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KEY MESSAGES

• Suspicion of diabetes in a child should lead to immediate confirmation of
the diagnosis and initiation of treatment to reduce the likelihood of dia-
betic ketoacidosis.

• Management of pediatric diabetic ketoacidosis differs from diabetic keto-
acidosis in adults because of the increased risk for cerebral edema. Pedi-
atric protocols should be used.

• Children should be referred for diabetes education, ongoing care and psy-
chosocial support to a diabetes team with pediatric expertise.

KEY MESSAGES FOR PEOPLE WITH CHILDREN AND
ADOLESCENTS WITH DIABETES

• When a child is diagnosed with type 1 diabetes, the role of a caregiver
becomes more important than ever. Family life and daily routines may seem
more complicated in the beginning but, over time, and with the support
of a diabetes team, these improve. Families discover that a child can have
a healthy and fulfilling life with diabetes.

Note: Unless otherwise specified, the term “child” or “children” is used for
individuals 0 to 18 years of age, and the term “adolescent” for those 13 to
18 years of age.

Introduction

Diabetes mellitus is the most common endocrine disease and
one of the most common chronic conditions in children. Type 2 dia-
betes and other types of diabetes, including genetic defects of beta
cell function, such as monogenic and neonatal diabetes, are being
increasingly recognized in children and should be considered when
clinical presentation is atypical for type 1 diabetes (for additional
details see Definition, Classification and Diagnosis of Diabetes, Pre-
diabetes and Metabolic Syndrome chapter, p. S10). This section
addresses those areas of type 1 diabetes management that are spe-
cific to children.

Education

Children with new-onset type 1 diabetes and their families
require intensive diabetes education by an interprofessional pediatric
diabetes health-care (DHC) team that should include either a pedi-
atric endocrinologist or pediatrician with diabetes expertise, dieti-
cian, diabetes nurse educator, social worker and mental health
professional to provide them with the necessary skills and knowl-
edge to manage this disease. The complex physical, developmen-
tal and emotional needs of children and their families necessitate
specialized care to ensure the best long-term outcomes (1,2). Edu-
cation topics must include insulin action, administration and dosage
adjustment; blood glucose (BG) and ketone monitoring; sick-day
management and prevention of diabetic ketoacidosis (DKA); nutri-
tion therapy; physical activity; and prevention, detection and treat-
ment of hypoglycemia.

Anticipatory guidance and healthy behaviour counselling should
be part of routine care, especially during critical developmental tran-
sitions (e.g. daycare, school entry, adolescence). Health-care pro-
viders should regularly initiate discussions with children and their
families about school, diabetes camp, psychological issues, fear of
hypoglycemia, substance use, obtaining a driver’s license and career
choices. Behavioural interventions that have been applied broadly
to clinic-based populations with a focus on improving self-efficacy
and self-management skills have shown little benefit on improv-
ing glycemic control, but may improve caregiver coping skills and
reduce parent-child conflict, emphasizing the need for a continu-
ing programme of education (3–5).

Children with new-onset diabetes who present with DKA require
a short period of hospitalization to stabilize the associated meta-
bolic derangements and to initiate insulin therapy. Outpatient edu-
cation for children with new-onset diabetes has been shown to be
less expensive than inpatient education and associated with similar
or slightly better outcomes when appropriate interprofessional
resources to provide outpatient education on basic diabetes man-
agement are available (6,7).

Glycemic Targets

Improved metabolic control reduces both the onset and pro-
gression of diabetes-related complications in adults and adoles-
cents with type 1 diabetes (8,9). Knowledge of glycemic targets byConflict of interest statements can be found on page S242.
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the child with diabetes and parents and consistent target setting
by the diabetes health-care team have been shown to be associ-
ated with improved metabolic control (10). Aggressive attempts
should be made to reach the recommended glycemic target out-
lined in Table 1; however, clinical judgement is required to deter-
mine which children can reasonably and safely achieve these targets
without severe or recurrent hypoglycemia. Results from a large
multicentre observational study found that glycated hemoglobin
(A1C) targets of ≤7.5% can be safely achieved without an increase
in the risk of severe hypoglycemia in children less than 6 years of
age (11). In some follow-up studies, episodes of severe hypogly-
cemia have been associated with poorer cognitive function, such
as with memory and learning, whereas other studies have found
that chronic hyperglycemia and glycemic variability in young chil-
dren (ages 4 to 10 years) are associated with white matter struc-
tural changes and poorer overall cognitive performance (12–15).
Young age at diabetes onset (under 7 years of age) has also been
associated with poorer cognitive function (16). Treatment goals and
strategies must be tailored to each child, with consideration given
to individual risk factors.

