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KEY MESSAGES

• Anticipatory guidance regarding healthy eating, physical activity, limiting
screen time and age-appropriate sleep duration/quality is recommended
to prevent type 2 diabetes in children and adolescents.

• Regular targeted screening for type 2 diabetes is recommended in chil-
dren at risk.

• Children with type 2 diabetes should receive care in consultation with an
interprofessional pediatric diabetes health-care team.

• Early screening, intervention and optimization of glycemic control are essen-
tial, as the onset of type 2 diabetes during childhood is associated with
severe and early onset of microvascular and cardiovascular complications.

KEY MESSAGES FOR PEOPLE WITH CHILDREN AND
ADOLESCENTS WITH DIABETES

• There is plenty you can do to help manage or prevent type 2 diabetes in
children and adolescents. Encourage your child or adolescent to eat healthy
foods, limit sweet drinks (juice, pop), get plenty of physical activity, get a
good night’s sleep and keep time spent on screens low.

• Many children with type 2 diabetes will also require oral glucose-
lowering medication and/or insulin for treatment.

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

Introduction

Type 2 diabetes in children has increased in frequency around
the world over the past 2 decades (1). Children from ethnic groups
at high risk for type 2 diabetes in their adult populations, namely
those of African, Arab, Asian, Hispanic, Indigenous or South Asian
descent, are disproportionately affected. A Canadian national sur-
veillance study demonstrated a minimum incidence of type 2 dia-
betes in children and adolescents <18 years of age of 1.54 per
100,000 children per year (2). Significant regional variation was
observed with the highest minimum incidence seen in Manitoba
of 12.45 per 100,000 children per year. In this study, 44% of chil-
dren with new-onset type 2 diabetes were of Aboriginal heritage,
25% Caucasian, 10.1% Asian, 10.1% African/Caribbean and the remain-
ing of other or mixed ethnic origin (2). Recent data from the United

States demonstrated an incidence of 8.1 per 100,000 person years
in the 10- to 14-year age group and 11.8 per 100,000 person years
in the 15- to 19-year age group. In this study, the highest rates were
found in American Indian, African American, Asian/Pacific Islander
and Hispanic youth (in descending order), and the lowest inci-
dence occurred in non-Hispanic white youth (3). Type 2 diabetes is
a highly heritable condition, with 90% of children and youth affected
having a first- or second-degree relative who also has type 2 dia-
betes (4). A significant proportion of youth with type 2 diabetes live
below the poverty line or come from low-resourced homes (5).

Prevention

Breastfeeding has been shown to reduce the risk of youth-
onset type 2 diabetes in some populations (6).

Obesity is a major risk factor for the development of type 2 dia-
betes (2). The prevalence of obesity among Canadian children aged
5 to 17 years is 12% (7). Studies on the prevention of obesity in chil-
dren are limited and have generally not demonstrated long-term
effectiveness (8,9).

Efforts to improve sleep quality and quantity, decrease seden-
tary behaviours and increase both light and vigorous physical activ-
ity can result in significant metabolic health benefits (10,11). Health
Canada has endorsed the Canadian 24-hour Movement Guide-
lines for children and youth (available at http://www.csep.ca/en/
guidelines/get-the-guidelines) (12).

Interventions aimed at reducing sugar-sweetened beverage con-
sumption among children and youth should also be considered as
consumption of these beverages has been linked to both obesity
and incident type 2 diabetes (13–15). Screen time use should be
limited, given its relationship to greater insulin resistance and adi-
posity (16).

In children with obesity, family-based healthy behaviour inter-
ventions, which include physical activity, healthy nutrition and
mental health supports have been shown to result in a modest
decrease in body mass index (BMI) and improvements in meta-
bolic health parameters. The most effective interventions were those
delivered by a specialized interdisciplinary team that included group
sessions with parent and family involvement (9).

In adolescents with obesity, pharmacotherapy (i.e. orlistat or
metformin) in combination with healthy behaviour interventions,
demonstrate a very modest additional reduction in BMI over the
short term, with frequent gastrointestinal side effects (17). Long-
term studies are absent, and no pediatric studies have beenConflict of interest statements can be found on page S252.
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performed to assess the prevention of diabetes or long-term com-
plications using these medications (17). In adolescents with obesity
and evidence of severe insulin resistance, pharmacological therapy
with metformin or orlistat should only be considered after a com-
prehensive evaluation of the child’s metabolic status, family history
and review of healthy behaviour interventions. Due to a lack of data
in prepubertal children, the use of weight management medica-
tions should only be considered in this population within the context
of a supervised clinical trial (17–19).

