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The American Diabetes Association (ADA) “Standards of Medical Care in Diabetes”
includes ADA’s current clinical practice recommendations and is intended to provide
the components of diabetes care, general treatment goals and guidelines, and tools
to evaluate quality of care. Members of the ADA Professional Practice Committee, a
multidisciplinary expert committee, are responsible for updating the Standards of
Care annually, or more frequently as warranted. For a detailed description of ADA
standards, statements, and reports, aswell as the evidence-grading system forADA’s
clinical practice recommendations, please refer to the Standards of Care
Introduction. Readers who wish to comment on the Standards of Care are invited
to do so at professional.diabetes.org/SOC.

TYPE 1 DIABETES

Three-quarters of all cases of type 1 diabetes are diagnosed in individuals,18 years of
age (although recent data using genetic risk scoring would suggest that over 40% of
patients with autoimmune diabetes are diagnosed over the age of 30 years) (1). The
provider must consider the unique aspects of care and management of children and
adolescents with type 1 diabetes, such as changes in insulin sensitivity related to
physical growth and sexual maturation, ability to provide self-care, supervision in
the child care and school environment, and neurological vulnerability to hypoglycemia
andhyperglycemia in young children, aswell as possible adverse neurocognitive effects
of diabetic ketoacidosis (DKA) (2,3). Attention to family dynamics, developmental stages,
andphysiological differences related to sexualmaturity are all essential in developing and
implementing an optimal diabetes treatment plan (4). Due to the nature of clinical
research in children, the recommendations for children and adolescents are less likely
to be based on clinical trial evidence. However, expert opinion and a reviewof available
and relevant experimental data are summarized in the American Diabetes Association
(ADA) position statement “Type 1 Diabetes Through the Life Span” (5) and have been
updated in theADAposition statement “Type1Diabetes in ChildrenandAdolescents: A
Position Statement by the American Diabetes Association” (6).
A multidisciplinary team of specialists trained in pediatric diabetes management

and sensitive to the challenges of children and adolescents with type 1 diabetes and
their families should provide care for this population. It is essential that diabetes self-
management education and support (DSMES), medical nutrition therapy, and psycho-
social support be provided at diagnosis and regularly thereafter in a developmentally
appropriate format that builds on prior knowledge by individuals experienced with the
educational, nutritional, behavioral, and emotional needs of the growing child and
family. The appropriate balance between adult supervision and independent self-
care should be defined at the first interaction and reevaluated at subsequent visits.
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The balance between adult supervision
and independent self-care will evolve as
the adolescent gradually becomes an
emerging young adult.

Diabetes Self-management Education
and Support

Recommendation

c Youth with type 1 diabetes and
parents/caregivers (for patients
aged ,18 years) should receive
culturally sensitive and develop-
mentally appropriate individualized
diabetes self-management educa-
tion and support according to na-
tional standards at diagnosis and
routinely thereafter. B

No matter how sound the medical regi-
men, it can only be effective if the family
and/or affected individuals are able to
implement it. Family involvement is a vital
component of optimal diabetes man-
agement throughout childhood and ado-
lescence. Health care providers (the
diabetes care team) who care for chil-
dren and adolescents must be capable of
evaluating the educational, behavioral,
emotional, and psychosocial factors that
impact implementation of a treatment
plan and must work with the individual
and family to overcome barriers or rede-
fine goals as appropriate. DSME and
DSMS require periodic reassessment, es-
pecially as the youth grows, develops,
and acquires the need for greater inde-
pendent self-care skills. In addition, it is
necessary to assess the educational needs
and skills of day care providers, school
nurses,orotherschoolpersonnelwhopar-
ticipate in the care of the young childwith
diabetes (7).

School and Child Care
As a large portion of a child’s day is spent
in school, close communication with and
the cooperation of school or day care per-
sonnel are essential for optimal diabetes
management, safety, and maximal aca-
demic opportunities. Refer to the ADA
position statements “Diabetes Care in
the School Setting” (8) and “Careof Young
Children With Diabetes in the Child Care
Setting” (9) for additional details.

Psychosocial Issues

Recommendations

c Atdiagnosisandduring routine follow-
up care, assess psychosocial issues

and family stresses that could im-
pact adherence to diabetes man-
agement and provide appropriate
referrals to trained mental health
professionals, preferably experi-
enced in childhood diabetes. E

c Mental health professionals should
be considered integral members of
the pediatric diabetes multidisci-
plinary team. E

c Encourage developmentally appro-
priate family involvement in diabe-
tes management tasks for children
and adolescents, recognizing that
premature transfer of diabetes care
to the child can result in nonadher-
ence and deterioration in glycemic
control. A

c Providers should consider asking
youth and their parents about social
adjustment (peer relationships) and
school performance to determine
whether further intervention is
needed. B

c Assess youth with diabetes for psy-
chosocial and diabetes-related dis-
tress, generally starting at 7–8 years
of age. B

c Atdiagnosisandduring routine follow-
up care, consider assessing psychoso-
cial issues and family stresses that
could impact diabetes management
and provide appropriate referrals to
trained mental health professionals,
preferably experienced in childhood
diabetes. E

c Offeradolescents timeby themselves
with their care provider(s) starting at
age 12 years, or when developmen-
tally appropriate. E

c Starting at puberty, preconception
counseling should be incorporated
into routine diabetes care for all
girls of childbearing potential. A

Rapid and dynamic cognitive, develop-
mental, and emotional changes occur
during childhood, adolescence, and emerg-
ing adulthood. Diabetes management dur-
ing childhood and adolescence places
substantial burdens on the youth and fam-
ily, necessitating ongoing assessment of
psychosocial status and diabetes distress
during routine diabetes visits (10–14).
Early detection of depression, anxiety,
eating disorders, and learning disabilities
can facilitate effective treatment op-
tions and help minimize adverse effects

on diabetes management and disease
outcomes (15). Furthermore, the com-
plexities of diabetesmanagement require
ongoing parental involvement in care
throughout childhood with developmen-
tally appropriate family teamwork be-
tween the growing child/teen and parent
in order tomaintain adherence and to pre-
vent deterioration in glycemic control
(16,17). As diabetes-specific family con-
flict is related to poorer adherence and
glycemic control, it is appropriate to inquire
about such conflict during visits and to ei-
ther help to negotiate a plan for resolution
or refer to an appropriate mental health
specialist (18). Monitoring of social adjust-
ment (peer relationships) and school per-
formance can facilitate both well-being
and academic achievement (19). Subop-
timal glycemic control is a risk factor for
below average school performance and
increased absenteeism (20).