Insulin Therapy

Insulin therapy is the mainstay of medical management of type 1
diabetes. A variety of insulin regimens can be used, but few have
been studied specifically in children with new-onset diabetes. The
choice of insulin regimen depends on many factors, including the
child’s age, duration of diabetes, family lifestyle, school support,
socioeconomic factors, and family, patient, and physician prefer-
ences. Regardless of the insulin regimen used, all children should
be treated to meet glycemic targets.

The honeymoon period, which can last up to 2 years after diag-
nosis, is characterized by target glycemic control and low insulin
requirements (<0.5 units/kg/day). At the end of this period, more
intensive management may be required to continue meeting gly-
cemic targets. Two methods of intensive diabetes management have
been used: basal-bolus regimens (long-acting basal insulin ana-
logues and rapid-acting bolus insulin analogues) and continuous
subcutaneous insulin infusion (CSII) therapy. Basal-bolus therapy
has resulted in improved control over traditional twice-daily neutral
protamine Hagedorn (NPH) and rapid-acting bolus analogue therapy
in some but not all studies (17–19).

CSII is safe and effective and can be initiated at any age (20–22).
A Cochrane review found that CSII resulted in slightly improved

metabolic control over basal-bolus therapy (23). Some clinic-based
studies of CSII in school-aged children and adolescents have shown
a significant reduction in A1C with reduced hypoglycemia 12 to 24
months after initiation of CSII when compared to pre-CSII levels (24)
or in the longer term when compared to controls on injections (25).
Young age, A1C at CSII initiation and number of daily boluses may
be associated with improved or sustained near-normal metabolic
outcome (26). The Sensor-Augmented Pump Therapy for A1C Reduc-
tion (STAR) 3 study demonstrated that sensor-augmented insulin-
pump therapy was more effective in lowering A1C levels than
multiple daily injections (MDI) in children with poorly controlled
type 1 diabetes mellitus (27).

Most, but not all, pediatric studies of the long-acting basal insulin
analogues (detemir, glargine and degludec) have demonstrated
improved fasting blood glucose (FBG) levels and fewer episodes of
nocturnal hypoglycemia with a reduction in A1C (17,28–32). Two
large population-based observational studies have not found
improved A1C in children with diabetes using basal-bolus therapy
or CSII when compared to those using NPH and rapid-acting bolus
analogues (33,34). Insulin therapy should be individualized to reach
A1C targets, minimize hypoglycemia and optimize quality of life.

Glucose Monitoring

Self-monitoring of blood glucose (SMBG) is an essential part of
management of type 1 diabetes, and increased frequency has been
associated with better clinical outcomes (35–37). Evidence of a
strong association between frequency of SMBG and hemoglobin A1C
levels has been found in T1D Exchange Clinic Registry partici-
pants (37). Subcutaneous continuous glucose sensors allow detec-
tion of asymptomatic hypoglycemia and hyperglycemia. In some
studies, use of continuous glucose monitoring (CGM) has resulted
in improved glycemic control with less hypoglycemia (38–40). In
1 larger randomized controlled trial of 322 adults and children, use
of CGM was associated with improved glycemic control in adults
but not in children and adolescents (41). Glycemic benefit corre-
lated with duration of sensor use, which was much lower in chil-
dren and adolescents (42). Recently, a built-in algorithm in an
available CSII device with low glucose suspend feature has been
shown to significantly lower overnight hypoglycemia (43,44).

Closed-Loop Pancreas System

The closed-loop pancreas system, also known as the artificial or
bionic pancreas system, is one of the most rapidly evolving areas
of clinical care for type 1 diabetes. It couples the use of an insulin
pump with infusion of 1 or more hormones (insulin +/- glucagon),
a glucose sensor and an algorithm for glucose control. The closed-
loop system allows for decreasing excursions in blood glucose levels
while reducing the overall burden of self-care. However, the system
must ensure patient safety as well as prevent the occurrence of
severe hypo- and hyperglycemia, as well as DKA. Results from several
studies are promising for outcomes combining a lowering of the
number of hypoglycemic events while optimizing per cent time in
target range for glucose, fasting blood glucose and mean sensor
glucose (45). However, most studies are short term and assessed
the closed-loop system in different clinical settings. Larger ran-
domized clinical trials in adults and youth are currently underway.