Bariatric surgery may be considered in adolescents with severe
obesity (BMI ≥35 kg/m2 with severe comorbidities or ≥40 kg/m2 with
less severe comorbidities), who have reached their final adult height
and have undergone a comprehensive assessment by an expert
interprofessional team, affirming their understanding of the risks
and benefits of the procedure, demonstrating their ability to adhere
to the necessary pre- and post-operative care, and have appropri-
ate family and social supports (20) (see Weight Management in Dia-
betes chapter, p. S124). The long-term effectiveness of bariatric
surgery remains unknown.

Screening and Diagnosis

The microvascular complications of type 2 diabetes have
been identified at diagnosis, implying long-term, unrecognized
hyperglycemia (21). Children may also present with acute decom-
pensation in diabetic ketoacidosis (DKA) and/or hyperosmolar hyper-
glycemic state (HHS). This argues for a systematic screening program
in children at high risk for type 2 diabetes in order to prevent an
acute, life-threatening presentation and to decrease the develop-
ment of chronic complications. Although not proven in children, it
is generally assumed that earlier diagnosis of diabetes will lead to
interventions that will improve glycemic control and reduce the
related short- and long-term complications (21).

Risk factors for the development of type 2 diabetes in children
include a history of type 2 diabetes in a first- or second-degree rela-
tive (1–4,22), being a member of a high-risk population (e.g. people
of African, Arab, Asian, Hispanic, Indigenous or South Asian descent)
(1–4); obesity (2); impaired glucose tolerance (IGT) (23); polycys-
tic ovary syndrome (PCOS) (24); exposure to diabetes in utero
(25–27); acanthosis nigricans (28); hypertension and dyslipidemia
(29); and non-alcoholic fatty liver disease (NAFLD) (30). Atypical
antipsychotic medications are associated with significant weight gain,
insulin resistance and impaired fasting glucose (IFG) or type 2 dia-
betes in children (31–33). Neuropsychiatric disorders and the use
of neuropsychiatric medications are more common in children with
obesity and type 2 diabetes compared to the general pediatric
population (34).

In a recent national Canadian diabetes incidence study, the mean
age of diagnosis of type 2 diabetes in youth was 13.7 years (2).
However, 8% of all newly diagnosed children with type 2 diabetes
were less than 10 years of age. In children of Aboriginal, Cauca-
sian and Asian origin, 11%, 8.8% and 8.7%, respectively, presented
at less than 10 years of age. Thus, consideration should be given
for screening at a younger age in those at high risk (2).

A fasting plasma glucose (FPG) is the recommended routine
screening test for children, although ensuring a fasting state may
be a challenge. The reproducibility of the FPG is high (35). The oral
glucose tolerance test (OGTT) may have a higher detection rate
(36,37) in children who have severe obesity (BMI ≥99th percentile
for age and gender) and who have multiple risk factors for type 2
diabetes, but it has poor reproducibility (35). A glycated hemoglo-
bin (A1C) ≥6.0% is able to identify children with type 2 diabetes at
86% sensitivity and 85% specificity and had similar screening effi-
cacy to FPG, when compared to the gold standard 2-hour OGTT (38),
using laboratory-based, DCCT-aligned, National Glycohemoglobin

Standardization program-certified methodology. In children with
insulin resistance, the screening efficacy of A1C improved to 99%
sensitivity and 96% specificity (38). A1C offers a more practical alter-
native to fasting blood work and/or a 2-hour OGTT, and is predic-
tive of future diabetes-related complications (39). Limitations include
heterogeneous assay methodologies, inaccuracy in the presence of
hemoglobinopathies or hemolysis and an inability to accurately
predict IGT or IFG. The use of A1C as a screening test for pediatric
diabetes is controversial because it diverges to some extent from
fasting blood glucose values and post-glucose challenge values.
Therefore, A1C should not be relied upon as the sole diagnostic test
to screen for type 2 diabetes but rather used in combination with
FPG and/or 2-hour OGTT. Given the aforementioned limitations, we
recommend using a combination of A1C and fasting or random blood
glucose to screen for type 2 diabetes in children and youth with
risk factors. A 2-hour OGTT may be considered as an initial screen-
ing test in children and youth with 3 or more risk factors and should
be done in those in whom there is a discrepancy between the A1C
and fasting or random blood glucose results.