Shared decision-making with youth
regarding the adoption of regimen com-
ponents and self-management behaviors
can improve diabetes self-efficacy, ad-
herence, and metabolic outcomes (21).
Although cognitive abilities vary, the
ethical position often adopted is the
“mature minor rule,” whereby children
after age 12 or 13 years who appear to
be “mature” have the right to consent or
withhold consent to general medical
treatment, except in cases in which re-
fusal would significantly endanger health
(22).

Beginning at the onset of puberty or at
diagnosis of diabetes, all adolescent girls
and women with childbearing potential
should receive education about the risks
of malformations associated with un-
planned pregnancies and poor metabolic
control and the use of effective contra-
ception to prevent unplanned pregnancy.
Preconception counseling using devel-
opmentally appropriate educational tools
enables adolescent girls to make well-
informed decisions (23). Preconception
counseling resources tailored for adoles-
cents are available at no cost through the
ADA (24). Refer to the recent ADA position
statement “Psychosocial Care for People
With Diabetes” for further details (15).

Screening

Screening for psychosocial distress and
mental health problems is an important
component of ongoing care. It is impor-
tant to consider the impact of diabetes on
quality of life as well as the development
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of mental health problems related to di-
abetes distress, fear of hypoglycemia (and
hyperglycemia), symptomsof anxiety, dis-
ordered eating behaviors aswell as eating
disorders, and symptoms of depression
(25). Consider assessing youth for diabe-
tes distress, generally starting at 7 or
8 years of age (15). Consider screening
for depression and disordered eating be-
haviors using available screening tools
(10,26). With respect to disordered eat-
ing, it is important to recognize the
unique and dangerous disordered eating
behavior of insulin omission for weight
control in type 1 diabetes (27). The pres-
ence of a mental health professional on
pediatric multidisciplinary teams high-
lights the importance of attending to
the psychosocial issues of diabetes.
These psychosocial factors are signifi-
cantly related tononadherence, suboptimal
glycemic control, reduced quality of life,
and higher rates of acute and chronic di-
abetes complications.

Glycemic Control

Recommendations

c Themajority of children and adoles-
cents with type 1 diabetes should
be treated with intensive insulin
regimens, either via multiple daily
injections or continuous subcutane-
ous insulin infusion. A

c All children and adolescents with
type 1 diabetes should self-monitor
blood glucose levels multiple times
daily, including premeal, prebed-
time, and as needed for safety in
specific clinical situations such as
exercise, driving, or for symptoms
of hypoglycemia. B

c Continuous glucose monitoring
should be considered in children
and adolescents with type 1 diabe-
tes, whether using injections or
continuous subcutaneous insulin in-
fusion, as an additional tool to help

improve glycemic control. Benefits
of continuous glucose monitoring
correlate with adherence to ongo-
ing use of the device. B

c Automated insulin delivery systems
improve glycemic control and re-
duce hypoglycemia in adolescents
and should be considered in adoles-
cents with type 1 diabetes. B

c AnA1Cgoalof,7.5% (58mmol/mol)
is recommended across all pediatric
age-groups. E

Current standards for diabetes man-
agement reflect the need to lower glu-
cose as safely as possible. This should be
done with stepwise goals. When estab-
lishing individualized glycemic targets,
special consideration should be given to
the risk of hypoglycemia in young children
(aged ,6 years) who are often unable
to recognize, articulate, and/or manage
hypoglycemia.

Type 1 diabetes can be associated with
adverse effects on cognition during child-
hood and adolescence. Factors that
contribute to adverse effects on brain
development and function include young
age or DKA at onset of type 1 diabetes,
severe hypoglycemia at ,6 years of age,
and chronic hyperglycemia (28,29). How-
ever, meticulous use of new therapeutic
modalities, such as rapid- and long-acting
insulin analogs, technological advances
(e.g., continuous glucose monitors, low-
glucose suspend insulin pumps, and au-
tomated insulin delivery systems), and
intensive self-management education
now make it more feasible to achieve ex-
cellent glycemic control while reducing
the incidence of severe hypoglycemia
(30–39). A strong relationship exists be-
tween frequency of blood glucose moni-
toring and glycemic control (32–41).

The Diabetes Control and Complica-
tions Trial (DCCT), which did not enroll
children,13 years of age, demonstrated

that near normalization of blood glucose
levels was more difficult to achieve in ad-
olescents than in adults. Nevertheless,
the increased use of basal-bolus regimens,
insulin pumps, frequent blood glucose
monitoring, goal setting, and improved pa-
tient education in youth from infancy
through adolescence have been associa-
ted with more children reaching the blood
glucose targets recommended by ADA
(42–45), particularly in those families in
which both the parents and the child with
diabetes participate jointly to perform the
required diabetes-related tasks. Further-
more, studies documenting neurocognitive
imaging differences related to hyperglyce-
mia in children provide anothermotivation
for lowering glycemic targets (2).

In selecting glycemic goals, the long-
term health benefits of achieving a lower
A1C should be balanced against the risks
of hypoglycemia and the developmental
burdens of intensive regimens in children
and youth. In addition, achieving lower
A1C levels is more likely to be related to
setting lower A1C targets (46,47). A1C
and blood glucose goals are presented
in Table 12.1.

Autoimmune Conditions

Recommendation

c Assess for the presence of autoim-
mune conditions associated with
type 1 diabetes soon after the di-
agnosis and if symptoms develop. B

Because of the increased frequency of
other autoimmune diseases in type 1 di-
abetes, screening for thyroid dysfunction
and celiac disease should be considered
(48,49). Periodic screening in asymptom-
atic individuals has been recommended,
but the optimal frequency and benefit of
screening are unclear.