Nutrition

All children with type 1 diabetes should receive counselling from
a registered dietitian experienced in pediatric diabetes. Children with

Table 1
Recommended glycemic targets for children and adolescents with type 1 diabetes

Age
(years)

A1C
(%)

Fasting/
preprandial
PG
(mmol/L)

2-hour
postprandial
PG* (mmol/L)

Considerations

<18 ≤7.5 4.0–8.0 5.0–10.0 Caution is required to
minimize severe or
excessive hypoglycemia.
Consider preprandial
targets of 6.0–10.0 mmol/L
as well as higher A1C
targets in children and
adolescents who have had
severe or excessive
hypoglycemia or have
hypoglycemia
unawareness.

A1C, glycated hemoglobin; PG, plasma glucose.
* Postprandial monitoring is rarely done in young children except for those on

continuous subcutaneous insulin infusion (CSII) therapy for whom targets are not
available.
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diabetes should follow a healthy diet as recommended for children
without diabetes in Eating Well with Canada’s Food Guide (46). This
involves consuming a variety of foods from the 4 food groups (grain
products, vegetables and fruits, milk and alternatives, and meat and
alternatives). Children with diabetes have been found to consume
a diet that is similar to children without diabetes, one that is higher
in fat and lower in fibre than guidelines recommend for healthy
eating (47). Carbohydrate counting is a commonly used method of
matching insulin to carbohydrate intake that allows increased flex-
ibility in diet, although fat and protein content also influence post-
prandial glucose levels. There is no strong evidence that one form
of nutrition therapy is superior to another in attaining age-
appropriate glycemic targets. Nutrition therapy should be individu-
alized (based on the child’s nutritional needs, eating habits, lifestyle,
ability and interest) and must ensure normal growth and devel-
opment without compromising glycemic control. This plan should
be evaluated regularly and at least annually. Features suggestive of
eating disorders and of celiac disease should be systematically sought
out (48).

Treatment of Hypoglycemia

Hypoglycemia is a major obstacle for children with type 1 dia-
betes and can affect their ability to achieve glycemic targets. Chil-
dren with early-onset diabetes are at greatest risk for disruption
of cognitive function and neuropsychological skills, but the respec-
tive roles of hypoglycemia and hyperglycemia in their develop-
ment are still questioned (16,49). Significant risk of hypoglycemia
often necessitates less stringent glycemic goals, particularly for
younger children. There is no evidence in children that one insulin
regimen or mode of administration is superior to another for resolv-
ing nonsevere hypoglycemia. As such, treatment must be individu-
alized (50). Frequent use of CGM in a clinical care setting may reduce
episodes of hypoglycemia (51).

Severe hypoglycemia should be treated with pediatric doses of
intravenous dextrose in the hospital setting or glucagon in the home
setting. In children, the use of mini-doses of glucagon has been
shown to be useful in the home management of mild or impend-
ing hypoglycemia associated with inability or refusal to take oral
carbohydrate. A dose of 10 micrograms (mcg) per year of age (the
equivalent of 1 unit on the syringe per year of age) (minimum dose
20 mcg (2 units), maximum dose 150 mcg (15 units)) is effective
at treating and preventing hypoglycemia, with an additional doubled
dose given if the BG has not increased in 20 minutes (52,53). Treat-
ment of mild hypoglycemia is described in Table 2.

Chronic Poor Metabolic Control

A careful multidisciplinary assessment should be undertaken for
every child with chronically poor metabolic control (e.g. A1C >10%)
to identify potential causative and associated factors, such as depres-
sion (54), eating disorders (55), lower socioeconomic status, lower
family support and higher family conflict (56,57), and to identify

and address barriers to improved glycemic control. Use of a
standardized measure of risk factors has been shown to identify
those at high risk for poor control, emergency room visits and DKA
(58). Glycemic control may be particularly challenging during ado-
lescence due to physiologic insulin resistance, depression and other
psychological issues, and reduced adherence during a time of
growing independence. Multipronged interventions that target emo-
tional, family and coping issues have shown a modest reduction in
A1C with reduced rates of hospital admission (59–61).

Physical Activity

Inadequate levels of physical activity are common in all chil-
dren, including those with diabetes. Increased physical activity is
associated with better metabolic control. Two recent systematic
reviews with meta-analyses have shown A1C reductions of ~0.5%
with interventions aimed at increasing physical activity (62,63).