Classification

In most children, the presence of clinical risk factors, mode of
presentation and early course of the disease indicate whether the
child has type 1 or type 2 diabetes. However, differentiation may
be difficult in some. Children with type 2 diabetes can present with
DKA (40,41). Testing for diabetes autoantibodies should be consid-
ered in all children and adolescents with a clinical diagnosis of type 2
diabetes because of evidence that up to 10% to 20% of these chil-
dren are autoantibody positive, suggesting that they, in fact, have
type 1 diabetes with insulin deficiency and are at risk for other auto-
immune conditions (42). In addition, the absence of islet autoan-
tibodies may be useful in supporting the diagnosis of type 2 diabetes
(43–45). Fasting insulin levels are not helpful at diagnosis, as levels
may be low due to glucose toxicity (46). DNA diagnostic testing
for genetic defects in beta cell function (monogenic diabetes) should
be considered in children who have a strong family history sug-
gestive of autosomal dominant inheritance and who are lacking
features of insulin resistance. This may be helpful when diabetes
classification is unclear and may lead to more appropriate man-
agement (47,48).

Management

Children with type 2 diabetes should receive care in conjunc-
tion or consultation with an interprofessional pediatric diabetes
health-care team that should include either a pediatric endocri-
nologist or pediatrician with diabetes expertise, dietitian, diabe-
tes nurse educator and mental health professional. The target A1C
for most children with type 2 diabetes should be ≤7.0%. However,
there is evidence to suggest that achieving an A1C of <6.0% within
the first 6 months of diagnosis may reduce the risk of treatment
failure (49). To be effective, treatment programs for adolescents with
type 2 diabetes need to address the lifestyle and health habits of
the entire family, emphasizing healthy eating and physical activ-
ity (50), and promoting smoking prevention/cessation strategies.

In adolescent females with type 2 diabetes, proactive contra-
ceptive counselling to avoid pregnancy is warranted given the high
rates of congenital anomalies reported in this population (51).

A recent quality improvement initiative using anonymized data
from 578 adolescents with type 2 diabetes in Germany and Austria
found that more than half of these adolescents did not perform
regular physical activity, and increasing physical activity was
associated with a lower A1C, a lower body mass index-standard
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deviation score (BMI-SDS) and a higher high-density lipoprotein cho-
lesterol (HDL-C) (52). In addition, the SEARCH for Diabetes in Youth
Study found that decreased time spent watching television was asso-
ciated with a significantly attenuated 5-year increase in A1C among
adolescents with type 2 diabetes (53). Thus, it is reasonable to rec-
ommend (in the absence of direct evidence for this population [54])
that children with type 2 diabetes strive to achieve the same activ-
ity level recommended for children in general (i.e. 60 minutes daily
of moderate-to-vigorous physical activity; limiting recreational
screen time to no more than 2 hours per day and limiting seden-
tary (motorized) transport, extended sitting and time spent indoors
throughout the day (http://www.csep.ca/en/guidelines/get-the-
guidelines) (12).

Insulin is required in those with severe metabolic decompen-
sation at diagnosis (e.g. DKA, A1C ≥9.0%, symptoms of severe hyper-
glycemia) but may be successfully weaned once glycemic targets
are achieved (55,56). Once-a-day basal insulin is often effective in
attaining metabolic control. Unless acidosis is present, metformin
should generally be started at the same time as insulin, at a start-
ing dose of 500 mg daily for 7 days, titrating by 500 mg once a week
over 3 to 4 weeks to a maximum dose of 1,000 mg twice daily. Titra-
tion increments may be reduced to 250 mg if there are gastroin-
testinal side effects.