Although much less common than thy-
roid dysfunction and celiac disease, other
autoimmune conditions, such as Addison

Table 12.1—Blood glucose and A1C goals for children and adolescents with type 1 diabetes

Blood glucose goal range

Before meals Bedtime/overnight A1C Rationale

90–130 mg/dL 90–150 mg/dL ,7.5% A lower goal (,7.0% [53 mmol/mol]) is reasonable if it can be
achieved without excessive hypoglycemia(5.0–7.2 mmol/L) (5.0–8.3 mmol/L) (58 mmol/mol)

Key concepts in setting glycemic goals:

c Goals should be individualized, and lower goals may be reasonable based on a benefit-risk assessment.

c Blood glucose goals should be modified in children with frequent hypoglycemia or hypoglycemia unawareness.

c Postprandial blood glucose values should be measured when there is a discrepancy between preprandial blood glucose values and A1C levels and to
assess preprandial insulin doses in those on basal-bolus or pump regimens.
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disease (primary adrenal insufficiency), au-
toimmune hepatitis, autoimmune gastritis,
dermatomyositis, and myasthenia gravis,
occur more commonly in the population
with type 1 diabetes than in the general
pediatric population and should be assessed
and monitored as clinically indicated.

Thyroid Disease

Recommendations

c Consider testing individuals with
type 1 diabetes for antithyroid per-
oxidase and antithyroglobulin an-
tibodies soon after the diagnosis.
E

c Measure thyroid-stimulating hor-
mone concentrations at diagnosis
when clinically stable or soon after
glycemic control has been estab-
lished. If normal, consider recheck-
ing every 1–2 years or sooner if the
patient develops symptoms sugges-
tive of thyroid dysfunction, thyro-
megaly, an abnormal growth rate,
or an unexplained glycemic varia-
tion. A

Autoimmune thyroid disease is the
most common autoimmune disorder
associated with diabetes, occurring in
17–30% of patients with type 1 diabetes
(50). At the time of diagnosis, about 25%
of children with type 1 diabetes have thy-
roid autoantibodies (51); their presence
is predictive of thyroid dysfunctiond
most commonly hypothyroidism, al-
though hyperthyroidism occurs in ;0.5%
of patients with type 1 diabetes (52,
53). For thyroid autoantibodies, a recent
study from Sweden indicated antithyroid
peroxidase antibodies were more predic-
tive than antithyroglobulin antibodies in
multivariate analysis (54). Thyroid func-
tion tests may be misleading (euthyroid
sick syndrome) if performed at the time
of diagnosis owing to theeffect of previous
hyperglycemia, ketosis or ketoacidosis,
weight loss, etc. Therefore, if performed
at diagnosis and slightly abnormal, thy-
roid function tests should be performed
soon after a period of metabolic stability
and good glycemic control. Subclinical
hypothyroidism may be associated with
increased risk of symptomatic hypoglyce-
mia (55) and reduced linear growth rate.
Hyperthyroidism alters glucose metabo-
lism and usually causes deterioration of
glycemic control.

Celiac Disease

Recommendations

c Screen individuals with type 1 dia-
betes for celiac disease soon after
the diagnosis of diabetes by mea-
suring IgA tissue transglutaminase
antibodies, with documentation of
normal total serum IgA levels or, if
IgA deficient, IgG tissue transglut-
amine and deamidated gliadin anti-
bodies. B

c Repeat screening within 2 years of
diabetes diagnosis and then again
after 5 years and considermore fre-
quent screening in children who
have symptoms or a first-degree
relative with celiac disease. B

c Individuals with biopsy-confirmed
celiac disease should be placed
on a gluten-free diet and have a
consultation with a dietitian experi-
enced in managing both diabetes
and celiac disease. B

Celiac disease is an immune-mediateddis-
order that occurs with increased fre-
quency in patients with type 1 diabetes
(1.6–16.4% of individuals compared with
0.3–1% in the general population) (48,49,
56–58,59).
Screening. Screening for celiac disease in-
cludes measuring serum levels of IgA and
tissue transglutaminase antibodies, or,
with IgA deficiency, screening can include
measuring IgG tissue transglutaminase an-
tibodies or IgG deamidated gliadin peptide
antibodies. Because most cases of celiac
disease are diagnosed within the first
5 years after the diagnosis of type 1 diabe-
tes, screening should be considered at the
time of diagnosis and repeated at 2 and
then 5 years (58).

Although celiac disease can be diag-
nosed more than 10 years after diabetes
diagnosis, there are insufficient data after
5 years to determine the optimal screen-
ing frequency. Measurement of tissue
transglutaminase antibody should be con-
sidered at other times in patients with
symptoms suggestive of celiac disease
(58). A small-bowel biopsy in antibody-
positive children is recommendedtoconfirm
the diagnosis (60). European guidelines
on screening for celiac disease in chil-
dren (not specific to children with type 1
diabetes) suggest that biopsy may not
be necessary in symptomatic children
with high antibody titers (i.e., greater
than 10 times the upper limit of normal)

provided that further testing is performed
(verification of endomysial antibody pos-
itivity on a separate blood sample). It is
also advisable to check for HLA types in
patients who are diagnosed without a
small intestinal biopsy. Asymptomatic
at-risk children should have an intestinal
biopsy (61).

In symptomatic children with type 1 di-
abetesandconfirmedceliacdisease, gluten-
free diets reduce symptoms and rates of
hypoglycemia (62). The challenging die-
tary restrictions associated with having
both type 1 diabetes and celiac disease
place a significant burden on individuals.
Therefore, a biopsy to confirm the diag-
nosis of celiac disease is recommended,
especially in asymptomatic children, be-
fore endorsing significant dietary changes.
A gluten-free diet was beneficial in asymp-
tomatic adults with positive antibodies
confirmed by biopsy (63).