DKA

DKA occurs in approximately 40% of children with new-onset
diabetes (range of 28% to 40% across United States centres and 11%
to 67% across European centres), and at a frequency of one to 10
episodes per 100 patient-years in those with established diabetes
(64,65). DKA continues to be the leading cause of morbidity and
mortality in children with diabetes; subtle, persistent changes in
brain structure and function ensuing from DKA are being increas-
ingly appreciated (66–68). Children younger than 3 years of age and
from areas with low prevalence of diabetes are especially at risk
for moderate-to-severe DKA at the time of diagnosis (65). DKA can
be prevented through earlier recognition and initiation of insulin
therapy. Public awareness campaigns about the early signs of dia-
betes have significantly reduced the frequency of DKA in new-
onset diabetes (69,70). In children with established diabetes, DKA
results from failing to take insulin or poor sick-day management.
Sick-day management includes more frequent SMBG, ketone mea-
surement during hyperglycemia and adjustment of insulin dose in
response to monitoring (71). Risk is increased in children with poor
metabolic control or previous episodes of DKA, peripubertal and
adolescent girls, children on CSII or long-acting basal insulin ana-
logues, ethnic minorities, and children with psychiatric disorders
and those with difficult family circumstances (72–75). The fre-
quency of DKA in established diabetes can be decreased with edu-
cation, behavioural intervention and family support (76,77), as well
as access to 24-hour telephone services or telemedicine for parents
of children with diabetes (78–80).

Management of DKA

While most cases of DKA are corrected without event, 0.5% to
1% of pediatric cases are complicated by cerebral edema (81), which
is associated with significant morbidity (21% to 35%) and mortal-
ity (21% to 24%) (82). In contrast, cerebral edema has rarely been
reported in adults (82). Although the cause of cerebral edema is still
unknown, several factors are associated with increased risk (Table 3)
(83–87). A bolus of insulin prior to infusion is not recommended
since it does not offer faster resolution of acidosis (88,89) and may
contribute to cerebral edema (90). Early insulin administration
(within the first hour of fluid replacement) may increase the risk
for cerebral edema (87). Special caution should be exercised in young
children with DKA and new-onset diabetes or a greater degree of
acidosis and extracellular fluid volume depletion because of the
increased risk of cerebral edema.

Table 2
Examples of carbohydrates for treatment of mild-to-moderate hypoglycemia

Patient age <5 yrs 5 to 10 yrs >10 yrs

Amount of carbohydrate 5 g 10 g 15 g

Carbohydrate Source
Glucose tablet (4 g) 1 2 or 3 4
Dextrose tablet (3 g) 2 3 5
Apple or orange juice; regular soft

drink; sweet beverage (cocktails)
40 mL 85 mL 125 mL
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In some centres, it is common practice to initiate an intravenous
insulin infusion at a rate of 0.05 units/kg/hour. One recent,
prospective randomized controlled study suggests that an initial
insulin infusion rate of 0.05 units/kg/hour is safe and effective, but
this lower starting rate was not studied among those presenting
in more severe or complicated DKA (91). Either mannitol or
hypertonic saline can be used in the treatment of cerebral edema,
but there is still insufficient evidence to favor one over the other;
hypertonic saline use has been associated with increased mortal-
ity in a single, retrospective study (92). DKA should be managed
according to published protocols for management of pediatric DKA
(Figure 1) (93).

Vaccination

Historically, national guidelines have recommended influenza
vaccination for children with type 1 diabetes (94,95). Currently, there
is no evidence supporting increased morbidity or mortality from
influenza in children with type 1 diabetes (96,97). However, the man-
agement of type 1 diabetes can be complicated by illness, requir-
ing parental knowledge of sick-day management and increased
attention during periods of illness. For this reason, parents may
choose to have their children vaccinated.

Smoking Prevention and Cessation

Smoking is a significant risk factor for both cardiovascular (CV)
and microvascular complications of diabetes (98) and, in adoles-
cents, is associated with worse metabolic control (99). Smoking pre-
vention should be emphasized throughout childhood and
adolescence. The Canadian Paediatric Society website contains useful
resources to promote smoking cessation among adolescents (http://
www.cps.ca/en/documents/position/smoking-cessation) (100).

Alcohol and Substance Use

Adolescents with diabetes have similar rates of alcohol use and
similar or higher rates of illicit drug use compared to adolescents
without diabetes (101). Regular counselling should be provided
around alcohol and substance use.

Contraception and Sexual Health Counselling

Adolescents with diabetes should receive regular counselling
about sexual health and contraception. Unplanned pregnancies
should be avoided, as pregnancy in adolescent females with type 1
diabetes with suboptimal metabolic control may result in higher
risks of maternal and fetal complications than in older women with
type 1 diabetes who are already at increased risk compared to the

general population (102). Oral contraceptives, intrauterine devices
and barrier methods can be used safely in the vast majority of ado-
lescents (103).