While none of the noninsulin antihyperglycemic agents have been
approved by Health Canada for use in children, there are increas-
ing data about the safety or efficacy of certain noninsulin
antihyperglycemic agents in the pediatric population. Metformin
was the first to be shown in a randomized controlled trial to be safe
in adolescents for up to 16 weeks, reducing A1C by 1.0% to 2.0% and
lowering FPG with similar side effects as seen in adults (57).
Glimepiride has since also been shown to be safe and effective in
adolescents for up to 24 weeks, reducing A1C (-0.54%) to a similar
extent as metformin (-0.71%), but resulting in a significant weight
increase of 1.3 kg (58). For this reason, glimepiride should only be
considered if metformin is not tolerated.

The Treatment Options for Type 2 Diabetes in Youth (TODAY)
study was a multicentre trial that randomized 699 youth with type 2
diabetes to metformin alone, metformin plus a lifestyle interven-
tion, or metformin plus rosiglitazone (55). The study population
included youth 10 to 17 years of age with a mean diabetes dura-
tion of 7.8 months and A1C <8%. In the entire study population, treat-
ment failure (defined as A1C ≥8% over 6 months or sustained
metabolic decompensation requiring insulin therapy) occurred in
51.7% of the metformin group, 46.6% of the metformin plus life-
style group and 38.6% of the metformin plus rosiglitazone group
(metformin-rosiglitazone vs. metformin alone; p<0.006). However,
there were important differences in response between genders and
ethnic groups. This study demonstrated that a significant propor-
tion of youth with type 2 diabetes requires aggressive interven-
tion early in the course of the disease, and treatment failure is
common. Serious adverse events thought to be related to study
medication were uncommon over mean follow up of 3.9 years. Given
the concerns raised around the long-term safety of rosiglitazone
since the start of this trial, it is premature to recommend its routine
use in children on the basis of this study.

A pharmacokinetic and safety study of a single injection of
exenatide (GLP-1 agonist) in 13 adolescents being treated with
metformin demonstrated good tolerability and improved postpran-
dial glucose levels (59). More recently, a randomized placebo-
controlled trial of liraglutide (GLP-1 agonist) in youth with type 2
diabetes already being treated with diet/exercise alone or metformin
was completed. This small study of 14 liraglutide-treated vs. 7
placebo-treated subjects provided preliminary evidence that
liraglutide was well tolerated in youth with type 2 diabetes, with
safety, tolerability and pharmacokinetic profiles similar to pro-
files in adults (60).

The experience of bariatric surgery in adolescents with type 2
diabetes is limited to several small case series with follow up ranging
from 1 to 5 years. Type 2 diabetes remission rates were reported
to range from 68% to 100% following vertical sleeve gastrectomy and
from 79% to 94% following Roux-en-Y gastric bypass (61). While these
remission rates are high, the potential benefit must be balanced
against potential risks of intra-, peri- and post-operative compli-
cations, leading to additional intra-abdominal and endoscopic pro-
cedures, as well as nutritional deficiencies (including vitamin B12,
thiamine and vitamin D). Notably, relapse rates in children and ado-
lescents are yet to be published; however, up to one-third of adults
have been reported to experience relapse within 5 years of initial
remission that is associated with weight regain, longer duration of
diabetes and insulin use prior to surgery (61). Thus, bariatric surgery
in adolescents with type 2 diabetes should be limited to appropri-
ately selected adolescents with severe obesity and be performed
only by experienced teams.

Vaccination

The recommendations for influenza and pneumococcal
vaccination in Canada do not address the specific condition of
type 2 diabetes in children, as there are no targeted studies evalu-
ating the usefulness of these vaccinations in this population.
However, for children with diabetes mellitus, in general, the Public
Health Agency of Canada (PHAC) recommends influenza vaccina-
tion given this population’s high risk of influenza-related
complications or hospitalization (http://www.phac-aspc.gc.ca/
naci-ccni/flu-2015-grippe-eng.php#ii5) (62), as well as pneumo-
coccal vaccination citing an increased risk for invasive pneumococcal
disease (http://www.phac-aspc.gc.ca/publicat/cig-gci/p04-pneu
-eng.php#tab1) (63). Some children with type 2 diabetes may
also have other factors (e.g. Indigenous heritage) that may place
them at higher risk of increased influenza- and pneumococcal-
related morbidity (62–65).