Management of Cardiovascular
Risk Factors

Hypertension

Recommendations

Screening
c Blood pressure should bemeasured

at each routine visit. Children found
to have high-normal blood pressure
(systolic blood pressure or diastolic
blood pressure $90th percentile
for age, sex, and height) or hy-
pertension (systolic blood pressure
or diastolic blood pressure $95th
percentile for age, sex, and height)
should have elevated blood
pressure confirmed on 3 separate
days. B

Treatment
c Initial treatment of high-normal

blood pressure (systolic blood pres-
sure or diastolic blood pressure
consistently $90th percentile for
age, sex, and height) includes die-
tary modification and increased
exercise, if appropriate, aimed at
weight control. If target blood pres-
sure is not reached within 3–6
months of initiating lifestyle inter-
vention, pharmacologic treatment
should be considered. E

c In addition to lifestyle modification,
pharmacologic treatment of hyper-
tension (systolic blood pressure or
diastolic blood pressure consistently
$95th percentile for age, sex, and
height) should be considered as
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soon as hypertension is confirmed. E
c ACE inhibitors or angiotensin recep-

tor blockers may be considered for
the treatment of elevated (.30mg/
g) urinary albumin-to-creatinine ra-
tio (B) and hypertension (E) in chil-
dren and adolescents, following
reproductive counseling and imple-
mentation of effective birth control
due to the potential teratogenic ef-
fects of both drug classes. E

c The goal of treatment is blood pres-
sure consistently ,90th percentile
for age, sex, and height. E

Blood pressure measurements should
be performed using the appropriate size
cuff with the child seated and relaxed.
Hypertension should be confirmed on at
least 3 separate days. Evaluation should
proceed as clinically indicated. Treatment
is generally initiated with an ACE inhibi-
tor, but an angiotensin receptor blocker
can be used if the ACE inhibitor is not
tolerated (e.g., due to cough) (64).
Normal blood pressure levels for age,

sex, and height and appropriate methods
for measurement are available online at
nhlbi.nih.gov/files/docs/resources/heart/
hbp_ped.pdf.

Dyslipidemia

Recommendations

Testing
c Obtain a lipid profile in children

$10 years of age soon after the di-
agnosis of diabetes (after glucose
control has been established). If ab-
normal, repeat lipid profile after
fasting. E

c If lipids are abnormal, annual moni-
toring is reasonable. If LDL choles-
terol values arewithin the accepted
risk level (,100mg/dL [2.6mmol/L]),
a lipid profile repeated every 5 years
is reasonable. E

Treatment
c Initial therapy should consist of op-

timizing glucose control and medi-
cal nutrition therapy using a Step
2 American Heart Association diet
to decrease the amount of satu-
rated fat in the diet. B

c After the age of 10 years, addition
of a statin is suggested in patients
who, despite medical nutrition ther-
apy and lifestyle changes, continue
to have LDL cholesterol .160

mg/dL (4.1 mmol/L) or LDL choles-
terol.130mg/dL (3.4mmol/L) and
one or more cardiovascular disease
risk factors, following reproductive
counseling and implementation of
effective birth control due to the
potential teratogenic effects of sta-
tins. B

c The goal of therapy is an LDL cho-
lesterol value ,100 mg/dL (2.6
mmol/L). E

Population-based studies estimate that
14–45% of children with type 1 diabetes
have two or more atherosclerotic cardio-
vascular disease (ASCVD) risk factors
(65–67), and the prevalence of CVD
risk factors increases with age (67), with
girls having a higher risk burden than
boys (66).
Pathophysiology. The atherosclerotic pro-
cess begins in childhood, and although
ASCVD events are not expected to occur
during childhood, observations using a
variety ofmethodologies show that youth
with type 1 diabetes may have subclinical
CVD within the first decade of diagnosis
(68–70). Studies of carotid intima-media
thickness have yielded inconsistent re-
sults (64).
Treatment. Pediatric lipid guidelines pro-
vide some guidance relevant to children
with type 1 diabetes (71–73); however,
there are few studies on modifying lipid
levels in children with type 1 diabetes. A
6-month trial of dietary counseling pro-
duced a significant improvement in lipid
levels (74); likewise, a lifestyle interven-
tion trial with 6 months of exercise in ad-
olescents demonstrated improvement in
lipid levels (75).

Although intervention data are sparse,
the American Heart Association catego-
rizes children with type 1 diabetes in the
highest tier for cardiovascular risk and
recommends both lifestyle and pharma-
cologic treatment for those with elevated
LDL cholesterol levels (73,76). Initial ther-
apy should be with a Step 2 American
Heart Associationdiet, which restricts sat-
urated fat to 7% of total calories and re-
stricts dietary cholesterol to 200 mg/day.
Data from randomized clinical trials in
children as young as 7 months of age in-
dicate that this diet is safe and does not
interfere with normal growth and devel-
opment (77).

For children with a significant family
history of CVD, the National Heart, Lung,

and Blood Institute recommends obtaining
a fasting lipid panel beginning at 2 years of
age (71). Abnormal results from a random
lipid panel should be confirmed with a
fasting lipid panel. Data from the SEARCH
for Diabetes in Youth (SEARCH) study
show that improved glucose control
over a 2-year period is associated with a
more favorable lipid profile; however, im-
proved glycemic control alone will not
normalize lipids in youth with type 1 di-
abetes and dyslipidemia (78).

Neither long-term safety nor cardio-
vascular outcome efficacy of statin ther-
apy has been established for children;
however, studies have shown short-
term safety equivalent to that seen in
adults and efficacy in lowering LDL
cholesterol levels in familial hypercho-
lesterolemia or severe hyperlipidemia,
improving endothelial function and caus-
ing regression of carotid intimal thicken-
ing (79,80). Statins are not approved for
patients aged,10 years, and statin treat-
ment should generally not be used in
children with type 1 diabetes before
this age. Statins are contraindicated in
pregnancy; therefore, prevention of un-
planned pregnancies is of paramount im-
portance for postpubertal girls (see
Section 13 “Management of Diabetes in
Pregnancy” for more information). The
multicenter, randomized, placebo-con-
trolled Adolescent Type 1 Diabetes Car-
dio-Renal Intervention Trial (AdDIT)
provides safety data on pharmacologic
treatment with an ACE inhibitor and
statin in adolescentswith type 1 diabetes.