Psychological Issues

For children, and particularly adolescents, there is a need to iden-
tify psychological disorders associated with diabetes and to inter-
vene early to minimize the impact over the course of development.
Children and adolescents with diabetes have significant risks for
psychological problems, including diabetes distress (104), depres-
sion (105), anxiety (105), eating disorders and externalizing dis-
orders (106–110). The risks increase during adolescence and
emerging adulthood (111–113). Studies have shown that psycho-
logical disorders predict poor diabetes management and control
(54,105,114–117) and, consequently, negative medical outcomes
(118–121). Conversely, as glycemic control worsens, the probabil-
ity of psychological problems increases (122).

The presence of psychological symptoms and diabetes prob-
lems in children and adolescents is often strongly affected by
caregiver/family distress. Research has demonstrated that while
parental psychological issues may distort perceptions of the child’s
diabetes control (123), they are often related to poor psychologi-
cal adjustment and diabetes control (124–127). Maternal anxiety
and depression are associated with poor diabetes control in younger
adolescents and with reduced positive affect and motivation in older
teens (128).

Eating disorders

Ten per cent of adolescent females with type 1 diabetes meet
the Diagnostic and Statistical Manual of Mental Disorders (4th Edition)
criteria for eating disorders compared to 4% of their age-matched
peers without diabetes (129). Disordered eating with insulin restric-
tion is also seen in youth with diabetes (130). Furthermore, eating
disorders are associated with poor metabolic control (55) and
earlier onset and more rapid progression of microvascular compli-
cations (131). Eating disorders should be suspected in those
adolescent and young adult females who are unable to achieve
and maintain metabolic targets, especially when insulin omission
is suspected. It is important to identify individuals with eating
disorders because different management strategies are required
to optimize metabolic control and prevent microvascular compli-
cations (129,131,132).

Prevention and intervention

Children and adolescents with diabetes, along with their fami-
lies, should be screened throughout their development for psycho-
logical disorders (133). Given the prevalence of psychological issues,
screening in this area can be seen as equally important as screen-
ing for microvascular complications in children and adolescents with
diabetes (134).

Psychological interventions with children and adolescents, as well
as families, have been shown to improve mental health (106,135),
including overall well-being and perceived quality of life (136), along
with depressive symptoms (137,138). In addition, there is some evi-
dence that psychosocial interventions can positively affect glyce-
mic control (59,135,139). Most importantly, some studies have
demonstrated that psychological interventions can increase dia-
betes treatment adherence, improve glycemic control and improve
psychosocial functioning (140,141).

Table 3
Risk factors for cerebral edema during treatment of diabetic ketoacidosis in children

• Younger age (<5 years)
• New-onset diabetes
• Greater severity of acidosis (lower pH and bicarbonate)
• High initial serum urea
• Low initial partial pressure of arterial carbon dioxide (pCO2)
• Rapid administration of hypotonic fluids
• IV bolus of insulin
• Early IV insulin infusion (within first hour of administration of fluids)
• Failure of serum sodium to rise during treatment
• Use of bicarbonate

IV, intravenous.
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Comorbid Conditions

Autoimmune thyroid disease

Clinical autoimmune thyroid disease (AITD) occurs in 15% to 30%
of individuals with type 1 diabetes (142). The risk for AITD during

the first decade of diabetes is directly related to the presence or
absence of anti-thyroid antibodies (i.e. thyroid peroxidase antibod-
ies) at diabetes diagnosis (143). Hypothyroidism is most likely to
develop in girls at puberty (144). Early detection and treatment of
hypothyroidism will prevent growth failure and symptoms of hypo-
thyroidism (Table 4). Hyperthyroidism also occurs more

Figure 1. Immediate assessment and management of diabetic ketoacidosis in children.
BG, blood glucose; D5W; 5% dextrose in water; D10W; 10% dextrose in water; D12.5W: 12.5% dextrose in water; DKA; diabetic ketoacidosis; ECG, electrocardiogram; ICU,
intensive care unit; IV, intravenous; NaCl; sodium chloride; PG, plasma glucose; SC, subcutaneous. Adapted with permission from reference 93.

D.K. Wherrett et al. / Can J Diabetes 42 (2018) S234–S246S238





Literature Review Flow Diagram for Chapter 34: Type 1 Diabetes
in Children and Adolescents
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