Complications

Youth with type 2 diabetes appear to be at significantly higher
risk of developing earlier and severe microvascular and cardiovas-
cular (CV) disease compared to youth with type 1 diabetes (66–70).
Clinical factors identified in 1 study to be associated with the devel-
opment of complications included older age at diagnosis and poorer
metabolic control (69).

Short-term complications of type 2 diabetes in children include
DKA and HHS; 10% of Canadian youth present with DKA at the time
of diagnosis (2). High mortality rates (up to 37% in one series) have
been reported in youth presenting with combined DKA and HHS
at onset of type 2 diabetes (71–73). The management of HHS in pedi-
atrics often requires more aggressive fluid resuscitation with delayed
insulin administration at a lower dose and careful replacement of
potassium, phosphate and magnesium (74). For management of DKA,
see Type 1 Diabetes in Children and Adolescents chapter, p. S234.

While neuropathy has not been described in adolescents with
type 2 diabetes at diagnosis, the prevalence of diabetic peripheral
neuropathy was documented to be significantly higher in youth with
type 2 diabetes compared to youth with type 1 diabetes in both a
pilot study among SEARCH study participants (25.7% in youth with
type 2 diabetes vs. 8.2% in those with type 1 diabetes) (75) and in
the more extensive follow-up study (17.7% youth with type 2 dia-
betes vs. 8.5% in those with type 1 diabetes) (70). Peripheral nerve
abnormalities were detected in 1 in 5 youth with type 2 diabetes
in 1 study, with more than half having autonomic neuropathy after
a median duration of diabetes of 1.3 years (67). Table 1 summarizes
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the complications and comorbidities that should be screened for
in youth with type 2 diabetes.

In the TODAY study, 13.7% of participants had some form of reti-
nopathy within 2 to 8 years of diagnosis, but none had macular
edema, advanced nonproliferative retinopathy or proliferative reti-
nopathy. Older age, longer duration of diabetes and higher mean
A1C appeared to be risk factors for the development of retinopa-
thy (76). These findings suggest that screening at diagnosis and yearly
thereafter is warranted (Table 1).

Albuminuria was noted in 6.3% of TODAY study participants at
baseline, and the incidence of albuminuria over 3.9 years was 10.3%
(2.6% yearly, comparable to adults) (77). The only identified risk factor
for albuminuria was A1C. One-third of youth with albuminuria pro-
gressed to frank proteinuria. Therefore, screening for these com-
plications at diagnosis and yearly thereafter is recommended
(Table 1).

Furthermore, Aboriginal youth in Canada are at increased risk
of renal diseases that are not associated with diabetes (78). Given
that the documentation of persistent albuminuria may indicate one
of several possible diagnoses, including underlying primary renal
disease, diabetic nephropathy or focal sclerosing glomerulosclero-
sis (a comorbid condition associated with obesity), referral to a pedi-
atric nephrologist for assessment of etiology and treatment is
recommended (78).

Cardiovascular complications

Children with type 2 diabetes may already display cardiac struc-
ture abnormalities. In the TODAY study, 8.1% of the 455 participants
having undergone cardiac echography had increased left ventricu-
lar (LV) wall thickness, 4.5% had increased LV mass and 3.6% had
both (79). Changes in LV architecture were associated with obesity

and higher systolic BP (as in the population without diabetes). In
addition, baseline A1C was associated with both LV wall thickness
and LV mass. In the absence of longitudinal data on the significance
of these changes, it would be premature to recommend routine
echocardiography. Nonetheless, adults with early-onset type 2 dia-
betes display a markedly increased risk for cardiovascular disease
(CVD), with high rates of ischemic heart disease (12.6%), stroke (4.3%)
and death (11%), as early as in their 40’s (80). It has been esti-
mated that the average life expectancy of individuals with early onset
type 2 diabetes may be reduced by 15 years (81). Thus, children with
type 2 diabetes display abnormalities in early markers of CVD and
are at significantly increased CV risk as they enter adulthood, sug-
gesting that efforts to minimize established CV factors (e.g. smoking,
inactivity) must be promoted in this vulnerable population.