Smoking

Recommendation

c Elicit a smoking history at initial and
follow-up diabetes visits; discour-
age smoking in youth who do not
smoke, and encourage smoking ces-
sation in those who do smoke. A

The adverse health effects of smoking are
well recognized with respect to future
cancer and CVD risk. Despite this, smok-
ing rates are significantly higher among
youth with diabetes than among youth
without diabetes (81,82). In youth with
diabetes, it is important to avoid addi-
tional CVD risk factors. Smoking increases
the risk of onset of albuminuria; there-
fore, smoking avoidance is important to
prevent bothmicrovascular andmacrovas-
cular complications (71,83). Discouraging
cigarette smoking, including e-cigarettes,
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is an important part of routine diabetes
care. In younger children, it is important
to assess exposure to cigarette smoke in
the home due to the adverse effects of
secondhand smoke and to discourage
youth from ever smoking if exposed to
smokers in childhood.

Microvascular Complications

Diabetic Kidney Disease

Recommendations

Screening
c Annual screening for albuminuria

with a random spot urine sample for
albumin-to-creatinine ratio should be
performed at puberty or at age$10
years, whichever is earlier, once the
child has had diabetes for 5 years. B

Treatment
c When persistently elevated urinary

albumin-to-creatinine ratio (.30
mg/g) is documented with at least
two of three urine samples, treat-
ment with an ACE inhibitor or an-
giotensin receptor blocker may be
considered and the dose titrated to
maintain blood pressure within the
age-appropriate normal range. The
urine samples should be obtained
over a 6-month interval following
efforts to improve glycemic control
and normalize blood pressure. B

Data from 7,549 participants ,20 years
of age in the T1D Exchange clinic registry
emphasize the importance of good glyce-
mic and blood pressure control, particu-
larly as diabetes duration increases, in
order to reduce the risk of diabetic kidney
disease. The data also underscore the im-
portance of routine screening to ensure
early diagnosis and timely treatment of
albuminuria (84). Anestimationof glomer-
ular filtration rate (GFR), calculated using
GFR estimating equations from the serum
creatinine, height, age, and sex (85), should
be considered at baseline and repeated as
indicated based on clinical status, age, di-
abetes duration, and therapies. Improved
methods are needed to screen for early
GFR loss, since estimated GFR is inaccu-
rate at GFR.60 ml/min/1.73 m2 (85,86).
The AdDIT study in adolescents with type
1 diabetes demonstrated safety of ACE
inhibitor treatment, but did not change
the urinary albumin-to-creatinine ratio
over the course of the study (87).

Retinopathy

Recommendations

c An initial dilated and comprehen-
sive eye examination is recom-
mended once youth have had type 1
diabetes for 3–5 years, provided
they are age $10 years or puberty
has started, whichever is earlier.
B

c After the initial examination, annual
routine follow-up is generally rec-
ommended. Less-frequent exami-
nations, every 2 years, may be
acceptable on the advice of an eye
care professional and based on risk
factor assessment. E

Retinopathy (like albuminuria) most com-
monly occurs after the onset of puberty
and after 5–10 years of diabetes duration
(88). Referrals should bemade toeye care
professionals with expertise in diabetic
retinopathy and experience in counseling
the pediatric patient and family on the
importance of early prevention and
intervention.

Neuropathy

Recommendation

c Consider an annual comprehensive
foot exam at the start of puberty or
at age$10 years, whichever is ear-
lier, once the youth has had type 1
diabetes for 5 years. B

Diabetic neuropathy rarely occurs in pre-
pubertal children or after only 1–2 years
of diabetes (88), although data suggest a
prevalence of distal peripheral neuropa-
thy of 7% in 1,734 youth with type 1 di-
abetes and associated with the presence
of CVD risk factors (89). A comprehensive
foot exam, including inspection, palpation
of dorsalis pedis and posterior tibial
pulses, and determination of propriocep-
tion, vibration, and monofilament sensa-
tion, should be performed annually along
with an assessment of symptoms of neu-
ropathic pain (90). Foot inspection can
be performed at each visit to educate
youth regarding the importance of foot
care (see Section 10 “Microvascular
Complications and Foot Care”).

TYPE 2 DIABETES

For information on testing for type 2 di-
abetes and prediabetes in children and
adolescents, please refer to Section 2

“Classification and Diagnosis of Diabetes.”
For additional support for these recom-
mendations, see the ADA position state-
ment “Evaluation and Management of
Youth-Onset Type 2 Diabetes (91).
Type 2 diabetes in youth has increased
over the past 20 years, and recent estimates
suggest an incidence of;5,000 new cases
per year in the U.S. (92). The Centers for
Disease Control and Prevention published
projections for type 2 diabetes prevalence
using the SEARCH databasedassuming a
2.3% annual increase, the prevalence in
those under 20 years of age will quadru-
ple in 40 years (93,94).

Evidence suggests that type 2 diabetes
in youth is different not only from type 1
diabetes but also from type 2 diabetes in
adults and has unique features, such as a
more rapidly progressive decline in b-cell
function and accelerated development of
diabetes complications (95,96). Type 2
diabetes disproportionately impacts
youth of ethnic and racial minorities and
can occur in complex psychosocial and
cultural environments, which may make
it difficult to sustain healthy lifestyle
changes and self-management behaviors.
Additional risk factors associated with
type2diabetes in youth include adiposity,
family history of diabetes, female sex, and
low socioeconomic status (96).

As with type 1 diabetes, youth with
type 2 diabetes spend much of the day in
school. Therefore, close communication
with and the cooperation of school person-
nel are essential for optimal diabetes man-
agement, safety, and maximal academic
opportunities.

