate with the hospital team for better T1D management[43]. Interdisciplinary collaboration via staff meetings or other forms at a regular basis improves patient care equality, allowing medical providers to learn from others and perform medical service from a more holistic view[74,76]. To connect with individual patients, clinics should ask families about stress on finance and society due to the pandemic, which may influence their coordination with medical providers as well[74].
Furthermore, it was reported that interventions of glycemic management employed during the first two cycles did not produce satisfying outcomes for any target. However, in the 3rd cycle of intervention, the screening and consultation rates increased[74]. Therefore, it should be highlighted that persistent efforts make sense.

Limitations
The minireview is based on the articles mostly reported in English, which limits the extrapolation of results across the globe. Moreover, in most of the research, assessments of glycemic control were only based on HbA1c instead of the home blood glucose levels due to a variety of reasons. Additionally, albeit the use of self-reported measures administered online overcomes the impossibility of conducting a traditional paper survey during the pandemic, it may lead to imprecise ratings of specific anthropometric and clinical data, and subjective perceptions and behaviors. Similarly, thoughts and feelings may not have been sincerely, accurately, or fully revealed[77]. Notwithstanding the above limitations, all studies provide an invaluable report about the difficulties met by youths with T1D and promising solutions.

CONCLUSION
T1D is one of the most common endocrine metabolic disorders around the world[78]. Children with T1D are imperiled by psychological issues, owing to the underlying disease and the complex management of diabetes[79]. As discussed in the minireview, children and adolescents with diabetes are vulnerable to the COVID-19 pandemic resulting in worsening healthcare and would need specific medical access in this period for health advice and support. In addition, they are encouraged to keep a healthy lifestyle whenever possible during these difficult times. In addition, emotional overload leads to exhaustion in youths with T1D diabetes and those who are responsible to take care of them. More than ever, the mental well-being of T1D children and adolescents and their caregivers should be prioritized, and coping strategies should be advocated[58]. Moreover, the COVID-19 pandemic is an opportunity for telemedicine development and puts it to the forefront of diabetes management. Besides distant management of diabetes, identifying the at-risk groups to provide in-person consultation and care is also the value of routine telemonitoring[71]. Ultimately, cooperation and continuous effort should be made among medical providers, families with T1D youths, and the whole society.
In summary, we can conclude that youths with T1D require continuous care and attention during the COVID-19 pandemic because of various issues as discussed above. Proposed solutions in this article may assist them to resolve these obstacles in diabetes management to reduce the risk of complications particularly DKA during such emergency situations. Furthermore, proper prospective studies need to be conducted to identify the challenges faced by youths with T1DM during lockdown and their influence on glycemic control and complications, which may help us to come to more precise solutions to improve the welfare of children and adolescents with T1D during such pandemic.
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Figure 1 Characteristics of children and adolescents diagnosed with type 1 diabetes mellitus during the coronavirus disease 2019 year and pre-coronavirus disease 2019 year. A: Median higher glycosylated hemoglobin; B: Median C-peptide; C: Complications and intensive care. HbA1c: Higher glycosylated hemoglobin; COVID-19: The coronavirus disease 2019; PICU: Pediatric intensive care unit.
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Figure 2 Severity of diabetic ketoacidosis in children and adolescents diagnosed with type 1 diabetes mellitus during the coronavirus disease 2019 year and pre-coronavirus disease 2019 year. A: Pre-coronavirus disease 2019 (COVID-19) year; B: COVID-19 year. COVID-19: The coronavirus disease 2019.


Table 1 Pros and cons of various methods in different groups
	Target group
	Methods
	Pros
	Cons

	Patients
	Routine glycemic management
	Provide a more convenient and comfortable alternative 
	

	
	Sick day management
	 Avoid glycemic fluctuations and subsequent risk of complications
	 Need regular education and more rigorous adherence

	
	Psychosocial aids
	May help to vent out distress
	 

	
	Physical activities
	May help to reduce stress and achieve a healthy BMI
	May be hard to perform because of the restriction in outdoor activities

	Caregivers
	Channels for voice and guidance
	Eliminate the sense of overload
	

	
	Provision of multidisciplinary ways
	Provide economically accessible information 
	

	
	Groups on social media
	Share perceptions and help each other
	

	Medical providers
	Collaboration and intervals
	Improve patient care equality, provide the learning opportunities to establish a holistic view
	

	
	Financial and social stressors inquiries
	Affect family engagement with healthcare providers
	

	
	Persistent efforts
	May help to get desired outcomes
	

	Telemedicine users
	
	May help to get diabetes reviews, self-management support, and timely professional intervention with the minimised risk of virus transmission
	Have difficulty to perform a suitable physical examination, lack widespread availability, have obstacles to gain collaboration, cannot replace the in-clinic visits in several circumstances


BMI: Body mass index.
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