Comorbid Conditions

In the TODAY study, 4.5% of adolescents with recently diag-
nosed type 2 diabetes had elevated low-density lipoprotein cho-
lesterol (LDL-C) or were on lipid-lowering drugs at diagnosis, and
this rose to 10.7% by 36 months (82). Despite having a rigorous study
protocol for the management of dyslipidemia, only 21% of those
treated reached study target LDL-C levels (LDL C <2.6 mmol/L); LDL-C
levels rose with A1C, independent of treatment group. Intensive
healthy behaviour interventions may be beneficial to triglycerides
(TG), irrespective of A1C (82). Thus, screening for dyslipidemia at
diagnosis and yearly thereafter is recommended (Table 1). In chil-
dren with familial dyslipidemia and a positive family history of early
CV events, a statin should be started if the LDL-C level remains
>4.1 mmol/L after a 3- to 6-month trial of dietary intervention (83).

In the TODAY study, the prevalence of hypertension at baseline
was 11.6%, and increased to 33.8% after 3.9 years of follow up (77).

Table 1
Screening for diabetes complications and comorbidities in children with type 2 diabetes

Complication/
Comorbid condition

Indications and intervals for screening Screening test

Neuropathy Yearly screening commencing at diagnosis
of diabetes

Questioned and examined for:
• Symptoms of numbness, pain, cramps and paresthesia
• Vibration sense
• Light touch and ankle reflexes

Retinopathy Yearly screening commencing at diagnosis
of diabetes

• 7-standard field, stereoscopic-colour fundus photography with interpretation by a
trained reader (gold standard); or

• Direct ophthalmoscopy or indirect slit-lamp fundoscopy through dilated pupil; or
• Digital fundus photography

Nephropathy Yearly screening commencing at diagnosis
of diabetes

• First morning (preferred) or random ACR
• Abnormal ACR requires confirmation at least 1 month later with either a first morning

ACR or timed overnight urine collection for ACR
• Repeated sampling should be done every 3 to 4 months over a 6- to 12-month period to

demonstrate persistence

Dyslipidemia Screening should commence at diagnosis
of diabetes and yearly thereafter

Fasting TC, HDL-C, TG, calculated LDL-C

Hypertension At diagnosis of diabetes and every
diabetes-related clinical encounter
thereafter (at least twice annually)

BP measurement using appropriately sized cuff

NAFLD Yearly screening commencing at diagnosis
of diabetes

ALT and/or fatty liver on ultrasound

PCOS Yearly clinical screening commencing at
diagnosis of diabetes in pubertal females

Clinical assessment on history and physical exam for oligo/amenorrhea, acne and/or
hirsutism

OSA At baseline, and yearly clinical screening Symptoms suggestive of obstructive sleep apnea include: snoring, apneas, morning
headaches, fatigue, daytime sleepiness, nocturia and enuresis

Depression Screening at diagnosis and yearly
thereafter

Clinical assessment on history of symptoms of depression, including fatigue, depressed or
irritable mood, loss of interest or pleasure, feelings of worthlessness or guilt

Binge Eating Screening at diagnosis and yearly
thereafter

Clinical assessment on history: frequency of having lost control while eating, eating
unusually large amounts

ACR, albumin-to-creatinine ratio; ALT, alanine aminotransferase; BP, blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein choles-
terol; NAFLD, non-alcoholic fatty liver disease; OSA; obstructive sleep apnea; PCOS, polycystic ovary syndrome; TC, total cholesterol; TG, triglycerides.
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While being male, having a higher BMI and older age at baseline
were associated with the development of hypertension, A1C and
race/ethnicity were not. Notably, males had 87% higher risk of
developing hypertension compared to females (77). Of 205 par-
ticipants in the TODAY study started on lisinopril for hyperten-
sion and/or microalbuminuria, 38.5% required the maximum dose,
and over one-third required additional medications. This would
suggest that management of hypertension in these youth may be
challenging and referral to a pediatric nephrologist should be con-
sidered. For further details and discussion on the treatment of
dyslipidemia and hypertension, see Type 1 Diabetes in Children and
Adolescents chapter, p. S234.

Since 95% of adolescents with type 2 diabetes present with
obesity and 73% have clinical evidence of insulin resistance as mani-
fested by acanthosis nigricans (2), surveillance should occur for
comorbid conditions associated with insulin resistance, including
polycystic ovary syndrome (PCOS) (2) and non-alcoholic fatty liver
disease (NAFLD) (84) (Table 1). In a Canadian national surveil-
lance study, PCOS was reported in 12.1% and NAFLD in 22.2% of
children and youth at diagnosis of type 2 diabetes (2). While this
study defined NAFLD as alanine aminotransferase (ALT) >3x the
upper limit of normal or fatty liver on ultrasound, the definition
of NAFLD is somewhat controversial, with no consensus on thresh-
old values of ALT or what is the optimal method to identify NAFLD
(85).