Recommendations

Screening and Diagnosis
c Risk-based screening for prediabe-

tes and/or type 2 diabetes should
be considered in children and ado-
lescents after the onset of puberty
or $10 years of age, whichever
occurs earlier, who are over-
weight (BMI .85th %) or obese
(BMI .95th %) and who have one
or more additional risk factors for
diabetes (see Table 2.5). A

c If tests are normal, repeat testing
at a minimum of 3-year intervals E,
ormore frequently if BMI is increas-
ing. C

c Fasting plasma glucose, 2-h plasma
glucose during a 75-g oral glucose
tolerance test, and A1C can be used
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to test for prediabetes or diabetes
in children and adolescents. B

In the last decade, the incidence andprev-
alence of type 2 diabetes in adolescents
has increased dramatically, especially in ra-
cial and ethnic minority populations (97). A
few recent studies suggest oral glucose
tolerance tests or fasting plasma glucose
values as more suitable diagnostic tests
than A1C in the pediatric population, es-
pecially among certain ethnicities (98).
However, many of these studies do not
recognize that diabetes diagnostic criteria
are based on long-term health outcomes,
and validations are not currently available
in the pediatric population (99). ADA ac-
knowledges the limited data supporting
A1C for diagnosing type 2 diabetes in chil-
dren and adolescents. Although A1C is
not recommended for diagnosis of diabe-
tes in childrenwith cysticfibrosis or symp-
toms suggestive of acute onset of type 1
diabetes and only A1C assays without in-
terference are appropriate for children
with hemoglobinopathies, ADA continues
to recommendA1C for diagnosis of type 2
diabetes in this population (100,101).

Diagnostic Challenges
Given the current obesity epidemic, distin-
guishing between type 1 and type 2 diabe-
tes in children can be difficult. Overweight
and obesity are common in children
with type 1 diabetes (102), and diabetes-
associated autoantibodies and ketosis
may be present in pediatric patients
with features of type2 diabetes (including
obesity and acanthosis nigricans) (103). At
onset, DKA occurs in ;6% of youth aged
10–19 years with type 2 diabetes (104).
Accurate diagnosis is critical, as treatment
regimens, educational approaches, die-
tary advice, and outcomes differmarkedly
between patients with the two diagnoses.

Management

Recommendations

Lifestyle Management
c Overweight or obese youth with

type 2 diabetes and their families
should be provided with develop-
mentally and culturally appropriate
comprehensive lifestyle programs
that are integrated with diabetes
management to achieve 7–10% de-
crease in excess weight. C

c Given the necessity of long-term
weight management for children
andadolescentswith type2diabetes,
lifestyle intervention should be based
on a chronic care model and offered
in the context of diabetes care. E

c Youth with diabetes, like all chil-
dren, should be encouraged to
participate in at least 60 min of
moderate to vigorous physical ac-
tivity per day (and strength training
on at least 3 days/week) B and to
decrease sedentary behavior. C

c Nutrition for youth with type 2 di-
abetes, like all children, should fo-
cus on healthy eating patterns that
emphasize consumption of nutrient-
dense, high-quality foods and
decreased consumption of calorie-
dense, nutrient-poor foods, partic-
ularly sugar-added beverages. B

Pharmacologic Management
c Initiate pharmacologic therapy, in

addition to lifestyle therapy, at di-
agnosis of type 2 diabetes. A

c In metabolically stable patients
(A1C ,8.5% and asymptomatic),
metformin is the initial pharmaco-
logic treatment of choice if renal
function is .30 ml/min/1.73 m2. A

c Youth with marked hyperglycemia
(blood glucose $250 mg/dL [13.9
mmol/L],A1C$8.5% [69mmol/mol])
without ketoacidosis at diagnosis
who are symptomatic with poly-
uria, polydipsia, nocturia, and/or
weight loss should be treated ini-
tially with basal insulin while met-
formin is initiated and titrated to
maximally tolerated dose to achieve
A1C goal. E

c WhentheA1C target is no longermet
with metformin monotherapy, or if
contraindications or intolerable side
effects of metformin develop, basal
insulin therapy should be initiated. E

c In patients initially treated with
basal insulin and metformin who
are meeting glucose targets based
on home blood glucose monitoring,
basal insulin can be tapered over
2–6weeks by decreasing the insulin
dose by 10–30% every few days. A

c Useofmedications not approved by
the U.S. Food and Drug Administra-
tion for youth with type 2 diabetes
is not recommended outside of re-
search trials. B

c All youth with type 2 diabetes and
their families should receive compre-
hensive diabetes self-management
educationand support that is specific
to youth with type 2 diabetes and
culturally competent. B

The general treatment goals for youth
with type 2 diabetes are the same as
those for youth with type 1 diabetes. A
multidisciplinary diabetes team, including
a physician, diabetes nurse educator, reg-
istered dietitian, and psychologist or social
worker, is essential. In addition to blood
glucose control, initial treatment must in-
clude management of comorbidities such
as obesity, dyslipidemia, hypertension, and
microvascular complications.

Current treatment options for youth-
onset type 2 diabetes are limited to two
approved drugsdinsulin and metformin
(95). Presentation with ketosis or ke-
toacidosis requires a period of insulin
therapy until fasting and postprandial gly-
cemia have been restored to normal or
near-normal levels. Metformin therapy
may be used as an adjunct after resolu-
tion of ketosis/ketoacidosis. Initial treat-
ment should also bewith insulinwhen the
distinction between type 1 diabetes and
type 2 diabetes is unclear and in patients
who have random blood glucose concen-
trations 250 mg/dL (13.9 mmol/L) and/or
A1C$8.5% (69 mmol/mol) (105).

Patients and their families must priori-
tize lifestyle modifications such as eating
a balanced diet, achieving and maintaining
ahealthyweight, andexercising regularly. A
family-centered approach to nutrition and
lifestylemodification is essential in children
with type 2 diabetes, and nutrition recom-
mendations should be culturally appropri-
ate and sensitive to family resources (see
Section 4 “Lifestyle Management”). Given
the complex social and environmental
context surrounding youth with type 2 di-
abetes, individual-level lifestyle interven-
tions may not be sufficient to target the
complex interplay of family dynamics,
mental health, community readiness, and
the broader environmental system (95).