The prevalence of obstructive sleep apnea (OSA) in youth with
type 2 diabetes remains uncertain; however, the prevalence among
youth with obesity is reported to be 19% to 61% (86). A small study
among youth with type 2 diabetes suggests that the prevalence may
be even higher in this population than in obese youth without dia-
betes (87). Given the deleterious association between OSA and
cardiometabolic health in adults (88), it would be prudent to clini-
cally screen for it in youth with type 2 diabetes at diagnosis, and
regularly thereafter (Table 1). Indeed, the prevalence of OSA in adults
with type 2 diabetes has been reported to be above 85%. Children
with symptoms suggestive of OSA should be referred to a sleep spe-
cialist for evaluation.

In the TODAY study, 14.8% of participants reported clinically sig-
nificant depressive symptoms, with females more frequently affected
than males (89). There were no differences in the prevalence of
depressive symptoms across ethnic groups. Depression scores were
inversely related to quality of life (89). Within the TODAY study, 6%
of 678 respondents were classified as binge eaters (defined as 4 or
more episodes of binge eating in the past month), with 24% being
subclinical binge eaters (defined as 1 to 3 episodes of binge eating
in the past month). Clinical binge eaters had higher BMI z-scores
and percentage overweight compared with subclinical binge eaters
and nonovereaters, and had greater global eating, weight and shape
concerns (90). They also had more depressive symptoms and lower
quality of life. There were no noted differences in the prevalence
of binge eating across age, sex, race or glycemic control (90). Depres-
sive symptoms appear to be associated with poor adherence to dia-
betes treatment (91,92). Given these data, we recommend screening
at baseline and regularly thereafter for symptoms of depression or
binge eating (Table 1), and referral to a pediatric mental health pro-
fessional if symptoms are identified (see Diabetes and Mental Health
chapter, p.S130).

RECOMMENDATIONS

1. All children should receive guidance promoting healthy eating, limiting
sugar-sweetened beverage intake [Grade C, Level 3 (9,13,15)], limiting screen
time (16), improving sleep quantity and quality, decreasing sedentary
behaviours and increasing both light and vigorous physical activity [Grade C,
Level 3 (10,11)] to prevent type 2 diabetes.

2. Children with obesity should receive intensive healthy behaviour inter-
ventions that incorporate family-oriented counselling and behaviour
therapy to reduce the risk of diabetes [Grade D, Level 4 (9)].

3. Screening for type 2 diabetes should be considered every 2 years using a
combination of an A1C and a FPG or random plasma glucose in children
and adolescents with any of the following conditions:

a. ≥3 risk factors in nonpubertal children beginning at 8 years of age
or ≥2 risk factors in pubertal children [Grade D, Consensus]. Risk
factors include:

i. Obesity (BMI ≥95th percentile for age and gender) [Grade D,
Level 4 (2)]

ii. Member of a high-risk ethnic group (e.g. African, Arab, Asian, His-
panic, Indigenous or South Asian descent) [Grade D, Level 4 (2)]

iii. First-degree relative with type 2 diabetes and/or exposure to
hyperglycemia in utero [Grade D, Level 4 (2)]

iv. Signs or symptoms of insulin resistance (including acanthosis
nigricans, hypertension, dyslipidemia, NAFLD [ALT >3X upper limit
of normal or fatty liver on ultrasound]) [Grade D, Level 4 (2)]

b. PCOS [Grade D, Level 4 (2)]
c. IFG and/or IGT [Grade D, Level 4 (23)]
d. Use of atypical antipsychotic medications [Grade C, Level 3 (31–33)]

4. If there is a discrepancy between the A1C and FPG or random plasma
glucose, testing may be repeated or a 2-hour OGTT (1.75 g/kg; maximum
75 g) may be performed [Grade B, Level 2 (38)].

5. Starting at the time of diagnosis of type 2 diabetes, all children should
receive ongoing intensive counselling, including healthy behaviour inter-
ventions, from an interprofessional pediatric health-care team that includes
either a pediatric endocrinologist or pediatrician with diabetes expertise,
diabetes educator and mental health professional [Grade D, Consensus].

6. Regular physical activity, consisting of ≥60 minutes of moderate-to-
vigorous physical activity daily, should be recommended to all children
with type 2 diabetes [Grade B, Level 2 (93)].

7. The target A1C for most children with type 2 diabetes should be ≤7.0%
[Grade D, Consensus].

8. In children with type 2 diabetes and A1C ≥9.0% and in those with severe
metabolic decompensation (e.g. DKA), insulin therapy should be initi-
ated but may be successfully weaned once glycemic targets are achieved
[Grade D, Level 4 (56)]. Metformin should generally be started at the same
time as insulin unless acidosis is present [Grade B, Level 2 (19)].

9. In children with type 2 diabetes who are metabolically stable (A1C <9.0%
and no/minimal symptoms), metformin should be initiated in conjunc-
tion with healthy behaviour interventions [Grade D, Consensus]. If gly-
cemic targets are not achieved within 3–6 months from diagnosis, then
basal insulin should be initiated [Grade D, Consensus]. If targets are still
not achieved on a combination of metformin and basal insulin, then pran-
dial insulin should be initiated [Grade D, Consensus].

10. Children with type 2 diabetes should be screened for neuropathy at diag-
nosis [Grade D, Consensus] and annually thereafter [Grade D, Consensus].

11. Children with type 2 diabetes should be screened at diagnosis for reti-
nopathy [Grade D, Consensus] and yearly thereafter [Grade B, Level 2 (76)].

12. Children with type 2 diabetes should be screened for chronic kidney
disease at diagnosis [Grade B, Level 2 (77)] and yearly thereafter [Grade
D, Consensus] with a first morning urine ACR (preferred) [Grade B, Level
2 (94)] or a random ACR [Grade D, Consensus]. Abnormal results should
be confirmed [Grade B, Level 2 (95)] at least 1 month later with a first
morning ACR or timed, overnight urine collection for albumin excre-
tion rate (AER) [Grade D, Consensus]. Albuminuria (ACR >2.5 mg/
mmol; AER >20 mcg/min) should not be diagnosed unless it is persistent,
as demonstrated by 2 consecutive first morning ACR or timed collec-
tions obtained at 3- to 4-month intervals over a 6- to 12-month period
[Grade D, Consensus].

13. Children with type 2 diabetes with persistent albuminuria should be
referred to a pediatric nephrologist for assessment of etiology and treat-
ment [Grade D, Level 4 (78)].

14. Children with type 2 diabetes should have a fasting lipid profile mea-
sured at diagnosis of diabetes and yearly thereafter [Grade B, Level 2 (82)].
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15. Children with type 2 diabetes should be screened for hypertension begin-
ning at diagnosis of diabetes and at every diabetes-related clinical encoun-
ter thereafter (at least biannually) [Grade B, Level 2 (77)].

16. Children with type 2 diabetes should be screened at diagnosis for
comorbid conditions associated with insulin resistance, including NAFLD
[Grade D, Level 4 (2,84)], OSA [Grade D, Level 4, (87)] and PCOS in puber-
tal females [Grade D, Level 4 (2)], and yearly thereafter as clinically indi-
cated [Grade D, Consensus].

17. Children with type 2 diabetes should be screened at diagnosis for depres-
sion and disordered eating (in particular binge eating) and at every
diabetes-related clinical encounter thereafter (at least biannually)
[Grade B, Level 2 (89,90)].

Abbreviations:
A1C, glycated hemoglobin; ACR, albumin-to-creatinine ratio; ALT, alanine
aminotransferase; BMI, body mass index; CVD, cardiovascular disease; DHC,
diabetes health-care team; DKA, diabetic ketoacidosis; FPG, fasting plasma
glucose; IFG, impaired fasting glucose; IGT, impaired glucose tolerance;
HDL-C, high-density lipoprotein cholesterol; HHS, hyperglycemic
hyperosmolar state; LDL-C, low-density lipoprotein cholesterol; NAFLD,
nonalcoholic fatty liver disease; OGTT, oral glucose tolerance test; PCOS,
polycystic ovary syndrome.
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