When insulin treatment is not required,
initiation of metformin is recommended.
The Treatment Options for Type 2 Diabe-
tes in Adolescents and Youth (TODAY)
study found that metformin alone pro-
vided durable glycemic control (A1C #8%
[64 mmol/mol] for 6 months) in approxi-
mately half of the subjects (106). To date,
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the TODAY study is the only trial combin-
ing lifestyle and metformin therapy in
youth with type 2 diabetes; the combina-
tion did not perform better than metfor-
min alone in achieving durable glycemic
control (106).
Small retrospectiveanalysesanda recent

prospective multicenter nonrandomized
study suggest that bariatric or metabolic
surgery may have similar benefits in obese
adolescentswith type 2 diabetes compared
with those observed in adults. Teenagers
experience similar degrees of weight loss,
diabetes remission, and improvement of
cardiometabolic risk factors for at least
3 years after surgery (107). No randomized
trials, however, have yet compared the
effectiveness and safety of surgery to
those of conventional treatment options
in adolescents (108).

Comorbidities
Comorbidities may already be present at
the time of diagnosis of type 2 diabetes in
youth (96,109). Therefore, blood pres-
sure measurement, a fasting lipid panel,
assessment of random urine albumin-to-
creatinine ratio, and a dilated eye exam-
ination should be performed at diagnosis.
Thereafter, screening guidelines and treat-
ment recommendations for hypertension,
dyslipidemia, urine albumin excretion, and
retinopathy are similar to those for youth
with type 1 diabetes. Additional problems
that may need to be addressed include
polycystic ovary disease and other comor-
bidities associated with pediatric obesity,
such as sleep apnea, hepatic steatosis, or-
thopedic complications, and psychosocial
concerns. The ADA consensus report
“Youth-Onset Type 2 Diabetes Consensus
Report: Current Status, Challenges, and
Priorities” (95) and an American Academy
of Pediatrics clinical practice guideline
(110) provide guidance on the preven-
tion, screening, and treatment of type 2
diabetes and its comorbidities in children
and adolescents.

TRANSITION FROM PEDIATRIC
TO ADULT CARE

Recommendations

c Pediatric diabetes providers and fam-
ilies shouldbegin toprepareyouth for
transition in early adolescence and, at
the latest, at least 1 year before the
transition to adult health care. E

c Both pediatric and adult diabetes
care providers should provide sup-

port and links to resources for tran-
sitioning young adults. B

Care and close supervision of diabetes
management are increasingly shifted
from parents and other adults to the youth
with type 1 or type 2 diabetes throughout
childhood and adolescence. The shift from
pediatric to adult health care providers,
however, oftenoccurs abruptly as theolder
teen enters the next developmental stage
referred to as emerging adulthood (111),
which is a critical period for young people
who have diabetes. During this period
of major life transitions, youth begin to
move out of their parents’ homes and
must become fully responsible for their
diabetes care. Their new responsibilities
include self-management of their diabe-
tes, making medical appointments, and
financing health care, once they are no
longer covered by their parents’ health
insurance plans (ongoing coverage until
age 26 years is currently available under
provisions of the U.S. Affordable Care
Act). In addition to lapses in health care,
this is also a period associated with de-
terioration in glycemic control; increased
occurrence of acute complications; psy-
chosocial, emotional, and behavioral
challenges; and the emergence of chronic
complications (112–115). The transition
period from pediatric to adult care is
prone to fragmentation in health care de-
livery, whichmay adversely impact health
care quality, cost, and outcomes (116).

Although scientific evidence is limited,
it is clear that comprehensive and coordi-
nated planning that begins in early ado-
lescence, or at least 1 year before the date
of transition, is necessary to facilitate a
seamless transition from pediatric to adult
health care (112,113,117–119). A compre-
hensive discussion regarding the chal-
lenges faced during this period, including
specific recommendations, is found in the
ADA position statement “Diabetes Care
for Emerging Adults: Recommendations
for Transition From Pediatric to Adult Di-
abetes Care Systems” (113).

The Endocrine Society in collaboration
with the ADA and other organizations has
developed transition tools for clinicians
and youth and families (118).
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53. Dost A, Rohrer TR, Fröhlich-Reiterer E, et al.;
DPV Initiative and the German Competence Net-
work Diabetes Mellitus. Hyperthyroidism in
276 children and adolescentswith type 1 diabetes
from Germany and Austria. Horm Res Paediatr
2015;84:190–198
54. Jonsdottir B, Larsson C, Carlsson A, et al.; Bet-
ter Diabetes Diagnosis Study Group. Thyroid and
islet autoantibodies predict autoimmune thyroid
disease at type 1 diabetes diagnosis. J Clin Endo-
crinol Metab 2017;102:1277–1285
55. Mohn A, Di Michele S, Di Luzio R, Tumini S,
Chiarelli F. The effect of subclinical hypothyroid-
ism on metabolic control in children and adoles-
cents with type 1 diabetes mellitus. Diabet Med
2002;19:70–73
56. Holmes GKT. Screening for coeliac disease in
type 1 diabetes. Arch Dis Child 2002;87:495–498
57. Rewers M, Liu E, Simmons J, Redondo MJ,
Hoffenberg EJ. Celiac disease associated with
type 1 diabetes mellitus. Endocrinol Metab Clin
North Am 2004;33:197–214
58. Pham-Short A, Donaghue KC, Ambler G,
Phelan H, Twigg S, Craig ME. Screening for celiac
disease in type 1 diabetes: a systematic review. Pe-
diatrics. 2015;136:e170–e176
59. Craig ME, Prinz N, Boyle CT, et al.; Austral-
asian Diabetes Data Network (ADDN); T1D Ex-
change Clinic Network (T1DX); National Paediatric
Diabetes Audit (NPDA) and the Royal College of
Paediatrics and Child Health; Prospective Diabe-
tes Follow-up Registry (DPV) initiative. Prevalence
of celiac disease in 52,721 youth with type 1 di-
abetes: international comparison across three
continents. Diabetes Care 2017;40:1034–1040
60. Rubio-Tapia A, Hill ID, Kelly CP, Calderwood
AH, Murray JA; American College of Gastroenter-
ology. ACG clinical guidelines: diagnosis and man-
agement of celiac disease. Am J Gastroenterol
2013;108:656–676
61. Husby S, Koletzko S, Korponay-Szabó IR, et al.;
ESPGHAN Working Group on Coeliac Disease Di-
agnosis; ESPGHAN Gastroenterology Committee;
European Society for Pediatric Gastroenterology,
Hepatology, and Nutrition. European Society for
Pediatric Gastroenterology, Hepatology, and
Nutrition guidelines for the diagnosis of coeliac
disease. J Pediatr Gastroenterol Nutr 2012;54:
136–160
62. Abid N,McGloneO, Cardwell C,McCallionW,
Carson D. Clinical and metabolic effects of gluten

S134 Children and Adolescents Diabetes Care Volume 41, Supplement 1, January 2018



free diet in children with type 1 diabetes and coe-
liac disease. Pediatr Diabetes 2011;12:322–325
63. Kurppa K, Paavola A, Collin P, et al. Benefits
of a gluten-free diet for asymptomatic patients
with serologic markers of celiac disease. Gastro-
enterology 2014;147:610–617.e1
64. de Ferranti SD, de Boer IH, Fonseca V, et al.
Type 1 diabetes mellitus and cardiovascular dis-
ease: a scientific statement from the American
Heart Association and American Diabetes Associ-
ation. Circulation 2014;130:1110–1130
65. Rodriguez BL, Fujimoto WY, Mayer-Davis EJ,
et al. Prevalence of cardiovascular disease risk
factors in U.S. children and adolescents with di-
abetes: the SEARCH for diabetes in youth study.
Diabetes Care 2006;29:1891–1896
66. Margeirsdottir HD, Larsen JR, Brunborg C,
Overby NC, Dahl-Jørgensen K; Norwegian Study
Group for Childhood Diabetes. High prevalence
of cardiovascular risk factors in children and ado-
lescents with type 1 diabetes: a population-based
study. Diabetologia 2008;51:554–561
67. Schwab KO, Doerfer J, Hecker W, et al.; DPV
Initiative of the German Working Group for Pedi-
atric Diabetology. Spectrum and prevalence of
atherogenic risk factors in 27,358 children, ado-
lescents, and young adults with type 1 diabetes:
cross-sectional data from the German diabetes
documentation and quality management system
(DPV). Diabetes Care 2006;29:218–225
68. Singh TP, Groehn H, Kazmers A. Vascular
function and carotid intimal-medial thickness in
children with insulin-dependent diabetes melli-
tus. J Am Coll Cardiol 2003;41:661–665
69. Haller MJ, Stein J, Shuster J, et al. Peripheral
artery tonometry demonstrates altered endothe-
lial function in children with type 1 diabetes. Pe-
diatr Diabetes 2007;8:193–198
70. Urbina EM, Wadwa RP, Davis C, Snively BM,
Dolan LM, Daniels SR, et al. Prevalence of in-
creased arterial stiffness in children with type 1
diabetesmellitus differs bymeasurement site and
sex: the SEARCH for Diabetes in Youth Study.
J Pediatr 2010; 156:731–737
71. Expert Panel on IntegratedGuidelines forCar-
diovascular Health and Risk Reduction in Children
and Adolescents; National Heart, Lung, and Blood
Institute. Expert panel on integrated guidelines
for cardiovascular health and risk reduction in
children and adolescents: summary report. Pedi-
atrics 2011;128(Suppl. 5):S213–S256
72. Daniels SR, Greer FR; Committee on Nutri-
tion. Lipid screening and cardiovascular health in
childhood. Pediatrics 2008;122:198–208
73. Kavey R-EW, Allada V, Daniels SR, et al.;
American Heart Association Expert Panel on Pop-
ulation and Prevention Science; American Heart
Association Council on Cardiovascular Disease in
the Young;AmericanHeart Association Council on
Epidemiology and Prevention; AmericanHeart As-
sociation Council on Nutrition, Physical Activity
and Metabolism; American Heart Association
Council on High Blood Pressure Research; Amer-
ican Heart Association Council on Cardiovascular
Nursing; American Heart Association Council on
the Kidney in Heart Disease; Interdisciplinary
Working Group on Quality of Care and Outcomes
Research. Cardiovascular risk reduction in high-
risk pediatric patients: a scientific statement
from the AmericanHeart Association Expert Panel
on Population and Prevention Science; the Coun-
cils on Cardiovascular Disease in the Young,

Epidemiology and Prevention, Nutrition, Physical
Activity andMetabolism, High Blood Pressure Re-
search, Cardiovascular Nursing, and the Kidney in
Heart Disease; and the Interdisciplinary Working
GrouponQuality of Care andOutcomesResearch:
endorsed by the American Academy of Pediatrics.
Circulation 2006;114:2710–2738
74. Cadario F, Prodam F, Pasqualicchio S, et al.
Lipid profile and nutritional intake in children and
adolescents with type 1 diabetes improve after a
structured dietician training to a Mediterranean-
style diet. J Endocrinol Invest 2012;35:160–168
75. Salem MA, AboElAsrar MA, Elbarbary NS,
ElHilaly RA, Refaat YM. Is exercise a therapeutic
tool for improvement of cardiovascular risk fac-
tors in adolescents with type 1 diabetes mellitus?
A randomised controlled trial. Diabetol Metab
Syndr 2010;2:47
76. McCrindle BW, Urbina EM, Dennison BA,
et al.; American Heart Association Atherosclero-
sis, Hypertension, and Obesity in Youth Commit-
tee; American Heart Association Council of
Cardiovascular Disease in the Young; American
Heart Association Council on Cardiovascular Nurs-
ing. Drug therapy of high-risk lipid abnormalities
in children and adolescents: a scientific statement
from the American Heart Association Atheroscle-
rosis, Hypertension, and Obesity in Youth Com-
mittee, Council of Cardiovascular Disease in the
Young, with the Council on Cardiovascular Nurs-
ing. Circulation 2007;115:1948–1967
77. Salo P, Viikari J, HämäläinenM, Lapinleimu H,
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